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Abstract

The production of hydrogen and biogas from fruit waste was examined
in the currentmanuscriptby using a variety of pretreatment techniques.
Anaerobic digestion was utilised in batch reactors to produce biofuel
from fruit wastes, namely the rinds of Ananas comusus (pineapple) and
Citrus limetta (mausami). Cow dung and soil were employed as
inoculum, and the findings were compared with those obtained from
reactors that had not been handled. Using a UV-Visble
Spectrophotometer, glucose levels were determined in samples
collected from batch reactors. A constant power and varied irradiation
time, i.e. 3, 5, and 7 minutes, were used for the microwave treatments.
The substrate was processed with diluted sulfuric acid (0.5%) during
the acid pretreatment process. For reactors that were microwave
pretreated (for 3 min) and used dirt as the inoculums, the maximum
output yields of hydrogen and biogas were discovered to be 7.01% and
23.94%, respectively.

Keywords: Biogas; Fruit waste; Bioreactor; Fruit peel; Biofuel

I ntroduction

The present challenges facing globa sustainable development are the
degradation of the environment and the energy crises. From an economic,
ecological, and environmental point of view, fossil fuel resources are
unsustainable and provide a significant concern (Kamm et al., 2006). This
is because burning fossil fuels contributes significantly to the atmosphere's
rising carbon dioxide levels, which are directly linked to global warming.
It is now a well-established fact that fossil fuels account for more than
80% of energy consumption, which has an impact on the environment and
has caused a rapid depletion of natural energy supplies (Ni et a.,
2006).Due to the excessive use of fossil fuels in numerous industries and
high energy consumption, Fossil fuel reserves may soon deplete out which
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made the quest for aternate energy sources like (Soetaert et al., 2009)
solar, wind, hydropower, thermal, etc. necessary (Noori et al., 2013).
These energy sources must be environment friendly, easily producible,
and sustainable. Different energy sources have been looked into as a cost-
effective alternative to fossil fuels but they are not very much efficient as
require. Severa techniques have been proposed to generate energy from
waste by physical, chemical and biologica techniques. Some of chemical
techniques are hydrolysis, solvent extraction, and supercritical conversion;
Physica conversion techniques include mechanical extraction and
distillation; while Biological conversion techniques include anaerobic
digestion, fermentation, and enzymatic treatment (Nak et al.,
2010).Biofuels are environmentalfriendly, renewable and they
considerably reduce the dependency for fossil fuels and can be a good
aternate renewable energy source (Ersahin et a., 2011). There are
primarily three types of liquid biofuels. Biodiesels, bio-alcohols
(methanol, ethanol, and butanol), and biosynthetic oils. In terms of
volume-to-volume ratios, biogas mostly contains (v/v): 50-75% methane,
0-5% nitrogen, 1-5% water vapour, 25-50% carbon dioxide, modest levels
of hydrogen sulphide (0-5,000 ppm), ammonia (0-500 ppm), and traces of
hydrogen and carbon monoxide (Frigon et al., 2010). The biomass
requires to produce biofuels, also known as feedstock, comes from arange
of sources.

The anaerobic digestion process, which produces methane from a variety
of biomass, is becoming more and more popular worldwide because of its
advantages for both the economy and the environment. Like all fossil
fuels, methane may be burned to provide energy and water. Methane has a
23 times greater long-term global warming potential than carbon dioxide,
according to the IPCC 2001. (Rutz et al., 2007).To ensures that methane is
totally converted into carbon dioxide, it is crucia to flare it.Biomass is the
genera term for any organic material, which might include wood, wood
waste, straw, manure, sugarcane, and many other leftovers from various
agricultural activities. Biomass is being used to produce biofuels, which
can be either bio-liquid or bio-gas.Food waste has high energy content and
is highly biodegradable. It is typicaly disposed of in landfills, which
causes severd issues including bad odors and garbage that leaches down
to pollute the groundwater. About 85% to 95% of the food waste is made
up of volatile solids, and about 75% of it is moist, which encourages
microbial growth (Li et al., 2008). One of the most effective ways for the
treatment of food waste is anaerobic digestion (Ward et a., 2008). Due to
the differing composition of the matter involved, the average biofuel
generation yield from food waste is larger than that from crop residues and
livestock waste, ranging from 3mLH2 g/VS to more than 290 mLH2 g/VS
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(Okamoto et al., 2000). Glucose-rich waste reveals active generating bio
hydrogen. When correctly converted to methane, they offer a significant
potential energy source. The final methane yields and kinetics of fruit
wastes varied from 0.18 to 0.7321 g VS added and 0.016 to 0.122 d*,
respectively, while those of vegetable wastes ranged from 0.19 to 0.4l g*
V'S added and 0.053 to 0.125 d™*, respectively. For instance, biohydrogen
outputs from cheese whey and molasses were close to 2.5mol H;
(Venetaneas et al., 2009). Vegetable wastes like onion pedl and fruit
wastes such as rotten mango, banana, orange, and pomegranate seeds can
also be used as a source of biofuels (Gunaseelan, 2003). In the absence of
oxygen, anaerobic digestion (AD), a biological process that occurs
naturaly, breaks down organic waste into methane, carbon dioxide,
inorganic nutrients, and compost. This multi-step procedure generates
carbon dioxide and methane as a byproduct (Angelidaki et al., 2003). For
the quick and regulated degradation of organic waste, this procedure is
also known as bio-methanogenesis.Enzymes excreted from hydrolytic and
fermentative bacteria, such as cellulase, protease, and lipase catalyze this
process. End products include long-chain carboxylic acids, soluble
carbohydrates, and amino acids (Ralph and Dong, 2010). The stage of
degradation, often referred to as fermentation, the simple sugars, amino
acids, fatty acids, and other hydrolysis products further degrade to produce
volatile (short chain) fatty acids including propionic, formic, butyric, and
valeric acids, ketones, and alcohols. The transformation of glucose into
ethanol, Proprionate, acetate, and butyrate are produced from glucose
(Ostrem and Nickolas, 2004). Methanogenic microorganisms consume
hydrogen to break down the acetate into methane and carbon dioxide. The
reduction of carbon dioxide by hydrogen results in the production of a
third of the methane (Ostrem and Nickolas 2004).

Conversion of acetate

1. 2CH3CH,0H + CO, 2CH3;COOH +CH,4

2. CHsCOOH CH, + CO, (Ray et al., 2013)

The breakdown of methanol is CH3OH + H, CH4 + H20.

Hydrogen reduces carbon dioxide to CO, + 4H, CH,4 + H,0. (Ray et d.,
2013).

Globally, energy consumption has been rising while fossil fuel supplies
have been shrinking. The use of fossil fuels has a number of detrimental
effects that contribute to global warming. New sustainable energy sources
that potentially take the place of fossil fuels are therefore required. One
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way to create sustainable energy sources is through the treatment of waste.
Methanogenic anaerobic digestion, biological hydrogen production,
microbial fuel cells, and fermentation for the creation of useful goods are a
few biologica techniques that handle industrial and agricultural waste
while producing bioenergy or biofuels (Largus et al., 2004). Researchers
from numerous fields have looked into the manufacture of biofuels from
garbage and have presented a variety of findings.For the production of
biogas or ethanol, Christofi et al., 2022 used fresh orange waste,
dehydrated (pressed orange waste), or as silage. The largest energy yield
from anaerobic digestion could be obtained from fresh orange waste (32
m® biogas/tn orange processed), while silage and pressed orange waste
only produced 20 and 11 m3 biogas/tn orange processed, respectively. The
combination of ethanolic fermentation (with 2% w/w Saccharomyces
cerevisiae) and enzymatic hydrolysis (with 50 L CellicCTec2/g cellulose)
with biogas production for fresh oranges in the production of 336 MJ/tn
orange processed.Fruit and vegetable market waste (MW) with mature
landfill leachate (MLL) for the manufacture of biofuel was studied by
Fazzino et a. 2021. It is a chalenge to handle landfill leachate (LL)
sustainably. A viable method for producing a sustainable biofud is
anaerobic digestion (AD). For the integration of NH3-N in the AD of
market trash in the current investigation, pre-treated LL was utilised.
During AD, the impact of granular activated carbon (GAC)
supplementation on methane output was examined. The methane output
rose by amost 14% with the addition of GAC, reaching 0.302 NL/g (VS)
added. With a methane production of roughly 0.260 NL/g (VS) added,
MLLs employed as nutrient solutions produce a steady AD of MW. It has
been demonstrated that GAC is aso effective in increasing methane
generation. The impact of sewage sludge digestate biochar on the
anaerobic digestion of fruit waste's ability to produce biomethane was
investigated by Ambaye et a. 2020. The results showed an increase in
maximum methane production of 13, 20, and 27% with the addition of
sewage sludge biochar produced at 350°C for Inoculum to Substrate Ratio
(ISR) of 2, 1.5, and 1, respectively, and an increase of 12, 18, and 22%
with the addition of biochar produced at 550°C for ISR of 2, 1.5, and 1,
respectively, compared to the biomethane potential (BMP) tests carried
out without the addition of the biochar.

Food wastes were used in a hybrid anaerobic-aerobic bioreactor by
Aliasgari et a., 2019, who observed improved biogas production by the
addition of manure and lime-pretreatment of recycled leachate. To
simulate a hybrid anaerobic-aerobic bioreactor without manure addition
and leachate pretreatment as the control (R1), two hybrid bioreactors with
manure addition without recycled leachate pretreatment (R2), and manure
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addition and lime pretreatment of recycled leachate, three laboratory-scale
columns were built (R3). For around eight months, all of the smulated
bioreactors ran continuously. In order to assess the biodegradability of
food wastes and the effectiveness of bioreactors, biogas and CH,4
generation were monitored. The findings consistently showed that manure
addition and leachate pretreatment increased biogas output (R3). 17.46,
53.79, and 283.41 per Cubic Feet hybrid anaerobic-aerobic R1, R2 and R3
bioreactors, respectively. These findings demonstrated the efficiency of
adding manure and pretreating leachate with lime to increase the
production of biogas and methane from food waste.

1. Materialsand methods;
1.1. Sampling:

For the present study, fruit waste (mausami and pineapple rinds) was taken
as the substrate from the nearby fruit juice
cornerJamunipurK otwaChaurahaPrayagrgj. The pH of fruit waste ranges
from 4.5 to 4.9. The fruit waste was tested for various parameters like
COD and Glucose content before, during and at the end of each batch
experiment.

1.2. Inoculum:

There are two sets of Inoculum were used in the bio-waste degradation
which are asfollows:

1.2.1. Cow Dung

Cow dung used as the inoculum in the present study was collected from
Govt. Gaushala situated at Dalapur, Nehru Gram Bharati (Deemed to be
University),Prayagrg). The slurry of mixed culture present in cow dung
was kept under anaerobic conditions for 15-20 days for the activation of
mixed anaerobes and was renewed regularly.

1.2.2. Soil

In the second set, soil culture was used as the inoculum taken from
botanical garden located at the backyard ofGreen House, Botanical
Garden, Department of Botany, NehruGram Bharati (Deemed to be
University), Jamunipur Campus, Prayagraj. Soil culture was scooped at a
depth of 50 cm to ensure the presence ofanaerobicbacteria inthe soil. It
was driedandthenusedforthestudyof fruitwaste.
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13.

Reactor Setup

Figure 1: Batch reactors

A laboratory scale batch reactor having a total volume of 500 mL was
used (Figure 1). The reactor wasprovided with suitable arrangements for
feeding and gas collection. The substrate was mixed withthetwo
differentmicrobialcultures, i.e.cowdungandsoilseparately. Two types of

set

respect to the substrate pretreatment were used in two different

reactors which are as follows;

1.

2.

Microwave-pretreated Fruit waste: A domestic microwave oven
with afrequency setting at 2450 MHz and power outputs of 900, 700
and 550 W was used. Fixed solid loading experiments were carried
out by loading 10% dry matter (DM). Ten grams of dry Mausmi peel
were immersed in 90 g of 2% (v/v) H 2SO 4 in a 200-mL flask, and
the flask with a loosen cap was positioned at the center of a rotating
circular plate in the microwave oven. Pretreatments were carried out
at 900, 700 and 550 W for 3, 5, and 7 min, and treatments at 900
W/1 min.900 W/10 min, 700 W/3 min, and 700 W/6 min were
designated as 1MA, 10MA, 3MA, and 6MA, respectively.
Experiments with variable solid loading were carried out at loadings
of 30 (LTS), 50 (MTS), and 90% (HTS) at a microwave power of
900 W for 1 min.

Acid-pretreated fruit waste: The acid pretreatment was performed
using H,SO4(at a concentration of 0.5%), Where 10 gm. of Mausmi
peel was mixed with 1000 mL of solution and heated at pretreatment
temperature 90-100 © for 2 hours.

Biogas potential test: After pre-treatment of materials with 5%
H,S0,, 0.5% H,SO,4, 5% NaOH, and 0.5% NaOH at the temperature
of 90-105 °C for 2 h ,the liquid fraction of the reaction mixture was
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separated from solids through a sieve with an aperture size of 1 x 1
mm. Both solid parts and liquid fractions after pre-treatment were used
as substrates in the biogas potential test. To neutralise the solid parts of
substrates prior to the biogas potential test, the pre-treated materials
were rinsed with distilled water until the pH was equal to 7, similar to
Liu et a. (2019). The liquid fractions after pre-treatment with 5%
NaOH were neutralised with 37% HCI in an amount of 0.94 mL
(maximum value) per 100 mL of the liquid fraction before starting the
test. The liquid fractions after pre-treatment with 5% H2SO4 were
neutralised with 50% NaOH in an amount of 0.73 mL(maximum
value) per 100 mL of liquid fraction. For liquid fractions at lower
concentrations (0.5% NaOH and 0.5% H2SO04), 10 times smaller
amounts of neutralising agents were used. The test was performed
according to the method of Angelidaki et al. (2009). Gas-tight flasks
were loaded in triplicate with 25 mL of inoculum with the
concentration of 12 g/L and substrate (solid or liquid parts) to obtain
an inoculum to substrate ratio of 2 : 1 (based on the organic matter
content (VS)). Subsequently, water was added to the flasks to an
obtained final concentration of sludge of 1 g/L VS. Thus, the total
volume in the flasks was 300 mL. To determine the biogas production
of the inoculum, one triplicate of blank samples containing only in-
oculum was prepared, which was then subtracted from the production
of the lignocellulosic samples. To evaluate the results, the average
values of biogas production from triplicates were used. The sludge
mixture was bubbled through with nitrogen forl min and then the
bottles were hermetically seded with a rubber septum. Biogas
production was then measured at given time intervals by a volumetric
method when by inserting the needle into the rubber septum of the
bottle, the headspace of the bottle was connected to the gas burette.
The volume of gas in the burette was recorded after releasing the
biogas pressure from the bottle to the burette that was filled with a
saturated solution of NaCl with HCI at pH 4.5 to avoid dissolving of
CO2 from biogas. The length of the test period was 10 days.

14. Total Solid (TS)

Clean porcelain crucibles were taken and ignited at 550°C for 1
hour in a muffle furnace. They were allowed to cool and weighed just be
fore use.

A fixed volume of well-mixed samples was taken in the pre-weighed
crucible. The crucible was kept in an oven at 98°C overnight. The
evaporated sample was then dried at103°C t0105°C in an oven for lhour.
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The crucibles were cooled up to ambient temperature and then weighed
(Kumariand Singh, 2020).

Totalsolids(g/l) =(A-B) x1000/samplevolume(mL)

Where, A=weight ofdriedresiduetcrucible(ingrams)
B= weightof crucible(ingrams)
15. Totaldissolvedsolids(TDS)

Clean porcelain crucibles were heated to 180+2°C for 1 hour in an oven.
They were then alowed to cool and weighed. The samples were
centrifuged at 500 rpm for 10 minutes and the supernatant was taken for
dissolved solids analysis. A fixed volume of the supernatant was added to
the pre-weighed crucible. The crucibles were kept in an oven at 98°C over
night. The evaporated sample was then dried at 180 + 2°C in an oven for 1
hour. The crucibles were allowed to cool up to ambient temperature and
were then weighed.

Total dissolvedsolids(g/l)=(A-B)x1000/samplevolume(mL)

Where, A=weight of dried residue + crucible (in grams) B= weight of
crucible (in grams)

16. Total suspended solids (TSS)

Total suspended solids were determined by sub tracting total dissolved
solids from total solids.

TSS(g/l) =TS-TDS

1.7. Volatilesolids

Ignite the crucibles of total solids for 150 minutes in a muffle furnace at
550°C. Then the crucibleswere alowed to cool upto ambient
temperature and weighed. Total volatile solids were determined by
sub tracting the weight of crucible after ignition from the weight of
crucible before ignition.

1.8. Glucoseestimation

To estimate glucose concentration DNS (Dinitro salicylic acid) test was
done. Reducing sugars have property to reduce 3,5-DNS in alkaline
solution 3-amino, 5-nitrosalicylic acid. The fruit waste sample was
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centrifuged at 500 rpm. 1 mL of each centrifuged sample was taken
indifferent test tubes. The samples were diluted to 3 mL by adding
distilled water and then 3mL di nitrosalicylic acid (DNS) was added to
each sample. The test tubes were covered and allowed to boil for 5
minutes in a boiling water bath. Reddish brown color is developed. The
intensity of the color depends upon the concentration of glucose in the
sample. Test tubes were cooled to room temperature and then 1mL of
sodium potassium tartrate (40% Rochelle sat) was added. Absorbance
was then taken at 540 nm using UV visible spectrophotometer.

19. Chemical Oxygen Demand (COD)Test

The chemical oxygen demand (COD) determines the amount of oxygen
required for chemicaloxidation of organic matter using a strong chemical
oxidant, such as, potassium dichromate underrefluxconditions.The COD
concentrations of the samples were detected according to Chinese standard
methods (GB 11914-89) after filtration by 0.45 pm filters

CODisgivenby:

COD(mg O/L) =(A-B)xNx8000) /(V sample)

Wheree A = Volume of FAS used for blank (mL)B=Volume of FA
Susedforsample(mL )

N= Normality of FAS 8000=Milli equivalent weight of oxygen
(8)x1000mL/L.

Pretreatment of RS

For the present work, MW and NaOH (2% w/v) were used to hydrolyze
the non-reducible fraction to reducible sugars to increase the amount of
biofuels produced. 10 g of RS was mixed in separate batch reactors with
320 ml of, MW, NaOH (2% wi/v) and tap water and then mixed with the
inoculum source (i.e., CD) in the 80:20 ratios. Similarly, 10 g of Soil
slurry with 320 ml of tap water and 20 g of MW with the inoculum in the
80:20 ratios as the previous reactor was set up. Similar set of all reactors
were also set up using microwave pretreatment of RS for 5 min at 800 W
power. Microwave pretreatment of substrate also helpsin hydrolysis of the
substrate or the degradation of the lignin and cellulose matter to the
reducible sugars. In our previous study microwave pretreatment was used
for pretreatment of mixed microbial culture (i.e.,, CD) for supressing the
methanogenic activity for optimum biohydrogen production which was
found more effective as compared to conventional heating process.
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2.10. Statistical Analysis

The experiments were conducted in triplicate, and the median value of
these three replicates was utilized for the study. Standard deviations were
caculated and taken into account for all the graphs. Graphs were
generated using MS Excel software. Significance of data was assessed
using oneffactor ANOVA within MS Excel software, and only
experimental values with a significance level of p < 0.05 were considered,
allowing us to disregard the null hypothesis.

2. Resultsand discussion:

2.1. Characterization of the Substrate:

Fruit waste was collected from a fruit juice corner and used as the
substrate in the current investigation. These parameters are provided in
Table 2. The values listed in the table are the mean values of the collected
data. The fruit waste had a pH that varied from 4.6 to 4.9.

Table-1: Results Summary:

Parameters Inoculums’ Microwave Pretreat ment Acid Pretreatment
Studied Used Untreated Treated
3 5 7 Untreated | Treated
min min min

Hydrogen (%) CD 1.68 286 | 292 | 298 2.81 5.12
Soil 3.97 701 | 542 | 3.92 2.69 5.86

Biogas (%) CD 12.36 19.49 | 16.26 | 15.67 12.26 16.75
Soil 15.78 2394 | 21.26 | 18.98 15.59 22.95

2.2.  In S3 Reactor

2.2.1. Degradation of Glucose:

Figure 6 shows the degradation of glucose concentration after the first and
second batch runs. Following both the first and second batch runs, the S3
reactor in which the inoculum was prepared for three minutes showed the
greatest deterioration. Following the second batch run, there has been a
reduction in glucose concentration in all reactors.

Figure2: Samples showing color change during DNS test
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Additionally, it was discovered that the S3 reactor had a higher rate of
glucose concentration decline than the untreated reactor, demonstrating
the benefit of pretreatment in that reactor.

2.2.2. Chemical Oxygen Demand (COD) Degradation:

Figures 7 and 8, respectively, illustrate the values for chemical oxygen
demand and COD degradation. After the first batch run and again after the
second batch run, it was seen that the initial COD in all of the reactors had
dropped, demonstrating that bacteria were consuming organic matter for
the generation of biofuel. All of the pretreatment reactors exhibit a greater
decrease in COD than the untreated reactor, which may be the result of the
microorganisms activity intensifying. The increase in bacterial activity
demonstrates that pretreatment has a favorable impact on the rate of
organic matter breakdown.

223. TS, TDS, TSS, and VS degradation Parameters as a
Per centage:

In Fig. 9, the degradation of total solids, total dissolved solids, total
suspended solids, and volatile solids in microwave-pretreated reactors is
shown alongside a comparison to reactors that weren't treated. It was
found that pretreated reactors had a higher deterioration rate than
untouched reactors Maximum TS, TDS, TSS, and VS degradation,
measured as 1.45%, 5.92%, 3.65%, and 8.99%, respectively, was seen in
the S3 reactor after a 3-minute microwave pretreatment.

2.2.4. Percentage Hydrogen Production

The hydrogen produced in the reactors was evaluated by gas
chromatography and shown in Fig. 10. It was found that the percentage of
hydrogen produced increased when the substrate was pretreated for up to 3
min, but declined as pretreatment duration increased. The S3 reactor,
which had a three-minute pretreatment, showed the highest proportion of
hydrogen.

2.2.5. Percentage Biogas generation:

Biogas generation in the reactors was examined, as shown in Fig. 8, and it
was shown that substrate that has been microwave-pretreated produces a
higher percentage of biogas than reactors that have not been treated. When
compared to prepared reactors using cow dung as an inoculum, it has been
found that reactors using soil as the inoculum produce more hydrogen. In
the S3 reactor, which used soil as an inoculum, the highest percentage of
biogas, or 23.94%, was found.
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2.3. Reactorsusing acid-pretreated fruit waste:

In these reactors, cow dung and soil were employed as inoculum
simultaneously in batch reactors while the substrate underwent acid
pretreatment during anaerobic digestion. Glucose, hydrogen, and biogas
were analysed in al reactors and the results were compared in order to
assess the development of each reactor.

2.3.1. Degradation of Glucose:

Fig. 3 shows the degradation in glucose concentration following the first
and second batch runs. After the first and second batch runs in which the
substrate was prepared with diluted hydrochloric acid, the S2 reactor
showed the greatest amount of deterioration. Following the second batch
run, there has been a reduction in glucose concentration degradation in all
reactors. Additionaly, it was discovered that the S2 reactor had a higher
rate of glucose concentration decline than the untreated reactor,
demonstrating the benefit of pretreatment in that reactor.

2.3.2. Utilization of COD Variation:

Chemical oxygen demand values and COD degradation rates are shown in
Figures 4 and 5, respectively. After the first batch run and again after the
second batch run, the initial COD in every reactor was seen to be
declining. All of the pretreatment reactors exhibit a greater decrease in
COD than the untreated reactor, which may be the result of the
microorganisms' activity intensifying. The increase in bacterial activity
demonstrates that pretreatment has a favourable impact on the rate of
organic matter breakdown.

The COD concentration deterioration is shown in Fig. 5, and the S2
reactor saw the most degradation—12.41%—after the second batch run.

2.3.3. Percentage Degradation of other Physical Parameters:

The degradation of total solids, total dissolved solids, total suspended
solids, and volatile solids in acid pretreatment reactors is shown in Fig. 6,
along with a comparison to untreated reactors. It was discovered that
pretreated reactors degraded at a higher pace than untreated reactors. For
the S2 reactor with soil as the inoculum, the maximum degradation of TS,
TDS, TSS, and VS was 1.75 percent, 6.32 percent, 4.2 percent, and 9.3
percent, respectively.

2.3.4. Percentage Hydrogen Production:

The amount of hydrogen produced in the reactors was examined, and the
results are shown in Fig. 7. It was found that the substrate that has been
acid-pretreated produces a higher percentage of hydrogen than reactors.
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that have not been treated. In comparison to pretreated reactors using cow
dung as an inoculum, it has been found that acid pretreated reactors using
soil as an inoculum produce more hydrogen. 5.86% of hydrogen was
created at its highest rate in the S2 reactor when soil was used as the
inoculum.

2.3.5. Percentage Biogas Production:

Biogas generation in the reactors was examined, and it was shown that, as
compared to untreated reactors, substrate that has been acid-pretreated
produces the most biogas shown in figure 8. It has been found that acid
pretreated reactors with soil as the inoculum produce more biogas than
pretreated reactors with cow dung as the inoculum. The S2 reactor's
maximum biogas production rate was 22.95% when dirt was used as the
inoculum

3. Discussion

The anaerobes in the microbial culture employed have exploited the
organic matter found in fruit waste as a source for the manufacture of
biofuel (i.e. cow dung and soil). The lignocellulose content was converted
into reducible sugars using microwave and acid pretreatment techniques to
improve biofuel output. Two batch runs were completed and preserved on
each reactor. In comparison to reactors set up using cow dung as an
inoculum, it was discovered that the production of biofuels (hydrogen and
biogas) was at its highest in cases where reactors were set up utilising soil.
The best outcomes are shown in Table 2 In this context the Hernandez et
al. (2017, Appels et a. 2008) assessed the viability of using leftover
banana peduncles as feedstock for the production of ethanol and biogas.
0.591g of juice per fresh banana peduncle, with fructose (8g/L), glucose
(7g/L), and sucrose (3g/L) as the main sugars. The residual bagasse after
extraction and stillage (after ethanol distillation) generated methane yields
of 0.263 L at standard temperature and pressure (STP)/g volatile solids of
bagasse and 0.08 L at STP/g VS stillage after five days of fermentation of
five times concentrated peduncle extract (Amin et al. (2017). Choonut et
a. (2014) studied the production of ethanol and hydrogen from pineapple
peel, which accounts for 29-40% of the weight of the entire pineapple.
36.25, 2.87% of cellulose was produced after pretreating pineapple peel
with water and heat at 100°C for 4 hours. After a 24-hour incubation
period, the highest sugar production (34.03 1.30 g/L) was achieved. After
72 hours of cultivation, E. aerogenes produced a maximum of 1.38 g/L of
ethanol using the enzyme hydrolysate as the fermentation medium (Badiei
et a 2014). The influence of microwave pretreatment of mixed cultures at
various strengths for a set amount of time on the production of
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biohydrogen from waste sweet made from Benincasa hispida was
examined by Singhal et al. 2014. The greatest power under investigation
was 800 W at 2450 MHz. The experiment was carried out in batch
reactors with mixed cultures, and the outcomes were evauated in
comparison to reactors running under typical conditions (without any
inoculum pre-treatment). The maximal hydrogen yield in the reactor,
where the inoculum was subjected to 320 W of microwave for 5 minutes,
was 14 mmol H; for every mol of soluble sugar ingested (Balat et al.
2008). Martin et a. (2013) studied the synthesis of biodiesel using semi-
continuous anaerobic co-digestion of orange peel waste with residual
glycerol that was co-generated in biodiesel manufacturing in a volume
greater than the demand for pure glycerol at the time. A 1:1 (in COD)
mixture of orange peel waste and residual glycerol was operated up to an
organic load of 2.10g VS/L a mesophilic temperature and semi-
continuous conditions. Process destabilisation occurs at increasing organic
loading due to the buildup of volatile fatty acids and a drop in pH. The
organic loading was around 1.91, 0.37 kg VS/m3 d, and the methane yield
coefficient was constant at 330 .51 mL STP/g of VS supplied (Binder et
al. 2010, Zhang et a. 2007, Zhu et a. 2006). Abd-Alla et a. (2011)
conducted research on the three-stage fermentation technique used to
produce biohydrogen from rotten date palm fruits. Escherichia coli, an
anaerobe, were used in the first stage to tightly maintain the anaerobic
condition by consuming oxygen. In the second stage, Clostridium
acetobutylicum was used to produce H, through a dark fermentative
process.

Rhodobacter capsulatus was used in the third stage of the
photofermentative H, generation process. When 5 g/L of sucrose was
added to the fermentor as rotten date fruits, the total yield of H, was at its
highest. A 162 LH; kg-1 fresh rotten date yield of H, was the projected
total yield for the three stages. The findings show that rotten dates can be a
productive source of H, (Tanjore, & Richard, 2015, Temudo et a. 2007,
Sridar, 1998). In order to maximise the biohydrogen production from
thermophillic co-fermentation of swine manure without manipulating the
pH and to achieve process stability through endogenous alkalinity of
manure, Tenca et a. (2011) evaluated the effect of mixing ratio of fruit
and vegetable waste. The fruit-vegetable: swine manure ratio of 35:65
produced the highest production rate of 3.27 0.51 LH,/L/d, with a
corresponding hydrogen output of 126.22 mL H2g* (VS) added and
hydrogen concentration in the biogas of 42. 5%. The method displayed
one of the highest assessed stabilities under these operating conditions (Li,
& Lin, 2010, Li et al. 2007). The effects of using fruit and vegetable waste
as fertilizer on plants were researched by Sagagi et al. 2009. With an
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average production of 1554 cm?®, it was found that the cow dung-
controlled slurry had the highest biogas production rate. Pineapple waste
had the second-highest production rate, at 965 cm3, followed by orange
waste at 612 cm3, and finally, pumpkin and spinach waste, with
production rates of 373 cm3 and 269 cm3, respectively (Singhal et al.
2012, Shi et a. 2011, Ramos, 2006, Moiser et al. 2005, Mashad et al.
2004, Koster& Lettinga, 1988).

4. Conclusion:

From the current study, it can be inferred that producing biofuel from fruit
waste is an innovative method. Microwave radiation and substrate acid
pretreatment can boost the production of several biofuels. The inoculum
(CD and soil) and fruit waste were combined, and studies were run in
batch reactors. Separate reactors with untreated substrate were also set up
in order to track and contrast the production of biofuel. As compared to
reactors set up utilising cow dung as inoculum, it was discovered that soil-
based reactors produced the most biofuel. Additionally, it was shown that,
when compared to acid pretreatment, microwave pretreatment produced
the highest biofuel. The highest yields of hydrogen and biogas were found
to be, respectively, 7.01% and 23.94% for reactors that had undergone a 3-
minute microwave pretreatment and used soil as the inoculum. In
comparison to acid pretreatment, it was discovered that microwave
pretreatment was the superior technique. When compared to untreated
reactors, the generation of biogas and hydrogen rose by around 1.5 and 2
times, respectively.
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Abstract

Riverine fisheries provide nourishment and employment for million
peoples worldwide. Wallago attu is a commercialy important fish
species from the riverine sector with harvested across tropical Asian
countries. In the present study fishes were collected from the Sarayu
River, Uttar Pradesh, India during April 2023 to March 2024. A tota of
153 fish samples of Wallago attu were examined study the size
composition and exploitation structure. The result revealed that the size
spectraof W. attu varied from 30.0 to 122.3 cm in the Sarayu river. The
size group 30.1 to 40.0 cm was exploited mostly (21.57%) compared to
the size group of 60.1-70.0 cm (19.06%) and 40.1-50.0 cm (16.34%) in
the total catch. The composition of fishes belongs to 120.1 to 130.0 cm
and 20.1-30.0 cm group were 0.65% in the total catch. It was observed
that, fishes of small size group were highly captured than middle and
higher size group. The consumer’s preference for the small size was
higher due to its low cost and high demand in the market. This study
enhances our knowledge about size spectra of W. attu and in future will
be helpful to the policymakers for developing fishery management
policies and restoration measures in the studied river.

Keywords: size spectra, exploitation, fishing pressure, Wallago attu,
Sarayu river.

I ntroduction

Freshwater shark, Wallago attu is a fast growing, hardy nature and
carnivorous catfish species belongs to the order Siluriformes and family
Siluridae. Wallago attu is a targeted fish species in the rivers and their
associated flood plains, lakes, wetlands and reservoirs across south and
south east Asia (Poulsen et al. 2004, Montana et al. 2011, Renjithkumar et
al. 2011, Kumar et al. 2023). It has good market demand as a food fish
having high nutritional value and high protein content in its flesh. It is
very commonly found in India, Bangladesh, Pakistan, Nepal and Indonesia
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(Talwar and Jhingran 1991, Mirza 2003, Giri et al. 2002, Parvez et al.
2023). It is commercially exploited from the river Ganga (Singh et al.
1998, Montana et al. 2011, Tripathi et al. 2017, 2024), river Yamuna
(Mayank and Dwivedi 2015) and its tributaries (Nautiyal & Dwivedi
2019, Kumar et al. 2023).

For the study of fish biology, population dynamic and fishery assessment,
Size spectra is mandatory as one of the principal practical parameters
(Goncalves 1996, Cowx 2015, Mayank and Dwivedi 2016, Khan et al.
2017, Dwivedi et al. 2017a, 2023, Gopesh et al. 2021). Size spectra is
used as a referral point for estimating nature of stock, life span, suitability
of habitat, growth pattern and fishing pressure in riverine ecosystem
(Allan et al. 2005, Yousaf et al. 2009, Tripathi et al. 2015, Dwivedi et al.
2017b, Mayank et al. 2018, Kumar et al. 2023). Decline in ecological
conditions and water quality is a typical cause for decreasing of fish size
(Example wild stock) from the rivers globally. The present study aim to
emphasis the size spectra, exploitation pattern and targeted size by fishers
of W. attu from the lower stretch of the Sarayu river at Gorakhpur, Uttar
Pradesh. This study is helpful for developing fishery management policies
and restoration in riverine sector.

Material and method

The River Sarayu is a left bank tributary of the Ganga river with support
healthy fish fauna to the Ganga river. The Sarayu river fishery resources
are aso provide a wide range of other ecosystem services. 153 fish
samples of Wallago attu were collected at randomly during February 2023
to March 2024 from the lower stretch of the Sarayu river (Barahalganj fish
market), Ghorakhpur, Uttar Pradesh, India. The size of fishes was
measured by measuring scale to nearest cm. The Tota length (TL) of
fishes was measured from tip of the snout to the largest fin rays of caudal
fin. The collected data were classified at 10 cm intervals for formation of
groups. The number of samples calculated according to size group then
converted into percentage.

Result and discussion

The size composition of Wallago attu varied from 30.0 to 122.3 cm from
the Sarayu river, Uttar Pradesh, India. The total length of fish is good
indicator of its size structure and it decreases under high fishing pressure.
On the basis of pooled sampled specimen in the length ranges from 30.1 to
40.0 cm showed that the most exploited compared to other size groups
(Fig. 1). The 120.1 to 130.0 cm and 20.1-30.0 cm group fishes were
shared very little amount with 0.65% each in the total catch. The lower
size group of fishes more constituted compared to middle and higher size
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groups. The size groups 40.1 to 50.0, 50.1 to 60.0, 60.1 to 70, 70.1 to
80.0, 80.0 to 90, 90.1 to 100.0 cm fishes contributed 16.3% , 9.15%,
19.61% , 9.80%, 11.11% , 2.61%, respectively from the lower stretch of
the Sarayu river at Gorakhpur, India. The exploitation of W. attu also
indicted that the presence more immature fishes compared to mature fishes
in the total catch. This type of fishing pattern/exploitation is systematic
and heathy for stable stock of W. attu from the Sarayu river. It was
noticed that, the fishing of small size group of fishes were highest as
compered to middle and higher size group (Table 1, Fig. 2). Small size of
fishes was targeted by fishers and most demanding by consumer due to its
lowest prices. Similar finding were reported by Dwivedi et al. (2016) in
Cirrhinus nrigala. Dwivedi et al. (2006) was recorded that the lower size
group of L. calbasu maximum exploited from the Ghaghara river at
Faizabad, Uttar Pradesh. Kamal (1969) was estimated lower and middle
age groups of Cirrhinus mrigala highly exploited from the river Yamuna
at Prayagrg. Imran et al. (2015) reported that the 32.1-35.0 cm size group
of Labeo calbasu was dominated in exploitation (17.61%) compared to
29.1-32.0 (13.64%) and 26.1-29.0 cm (11.93%) from the Yamuna river.
The body size (Total length) of fishes is a master feature in ecology
(Woodward et al. 2005, Boll et al. 2023, Kumar et al. 2023).

It could be concluded from the present study that the stock structure of W.
attu was stable from the river Sarayu at Gorakhpur, Uttar Pradesh, India.
In the present size composition was decreased compared to earlier report
but exploitation structure was systematic in nature. Abrupt changes in
ecological conditions and water quality is atypical cause for decreasing of
fish size (Example wild stock) from the rivers globally.
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Fig. 1 Exploitation pattern of Wallago attu from the Sarayu River,
Uttar Pradesh
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Higher size
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Fig. 2 Exploitation pattern of Wallago attu according to major groups
from the Sarayu River, Uttar Pradesh

Table 1 Exploitation pattern of Wallago attu according to major
groups from the Sarayu River, Uttar Pradesh

Categories (cm) Exploitation Percentage
Small size group (20.1-60.0) 47.68
Middle size group (60.1-100) 43.13
Large size group (100.1-130.0) 09.1
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Abstract

Studies were undertaken during the period May 2022 to April 2024
from the Belan River at Prayagraj, Uttar Pradesh, India. In present
study, 235 fish specimens (116 males and 119 females) were examined
for the assessment of age composition, age and growth increment of
Cirrhinus mrigala by using scale method. The investigation of C.
mrigala’'s key scale resulted in a comprehensive depiction of age
composition, age, and growth increment. C. mrigala had an age range
of 0+ to 6+. Based on gathered sampled specimen ranging in length
from 194 to 874 mm, the fish had a mean length (pooled sample) 325
mmin 1+, 491 mmin 2+, 623 mmin 3+, 739 mmin 4+, 781 mmin 5+
and 816 mm in 6+ age groups. The growth increments was recorded as
325 mm, 165 mm, 133 mm, 116 mm, 45 cm and 35 mm for 1+ to 6+
age groups, respectively. The highest growth increment occurred in the
first year, followed by moderate growth in the following years. The
minimal growth increment occurred in the sixth year of the life cycle.ln
first two years, female growth was higher compared to male, but for
other years, growth in male was reported higher compared to female.
The modest growth rate observed after the second year of life could be
related to maturity. It is widely acknowledged that the growth potential
is used for gonad development. The growth rate varied with age in the
female, male and pooled samples.

Keywords: Cirrhinus mrigala, Age composition, Age and growth,
Belan River

I ntroduction:

Cirrhinus nrigala (Hamilton, 1822) belongs to the Indian Major Carp
(IMC) group. The species is commercially important because of its
aguaculture potential and strong customer popularity (Jayasankar 2018,
Dwivedi et al. 2018). It is commercially exploited and contributed highest
proportion in group of Indian major carp of the total landing from the river
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Ganga (Das et al. 2023, Tripathi et al. 2024), river Yamuna (Mayank and
Dwivedi 2015, Joshi et al. 2016) and its tributaries (Nautiyal and Dwivedi
2019). Age and growth rates are two major attributes in monitoring fish
populations and their responsiveness to various management techniques
(Khan et al. 2011). The main objective of fish age and growth research is
to establish the quantity of fish that can be generated and recruited over a
certain period. Understanding the dynamics of fish populations, fishing
pressure, habitat suitability, and food availability requires having the
ability to determine age of fish perfectly (Alam et al. 2019, Nautiyal and
Dwivedi 2020, Bhakta et al. 2023). A fishery's annua variation is
determined by its recruitment and growth patterns (Dwivedi et al 2014). It
is generaly desirable to split catch based on age groups to understand the
sengitivity of any such set of fishing gears. The age structure of the catch
is frequently utilised in several fisheries across the world to estimate
future available stocks.

Age composition data, including information on the sexes, can be used to
analyse the differential growth rates between males and females and the
overall sample (Mayank et al. 2018, Alam et al. 2019). Growth is a
complex mechanism that reflects an effect of interactions between
numerous biotic and a biotic elements functioning on behavioural and
physiologica systems (Jhingran 1959, Kamal 1969, Khan 1972, Alam et
al. 2019, Ujjania and Soni 2020). Many researchers investigated the age
and growth of C. mrigala in the riverine ecosystem (Jhingran 1959, Kamal
1969, Khan et al. 2011, Das et al. 2012, Mayank et al. 2015, and Ujjania
and Soni 2020). However, little is known about the age and growth of C.
mrigala in the Belan River. The current study was designed to evaluate the
age and growth increment of C. nmrigala from the Belan River at
Prayagraj, Uttar Pradesh in India. This study will help in formulation of
the fishery management policies and restoration of C. mrigala in the Belan
River and its associated ecosystems.

Material and methods
Study area

The Belan River originates in western part of Sonabhadra district Uttar
Pradesh, India from the Vindhyan ranges. It is famous for prehistoric sites
from the Neolithic period. It has a length of approximately 156 km and
flows in a west-north direction in districts Sonbhadra, Mirzapur and
Prayagrgj. The river ultimately drains into the River Tons near Chakghat.
The Belan River is atributary to the Tons River and a sub-tributary of the
GangaRiver.
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Investigation for the assessment of age composition, age and growth
increment of Cirrhinus mrigala were undertaken during the period May
2022 to April 2024 from the Belan River at Prayagraj, India. During the
investigation, 235 fish samples (116 maes and 119 females) were
evauated. The investigation of C. nrigala's key scae resulted in a
comprehensive depiction of age composition, age, and growth increment.
The key scales of C. mrigala were used to determine its age (Bagena and
Tesch 1978). The key scales were carefully removed with fine forceps
from the row above the lateral line beneath the dorsal fin area (Bagenal
and Tesch 1978, Mayank et al. 2018). Scales were removed and
thoroughly cleaned with a fine brush before being rinsed with distilled
water. To remove adherent tissues, the scales were cleansed in a 5% KOH
solution and then washed with distilled water. The scales were then
squeezed while drying to prevent them from curling. After properly
cleaning the scales, the growth rings were counted. The fish's age was
determined using the Carl Zeiss Jena Scale Reader. The ring zone
appeared in opague format, while the rest zone was clear.

Result

C. nrigala has typical cycloid scalesin its body. As aresult, the scales of
these species were structurally identical, consisting of an anterior field
(AF), a posterior field (PF), two lateral fields (LF), and a focus (F). The
anterior field of the scale remains lodged in the skin, whilst the posterior
field appears visible 'in situ'. During the current study, 235 fish specimens
(116 males and 119 females) were analysed to determine the age and
growth increment of C. nrigala from the Belan River. Six annual rings
were seen in scales from the C. nmrigala population in the Belan River
during the current investigation. Female fishes had a higher growth
increment in the first year (1+) than male fishes, but male fishes had a
higher growth increment in the second, third, and fourth years. The age
distribution of male and female C. nrigala in the Belan river ranged from
Oto 6+.

Pooled

The anaysis of C. nrigala's scales provided a complete overview of
growth increment. The age composition of C. mrigala in the Belan River
ranged from O+ to 6+. Based on sampled specimens ranging in length
from 194 to 874 mm, the fish had a mean length of 325 mm in 1+, 490
mm in 2+, 623 mm in 3+, 739 mm in 4+, 781 mm in 5+, and 816 mm in
6+ age groups (Table 1). The highest growth increment occurred in the
first year, followed by moderate growth in subsequent years. Furthermore,
this fish follows the normal growth trend, in which the annual increment
reduces as age increases, as is typical of most carps. The smallest growth
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increment was documented in the sixth year of life. The modest growth
rate observed after the second year of life could be related to maturity. It is
widely acknowledged that the growth potential is used for gonad
devel opment.

Male

Male fish samplesin the studies varied in length from 194 to 870 mm. The
growth ring was not observed in fish less than 254 mm in size. Only six-
year-old male fish were found in the Belan River. The current findings
revealed that the fish acquired the mean length of 322 mm in 1+, 485 mm
in 2+, 628 mm in 3+, 740 mm in 4+, 786 mm in 5+, and 827 mm in 6+
age groups. Male fishes had growth increments of 322 mm, 163 mm, 143
mm, 112 mm, 46 mm, and 41 mm for age groups 1+ to 6+ (Table 2). The
largest growth increment was likewise reported in the first year, whereas
the smallest occurred in the sixth year of the life cycle. The modest growth
increment observed after the second year may be linked to reaching
maturity during the second year of life. It is widely acknowledged that the
growth potential is used for gonad development. Males develop faster
because they require less energy for reproduction and gamete formation.

Female

The female fishes measured from 212 mm to 808 mm in length from the
Belan River. The age composition of female C. nrigala was also varied
from O+ to 6+ from the Belan River. The present observations showed that
the fish attained the mean length 329 mm in 1+, 495 mm in 2+, 618 mm in
3+, 737 mm in 4+, 776 mm in 5+ and 808 mm 6+ age groups. The growth
ring was not recorded below 261 mm size group of fishes. The growth
increments in C. mrigala was recorded 329 mm, 166 mm, 123 cm, 119
mm, 39 mm, and 32 mm for 1+ to 6+ age groups, respectively (Table 3).
The first year of the life cycle saw the greatest growth increment, and the
sixth year saw the lowest. One possible explanation for the observed
modest growth increment after the second year of life is that during this
time, maturity was attained. It is commonly known that the gonads
develop using the growth potential.

Discussion

Accurate fish age estimation is thought to be a prerequisite for age
assessment of fish populations, effective resource management, and
recruitment potential (Khan and Khan 2009, Alam et al. 2019, Mishra et
al. 2023). C. mrigala thrives in both lotic and lentic conditions, however it
develops more effectively in the old tank when there is enough vegetable
waste present (Chondar 1999). In the Yamuna river, Mayank et al. (2015)
measured the average length of C. mrigala in the following age groups:
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30.24cmin1+,47.82cmin 2+, 60.13cmin 3+, 70.11 cmin 4+, 77.01 cm
in 5+, 81.42 cm in 6+, 86.30 cm in 7+, 89.80 cm in 8+, 91.70 cm in 9+,
and 94.30 cm in 10+.

The first growth ring of C. mrigala was discovered in specimens from the
Mahanadi, Godavari, Kaveri, Narmada, and Mahi rivers, with average
lengths of 27.86, 28.86, 37.22, 26.77, and 25.59 cm, respectively (Das et
al. 2012). C. nrigala at ages 1 to 12 had a mean length of 290.9 mmin 1,
5114 mmin 2, 670.5mmin 3, 797.4 mmin 4,858 mmin 5, 888.5 mm in
6, 911 mm in 7, 921.8 mmin 8, 947 mm in 9, 958.25 mm in 10, 958.25
mm in 11 and 992 mm in 12 age groups (Jhingran 1959).Except during the
first year of life, the current mean length of C. nrigala is slower than that
of Jhingran (1959). In fish from the Yamuna River in Allahabad, Kamal
(1969) measured the mean length of C. mrigala in 1 to 9 age groups to be
268.0 mm, 458.0 mm, 644.2 mm, 736.1 mm, 816.7 mm, 867.1 mm, 924.0
mm, and 958.6 mm, respectively. According to him, the first four years of
a C. nrigala's existence are when growth is at its fastest, with the first
year experiencing maximal growth. Later years are marked by a
progressive slowdown in growth rate until a maximum length (asymptotic
length) is reached.

In the Vallabh sagar reservoir in Gujarat, India, Ujjania and Soni (2020)
observed that the age composition of C. mrigala was 1+ to 9+ age groups
with mean total lengths of 40.78, 50.99, 59.82, 66.32, 70.72, 74.56, 77.80,
80.22, and 82.50 cm. In the Pong reservoir in Himachal Pradesh, Parmar
and Bhatia (2014) measured the mean length of C. mrigala in age groups
ranging from 3+ to 8+. They found that the mean lengths were 44.21,
48.62, 51.24, 70.83, 77.25, and 83.00 cm. The age class 3 experienced an
annua growth of 7.48 cm, whereas the age classes 4, 5, 6, 7, and 8
experienced increments of 6.37, 6.56, 6.50, 10.02, 7.12, and 6.09 cm,
respectively.
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Abstract

Dust storms pose a significant threat to air quality and public health
through their capacity to transport particles over long distances. The
Indo-Gangetic Basin, one of the world’s most densely populated
regions, experiences notable seasonal variationsin aerosol optical depth
(AOD), with peak levels during the pre-monsoon (summer) season. Our
study focuses on the effects of mgjor dust storm events on aerosol
parameters within this region. We observed that dust storms lead to an
overall increase in AOD across the basin. The aerosol size distribution
(ASD) shifts, showing an increase in particle radius and a decrease in
distribution width, indicating changes in aerosol characteristics during
these events. This increase in aerosol radius is significant for its
implications on climate change. Additionally, aerosol parameters such
as single scattering albedo (SSA) and refractive index (both real and
imaginary components) show substantial alterations during dust storms.
To trace the source, trajectory, and spatial extent of these dust events,
we employed the National Oceanic and Atmospheric Administration
(NOAA) Hybrid Single Particle Lagrangian Integrated Trajectory
(HYSPLIT) model for 5-day back-trgectories, along with MODIS
level-3 daily data. Our findings indicate that MODIS column water
vapor levels increase during dust storms, demonstrating transport from
west to east along the storm’s path.

Keywords: Dust Storm, Indo-Gangetic basin, aerosol, aerosol optical
depth, single scattering albedo

I ntroduction

The impact of atmospheric aerosols on climate and the environment is a
critical concern for the scientific community. These aerosols, originating
from both natura and anthropogenic sources, significantly influence air
quality, human health, and the atmospheric radiation budget. However, the
climatic impacts of aerosols remain more uncertain than those of
greenhouse gases (IPCC, 2007), due to their diverse sources, variable
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trends in aerosol loading, and extreme heterogeneity in their optical and
microphysical properties over time and space (Kaskaoutis et a., 2012).

Atmospheric aerosols exert climate forcing by disrupting the Earth’s
radiative balance. They do this directly by absorbing and scattering solar
and terrestrial radiation, and indirectly by acting as cloud condensation
nuclei (CCN). This alters cloud albedo, cloud lifetime, precipitation rates,
the hydrological cycle, the monsoon system, and overall climate, as
aerosols modify the radiative properties of the atmosphere (Tegen et a.,
2004). Sand and dust storms are widespread natura events that transport
dust aerosols over long distances, representing a key process in land-
atmosphere interaction. These storms not only disturb the radiation-energy
balance of the Earth-atmosphere system but also affect atmospheric
heating and stability, chemical and biological ecosystems, ambient air
quality, and human health (Husar et al., 2011).

Dust storms originating from arid and desert regions are maor
contributors to global mineral dust. Key sources include the Saharan
Desert in Africa, the Middle East, the Arabian Desert, Afghanistan, and
the Thar Desert in Rajasthan, India. These areas, located several thousand
kilometers upwind of the western side of the Indo-Gangetic (1G) plains,
are significant hotspots (Gillette, 1999; Prasad and Singh, 2007) and
contribute a substantial portion of the annual mineral dust load. The
characteristics of dust storms in Asia and Southwest Asia have been
extensively detailed by Middleton (1986) and Husar et al. (2001). During
the pre-monsoon season (April-June), the 1G basin experiences the highest
aerosol loading due to the substantial influx of mineral dust aerosols
transported from these western arid regions (Prasad and Singh, 2007).

In this study, we examined the physical and optical properties of major
dust storm events that occurred during the pre-monsoon season of 2010
(April-June) over Lahore, Kanpur, and Gandhi College. Using ground-
based AERONET data, we focused on the significant changes observed in
aerosol optical properties, such as aerosol optical depth (AOD), Angstrom
exponent (a), and aerosol size distribution (ASD), during dusty and clean
days. To trace the source, trgectory, and spatia extent of these dust
storms, we utilized the National Oceanic and Atmospheric Administration
(NOAA) Hybrid Single-Particle Lagrangian Integrated Trajectory
(HYSPLIT) model for 5-day back-tragjectories, as well aslevel-3 daily data
from MODIS. We dso investigated the spatial coverage of magor dust
storms over the Indo-Gangetic plains to delineate the total area affected
during these events using satellite AOD data. Our findings indicate that
dust storms, which are prevalent during the summer season, lead to
increased aerosol loading and negatively impact air quality over the Indo-
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Gangetic plains (Singh et a., 2004). We conducted a detailed analysis of
daily total column MODIS level-3 near-infrared water vapor under cloud-
free conditions, aong with corresponding MODIS level-3 AOD data, to
demonstrate the enrichment of water vapor accompanying dust storms
along their paths over the Indo-Gangetic plains.

3. Data Used

Aerosol optical depth data have been obtained using level-3 MODIS
(Moderate Resolution Imaging Spectroradiometer) Terra (MODO08_M3, in
HDF format) as a monthly gridded average in 1°x 1° spatial resolutions
(http://modis.gsfc.nasa.gov/) (Chu et al., 2002; Ichoku et al., 2002; Ichoku
et a., 2004; Remer et al., 2005). The MODIS was launched onboard the
NASA’s Earth Observing System (EOS) Terra and Aqua spacecrafts
provides daily global data of aerosol characteristics using 36 spectral
bands ranging from visible to thermal infrared (0.41-14.38 um), with
gpatia resolutions of 1000 m, 500 m, and 250m (pixel size at nadir) [46]
in December 1999 and onboard EOS-Aqua satellite in May 2002

The AERONET program (http://aeronet.gsfc.nasa.gov/) is a global
ground-based remote sensing network designed to evaluate aerosol optical
properties and validate those derived from satellites (Holben et al., 1998).
For this study, we utilized AERONET version 2, level 2 cloud-screened
data to analyze the optical properties of dust storms from 2005 to 2012.
We examined total column aerosol optical properties such as aerosol
optical depth (AOD, 1a500 nm), Angstréom exponent (o 440-870 nm),
aerosol size distribution (ASD), the peak and geometrical width of volume
particle size distribution [dV®/dInr (um3/pum2)], the real [n(A)] and
imaginary parts [k(A)] of the refractive index (RI), and single scattering
albedo (SSA, wo(L)) from AERONET stations at Kanpur, Gandhi College,
and Lahore within the |G Basin to identify and characterize major dust
storms. These aerosol products are derived from AERONET data using
the methodologies discussed by Dubovik and King (2000) and Dubovik et
al. (2000).

The HYPSLIT_4 model (http://www.arl.noaa.gov), with a user-friendly
graphical interface, is employed to compute air mass trgectories and
concentrations (Draxler and Rolph, 2003). Gridded meteorological data at
regular intervals are used to calculate air mass trgectories. For back-
trgectories, data are sourced from existing archives. A comprehensive
description of the input data, methods, equations, and potential sources of
error for air mass trajectory calculations can be found in Draxler and Hess
(1997). The model can be run directly on the web
(http://www.arl.noaa.gov/ready/hysp_info.ntml) by  providing the
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necessary inputs or on a local PC after installing the software and input
data set. NOAA’s Air Resources Laboratory (ARL) provides the
executables and meteorological data for free for back-trgjectory analysis,
though registration is required for forecast analysis. The model outputs are
available as post-script images and ASCII files, which can be imported
into other programs for plotting (Prasad and Singh, 2007).

3. Results & Discussion
3.1 Optical Properties of Dust Stormsin the | G-basin

The dust storms are mainly found during the pre-monsoon season (Sikka,
1997). The probability of occurrence of dust-storm is more in western
region and lesser in the eastern region of the IG-basin. During the Pre-
monsoon season of year 2010 mgjor dust storm event days 2 June, is
noticed which is shown in Figure 1, which clearly shows the presence of
deep loading of dust in the atmosphere compared to aerosol data prior to
event days. Change in optical properties of aerosol during the dust storm
in detail has been discussed here. Figure 1 show MODIS TERRA image
showing the long-range transport of dust and its presence in IG basin
noticed (02 June 2010). The IG basin clearly represents high aerosol
loading on 02 June 2010.

Dt storm on 2 June 2010
MODIS AOD |S500m), I Juse 2010

f‘."\'{."?"-'i' | o - G6E T2E T78E S4E O0F 06F 9OF
Figure 1: MODIS TERRA image (band collection 1-4-3) showing long range transport
of dust storm (June 2, 2010). The white and dotted objects represent the clouds, the dust
appears in pale color. The second picture represents the MODIS AOD (500nm) with four
main stations with high AOD value in the |-G basin
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Figure 2 The vanatlon of aerosol optical depth (AOD 500nm) with Angstrom
exponent (440-870 nm) and water vapor at Kanpur (1-6 June, 2010).
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Figure 3 AERONET size (volume) distribution during 30 May-04 June, 2010.
During dust storm strength of COARS maode particle in |G basin increased.

3.2 Variation of Aerosol and Angstrém exponent

The Variation of AOD aong with angstrom exponent (440 770 nm)
derived from AERONET during 1-6 June 2010 at Kanpur is shown in
Figure 2. From the figure one can see that AOD vaues at Kanpur
increases during the dust storm period whereas angstrom exponent shows
inverse relation to AOD values. The variation of water vapor along with
the AOD values is aso shown in right panel of Figure 2. The water vapor
variations also show enhanced value during the dust storm period. The
enhanced water vapor during the dust storm could result from its long-
range transport from the Arabian sea. The long-range transport of water
vapor during the dust storm period is reported in previous studies (Li et
al., 2020).
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3.3 Variation of aerosol sizedistribution during the dust storm

The variation of aerosol size distribution during 30 May — 02 June 2010 is
shown in Figure 3. From the figure it is clearly seen that the distribution of
peak of COARSE mode particles increases during the dust storm with
maximum peak noted on 02 June 2010. The enhancement of coarse mode
particles due to its long-distance transport could be useful in producing
cloud and rain. Since coarse mode particle are useful in cloud
condensation nuclei. Figure clearly indicates the dominance of coarse
mode aerosols during the dust storms with fine mode aerosol remains the
same. The coarse mode aerosol loading during dust events were reported
in pre-monsoon seasons (Singh et a., 2004; Srivastava et a., 2011).

4. Summary & Conclusion

This paper is based on the analysis of major dust storm of 02 June 2010
which mainly occurred in northern India. The AOD data from ground base
AERONET aong with MODIS satellite has been used to examine the
influence of dust storm on concentration of aerosol, its physical/optical
properties in I1G-basin. Analysis from AERONET data found significant
enhancement in AOD concentration and depression in angstrom exponent
during the dust storm. Enhancement in water vapor in |G basin is aso
noted during the dust storm which could be transported from the Arabian
sea. This kind of transport study with high temporal and spatia resolution
data sets could have potential application in studying monsoon/circulation
pattern in 1G-basin. The ASD from AERONET indicates enhancement in
COARS mode particle during the dust storm which plays an important
rolein cloud formation and rainfall.
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Abstract

This research investigates the optimization of insecticide doses through
in-vitro bioassay methods against Helicoverpa armigera (Hubner), a
major agricultural pest responsible for significant crop damage
globally. The study focuses on evauating the efficacy of various
insecticides to establish a baseline for optimal dosages that ensure
maximum pest mortality while, minimizing environmental impact and
resistance development. To conduct the study rearing of H.
armigera was carried out and pre-oviposition, oviposition, post-
oviposition period and fecundity were primarily recorded. Further
morphometric study were carried out up to second instar larvae of
H. armigera. After that in-vitro bioassay studies were conducted in the
determine the relative toxicity of selected insecticides viz., Emamectin
benzoate, Spinetoram, Flubendiamide and Broflanilide against second
instar larvae of H. armigera. The data on the toxicity of insecticides to
H. armigera, indicated that among the four insecticides tested against
the second instar, irrespective of the method of application, emamectin
benzoate, and broflanilide showed greater toxicity compared to
Flubendiamide, and Spinetoram. The present study explores the
potential of synergistic effects when combining different insecticides,
aiming to enhance overall pest control while reducing the likelihood of
resistance development. This research provides critical insights into the
development of effective, sustainable pest control strategies, offering
valuable data for agricultural scientists and pest management
professionals. By optimizing insecticide dosages, this study
contributes to improved crop protection, reduced environmental impact,
and the prolonged efficacy of pest control agents.

Key Words: Helicoverpa, In-vitro, Toxicity, Insecticides, Resistance

Introduction
Agriculture stands as the cornerstone of human civilization, providing
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sustenance and nourishment to burgeoning populations especially in the
era of globa climate change. However, this virtuous narrative is
intertwined with a challenge that persists to thwart the aspirations of
farmers and researchers aike the relentless depredation caused by the
Helicoverpa armigera (Volp et al., 2023). The Helicoverpa armigera,
aptly named the cotton bollworm or chickpea pod borer, transcends
geographic boundaries and agricultura systems, emerging as a
guintessential global pest (Palagacheva and Sevov, 2021). It’s
indiscriminate feasting on a myriad of crops—including chickpesa,
cotton, corn, soybeans, and tomatoes—manifests as a persistent menace to
crop yields and economic stability. This study converges at the juncture
where the critical need for sustainable pest management intersects with the
agricultural complexities. The Helicoverpa armigera-crop dyad embodies
a classic ecologica tug-of-war, one that demands insightful exploration
to mitigate its repercussions. H. armigera has an enormous impact on
the global economy (Sharma, 2005). Due to H. armigera's high
reproductive and destructive potentials, control of the species has been
harder over the years (Chaturvedi, 2007). H. armigera has a high
propensity to transfer from one fruit to another without finishing it,
which helps to explain why this pest harms crops severely even when the
number of larvae is minimal (Zalucki et al., 1986). Controlling H.
armigera has become crucia in many areas of the world due to the
emergence of pesticide resistance (Tabashnik et al., 2014). Genetic
changes and/or enhanced enzymatic detoxification are frequently
associated with the development of insecticide resistance (Durigan et al.,
2017). At its core lies the utilization of bioassays as powerful tools to
dissect the intricate relationship between pest and crop. These bioassays,
ranging from toxicity evaluations to behavioural analyses, grant us access
to the pest's inner workings, unveiling its susceptibilities and adaptive
mechanisms. Such insights are instrumental in sculpting management
tactics that are not only efficacious but also environmentaly sensitive.
The present investigation aims to investigate the bioassay of the pod
borer, Helicoverpa armigera (Hibner) under in-vitro condition.

As Bioassay is defined as the measurement of the potency of any stimulus
which may be physical, chemical, biologica, physiologica or
psychological etc. by means of the reactions which it produce in the living
organism” (Finney, 1971). Bioassay helps in ascertaining the potency and
relative toxicity of different insecticides. The bioassay methods
commonly employed to insect toxicity evauations are topical
application by

Potter’s tower, injection method, leaf dip, contact or residue film method
etc. The LD50 values serve as a ready reckoner for the selection of
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insecticides to work out strategy for the management of insect pest under
field conditions. Also, such baseline data would provide a record for
detecting resistance level of the insect pests to various insecticides at
different periods. The purpose of the present study will address several
important aspects of agricultural research and pest management. It will
help to understand the biology and behaviour of H. armigera pest which is
crucia to manage its infestations effectively. The in-vitro bioassays for
resistance help in the development of sustainable pest management and
interventions. Further the present study can promote effective pest control
which can benefit both farmers and the environment and balance the needs
of agriculture with environmental and economic considerations.

2. Material and methods

The present research work entitled “In-vitro bioassay studies for testing
toxicity of four different insecticides viz-a-viz Emamectin benzoate,
Spinetoram, Fubendiamide and Broflanilide against Helicoverpa
armigera” was carried out in the Department of Entomology, KAPG
College Prayagraj during the year 2023-24 The materials used for the
study and methods undertaken are given in this section.

2.1Coallection of eggs and larvae of H. armigera

The eggs and larvae of H. armigera were collected from loboratory of
dept. Of Entomology in polythene bags containing fresh leaves of
chickpea. The collected eggs were kept separately in plastic jars. Upon
hatching, the eggs were transferred to bigger petriplates containing
modified diet were prepared according to Chitti Babu et al., (2014),
describe in section 2.2.

2.2Preparation of insecticidal solution

A total of six novel insecticides were used to carry out the in-vitro
bioassay studies. The details of the insecticides used in the study are
furnished in Table 2.1. Stock solution of one per cent of 100 ml was
prepared for each insecticide by dissolving their respective formulations in
distilled water. The concentrations used in the study are given in Table
2.1.

Table 2.1 Concentration of different insecticides used to determine
the LD50 under in-vitro bio-assay

Treatment I nsecticide Concentration
TO (Control) - -

T1 Emamectin benzoate 10 mgl™

T2 Emamectin benzoate 20 mgl™
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T3 Emamectin benzoate 30 mgl™

T4 Emamectin benzoate 40 mgl™

T5 Spinetoram 0t

T6 Spinetoram 20 il

T7 Spinetoram 30l

T8 Spinetoram 40l

T9 Flubendiamide 1.0g™
T10 Flubendiamide 209"
T11 Flubendiamide 309"
T12 Flubendiamide 409"
T13 Broflanilide 10 ugl™

T14 Broflanilide 20 ugl ™

T15 Broflanilide 30 pgl™

T16 Broflanilide 40 ugl ™t

2.3 Rearing of H. armigera

The mixture mentioned in Table 2.2 were kneaded with water and made it
as semi-solid diet. This semisolid diet was dispensed into the sterilized
multi well plates to solidify for 60 min. Furthermore, the neonate
larvae of H. armigera were released individually in the vials by using a
camel hair brush and the larvae will be reared in the vials until pupation.
The pupae will be collected carefully, and placed in a glass jar with moist
vermiculite at the bottom for adult emergence. The adult H. armigera will
be used for further study. To obtain eggs, the adults of H. armigera were
caged in aglass jars. The adult was provided with honey solution fortified
with multivitamins and a leaves of chickpea plant and blotting paper will
be provided for egg laying. Moist absorbent cotton was kept over muslin
cloth in each jar to maintain humidity and for better egg laying.

Eggs laid by the females in twigs and blotting paper were removed on
daily basis with the help of moist camel hair brush and transferred to
another perti dish having a circular filter paper. Fifty eggs were placed
in each petri dish and observation was recorded on the hatching of eggs
was recorded twice daily. The rearing of larvae was carried out
individually in glass vials and observations pertaining to, pre-
oviposition, oviposition, post oviposition period, larval and pupal
duration and longevity was recorded. The number of eggs laid by each
female was observed to record the fecundity. The length and breadth of
eggs, different instars of larva, pupa and adult were measured by using a
stereoscopic binocular microscope, fitted with an ocular and stage
micrometer.
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Table2.2. Diet composition for rearing of H. armigera

Components of | nsect diet Volume
Chickpea flour 100.0gm
Sorbic acid 15¢g
Methyl-p-hydroxy benzoate 309
Ascorbic acid 479
Multivitamin mixture 2.0ml

Y east extract 48049
Agar-agar 48.09g

2.4 Bioassay Procedure

Topical application, residue film method and surface diet method
(Paramasivam and Selvi, 2017) were followed to evaluate the toxicity
of the test insecticides to the 3rd instar larvae of H. armigera.

2.4.1 Topical application method

Ten larvae of test insect were kept in a petri dish. The toxicant solutions
were applied topically on the dorsum of second instar larvae (five days
old) using Potter’s tower at 760 mm Hg column difference air pressure.
One ml of each insecticidal formulation was used for spraying. The
petriplates were allowed to dry under fan and fresh diet was given to the
larvae after treatment in Petri dishes. The Petri dishes were covered
with Whatman’s filter paper to maintain humidity. Three replications of
each treatment were maintained and mortality was recorded after 24hours.

2.4.2 Residue film method

In a petri dish of 5.0 cm diameter 1.0 ml solution of desired concentration
of insecticides was sprayed with the help of Potter’s spray tower and
allowed to dry under an electric fan to get residue film. Desired
concentration of each insecticide were made and in each concentration ten
larvae were exposed to residue film. Each treatment was replicated thrice.
The mortality was recorded after 24 hours.

2.4.3 Surface diet method

Three ml of the diet was pipetted into cell well trays and allowed to cool at
room temperature for approximately 1 hour. For each test insecticide,
seria dilutions of formulated material (100 pl aliquots) were pipetted onto
the diet surface and allowed to dry for approximately 30 minutes. Second
instar larvae were placed into a series of cell well trays that contained
different concentrations of formulated insecticides. Each treatment was
replicated thrice. Then mortality was recorded after 24 hours.
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2.5 Data analysis

The corrected mortality was calculated by subjecting the observed
mortality to Abbott’s (1925) formula,

Test mortality (%) — Control mortality (%)
Corrected mortality (%) = X 100
Control mortality

Dose mortality regressions (LD50) were computed by probit analysis
(Finney, 1971) using BIOSTAT 2006 Software.

2.6 Results and Discussion

An effective method for assessing the potency and relative toxicity of
several insecticides isin-vitro bioassay. In order to choose pesticides and
develop a plan for managing insect pests in the field, the LD50 values are
a useful tool. Additionally, a record of the insect pests' level of resistance
to different insecticides at different times would be provided by such
baseline data. In India, the cotton bollworm (H. armigera) is still
considered a serious pest, resulting in significant crop losses that have
reached up to 80%. Since this pest is polyphagous and has a significant
potential for reproductive harm, suppression has become necessary
during the last ten years as a result of resistance to practicaly al widely
used insecticides. Present study was carried out by keeping these concepts
under considerations.

2.7 Pre-oviposition, oviposition and post-oviposition period

The pre-oviposition, oviposition and post-oviposition period were
recorded and the results are presented in table 3.1. It was revealed that
the pre-oviposition period varied from 2 to 4 days with the mean va ue of
2.9 £ 0.73 days. The oviposition period ranged between 5 to 6 days with
the mean value of 5.3 + 0.48 days. Simultaneously the post- oviposition
period was recorded only for 1 to 2 days with a mean of 1.1 £ 0.38
days. These observations are in conformity with the previous findings of
Bhatt and Patel (2001), who reported that the pre-oviposition,
oviposition and post-oviposition periods were 2.85, 7.5 and 1.10 days,
respectively. Similarly the findings of other research group also
emphasized that the preoviposition, oviposition and post-oviposition
period lasted for 3.12 £ 0.66, 9.8 + 0.54 and 1.22 + 0.36, respectively by
Pandey and Kumar (2007). Simultaneously Sharma et. al. co-workers
(2011) also reported that preoviposition, oviposition and post-oviposition
periods were 2.15 — 3.21, 5.25 - 6.60 and 1.12 — 1.33 days, respectively.
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Table 3.1: Pre-oviposition, oviposition, post-oviposition period and
fecundity of H.armigera under in-vitro rearing.

S. No. Pre-ovipostion Oviposition Post-oviposition  [Fecundity
period (days) period (days) period (days)

1 4 6 1 280
2 3 5 1 310
3 3 5 1 442
4 2 5 1 352
5 2 6 1 297
6 3 5 2 324
7 2 5 1 452
8 4 5 1 380
9 3 5 1 410
10 3 6 1 447
Mean 29 53 11 369.4
SD.+ 0.73 0.48 0.31 65.83

2.8 Larval development

Present investigation focused on the development of larva up to 3" instars
period. The observations on larval instars and larval period are given in
table 3.2-3.3.

28.1First instars

The life of first in star larva was recorded as 2 to 3 days with mean of 2.4
+ 0.51 days (table 3.2).The newly hatched larva was tiny, active and
yellowish white to reddish brown with dark brown to black head
capsule. The morph metrics of first instars larvae of H. armigera are
given in Table 3.2. The breadth of head capsule was measured as
mean value of 0.28 + 0.029 mm). Simultaneously the larva were measured
as the mean value of 1.64 £ 0.24 mm in length and the mean breadth was
0.44 + 0.03 mm.

2.8.2 Second instar

The second instar lasted for 2 to 3 days with mean of 2.5 + 0.52 days
(table 3.3). The second instar larva was very active. The breadth of head
capsule varied from 0.44 mm to 0.54 mm (mean 0.50 + 0.03 mm). The
larva measured and the mean value was calculated mean 4.27 + 0.50
mm) in length and 0.65 mm to 0.76 mm (mean 0.70 £ 0.04 mm) in
breadth (table 3.3).
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Table 3.2 Morphometrics of first instar larva of H. armigera
under in-vitro condition

S. No. First instar larva
Survival Head size Body length | Body breadth
(in days) (mm) (mm) (mm)
1 2 0.20 1.60 0.42
2 3 0.23 1.90 041
3 2 0.26 1.88 0.47
4 2 0.24 1.24 0.50
5 3 0.28 1.26 0.44
6 3 0.29 152 0.46
7 2 0.22 1.81 0.40
8 2 0.25 1.72 0.44
9 3 0.29 1.76 0.45
10 2 0.26 1.56 0.49
Mean 24 0.25 1.64 0.44
SD.t 051 0.029 0.24 0.03

Table 3.3: Morphometrics of second instar larva of H. armigera
under in-vitro condition

S. No. | Survival Second instar larva
(in |Head size (mm)|Body length (mm)| Body breadth

days) (mm)
1 2 0.44 4.12 0.65
2 3 0.48 3.55 0.68
3 3 0.54 3.98 0.69
4 3 0.48 4.96 0.71
5 2 0.53 4.82 0.74
6 2 0.4 4.58 0.76
7 2 0.47 4.73 0.73
8 3 0.52 3.92 0.66
9 2 0.49 3.4 0.68
10 3 0.52 4.56 0.75
Mean 25 0.501 4.276 0.705
SD.t 0.52 0.03 0.50 0.04

2.8.3 Pupal period

The pupa was obtect type with mahogany-brown in colour. The surface
was observed as smooth and round in interiorly and posteriorly, with two
tapering parallel spines at the posterior tip. In the present study the
prepupal period was recorded as 2-3 days with mean value of 2.6
0.54. Simultaneously the duration of pupal period ranged from 12 to 14
days with an average of 13.2 + 0.83 days (table 3.4). It was reported by
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Ali et al. (2009) that the prepupal period of 2.15 + 0.16 days and pupa
period 13.15 + 0.27 days. Sharma et al. (2011) also reported that the
prepupal and pupa period of 4.04 - 4.75 and

13.78 — 24.38 days.

Table 3.4: Prepupal and pupal period of H. armigera under in-vitro
condition.

S.No. Prepupal period (days) Pupal period (days)
1 3 12
2 3 13
3 2 13
4 2 14
S 3 14
Mean 2.6 132
SD.t 0.4 0.836

2.8.4 Adult longevity

The adult longevity was recorded for males and females with and without
food and the observations are presented in table 3.5.

Table 3.5: Longevity of adults of H. armigera under in-vitro
condition.

S. No. Without food (days) With food (days)
Male Female Male Female

1 1 1 8 9
2 1 1 8 8
3 1 1 7 10
4 2 1 9 10
5 1 2 10 9
6 1 2 10 9
7 1 1 I 8
8 2 1 8 9
9 2 2 8 10
10 1 2 9 10

Mean 13 14 84 9.2

SD.t+ 0.48 0.51 1.07 0.78

It was noticed that male was short lived. They lived without food for 1
to 2 days with an average of 1.3 + 0.48 days, while females lived without
food for 1 to 2 days with an average of 1.4 = 0.51 days. However, when
fed with 10 per cent honey solution, the adult longevity increased
considerably and ranged from 6 to 8 days with an average of 84 *
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1.07 days in males, while the longevity of female moths ranged from 8
to 10 days with an average of 9.2 £+ 0.78 days. Sharma et al. (2011)
recorded the longevity of male and female was 2.44 to 5.89 and 8.79 to
11.33 days, respectively. Bhatt and Patel (2001) obtained the mean
adult longevity of 9.15 and 11.40 days for males and females,
respectively. Ali et al. (2009) recorded the mean adult longevity of 9.17 +
0.42 and 11.74 + 0.51 days for males and females, respectively.

29LD 50in topical application method

It is evident from the data (Table 3.6) regarding the LD50 values of the
insecticides for the second instar H. armigera larvae that the broflanilide
was the efficient insecticides with 70.68% of mortality in topical
application. It could also be concluded from the results that the H.
armigera demonstrated moderate level of resistance in topical application
at the two lower doses of broflanilide. The LD50 values were recorded as
lowest in the flubendiamide (60.5%) at the highest concentration used
under in vitro condition. compared to the other insecticides used in the
present study. Simultaneously the LD50 response of emamectin benzoate
was closely resembled with flubendiamide followed by spinetoram in
expressing their swiftness in exerting its lethal effects against the larvae.

Table 3.6: Percent mortality of second instar larva of H. armigera in
topical application due to different concentration of insecticides used
under in-vitro condition.

S. No. Treatments Percent mortality
1 TO 52
2 T1 23.3
3 T2 35.5
4 T3 48.7
5 T4 61.3
6 T5 32.6
7 T6 444
8 T7 56.0
9 T8 67.5
10 T9 27.3
11 T10 36.0
12 T11 48.0
13 T12 60.5
14 T13 37.6
15 T14 46.5
16 T15 59.42
17 T16 70.68

Mean 47.2

SD+ 14.4




[52] Vivek Kumar Srivastava et al.

2.10L D50 in residual film method

It is evident from the data (Table 3.7) regarding the LD50 values of the
insecticides for the second instar H. armigera larvae that the broflanilide
was the efficient insecticides with 86.2% of mortality in residual film
method. It was aso recorded that among al the four tested insecticides
broflanilide showed highest mortality rate for H. armigera.
Simultaneously, emamectin benzoate possessed 83.3% mortality at the
highest concentration applied. The outcome of the present study suggested
that in residual film mode of application H. armigera showed highest
mortality percentage followed by Flubendiamide and Spinetoram. The
LD50 values were recorded as lowest in the Spinetoram (70.0%) at the
highest concentration used under in vitro condition.

Table 3.7: Percent mortality of third instar larva of H. armigera in
residual film method due to different concentration of insecticides
used under in-vitro condition.

S. No. Treatments Per cent mortality
1 T0 6.7
2 Tl 16.7
3 T2 50.0
4 T3 66.5
5 T4 83.3
6 T5 134
7 T6 48.6
8 T7 53.3
9 T8 70.0
10 T9 23.7
11 T10 525
12 T11 68.0
13 T12 79.3
14 T13 22.8
15 T14 485
16 T15 69.42
17 T16 86.2
Mean 50.5
SD+ 255

2.11 L D50 in surface diet method

The data given in table 3.8 emphasizes the outcome of LD50 carried out
by the surface diet method to determine the lethal effect of four different
insecticides in four different concentrations against the second instar H.
armigera larvae. The results suggested that Broflanilide was the efficient
insecticides with 89.3% of mortality in surface diet method.
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Simultaneously, emamectin benzoate possessed 87.7% mortality at the
highest concentration applied. The outcome of the present study suggested
that in the surface diet method H. armigera showed highest mortality
percentage by Broflanilide followed by emamectin benzoate,
Flubendiamide and Spinetoram. The LD50 values were recorded as lowest
in the Spinetoram (77.2%) at the highest concentration used under in vitro
condition.

Table 3.8: Percent mortality of third instar larva of H. armigera in
surfacediet method dueto different concentration of insecticides used
under in-vitro condition

S. No. Treatments Percent mortality
1 T0 6.2
2 T1 28.3
3 T2 454
4 T3 68.3
5 T4 87.7
6 T5 22.2
7 T6 38.7
8 T7 58.1
9 T8 77.2
10 T9 25.8
11 T10 46.5
12 T11 58.0
13 T12 72.7
14 T13 38.9
15 T14 56.2
16 T15 79.4
17 T16 89.3
Mean 55.8
SD+ 21.85

From this experimental data on the toxicity of insecticidesto H. armigera,
it was clearly evident that among the four insecticides tested against the
second instar spinetoram, Broflanilide and Emamectin benzoate showed
greater toxicity in al the three methods of application compared to
Spinetoram and Flubendiamide. It was also revealed that the method of
application aso influenced the toxicity to second instar larva of H.
armigara as mentioned in table 3.8.

Conclusion

Helicoverpa armigera poses a significant threat to a wide range of crops,
necessitating effective control measures. Traditiona approaches often rely
on field trials, which can be time-consuming and resource-intensive. In-
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vitro bioassays offer a more efficient aternative, allowing for controlled,
reproducible conditions to assess the potency of insecticides.

References

Volp TM, Zaucki MP, Furlong MJ (2023). Helicoverpa armigera preference and
performance on three cultivars of short-duration pigeonpea (Cagjanus cajan):
the

importance of whole plant assays. Pest Manag Sci. 79 (2):627-637. doi:
10.1002/ps.7230.

Palagacheva, N. and Sevov, A. (2021). Cotton bollworm (Helicoverpa armigera
Hubner) — a key pest on sweet corn. Bulg. J. Agric. Sci., 27 (1), 156-160

Sharma H.C. (2005). Heliothis’Helicoverpa Management: Emerging Trends and
Strategies for Future Research. Oxford & IBH Publishing Co. Pvt. Ltd; New Delhi,
India: 2005.

Chaturvedi |. (2007). Status of insecticide resistance in the cotton
bollworm, Helicoverpa armigera (Hubner) J. Cent. Eur. Agric. 8:171-182.

Zalucki M.P., Daglish G., Firempong S., Twine P. (1986). The bhiology and
ecology of Heliothisarmigera (Hiibner) and H. punctiger a wallengren (Lepidoptera:
Noctuidae) in Austrdia What do we know? Aust. J. Zool. 34:779-814. doi:
10.1071/209860779.

Tabashnik B.E., Mota-Sanchez D., Whalon M.E., Hollingworth R.M., Carriere Y.
Defining terms for proactive management of resistance to bt crops and pesticides. J.
Econ. Entomol. 107:496-507. doi: 10.1603/EC13458.

Durigan M.R., Corréa A.S,, Pereira R.M., Leite N.A., Amado D., de Sousa D.R.,
Omoto C. (2017). High frequency of CY P337B3 gene associated with control failures
of Helicoverpa armigera with pyrethroid insecticides in Brazil. Pestic. Biochem.
Physiol. 143:73-80. doi: 10.1016/j.pestbp.2017.09.005.

Finney, D.J. 1971. Probit Analysis. S. Chard and Co., New Delhi. Pp 333.

Chitti Babu, G. 2013. Nutritional and environmental requirements for the survival and
development of legume pod borer/cotton boll worm, Helicoverpa armigera
(Hub.). PhD thesis. Acharya N G Ranga Agricultural University, Rajendrnagar,
Hyderabad.

pp. 24-32.

Paramsivam, M and Selvi, C. 2017. Laboratory bioassay methods to access the
insecticides toxicity against insect pestss A review. Journal of Entomology and
Zoology studies. 5(3): 1441-1445.

Bhatt, N. J. and R. K. Patel (2001). Biology of chickpea pod borer, Helicoverpa
armigera (Hubner). Indian J. Entomol., 63 (3) : 255-259.

Pandey, K. and P. Kumar (2007). Studies on biology of chickpea pod borer,
Helicoverpa armigera (Hubner) (Lepidoptera : Noctuidae) on chickpea. Lucknow J.
Sci., 4(1) : 37-46.

Sharma, K. C., S. C. Bhardwaj and G. Sharma (2011). Systematic studies, life history
and infestation by Helicoverpa armigera (Hubner) (Lepidoptera: Noctuidae) on
tomato in semi arid region of Rajasthan. Biological Forum-An International Journal,
3(1): 52-56.

Ali, A., R. A. Choudhury, Z. Ahmad, F. Rahman, F. R. Khan and S. K.
Ahmad (2009). Some hiological characteristics of Helicoverpa armigera (Hubner)
on chickpea. Tunis. J. Plant Prot., 4(1) : 99-108.

Bhatt, N. J. and R. K. Patel (2001). Biology of chickpea pod borer, Helicoverpa
armigera (Hubner). Indian J. Entomoal., 63 (3): 255-259.



I SSN: 2319-9997

Journal of Nehru Gram Bharati University, 2024; Vol. 13 (1):55-60

The reliability of the IRI model forecasts for the equatorial
region during times of solar minimum

Sushant Pandey, Arti Mishra, and Sanjay Kumar

Department of Physics, Nehru Gram Bharati (Deemed to be University),
Prayagraj, Uttar Pradesh 221505
*Corresponding author e-mail id: sanjay.skitvns@gmail.com

(Received: 18.02.2024 Revised: 31.03.2024 Accepted 15.04.2024)

Abstract

We have anayzed the GPS (Global Positioning System) derived total
electron contents (TEC) data during the times of solar minimum of
2009 at equatoria station Singapore (Geographic: 01.37°N, 103.67°E;
geomagnetic lat: 08.54° S) to show month-wise and season-wise
variations. Comparisons have been made from ground-based GPS
measurements and the predictions obtained from the IRI-2020 model
during the most solar quiet period of the year 2009. In general, the
reliability of the estimated TEC is showing a strong co-relation with the
measured TEC at Singapore. The analysis found anexaggeration in the
IRI model during the daytime hours with an utmost in equinox around
the noontime hour. In addition to overestimation, an underestimation in
the IRI model during the night-time is also noticed which is ascribed to
the fact that the IRI model does not include electron density
contribution from the plasmasphere. Seasonal analysis of TEC data
from GPS as well as the IRl model indicates the disappearance of
winter anomalies. The presence/absence of winter anomaly in two data
sets during the low solar activity period 2009 has been analysed and
discussed.

Keywords: lonosphere, Total Electron Contents, Solar activity, Solar
minimum, IRl model, GPS.

I ntroduction

Large temporal and spatial variation of the electron densities (or Totdl
Electron Contents) and ion densities of the ionosphere in equatorial/ low
latitude regions are due to the pronounced Fountain effect. In this region
production of ionization by solar EUV radiation, loss through charge
exchange with N, and O, and transport parallel to the geomagnetic field
lines through ExBelectrodynamical plasma drift is more significant than
that at mid and high latitude. The north-south geomagnetic field combines
with a daytime eastward electric field to produce an upward ExB plasma
drift at the geomagnetic equator and initiates the renowned fountain effect
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which further causes the equatorial ionization anomaly (EIA). The
latitudinal distribution of the ionospheric electron densities over low
latitude region forms a trough at the geomagnetic equator and two crests
on both faces of the equator (+15° geomagnetic lat.), is referred to as EIA.
In this process, ionosphericplasma is transported vertically upward to
higher atitude and when loses its momentum diffuses downward along
geomagnetic field lines under the action of pressure gradient force and
acceleration due to gravity to develop the EIA (Kumar and Singh 2009;
Kumar 2020).

TEC (total electron content) is an important parameter of the ionosphere
which is then defined as the number of free electrons in a column of the
unit cross-sectional area from the satellite to the receiver. The unit of TEC
is electrons/m? which is normaly expressed in TECU (1 TECU =
10™el/m?). The EIA features are also observed in TEC parameters during
daytime hours. TEC of the ionosphere is important for trans-ionospheric
propagations including radio waves and GPS signals and hence plays a
very important role for communication, navigation, military, and civilian
applications. For such applications electron densities and total electron,
contents need to be expressed by the empirical model because ground-
based observation is limited and cannot cover the entire globe. The
scientific community has developed numerous empirica models for
studying the ionosphere, such as the International Reference lonosphere
(IRI), Semi-Empirical Low-Latitude lonospheric Model, parameterized
real-time ionospheric specification model (PRISM), NeQuick, and Utah
State University-Global Assimilation of lonospheric Measurements (USA-
GAIM). These models vary in their accuracy across different geographic
regions. Among them, the IRI is particularly prevaent and undergoes
regular enhancements; the most recent version being IRI-2020.

Previous studies have primarily validated observations against the IRI-
2012 model and earlierversions. However, research using the IRI-2016
model alongside ground-based measurements across various locations
remains scarce, with few exceptions (Kumar, 2020). Our study focuses on
ground-based GPS-TEC variations during different seasons of low solar
activity in 2009. Specificaly, we compare GPS-TEC variations during
summer, winter, and equinox periods with the IRI-2020 model at the
equatorial station in Singapore. Such comparative analyses between
ground-based observations and the IRl model are crucial for advancing
model development. The significance of the IRI model continues to grow
across ionospheric research, civilian and military applications (including
HF communication and ray tracing), and among empirica model
researchers. Enhancing the accuracy and reliability of the IRl model could
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potentially improve GPS services, possibly replacing the currently utilized
Klobuchar model

In this paper our aim is to study accuracy of the IRI-2020 model by
comparing its prediction with ground-based GPS measurements over the
equatorial station Singapore. Improvement in the IRI-2020 model as
compared to its previous version the IRI-2016 model has also been
discussed. In recent years influence of solar minima on the accuracy of the
IRI model predictions has drawn attention of the community of science
and a large discrepancy between observation and the IRl model were
reported during the 2007-2009 solar minimum (Kumar et al. 2015). In this
paper influence of the solar minimum period, 2016-2018 on the
performance of the latest IRI1-2020 model has been investigated and results
are compared with those for the last solar minimum 2007-2009. The solar
minimum 2007-2009 is well known to affect the accuracy of the IRI
model. Section 2 describes a method of data analysis; section 3 is about
results and discussion and section 4 concludes the results of this study.

Materials and methods

The IRl model provides TEC values for any given longitude and latitude
and time. In our study, we compare the accuracy of the IRl 2020 models
as compared to ground-based GPS-TEC measurements over Singapore
during the extreme solar minimum period 2009. During this period only
the geomagnetic quiet days are selected. There are three options NeQuick,
IRIO1-corr, and IRI2001 for topside electron density in the IRl model.
Leaving the Ne F-peak constant at URSI, we have changed the Ne topside
option and taken the desired values for the year 2016-2018 at different UT
(1-24 Hours) over Singapore (Local time (LT) = UT + 08 hrs) available at
the IRl website: ccmc.gsfc.nasagov. Further, we have considered Te
topside and ion composition to be constant which are TBT2012+SA and
RBV10/TBT15 respectively.

In our study, the slant total electron content (STEC) data is derived from
GPS data recorded in RINEX FORMAT at the low latitude station
Varanasi. The STEC estimated from the GPS data is further converted into
vertical total electron content (VTEC) by using the following relations
given below and discussed somewhere else (Rama Rao et al.2006):

S(E)
Whereb, andbsrespectivelyare the receiver and satellite biases and E is
the elevation angle measured in degree,S(E) is the slant factor or obliquity

factor which depends on zenith angle 6 at the lonospheric Pierce Point
(IPP). The expression for the slant factor S(E) is given below:

VTEC =
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1 11 —Rgcos(E) ~1/2
" cos(8) Ry +h

where Ry is the Earth’s mean radius h is the ionospheric effective height
above the earth's surface and is normally taken as 350 km. We have
classified the whole year into three seasons as summer season consists of
May, June, July, and August, the Winter season of November, December,
January, and February, and the Equinox season of March, April,
September, and October. The seasonal analysis of VTEC from GPS is
carried out and further compared with the IRl model. The results of this
comparative analysis during the geomagnetic quiet days of each month of
2009 are described in the following section.

S(E)

Results & Discussion

Fig.1 interprets monthly variation in diurnal mean TEC taken from GPS
station at Singapore. It shows variation in TEC over Singapore region
during summer(from March to May) and winter(From Oct-Nov) for solar
minima year 2009.While Fig.2 shows variation in TEC using IRI-2020
(NeQ) Model shows discrepancy in the IRl model (2020).

G TECT Varlabbom ovier S gsor

2 4 B B 10 1@ t4d 18 1m 2O RR 24
LI Howr)

Figure 1. Monthly variation of diurnal mean TEC from GPS at equatorial station
Singapore for solar minimayear 2009.
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Figure 2: Monthly variation of diurna mean TEC from IRI-2020 (NeQ) at
equatorial station Singapore for solar minima year 2009.
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Fig. 3 shows variation of GPS-TEC along with the IRI-2020 (NeQ) model
at equatorial station Singapore during solar minimum year 2009. The IRI
model underestimates the GPS-TEC particularly during the daytime hour
and noted to be highest around the noon-time hour. The comparison
between two data sets has been grouped into three seasons. equinox,
summer and winter. In our comparison between GPS data and the IRI-
2020 model, we observed the greatest discrepancies during the winter
season. Alongside overestimations, we also noted underestimations in the
IRI-2020 model. This discrepancy arises because the IRl model does not
account for TEC contributions from the plasmasphere(Yizengaw et. a.
2008).
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Figure 3: Variation of GPS-TEC along with the IRI-2020 (NeQ) modéd at
equatorial station Singapore during solar minimum year 2009

Summary and Conclusion

The comparison of predictions made by the IRI-2020 model with actual
data collected via GPS has reveal ed notabl e discrepancies in the equatorial
region during periods of solar minimum. This suggests that the IRI-2020
model may not accurately reflect the true conditions of the ionosphere in
these sgpecific circumstances. Given the importance of precise
ionosphericmodel ling for various applications, such as communication and
navigation systems, it is crucial to address these discrepancies. Therefore,
modifications to the IRI-2020 model are necessary to enhance its accuracy
and reliability. This could involve incorporating additional observational
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data, refining existing algorithms, or developing new methodologies to
better account for the unique behaviours of the ionosphere during solar
minimum periods. By doing so, the updated model would provide more
reliable predictions, benefiting scientific research and practica
applications that rely on accurate ionospheric information.
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Abstract

Using perturbation theory and the superposition model, the splitting
parameters for the zero field of Mn®* doped zinc malate trihydrate
single crystals are determined. When accounting for local distortion,
the obtained parameters match the experimental values quite well. The
experimental discovery that the Mn®** ion enters the zinc malate
trihydrate at the substitutional Zn?* site is supported by the theoretical
outcome. The crystal field analysis program and the crystal field
parameters from the superposition model are used to calculate the
optical spectra. There is a fair amount of agreement between the
calculated and experimental band positions. As a result, the theoretical
analysis backs the inference of the experiment.

Keywords: Inorganic compounds, Single crystal, Crystal fields,
Electron paramagnetic resonance, Zero field splitting.

I ntroduction

The electron paramagnetic resonance (EPR) can be used to ascertain the
energies of transition metal ions as they go through Zeeman transitions in
an external magnetic field. Mn?* ion is the most studied transition metal
ions as it gives the EPR signal even in ambient conditions. By introducing
it in diamagnetic crystals, Mn®*, a d® high-spin ion, has proven to be a
potent EPR probe in the study of structural and dynamic aspects of
crystaline state [1-2]. EPR studies provide the information of site which
the impurity ion occupies and its symmetry. The zero field splitting of
Mn?* ion in crystals is very sensitive to small structural changes of the
system [3-5].

For application in EPR [6-8] and optical spectroscopy [9-10], the
parameters for zero field splitting (ZFS) and crystal field (CF) can be
semi-empirically modeled using the superposition model (SPM). In [11],
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the spin Hamiltonian (SH) and other Hamiltonians are explained. The
parameters of the crystal field (CF) are often obtained employing SPM
and the point-charge model [12] even if the exchange charge model
(ECM) is a useful technique for analyzing the effects of crystal fields in
single crystals doped with rare earth and transition ions [13].. In the
present study, we used SPM to calculate the ZFS parameters and the CF
parameters. SPM was suggested [14] for CF based on the following
presumptions. (1) An algebraic total of the crystal's other ions
contributions can be used to obtain the paramagnetic ion's CF. All the
significant contributions to the conservation of free energy from each
paramagnetic ion have axial symmetry with respect to their position vector
when the ion is in the chosen coordinate system's origin. (3) The CF
contributions of just nearby or coordinated ions are to be taken into
account. (4) Across various host crystals, contributions to CF from a
solitary ion (ligand) can be transmitted. The axial symmetry assumption,
however (2) permits the transformation of one coordinate system into
another, the first assumption gives support for the applicability of
superposition principle in characterising the CF. Nonetheless, a more
limited version of assumption (3) is sometimes utilised, when solely the
closest neighbour ions are occupied. According to the final ligand
transferability assumption (4), the only factors influencing the
contributions of one ion to CF are its character and separation from the
paramagnetic ion. In order to perform an SPM analysis on the CF, it is
essential to obtain a polar coordinate system (R, 6., @) for each ligand
or ion from the host crystal's X-ray data. When transition metal ions are
doped, ionic size, ionic charge, and inter-ionic bonding mismatches will
probably result in some degree of local distortion. To find the fitted values
of the SPM power-law exponents and the intrinsic parameters, a non-
linear or linear least-square fit may be performed on an adequate quantity
of CF parameters. Mn** and Fe** experimental spin-Hamiltonian
parameters in CaO and MgO crystals have been critically analyzed [15].
For the EPR data, it gives the SPM parameters exact values and
demonstrates that the superposition principle is satisfied by the CF for 3d
ions. A dtrict lattice relaxation model was utilised [16] to ascertain sets of
SPM intrinsic parameters based on dependable ligand distances for the
oxides of alkali earth. For Fe** and Mn?* doped MgO, Ca0, and SrO (R

= 2.0 A): b, = (-1552+48) x10* cm® and (-6440+113) x10* cm’,
respectively, with a fixed t, = 16 for both ions. For both Fe** and Mn?*,

the values of b, are 9.9+0.8 x10* cm™, with a fixed t4 of 16+4 for each

ion. The fitted values for Mn?* and Fe**, respectively, were 17.7 and 14.4
for the separate fitting of t..
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Severa intriguing findings from EPR studies of paramagnetic ions in
carboxylic acids have been reported [17-18]. Metal carboxylic acid
complexes exist in a variety of structures and exhibit features such as
hydrogen bonding, metal-metal interaction, and variations in thermal
decomposition behavior, which makes structural and spectral studies of
these complexes highly interesting [19-20].

EPR study of Mn** doped zinc malate trihydrate (ZnMTH) has been done
a 295 K [21], and ZFS parameters D and E have been reported. The
results suggest that the substitutional Zn** sitein ZnMTH is occupied by
Mn® ions [21]. In the present study, the ZFS parameters D and E are
computed for the Mn®* ion in ZnMTH at substitutional Zn** site at 295 K
using CF parameters determined from SPM and perturbation equations
[22]. The am is to obtain the location of Mn?" ion and the distortion
occurring in the crysta. The results found for the Mn?* ion at
substitutional Zn?* site in ZnMTH crystal with local distortion yield fair
match with the experimental values. Additional aim of the present study
seeks to find the extent to which CF theory and SPM analysis can be
applied to Mn®* ions in ZnMTH crystals in order to create an SPM
parameter database. Molecular nanomagnet (MNM) design and computer
modeling of their magnetic and spectroscopic characteristics will be
obtained by this. SMMs, or single-molecule magnets, [23], single-chain
magnets (SCM) [24], and single ion magnets (SIM) [25] are currently
included in the transition ion-based MNM class. The above systems have
drawn large attention due to noteworthy magnetic characteristics of MNM,
€e.g. magnetization's macroscopic quantum tunneling and potential
applications in quantum computing and high-density information storage
[23, 24]. There are numerous synthesized SCM or SMM systems with
Mn®"and Cr®" ions[26]. The parameters of the model established here may
be utilized for ZFS parameter calculations for Mn?" ions at similar sitesin
MNM, because model calculations for simpler crystal systems can serve
as a foundation for more complex ones. The modeling employed in the
present work can be expanded to explore crystals of scientific and
industrial interest in avariety of other ion-host systems.

2. Crystal Structure

The single crystal of zinc malate trihydrate, ZnC4H405.3H,0 (ZNMTH),
has space group P2;/c and is monoclinic, with two molecules per unit cell.
The unit cell parametersarea=5.791 A, b=8.468 A, c=9.079 A and =
105.66° [27]. The ZnMTH crystal structure at room temperature is
displayed in Fig. 1 adopting an axis system with symmetry (SAAS).



[64] Maroj Bharati et al.

c:”‘, Z Y
o L
./—\‘)“'
Py
™ & ™ M
.\';/ “s-:‘ 0 (*- /" “~-:. X
~ 6 1
'-“CS = PP
{ ) () 2 OMU" (Zn" (1))
C S

- Ov
3

Fig. 1. Crystal structure of ZnMTH at 300 K adopting an axis system with
symmetry (SAAS) (dotted circles show positions after distortion).

3. Crystal Field and Zero Field Splitting Parameter Calculations

The EPR spectra can be anayzed with the spin Hamiltonian [7] given
below: A= 1, B.9.S+ D{Sg —% S(S+1)}+ E(S? - Sf)

(1)
where B, Ug, g, D and E are the applied magnetic field, Bohr magneton,
spectroscopic splitting factor, second rank axial, and second rank
rhombic ZFS parameters [28-29]. The &, b, and ¢ modified crystal
axes are along the laboratory axes (X, y, z). The directions of metal-
ligand bonds that are mutually perpendicular are referred to as the local
symmetry axes of the site or the symmetry adopted axes (SAA). As
demonstrated in Fig.1, the axis-Z of SAAS is aong the crystal axis- c,
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and (X, Y) are perpendicular to the axis-Z. When Mn®" ions are doped
in ZnMTH crystal, these occupy substitutional Zn®* sites with some
local distortion [30].

For a3d” ion, the spin Hamiltonian is given as[31],
)

afc =Y B,
©)

where By, in Wybourne notation, are the CF parameters and C{ are the

spherical tensor operators of Wybourne. Byg # 0 in the orthorhombic
symmetry crystal field only for k = 2, 4; q =0, 2, 4. Using SPM, the CF
parameters Byq are calcul ated [32].

The local field symmetry about Mn** ions in the ZnMTH crystal is
supposed to be orthorhombic (OR-type 1) [7]. In OR-type | symmetry, the
ZFS parameters D and E are found as follows [32]

2

2
D= (7 g’; 2D.][—B,jo 1B, +2B%] + [63gPZGJ[—5B§O _4BZ, +14B?,

E= [\/_6—22)[2820 - 21§] Bzz + (g—zgj[?’\/EBm + 2\/7844] B42
70P-D’ 63P“G

(4)

©)

In above Eqns. P = 7B+7C, G = 10B+5C, D’ = 17B+5C, where B and C
are Racah parameters and ¢ is the spin-orbit coupling parameter.
Considering the average covalency parameter N, we get B = N*Bo, C = N*
Co, ¢ = N2g o, Where ¢ gis freeion spin-orbit coupling parameter and By
and C, are Racah parameters for free ion [31, 33]. For free Mn®* ion, By =
960 cm™, Co=3325cm™ and ¢ o= 336 cm™ [7].

The average covalency parameter N is estimated from N = (

/% + % )/2 taking Racah parameters (B = 760 cm™, C = 2900 cm
0 0
1) obtained from optical analysis of Mn?* ion in the crystal [21].

The CF parameters, in terms of co-ordination factor qu(ej,(pj) and

intrinsic parameter A_K(Rj ), using SPM are obtained [14, 32] as
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qu = ZK(RJ )qu (‘91 !¢j)

(6)
The A, (R,) isprovided by

_ _ R, fe
Ak(Rj) = Ak(RO)LEj]
(7

where R;is the ligand's distance from the d" ion, A_k(RO) is the intrinsic

parameter, Ry is the reference distance of the ligand from the metal ion
and t, presents power law exponent. For Mn**doped crystals, t,= 3 and t, =
7 are used [32]. As the co-ordination about Mn=* ion is octahedral for site

l, E isfound from the relation [34]
— 3
AL(Ry)= ZDq

8
From analysis of optical study [21], Dq= 700 cm™. Therefore, A,(R,)=

525 cm™. For 3¢ ions the 22 fallsin the range 8 - 12 [31, 35-36]. Taking

4

>

2 =10, A, =5250 cm™.

4

>

4. Results and Discussion

Using SPM, parametersg and E , and the ligand arrangement about

the Mn®* ion as depicted in Fig. 1, the CF parameters of the Mn®* ion at the
substitutional Zn?* site are computed. Table 1 gives atomic coordinates in
ZnMTH single crystal aong with bond length R (both with and without
distortion) and angles 0, ¢ for site I. The CF parameters using Eq. (6) and
ZFS parameters from Egs. (4) & (5) together with reference distance Ry
are listed in Table 2. Table 2 demonstrates that Rp = 0.200 nm is
somewhat less than the sum of radii of ions (0.223 nm) of Mn*" = 0.083
nm and O* = 0.140 nm along with no distortion provide ZFS parameters
for substitutional octahedral site | to be larger than the experimental values
[21]. |E)|D| is aso larger than the standard value 0.33 [29]. Hence, loca
distortion was introduced into calculation. Using above value of Ry and
local distortion, the ZFS parameters for substitutional octahedral site | are
in well accord with those from the experiment [21]. The parameterst, = 3



Optical Absorption and Local Structure of Mn?* Doped zinc...Single Crystal [67]

and t, = 7 with transformation S2 for standardization [29] have been used
to obtain |E)/|D| ratio < 0.33 and caculated ZFS parameters close to
experimental values.

Table 1. Atomic coordinates, bond length R (both with and without
distortion), and angles 0, ¢ in ZnMTH single crystal (site I).

Position of Mn“ Ligands Spherical co-
ordinates of ligands
X y z R(nm)
e 0 (PO
(A)

Table 2. The Mn?* doped ZnMTH crystal's zero field splitting and crystal
field parameters.

Zero-field
splitting
Crystal- field parameters (cm™) parameters
(x10™%cm'?)
Site Ro(nm) B2o B2 Bao Bs B D E |
[EVID]
Without distortion

Sitel

A
A=2=10 0.200 -16486.7 -20091.4 3065.101 3209.602 5395.581 3136.7
4
16245 0.517
With distortion
Sitel

A
—2=10 0.200 -4394.28 1866.723 -46.5012 8.8275342454.922  221.0
4
549 0.248
Exp. 2210
530 0.239

The CFA program [37] and B,, parameters (with distortion) are taken to

calculate the Mn** doped ZnMTH single crystals optical spectra.. After
diagonalizing the complete Hamiltonian, the energy bands of the Mn?* ion
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are obtained. Table 3 presents the energy band positions for substitutional
site | based on calculations and experimental study [21].

Table 3. The energy bands of single crystal of ZnMTH doped Mn?*, both
calculated and experimental.

Transition from Experimental Calculated

6 A 19( S) (cm-1) (cm-1)

|

“T14(G) 18615 22529, 22532,
22933, 22978,
23095, 23154
“T2(G) 21780 23190, 23209,
23398, 23427,
23470, 23501
*E4(G)/ *A14(G) 23195 23584, 23611,
23616, 23625
“T24(D) 26239 26196, 26284,
27244, 27261,
27598, 27664
*Eq(D) 28160 28182, 28281,
28902, 28947
Tig(P) 30480 33886, 33909,
34010, 34096,
34181, 34385
*Axy(F) 35080, 35356
“Tig(F) 35689, 35903,

36209, 37214,
37311, 37386

It is noted from Table 3 that the calculated and experimental energy band
positions agree reasonably well. Hence, the theoretical results back the
experimental finding [21] that Mn*" ions enter the ZnMTH crystal at
substitutional octahedral sites. The model parameters obtained here may
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be used in ZFS parameter calculations for Mn?* ions at comparable MNM
sites.

5. Conclusions

We have evaluated zero field splitting parameters using perturbation
theory and the superposition model for Mn?* ions doped ZnMTH single
crystals. The calculated ZFS parameters and the experimental values
match well. The calculated positions of the optical energy bands agree
reasonably well with the experimental ones. Thus, experimental inference
is supported by the theoretical results that Mn?* ions occupy substitutional
sitel in ZnMTH single crystal. The model parameters found in the present
study may be used for ZFS parameter determinations for Mn®" ions at
comparable positions in molecular nano magnets. The current modeling
process can be extended to explore crystals for numerous scientific and
industrial applications.
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Abstract

Ground based GPS data have been used to establish and interpret
precursor related to GorkhaNepal Earthquake (M =6.4 on 03 November
2023 with epicenter at geog. Lat = 28.84°N,long. 82.19°E. ThisEQ
occurred on 03 November 2023 with its main shock at around 23:32:54
IST. The people of western Nepal and Northern India widely felt this
earthquake which makes 74 people dead and about 375 people injured
in Nepal. Severa ground-based GPS stations around the epicenter have
been selected to analyze seismo-ionospheric precursors. The anayses
of the TEC data derived from GPS clearly bear the presence of seismo-
ionospheric anomalies. The observed perturbations in TEC data owing
to the earthquake were few days to few hours prior to occurrence of the
earthquake which has been recognized as pre-seismic, co-seismic and
post-seismic anomalies. The observed anomalies not only depend on
the distance of measurements from the epicenter but also the direction,
indicating that seismic induced effects are not homogeneous around the
epicenter.

Keywords. Earthquake, Seismo-ionosphere precursor, GPS
Lithosphere-Atmosphere-1onosphere Coupling

Introduction:

An earthquake is a tremor which is a consequence of seismic waves
caused due to sudden release of energy in lithosphere that further leads to
disastrous events such as land-dlides, tsunami etc., can clam several
human lives as well. Strong earthquake may cause loss of building,
properties and life of human being. To minimize such losses, and provide
alarm to peoples, the prediction of earthquake on long- and short-time
scale has become important for the scientific community. Since signal of
EQ isweak during early preparatory stage, makes it difficult in predicting
it in very long-time scale. Currently peoples are trying to develop
techniques in short time scale and seismo-ionosphere precursor is one
among them(Hayakawa and Hobara 2010).Throughout the earthquake
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preparation processes abnormal changes in the lithosphere occurs which
further results in seepage of carrier gases CO2, CH4, He, H2 radon
activity, seismogenic electric field which are active to move upwards and
producing perturbation in atmosphere- ionospheresystem through
lithosphere-atmosphere-ionosphere  coupling (LAIC).The ionization
produced by radon in the atmosphere is helpful in enhancing conductivity
to generate vertical electric field. The seismo-genic electric field thus
generated produce ionospheric anomaly through E x B plasma
drift(Pulinets and Davidenko 2014). Apart from these other mechanisms
including acoustic pressure waves, emission of aerosols, releaseof positive
holes, emission of electromagnetic-radiations are also responsible in
producing atmospheric and ionospheric perturbations through LAIC
mechanism (Kumar et al., 2021).

During past years it was shown that ionospheric layers are affected by
seismic activities and ionospheric anomaly D, E, and F layers wereshown
using the ground and satellite-based observations (Maurya et al., 2013,
Aggrawal et a., 2015).In recent years GPS-TEC became quite common to
observe the seismic induced anomalies.The seismic induced anomalies
could be either positive or negative depending on the orientation of the
seismogenic €electric field. Moreover, the positive/negative anomalies
depend on direction the seismogenic electric field with reference whether
it isin the direction or opposite to the direction ambient electric field. The
plasma drift is supposed to be most probable mechanism for occurrence of
seismo-ionospheric perturbations. The perturbation
structuresi nearthquake-inducedTECanomalies found some time periodic
in nature which have been reported in previous paper (Choosakul et al.
2009).

Among the above studies till not it is notpromising to detach contribution
of seismic induced perturbation from the other effects. Present paper
investigates pre-seismic, co-seismic and post-seismic ionospheric
anomalies owing tothe Nepal earthquake of 03 November 2023. For this
ground-based GPS-TEC data at chosen stations around the epicenter are
anayzed. The particulars of earthquake epicenter, information about
preparation zone, GPS stations with their coordinates, precursor results,
etc. are mentioned in Table 1. The data used and methodology are
described in section 2, results & discussion in section 3, and
summary/conclusions are described in section 4.

Materialsand Methods

Total 11 GPS stations around the epicenter of Nepal earthquake of 03
November 2023 were chosen in this study (Figure 1). Figure 1 represents
the location of earthquake, latitude & longitude of al GPS stations under
investigation. The latitude and longitude of GPS-stations used in this
analysis are also presented in Table 1.Slant TEC (STEC) data for all 1IGS
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stations can be obtained from GPS observation data in RINEX format
available at the 1GSwebsite: ftp://cddis.gfsc.nasa.gov/pub/gps/data. The
IGS stands forlnternational GNSS Services which is a network of ground-
based GPS stations operated by many different organizations pooling their
resources under the IGS umbrella (Seemala and Valladares, 2011). The
STEC computed from GPS data particularly with the help of observation
and navigation file data can be further changed to VTEC (vertical total
electron content). For this following equation has been used which is
discussedin detail byRama Rao et al. (2006).

VTEC = ((STEC — |bg + bs]))/S(B)
)

Where S(B) stands forthe mapping function and given by the following
relation

-1

S(B) = : [1 — [REXCOSE]Z]T

CosZ Rg+hg

(2)

where Rg is the mean radius of the earth in kilometers, hs is the
ionospheric effective height above the earth's surface, Z is the zenith angle
and E is the elevation angle in degrees. The effective ionospheric atitude
is 350 km to determine the IPP location where IPP stands for the
ionospheric pierce point (IPP). The bzand bg are receivers and satellite
biases respectively.

In this analysis the hourly mean value of TEC has been used and anaysis
has been carried out within +5 daysfrom the earthquake (03 November
2023).The hourly average data are then used to perform statistical analysis
as discussed in detail by Liu et al.(2004), . In this method, UB and LB are
computed according to following equations

UB (TEC) = MM(TEC) +1.340 (TEC) (3)

LB (TEC)= MM(TEC) -1.34c (TEC) 4
where TEC (MM) and o (TEC) respectively represents the monthly
median and standard deviation in TEC data UB and LB respectively
stands for upper and lower bound. To identify the seismic induced
anomalies, the data lying between UB & LB are not considered as seismic
anomalies whereas those beyond the UB and LB are considered as seismic
induced anomalies. The ionospheric perturbations have been divided into
two categories and percentage increase and decrease are computed.
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Results & Discussion
Description of Nepal Earthquake of 03 November 2023
The main shock of this earthquake was occurred at around 23:52:54 IST
on 03 November 2023. The spot of the epicenter is noticed in Nepal (geog.
Lat = 28.84°N, long. 82.19°E). The people of western Nepal and Northern
India widely felt this earthquake which makes 74 people dead and about
375 people injured in Nepal. Eleven GPS stations around the epicenter
have been selected to study the seismo-ionospheric anomalies. Among all
the GPS stations, the Lucknow station is nearest one. The location of
epicenter marked with red * and GPS stations marked with blue + are
presented in Figure 1.
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Figure 1: Map showing location Nepal earthquake of 03 November 2023
along with GPS stations shown by + symbol with blue color.

Severa sources are known to affect the ionosphere in which solar and
geomagnetic activities are more popular. Sometime the changes in the
ionosphere are also governed by the events in the lower atmosphere.
Since, ionosphere exhibits diurnal, day-to-day, monthly, seasonal and
latitudinal variations also (Rama Rao et al., 2006). Therefore, the
knowledge of these kinds of ionospheric variability is essential to identify
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the ionospheric anomalies showing to seismic activities. To check the
existence of magnetic storms throughout the data analysis, graph of Dst-
index during 29 October-08 November 2023 is depicted in Figure (2).
From the figure one can see that the whole period before the 04 November
is not affected from the geomagnetic disturbances. During this period, a
geomagnetic storm was found whose main phase was commencement
noted at around 2000 UT on 04 November and therefore any perturbation
observed after commencement of the storm is influenced by geomagnetic
storm. This provides an opportunity to distinguish earthquake induced
effects to those from magnetic storm.
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Figure 2: Variation of Dst-index against UT hour from 29 October to 08
November 2023.

The VTEC data have been analyzed within +5 days from the
earthquake occurrence and shown in Figure 3. In this figure curve for UB
and LB is aso shown adong with TEC. A large enhancement in VTEC
data has been noticed at around 1200 UT on 31 October (90%), during
1100-1500 UT on 02 November (20%). An enhancement in TEC during 5-
8 November is aso noticed but such ionospheric perturbations could be
influenced by storm effects. Using similar statistical method GPS-TEC
data over other IGS stations are aso analyzed. Similar analysis has been
performed for other stations and anomalies for all those stations are
mentioned in table 1. From this table one can see that the ionospheric
precursors in GPS-TEC data were observed 1-5 days prior and after to the
Earthquake. As reflected from this study that the seismo-ionospheric
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perturbations depend on distance of the observation point from the
epicenter as well as its direction, indicating that the observed seismic
induced ionospheric anomalies is not homogeneous in all the direction.
Namgaladze et a. (2012) summarized the results of TEC perturbation
observed before earthquake of magnitudes >5. These results indicate about
30-90% positive/negative perturbation in TEC may occur relative to quiet
time value with positive anomalies are more frequent as compared to
negative anomalies. As inferred from the table 1, the seismic induced
ionospheric anomalies in GPS-TEC data were 1-5 days before, during and

after the earthquake.
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Table: 1 List of IGS GPS stations considered and location epicenter for
Nepal Earthquake of 03 November 2023. In the table | stand for increase
and d stand for decrease. The number put before | and d indicate days
number from the main shock.

GPS IGS LONGITUDE | LATITUDE lonospheric
Station- CODE Perturbation
Name
Before After
main main
Shock shock
Hyderabad, HYDE 78.55° E 17.41° N 11, 3-1, 4, | 2-1, 3-1, 4-
India 51 I, 51
Bengaluru, 11SC 77.57° E 13.02° N O-1, 1-I, 4-1, | 2-1,3-1,4-
India 5-1 1,51
IT-Kanpur HTK 80.23° E 26.52° N 1-1,3-1 2-1,3-1,4-
1,51
Lucknow, LCK4 80.95° E 26.91° N 11, 31 NO
India DATA
Jodhpur, JDPR 73.02° E 26.20° N 1-1, 3-1,4-1 2-1,3-1,5-1
India
KITG 66.88° E 39.13° N oI, 1-1,2- 1-1,2-1,3-
1,3-1,4-1 1,4-1,5-1
Bishkek, POL2 74.69° E 42.67° N 1-1,3-1,4-1 2-1,3-1,4-
Kyrgyzstan [,5-I
Sri Lanka SGOC 79.87° E 06.89° N O-1,1-1,3- 2-D,3-1,4-
l,4-1,5-1 |
Shilong SHLG 91.91° E 25.67° N 3-1,4-1 1-1,2-1,3-
1,51
Port-Blair PBR4 92.71° E 11.63° N
TASH 69.29° E 41.32° N 5-1,4-1,3-1 2-1
Urramqi, URUM 87.60° E 43.80° N 0-1,3-1,4- 2-1,3-1,4-
China 1,5-1 1,5-1

The possible origins of anomalies in the ionosphere observed prior to the
earthquake occurrences have been discussed by many workers in the past
(Oikonomou et al., 2016; S. A. Pulinets et al., 1998). However, the
coupling mechanisms connecting the lithosphere to the ionosphere through
atmosphere during earthquake preparation processes are yet not entirely
understood and aso is still a subject of discussion and investigations
(Sergey Pulinets, 2004). The connection of the ionosphere with the
seismic preparation activity is proposed by two channels namely wave
channel and the electromagnetic channel. The wave channel is associated
with the generation and propagation of gravity waves and el ectromagnetic
channel is referred creation of vertical geo-electric field (J.-Y. Liu & Sun,
2011). The Piezo-electric effect in seismic active zone is accountable for
generation of geo-electric field is thought to modify the atmospheric
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electric field which play significant role in creating ionospheric
perturbation via E x B electro-dynamic plasma transport. This is also a
key parameter for evidence of the lithosphere-atmosphere-ionosphere
coupling (S. Pulinets & Ouzounov, 2011; Telesca et a., 2004; Kumar et
al., 2021). The seismic generated eectric field (1000 mV m, at height >
60 km) over seismic dynamic zone was reported few days before the
earthquakes and able to penetrate into the ionosphere and seismic induced
anomalies through E x B plasma transport mechanism are observed (S. A.
Pulinets et al., 1998). The formations of ionospheric anomalies are
noticeable when area on the ground engaged by the electric field is larger
than 200 km in diameter (Pulinets et al.1998). During the preparation
period of the earthquake the emission of the Radons along with other
gases takes place which may enter into the lower altitude of ionosphere
since conductivity the medium increases which may affect the propagation
of vertical electric field. As a result acoustic gravity waves may be
produced owing to local non-stationary Joule heating (Kim et a., 1994,
Hegai, 2017). The electric field may penetrate into the lower ionosphere
and electron density distribution could be affected by modified E x B
force. Thus, the observed perturbations in ionosphere during seismic
activities may be both the periodic and non-periodic. The results of
ionospheric perturbations, starting from the ground up to the ionosphere,
are very much supporting for lithosphere-atmosphere-ionosphere coupling
and reported by several workers (Aggarwal, 2015; J. Li et al., 2015; J.-Y.
Liu & Sun, 2011; Priyadarshi, Kumar, Singh, et al., 2011; Sharma et a.,
2008; Yasuoka et al., 2006). Although pre-seismic signals are weak but as
per previous reported results their belongings in the ionosphere can be
experienced up to more than 1000 km distances (Aggarwal, 2015; Kumar
& Singh, 2017; Sharma et a., 2010). f,F, from IONOSONDE and GPS-
TEC data at Indian stations Delhi(28.6°N, 77.2°E), Bhopa (23.29°N,
77.46°E), and Trivandrum (8.4°N, 76.6°E) for the 3 cases of earthquakes
with M> 6and epicenters were in China were analyzed by Sharma et al.
(2010). They have reported that anomalous behavior in f,F, and TEC data
1-4 days prior to the occurrence of earthquake at Delhi, (India). The Delhi
station is at a distance around 2533 km from the epicenter. In this paper, it
is motivating to note that the seismic induced anomalies in TEC data
depend observation point distance from the epicenter and its direction
aso.

Summary and Conclusion
e The analysis of GPS-TEC data relevant to the earthquake of the
Nepal which was occurred on 03 November 2023, show the
existence ionospheric anomalies. The observed anomalies are
found within £5days from the main shock of the EQ. The observed
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seismo-ionospheric anomalies could be attributed either due to
seismic induced electric field or due to GWs generated in lower
atmosphere.

e The appearance of seismic induced ionospheric anomalies and its
magnitude depend on the distance of observation point from the
epicenter and its direction. This shows seismic generated signal’s
magnitude is not homogeneousin al the directions.

e In present investigations pre-ionospheric anomalies have been
noticed during 0-5 day earlier to the main shock of EQ could be
valuable in developing model for earthquake forecasting. Apart
from pre-seismic ionospheric anomaly post-seismic anomaly has
also been observed but post seismic anomalies could be biased by
presence of magnetic storm from 04 November onward. This is
significant to separate contribution of storm induced anomaly to
those from seismic induced anomaly and remains a challenging
problem for even today for the scientific community.
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Abstract

This study aims to describe the use of a total communication for deaf
children to support the effectiveness of socia interaction. Learning for
deaf children is still dominated by the use of sign language.
Consequently only deaf children can understand, but others find it very
difficult to understand and interact with them. Though deaf children as
an integral part of society. These conditions encourage the design of a
total communication using the media of pictures, writing, and reading.
This study uses a qualitative method. The results showed that the total
communication can support deaf children understand language better,
so they are able to interact socially and adapt to the times. Even, they
can use applications and features on smartphone as communication
media. The benefit of deaf children can live independently a carry out
social functioning.

Keywords. Hearing Impairment, Challenges, Total Communication
Etc.

I ntroduction

Total Communication (TC) is philosophy of educating children with
hearing loss that incorporates all means of communication; formal signs,
natural gestures, fingerspelling, body language, listening, lip-reading and
gpeech. Children in TC programs typically wear hearing aids or cochlear
implants. The goal is to optimize language development in whatever way
is most effective for the individual child. Total Communication istruly a
philosophy rather than a methodology. As a result, the implementation of
the TC philosophy with one child may look entirely different than its
implementation with another child.

There is an ongoing debate over what is the best method to teach
individuals with hearing impairments. Total Communication involves
using manual, oral, auditory, and written, modes of communication.
Teachers or caregivers who choose to use Total Communication in the
classroom must rely on the structure of the English language as they speak
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and aso sign simultaneously. There are those who argue the use of only
oral means of communication, doing away with any manual elements, this
requires the teacher needing to greatly rely on family involvement as well
as auditory, visual, and tactile cues to effectively communicate with the
child. On the other hand, there are those who insist on the use of sign
language exclusively to communicate with the, It is more a philosophy
than a method since it implements other methods and combines them.
Total Communication can include anywhere from one to several different
modes of communication all at once. Total Communication originally was
designed for teachers to use the communication methods that were most
appropriate for a specific child at a particular stage of development.
Baring this in mind, sometimes teachers use spoken words, sign, written,
or a combination of these modes in different Situations. Total
Communication helped bridge the gap between trying to make individuals
who are hearing impaired live in an oral- only environment to an
environment that embraced sign language as well, where all methods of
communication interlay harmoniously (Hawkins & Brawner(These al use
manual, hand and finger based sign to represent words, concepts, and
ideas. American Sign Language is not phonologically based like English,
but has its own rules of semantics, syntax, pragmatics, and vocabulary; it
is known as the official language of the culture of the deaf. Fingerspelling
is the use of 26 different hand positions that represent the 26 letters of the
alphabet. Fingerspelling is important when it comes to words that are
unfamiliar, or do not have a representation in American Sign Language,
such as proper names. Signing Exact English is based off of American
Sign Language however, it focuses more on reading and writing literacy
skills. UNESCO, (2010) defines Total Communication Technique (TCT)
as philosophy of educating children with hearing loss that incorporates all
means of communication consisting of a wide variety of communication
methods including: Visua information (timetables, object signifiers,
‘talking walls,” pictures on doors, possession boxes); Visual choices
(PECS, photos, symbols, eye pointing, Talking Mats) Signing (Signalong,
Makaton, British Sign Language, on-body signing); Multi-sensory and
creative approaches (smells, textures, song signifiers, Intensive
Interaction); Profiling (communication passports); Person centered
approaches (Social Stories) and Presentation (body language, facial
expression, voice tone, positioning, attitude). In Europe, a study by Wilson
(2013) showed TC in Scotland improved communication of learners and
transition rates. Further, TC positively influenced learners’ participation in
class by providing means through which they could share their ideas. It
also helped them to build relationships and promote attachment that
fosters learning. Changes into use of TC improved transition levels to
78%.A study by Hyjankova (2010) on grade A learners with hearing
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impairment in Czech Republic reveaed high preference for TC (TC-70%,
Sign language-20% and oral communication-10%). A combined use of
sign language, written and ora interaction, lip-reading, mime, facia
expression, finger spelling and al the possible visual material helped in
teaching of English.Oral communication dominated as communication
approach for learners with HI in Kenya from 1958 until 1988 when total
communication was introduced (Ayiela ,2012)Total communication is a
technique that uses speech, finger spellings and gestures. The idea is to
provide children with disabilities with multiple opportunities to learn how
to communicate and use facial expressions with lip movements to help
them socialized in their socia life. Total Communication helps the
majority of general education teachers teaching English to communicate
with students with hearing disabilities and solve teaching problems. Total
communication technique is a method that strengthens and enhances the
skills that students with hearing disabilities need to work in a typica
English classroom (Monje, 2017).

Globaly a number of initiatives and agendas have influenced and
provided with plenty of information regarding the success and
implementation of Total communication. Total communication has been
observed as, Social and Cultural Organization and a process, presence,
participation, and achievement of all children in a mainstream school
setting, identifying and removing the obstacles faced by the people with
disabilities. The benefits of Total communication are numerous for
children with and without disabilities. All children benefit from a
differentiated curriculum and child-centered learning carried out through
total communication technique.

Education creates opportunities for the ignored and socially neglected
classes to break away from poverty. Women and people with disabilities
are still severdly affected in many parts of the world. Children with
disabilities have little access to these schools, but even where there is
access, there is a lack of quality of education. Learners enter schools of
different family backgrounds and disabilities in the hope of obtaining a
formal education.. The present study is therefore proposed to introduce to
study of total communication challenges of hearing impaired students as
the Total Communication if instruction for teaching to the hearing
impaired children, and see the effectiveness of using total communication
over the learners with hearing disabilities. The study was conducted to
analyze the total communication challenges students with hearing
impai rments.

Objectives of the Study

1 To study the Verba Communication of children with hearing-
impaired learnersin the class.
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2. To study the Non-Verbal Communication challenges of children
with hearing-impaired students.

Resear ch Questions

1 How doVerbal Communication manifest among children with
hearing impairment (CWHI) and what are the factors contributing to these
challenges?

2. What are the specific Non-Verba Communication challenges
encountered by children with hearing-impaired students, and how do these
challenges impact their educational experience and social integration?
Research M ethodology

In the research, a Descriptive research design has been done.As qualitative
research, this research focuses on critically understanding and anayzing
Primary data using total communication for deaf children in school. This
research is using Primary data which is related to total communication,
methods, problems, parents and society and results. Collecting data using
participant observation and focus group discussion. The research site is
based on a school using holistic communication.

Research analysis

The research covers all aspects of total communication which are
detailed below:

V erbalCommunication Aspects NVreabl -on Communication
Aspects
+ Oral Communication + Body Language
» Face-To-Face + [Facial Expression
Conversations + Gesture
*= Speech + Touch
= Telephonic Conversation + Eye contact
* Video + Voice
» Radio
= Televison

= Voice Over Internet
+ Written Communication.
written signs or symbols
Communicate
Written Message
Hand Written
Email
Letter
Report
Memo
Vocabulary
Grammar Used
Writing Style Etc.
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Objectives of the Study: 1. to study the Verbal Communication of

children with hearing-impaired learnersin the class

¢ Written Communication: - It includes traditional pen and paper
letters and documents, typed electronic documents, e-mails, text chats,
SMS and anything else conveyed through written symbols such as
language. This type of communication is indispensable for formal
business communications and issuing legal instructions.
Communication forms that predominantly use written communication
include handbooks, brochures, contracts, memos, press releases,
formal business proposals, and challenges of written communication
depends on the writing style, grammar, vocabulary, and clarity.

¢ Oral Communication: - The other form of verbal communication is
the spoken word, either face-to-face or through phone, voice chat,
video conferencing or any other medium. Various forms of informal
communications such as the grapevine or informa rumor mill, and
formal communications such as lectures, conferences are forms of ora
communication. Oral communication finds use in discussions and
causal and informal conversations. The effectiveness of oral
conversations depends on the clarity of speech, voice modulation,
pitch, volume, speed, and even non-verbal communications such as
body language and visual cues. Verbal communication makes the
process of conveying thoughts easier and faster, but chalanges
remains the most successful form of communication.
Objectives of the Study: 2. to study the Non-Verbal
Communication challenges of children with hearing-impaired
students.

¢ EyeContact: - Eye contact is one of the most important nonverbal
cues that show interest, attention, and respect. However, when
working online, eye contact can be difficult to maintain and interpret.
For example, if you look directly at the camera, you might appear too
intense or staring. If you look away from the camera, you might seem
distracted or bored. To avoid these problems, try to position your
camera at eye level and look at it occasionaly, but not constantly.
Also, pay attention to the eye contact of others and adjust your own
accordingly.

¢ Facial expressions:- Facial expressions are another key nonverbal cue
that reveals emotions, moods, and reactions. However, when working
remotely, facial expressions can be hard to see and control. For
example, if you have a low-quality webcam, your facial expressions
might be blurry or distorted. If you have a neutra or serious face, you
might come across as cold or angry. To avoid these problems, try to
use a high-quality webcam and lighting that enhances your facial
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features. Also, smile more often and use appropriate expressions that
match your tone and message.

¢ Body language:- Body language is a broad term that includes
gestures, posture, movement, and space. However, when working
remotely, body language can be limited and misinterpreted. For
example, if you use too many or too few gestures, you might seem
nervous or uninterested. If you slouch or lean back, you might seem
lazy or disengaged. If you invade or avoid the personal space of others,
you might seem rude or aloof. To avoid these problems, try to use
natural and moderate gestures that support your words. Also, sit
upright and lean forward dlightly to show enthusiasm and involvement.
Finally, respect the personal space of others and adjust your distance
according to the context and culture.

¢ Voice: - Voice is a crucial nonverbal cue that conveys tone, pitch,
volume, and pace. However, when working online, voice can be
affected and distorted by technology and environment. For example, if
you have a poor microphone, your voice might be unclear or muffled.
If you have a noisy background, your voice might be drowned out or
interrupted. If you speak too fast or too slow, too loud or too soft, you
might seem nervous or bored, aggressive or timid. To avoid these
problems, try to use a good microphone and headset that reduce noise
and feedback. Also, speak clearly and confidently, but not too fast or
too slow, too loud or too soft. Finally, vary your tone and pitch to
avoid monotony and boredom.

¢ Gestures:- Visibility of gestures on camera is limited, and this can
lead to reduced expressiveness, less interaction and feedback, and
awkwardness. Here are some of the main challenges of expressing
gestures on video.

€ Touch: - We communicate a great deal through touch. Think about the
very different messages given by a weak handshake, a warm bear hug,
a patronizing pat on the head, or a controlling grip on the arm, for
example.

Justification of Total Communication-

The holistic communication approach is about finding and using the right

combination of communication methods for each individual. This

approach helps the individual build relationships, ensures successful

interactions and supports the exchange of information and negotiation.

Conclusion

As the above mention to say about the hearing impairment total

communication chalenges at the school stage and challenges more the

hearing and family does not support to development total communication.

The composition of early learning environments has been changing as

more children are being identified early in their lives as having special
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needs. A growing number of these are children with a significant hearing
loss. Total communication challenges faces by hearing impairment as like
linguistic, Culture, Physical, Psychology , Meaningful & Mechanical.
Recommendations:

Based on the conclusion arising from this study, the researchers
recommend that those teacher that prepare teachers in tota
communication skills into the curriculum to enable teachers to
accommodate students with hearing problems in inclusive schools.
Additionally, they recommend capacity building of in-service general
education teachers through workshop and seminars to acquaint them with
the skills of using this technique in teaching in inclusive schools.
Recommendation for Further Studies:

MSJE&DEPwWD should sponsor further researches to investigate the
effectiveness of total communication technique in inclusive primary
schools in Indian . Further studies should be conducted to investigate the
strategies and techniques employed by regular education teachers to teach
in inclusive classroomsin India schools.
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Abstract

In the pursuit of advancing theories for modern challenges in
economics, administration, politics, and society, there is a tendency to
overlook the rich reservoir of ancient wisdom that could offer solutions
through adaptation. This paper advocates for the effective
implementation of ancient literature in contemporary management
contexts. Specifically, it explores the relevance of Kautilyas
Arthashastra, an ancient Indian text attributed to Chanakya, in the
realm of management systems. Written between the second and third
centuries BC, the Arthashastra encompasses insights into statecraft,
diplomacy, governance, and economics. Chanakya's philosophy
emphasizes that the primary aim of any economy should be the welfare
of its subjects, transcending the interests of the ruling elite.

This research investigates how Kautilya’s Arthashastra addresses
various contemporary administrative and management concepts,
including mission, vision, leadership, motivation, excellence in work,
goa setting, commitment, decision-making, planning, roles,
responsibilities, financia management, and state administration.
Despite its ancient origins, the principles elucidated in the Arthashastra
resonate with modern management practices and theories.

The methodology employed in this paper is Hermeneutics, a qualitative
research approach used to interpret and understand ancient texts in
contemporary contexts. Hermeneutics allows for a nuanced exploration
of the timeless wisdom contained within ancient literatures, providing
deep insights into human behavior, socia structures, and organizational
dynamics.

By bridging the gap between ancient wisdom and modern management
challenges, this paper advocates for the integration of historical
perspectives to enrich and inform present-day management practices. It
underscores the potential of ancient texts like the Arthashastra to offer
pragmatic solutions to complex issues faced by contemporary
management scholars and practitioners.

Keywords: Modern Management, Statecraft, Kautilya's Arthashastra,
Hermeneutics, Contemporary Management Concepts



[90] Pragya Tripathi

I ntroduction

In the realm of management theories and practices, the American,
Japanese, and European systems have long been at the forefront of global
corporate governance, quality management, production efficiency, market
competition, human capital management, and organizational dynamics.
These systems have shaped contemporary business strategies and continue
to influence managerial approaches worldwide. Amidst these dominant
paradigms, however, lies a lesser-explored yet profoundly rich source of
management wisdom — the ancient Indian texts, particularly the
Arthashastra attributed to Chanakya.

Dating back over 2,000 years, the Arthashastra stands as a testament to
India's enduring intellectual heritage. Rooted in ancient Indian civilization,
which boasts a history spanning millennia, this treatise offers insights into
governance, economics, statecraft, and administration that remain
remarkably relevant in today's complex business environment. The
rediscovery and subsequent scholarly attention to the Arthashastra in the
early 20th century marked a resurgence of interest in its pragmatic and
systematic approach to management.

Chanakya, aso known as Kautilya or Vishnugupta, authored the
Arthashastra during the Mauryan Dynasty, laying down principles that
encompassed financial management, political strategy, administrative
efficiency, and economic policy. His teachings, encapsulated in the
Arthashastra and the Chanakya Sutras, reflect a comprehensive
understanding of organizational dynamics and human behavior,
transcending time and geographica boundaries.

While the Western management philosophies emphasize organizationa
structures and efficiency, and Japanese methodologies focus on
continuous improvement and holistic employee development, Indian
management systems, rooted in the Arthashastra, offer a unique blend of
strategic foresight, ethical governance, and practica wisdom. These
principles not only underscore the importance of leadership and decision-
making but also advocate for the harmonious integration of diverse
stakeholders within an organization.

This paper aims to explore the enduring relevance of Chanakya's
principles in contemporary management practices. By delving into the
foundational concepts laid out in the Arthashastra, we seek to elucidate
how ancient Indian management wisdom can enrich and complement
modern managerial  strategies. Through a criticd anaysis and
reinterpretation of Chanakya's insights, this study endeavors to highlight
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their applicability in diverse contexts, ranging from business management
and leadership to diplomacy and conflict resolution.

As we navigate the complexities of today's globalized economy and
dynamic organizational landscapes, revisiting the timeless teachings of
Chanakya offers a compelling opportunity to glean insights that transcend
temporal and cultural boundaries, fostering a deeper understanding of
effective management practices in the twenty-first century.

1-Kautilya’s Arthashastra

Kautilya’s Arthashastra stands as a monumental work in ancient Indian
political thought, composed in the 4th century B.C. by Chanakya, aso
known as Kautilya or Vishnugupta. Chanakya, renowned as a philosopher,
teacher, and political strategist, served as the prime minister and advisor to
Emperor Chandragupta Maurya during a pivotal erain Indian history. The
Arthashastra, often likened to Niccolo Machiavelli's "The Prince" for its
pragmatic approach, comprises 150 chapters divided thematically into 15
books, covering economic policies, justice administration, and national
security strategies.

As the architect behind Chandragupta Maurya's rise to power and the
consolidation of the Mauryan Empire across the Indian subcontinent,
Kautilya's influence extended far beyond his role as a statesman. His
treatise on governance was not merely a theoretical work but a practical
guide intended for rulers, offering strategies for maintaining political
authority, managing the economy, and ensuring national security.

The Arthashastra emphasizes the importance of moral governance
alongside practica governance techniques. It outlines methods for
effective administration, including the use of spies (dhanurveda) to gather
intelligence, strategies for diplomacy and war, principles of taxation and
economic regulation, and guidelines for the conduct of the king and his
officials. Kautilya’s teachings encompass a comprehensive framework for
statecraft that addresses both internal stability and external threats,
reflecting a sophisticated understanding of politica economy and social
organization.

Throughout history, the Arthashastra has been revered not only in India
but aso studied and referenced by leaders and scholars worldwide. Its
enduring relevance is evident in its influence on subsequent Indian rulers
and administrators, including Emperor Ashoka and the Maratha king
Shivaji, who employed its principles in their governance and military
strategies.

Despite criticisms that liken Kautilya's methods to those of Machiavelli
for their perceived ruthlessness, Kautilya aso stresses the importance of
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ethical conduct and the ruler's duty to uphold dharma (righteousness). His
emphasis on self-control, strategic thinking, and the balance between
power and morality continues to resonate in discussions on leadership and
governance today.

In contemporary management and leadership discourse, Kautilya’s
Arthashastra offers valuable insights into organizational strategy, decision-
making, and the ethical dimensions of leadership. By studying the
principles articulated in this ancient text, modern leaders can glean
timeless wisdom applicable to navigating complexities in business,
governance, and international relations, underscoring the enduring legacy
of Kautilya as avisionary thinker and strategist ahead of histime.

2-Broad purpose of this paper

The broad purpose of this paper is to explore and elucidate the
management principles embedded within Kautilya’s Arthashastra, an
ancient Indian text, and to examine their relevance in contemporary
organizational management contexts.

In the realm of global management practices, there exists a notable
disparity between Western management theories and the cultural norms
prevalent in India and other Asian countries. Hofstede's cultural
dimensions highlight India's high power distance, low uncertainty
avoidance, and emphasis on collectivism over individualism, which
significantly influence managerial approaches and organizationa
dynamics. These cultural traits suggest that applying management styles
rooted in minima power distance, high uncertainty avoidance,
individuality, and masculinity may not be effective in Indian settings.

Despite Indias prominence in global education and its top-tier
management schools, there remains a perceived failure of Indian
organizations to succeed internationally. This disconnect is often
attributed to a lack of indigenous management models that align with
Indian cultural values and societal norms. Kautilya’s Arthashastra presents
an opportunity to bridge this gap by offering a framework grounded in
ancient Indian wisdom and tailored to the nuances of Indian societal
structure and values.

Moreover, while Western management concepts dominate global
discourse, there has been relatively little exploration into adapting and
applying ancient texts like the Arthashastra to modern management
practices. This paper seeks to fill that gap by examining five key Kautilya
sutras and their implications for fundamental management principles
within organizations. By doing so, it ams to introduce and emphasize the
relevance of Kautilya’s Arthashastra to management professionals,
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scholars, and practitioners who may be unaware of its rich repository of
management wisdom.

Furthermore, in the spirit of Chinmayanandas perspective on ancient
literatures, this paper endeavors to reinterpret and offer practical insights
from Kautilya’s teachings that can be effectively applied in today’s
organizational management contexts. By critically analyzing these
principles, it aims to contribute to the broader discourse on cross-cultural
management and encourage a deeper appreciation for indigenous
management philosophies rooted in India’s cultural heritage.

3-Methodology

This research paper adopts a qualitative research methodology known as
hermeneutics to interpret and analyze Kautilya’s Arthashastra in the
context of organizational management. Hermeneutics derives its name
from the Greek god Hermes, who served as an interpreter of divine
messages and was associated with multiple roles including
communication, interpretation, and trickery. In contemporary scholarship,
hermeneutics encompasses the study and interpretation of texts and
meaning systems across various disciplines, including philosophy,
literature, sociology, and religious studies.

The application of hermeneutics in this study involves interpreting
Kautilya’s ancient Sanskrit text, the Arthashastra, specifically focusing on
five selected sutras or aphorisms related to kingdom management and their
implications for organizational management. The sutra method, a
traditional pedagogical approach used in ancient Indian texts such as the
Y ogasutras and Kamasutra, involves concise and structured teachings that
require careful interpretation for contemporary application.

In the context of this paper, the term "rgjya’ (state) within the Arthashastra
is interpreted as the organization itself, with the "rga" (king) or "CEO"
representing the leader, and "amatya' or "mantri" (ministers) symbolizing
departmental managers like finance, marketing, human resources, and
operations. Terms such as "kosh" denote financial management, "danda’
signify administrative systems, and "durg" refer to security measures and
workforce management strategies within the organizational framework.

The hermeneutic approach alows for a deep exploration and interpretation
of these ancient principles in light of contemporary organizational
management theories and practices. By analyzing and contextualizing
these sutras, this methodology aims to uncover timeless insights that can
inform and enrich modern management strategies. It involves a process of
critical interpretation, drawing connections between historical contexts
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and present-day organizational challenges to derive meaningful and
actionable conclusions.

Through this qualitative approach, the paper seeks to contribute to the
broader discourse on cross-cultura management and highlight the
relevance of ancient Indian wisdom in addressing contemporary
managerial issues. By applying hermeneutics to Kautilya’s Arthashastra,
the study endeavors to bridge the gap between traditional Eastern
philosophies and Western management paradigms, offering a nuanced
perspective on effective leadership, governance, and organizational
behavior.

4-Insignts on moder n management from Chanakya Arthshastra:

According to Munigpan (2005), management is an interdisciplinary field
that draws on contributions from a variety of disciplines, including
political science, economics, psychology, socia psychology, sociology,
anthropology, and anthropology. International management and cross-
cultural management are other topics covered in contemporary
management. Organizational behavior is the foundation of human resource
management, and understanding, analyzing, and forecasting it is becoming
increasingly important to understanding management.

Over the past 200 years, the theories and concepts of modern management
from the West have dominated management literatures. The colonization
process and the extensive usage of the English language are major factors
in its supremacy. Several management curricula in universities, manuals,
training and consulting programmes, and articles in management journals
all attest to this dominance. Nevertheless, athorough examination of many
western management theories and concepts reveals that they have been
used for centuries in Asian nations, particularly China and India. These
practices, however, were carried out within the framework of political or
state governance rather than organizational management. There are
cultural differences in management. Sharma(2001) contends that a
management system must be deeply ingrained in the national culture of
the nation in which it is implemented in order to be effective. Presently, a
great deal of global communities and nations are attempting to find and
investigate their own management system.

The Kautilya Arthashastra addresses a variety of management topics, such
as accounting, corporate governance, socia responsibility, human resource
management, financial management, and strategic management. Let's
examine the management challenges from the perspective of modern
organizationa management, as Kautilya evaluates them al in the
following manner. The following are pertinent points made by the first
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five (5) Kautilya sutras (aphorisms) regarding the principles of
management in organizations.
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(1) Sukhasya mulam dharmah:- Ethic or morality is the foundation
of happiness.

(2) Dharmasya mulam arthah:- Resources are the foundation of
justice or ethics.

(3) Arthasya mulam rajyam:- The kingdom is the foundation of
resources (organization or enterprise).

(4) Rggya mulam indriyajayah:- Conquering the senses is the
foundation of any organization or business.

(5) Indriyajayasya mulam vinayah:- Training and discipline are the
foundation of mastering organs.

Kautilya explain these shlok in Why is doing business a must for you? to
make money (artha) and to make gains. To what end are earnings and
wealth produced? to distribute to the shareholders the wealth and earnings
received. How come? Investors, staff members, clients, suppliers,
distributors, and the government are al pleased when there is wealth and
profit. But Kautilya asserted that happiness can also be attained by doing
the right things and doing them well, not just by money and profit
(sukhasya mulam dharma). Wealth without dharma is meaningless since a
poor person cannot sustain the entire society, and dharma without wealth
is toothless (dharmasya mulam artha), according to Kautilya. The Indian
culture has long placed great emphasis on the idea that material riches
does not necessarily translate into happiness, or sukhasya mulam dharma
and dharmasya mulam artha taken together. Ethical behaviour leads to
happiness for oneself and others; resources or money enable ethical
behaviour. This implies that in order to make others and oneself happy,
one must work to accumulate wealth—that is, resources and money—and
distribute it fairly. The only way to generate riches in this way and achieve
general happiness would be ethically (Garde, 2003). Kautilya went on to
say that an enterprise, an organization, or an asset are necessary in order to
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create wealth (arthasya mulam rgjyam). He went on to say that the organs
(rajyasya mulam indriygjayah), aong with their roles, procedures, and
other undertakings, provide support for an organization. The litera
meaning of the word "indriyajayah,” which means "victory over organs of
the body,” is a well-known idea in Indian culture. It refers to having
control over the five sense organs—the eyes, ears, tongue, nose, and
skin—as well as the five action organs—the hands, feet, mouth, genitalia,
and anus. Control over the six enemies of the mind—desires (kama), anger
(krodha), greed (lobha), arrogance (mada), infatuation (moha), and
jealousy (matsara)—is the first step towards conquering the physical
organs. The organization's objectives can only be prioritised by a governor
or CEO who has subjugated every organ in his body, particularly when
they clash with persona interests ( Muniapan and Shaikh, 2007).
According to Kautilya, a leader (king) must submerge his personality into
the greater personality of his people in order to satisfy his people's welfare
(happy), and he should have no self-interest, happiness, or delight for
himself. According to Kautilya, the king's happiness is derived from his
subjects happiness, and his wellbeing is derived from their welfare. In
addition to treating as beneficial to him whatever pleases his subjects
(Prajasukhe sukham rajnah Pragjanam cha hite hitam; Natmapriyam hitam
rginah Prgjanam tu priyam hitam), or the welfare and happiness of the
many (Bahujana sukhaya bahujana hitayacha), he will not consider as
good only that which pleases him. Actualy, the fundamental tenet of
corporate management is the integration of the idea of the happiness of the
different needs. The three purusharthas of existence—dharma, artha, and
kama—were enumerated in 1,330 lines of Thirukkural two millennia ago
by Thiruvaluvar of Tamil Nadu, another embodiment of this wisdom. He
also discussed the qualities of an efficient administration, or maybe more
accurately, the ethics of efficient administration, in the artha chapter,
much like in Kautilya's Arthashastra. "The king who administers justice
and protects his people will be considered of divine quality,”
Thiruvalluvar states, for example, while discussing the duties of a
monarch (Murai saithu kapatrum mannavan makkalkku iraiyentru
vaikkapadum) (Vittal, 2004). Therefore, the Kautilyan philosophy of
management adopts an inside-out approach to management, prioritising
self-management over all other forms of management. It isimperative that
managers receive training in self-discipline, which includes cultivating
humility and adhering to the ethical path known as dharma. This approach
aligns with Confucius's thought within the Chinese setting.

On the other end Chanakya explain different topic of administration
management which is correlated to modern management
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1-Corporate Governance:-The Arthashastra of Kautilya provided
additional operational information on corporate governance, such as the
appropriate size of the board of directors, measures to prevent corruption,
the severity of punishment for offenders, etc. He set an example for others
to follow in terms of persona behaviour.

Nehru (1998, p.123) describes Kautilya as follows:-

“He sat with the reins of empire in his hands and looked upon the emperor
more as a loved pupil than as master.Simple and austere in his life,
uninterested in the pomp and pageantry of high position.” (cited in Sihag,
2004).”

Kautilya envisioned a vast, affluent, stable, and just empire founded on
justice. He recognized that achieving prosperity needed not only human
labor but also the accumulation of wealth (artha), which could only occur
under the leadership of Chandragupta's government.

Sihag (2004) also cites Kautilya’s vision from Kautilya (1992, pp.120,
121), which states:-

“The kingdom shall be protected by fortifying the capital and the towns at
the frontiers. The land should not only be capable of sustaining the
[native] population but also outsiders [when they come into the kingdom]
in times of calamities. It should be easy to defend from [attacks by]
enemies and strong enough to control neighbouring kingdoms. It should
have productive land (free from swamps, rocky ground, saline land,
uneven terrain and deserts as well as wild and [unruly] groups of people).
It should be beautiful, being endowed with arable land, mines, timber
forests, elephant forests, and good pastures rich in cattle. It should not
depend [only on] rain for water. It should have good roads and waterways.
It should have a productive economy, with a wide variety of commodities
and the capacity to sustain a high level of taxation as well as a [large]
army. The people shall be predominantly agriculturists [artisans and
craftsman], devoted to work, honest, loyal and with intelligent masters and
servants.”

2-Law & Order in Organizations’:- Additionally, Kautilya supplied the
prerequisites for lowering fraud. It is vital to choose and appoint the best
candidate for the position. An essential component of efficient human
resource management is this. The king should refrain from appointing
those who are fearful, incompetent, nasty, deceptive, or lack zeal.
According to Subramanian (2000, p. 128), which Sihag (2004) mentioned,
Kautilya proposed three solutions to address the issue of fraud. In order to
comply with the law, people must first be made aware of it, as correct
knowledge is necessary for compliance.
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3-Financial Management:- Kautilya suggested an organizational
structure that lessened the possibility of conflicts of interest. Kautilya
came to the redlisation that without precise and comprehensive records,
financial management is impossible. He suggested creating the roles of
Chief Comptroller-Auditor and Treasurer, two crucial posts for overseeing
and managing the state's finances. They were both expected to be
extremely well paid, efficient, and free from corruption.

4- Bussiness Ethics:-Since ancient times, people have debated issues
pertaining to ethical behaviour.

Kautilya was no different. Numerous insights were provided by him,
including the following: mora behaviour is inherently moral; morality
derives from religious texts and philosophy; morality is rooted in character
development and action; morality is grounded in the creation of wealth
and the maintenance of law and order, which fosters economic prosperity;
and morality cannot be prevented by rules, regulations, or audits. Whether
Kautilya went on to work as a politician or bureaucrat in the public sector
or as a merchant or accountant in the private sector, he felt that
establishing ethical valuesin children kept them ethical in later life.

5- Leadership:-Any organization's leader should be able to uphold the
highest standards while managing the company. An enthusiastic king will
gicit an equaly energetic response from his subjects.The subjects will
become sluggish as well, eating away at the leader's wedlth if he is
careless and doppy in his tasks. Furthermore, a slothful king is more likely
to be captured by his adversaries. The king should therefore always be
active himself.

Chanakya explains about leader in shlokas as:

T @ g€ T ST g R R
reAtsre foet T ot g e R

People’s happiness should be King’s happiness. Welfare of people is
King’s welfare. For a king, there is no task which is only individualistic
and pleasurable to him only. It is king’s utmost duty to look after progress
and welfare of people of his country.” According to Kautilya’s view of
human nature, “the possession of power and happiness in a greater degree
makes a leader superior to another; in a lesser degree, inferior, and in
equal degree, equal. Hence, aleader shall always endeavor to augment his
power and elevate his happiness.”

6-Good Governance :- In genera, administration refers to all facets of a
nation's governance, including its budget and organizationa structure.
Kautilya had a ridiculous amount of information about a wide range of
administrative topics, including commerce, organization, trade, tact, tax
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assessment, and more. He was said to be cognitively proficient in
astrology and medicine. Since it's a work on political economy, he's been
likened to Aristotle, Plato, Machiavelli, and The Ruler. The economic
structure of a state, the choice of priests, the conduct of warfare, and the
distribution and coordination of tax collection are all examined by
Kautilya.

According to Chanakya, the primary divisions are aso in charge of
managing labour and financial affairs, national security and foreign policy,
tax administration, labor administration, and strategies for economic
growth. Kautilya asserts that understanding and meeting the goals of the
state are necessary for effective administration. This is made feasible by
well-thought-out and structured organization. He makes the argument that
wise management should avoid wise choices and deeds. The
circumstances should be taken into consideration when making decisions.
emphasising the four-pronged strategy for handling open accounts and
state planning, which focused mostly on money, markets, and crucially,
The experts also agreed that understanding "Dharma, Artha, Kama, and
Moksha" is important today. The Arthashastra is regarded as the most
venerable and widely accepted comprehensive work that suggested an
organization and management system for states worldwide, despite rumors
to the contrary about the state's economy and currency. It also contains a
code of ethics and criminal legislation. Kautilya argues that an
appropriately run, transparent government is necessary for good
governance. The workforce running the government must be accountable
and responsive, and the ruler must set aside personal preferences in favour
of the welfare of the people. Kautilya also highlighted the importance of
regular authoritative practises, competent pastors and authorities
possessing traits like vitality, leadership, accountability, and mental and
physical well-being in addition to their ability to make prompt decisions.
According to Kaufmann and Kraay, the idea of administration is not new.
Kautilya exemplified key principles of the art of administration, stressing
morality, fairness, and resistance to dictatorial impulses. He continues by
outlining the lord's obligation to preserve such wealth and the subjects
premiums in order to preserve the prosperity of the state and its citizens. A
ruler overseeing equity based on the four standards of example nature,
proof, case history, and common law shall ascend to the throne of earth.

7-Foreign Trade: - Strong international trade has aways been essential to
every economy. Kautilya understood that a major way to increase a
country's wealth is through foreign exchange enterprises and products. He
argued that foreign trade should be promoted by offering certain benefits,
including exemption from assessments, in order for foreign brokers to
make money. He assigned a particular weight to imports. The supply of
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things that might not otherwise be available locally can be increased by
employing foreign exchange, he continued. Through imports, a state can
purchase commodities from abroad even more cheaply. This is how he
articulated a somewhat pliable position on internationa trade. For any
economy to thrive, robust international trade has aways been
necessary.Kautilya saw that exporting goods and services abroad is a
significant approach to boost a nation's prosperity. He maintained that in
order to support foreign brokers financialy, trade should be encouraged
by providing perks like exemption from assessments. He weighed imports
differently than exports. He went on, "You can use foreign exchange to
increase the supply of things that might not be available locally.” A state
can buy goods even more cheaply from overseas through imports. He
expressed a reasonably flexible stance on global commerce in this way.
Kautilya supports the use of transportation and import taxes. He
recommended charging high taxes on distant things that are regarded as
extravagances and charging low taxes on goods that are regularly utilised.
Anything that is really advantageous to the nation ought to be free from
import limitations. He was the first to verify the identity, which is required
in order to pass the security measures.

8- Collection of Taxes:-The Chanakya era "gave preeminent significance
to the maintenance of alarge treasury, which positively influenced whole
exercises of the organisation,” said Jha and Jha (1997). Two things he
gave careful consideration to were ways to grow each area of the economy
and excellent financial management. He claims that open revenue is a
resource to increase national wealth rather than being there for the king's
entertainment. He admitted that tax assessments are the main source of
income. Excessive tax assessments are inappropriate, despite the state's
perpetual burden. He believed that raising the duty base would be more
appropriate than raising the assessment rate. He criticised the
disproportionate amount of responsibility imposed on people. Kautilya is
credited with coining the proverb "King must accumul ate assessments like
the bumblebee, enough to continue but not too much to demolish." One
thing that Kautilya does recommend is a straightforward annual
assessment. He emphasises the need for endowments to renew capital
arrangements, fiscal federalism, fairness, soundness of cost structure,
avoidance of excessive tax assessment, and assurance of duty uniformity.

9- Public Expenditures promoting the development:-According to
Kautilya, the majority of tax money should go towards worthwhile
projects and the general welfare. He talked about many subjects on which
consumption should follow satiation, including national boundaries,
government divisions, the open organisation and salary of priests, support
for national storage facilities and silos, upkeep of the armed forces, and
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the acquisition of valuable pearls, stones, and trimmings. Any remaining
funds ought to be placed in the Treasury.

Conclusion

In conclusion, Chanakya’s Arthashastra offers a profound and enduring
perspective on management that resonates across centuries and cultures.
By delving into principles of ethics, leadership, corporate governance, and
economic policy, Kautilya provides a comprehensive framework for
effective organizationa management. This ancient Indian text not only
anticipates but aso complements modern management theories,
highlighting the universal importance of ethical behavior, strategic
governance, and prudent resource management.

Despite the dominance of Western management theories globaly, the
foundational principles of management articulated by Kautilya find
resonance in contemporary challenges faced by organizations worldwide.
His insights into leadership, ethical conduct, and governance remain
particularly relevant, emphasizing the imperative of aligning management
practices with cultural and societal contexts for sustainable success.

As global communities increasingly explore indigenous management
systems rooted in their cultural heritage, the Arthashastra serves as a
timeless guide. It encourages a balanced approach where economic
prosperity is pursued alongside ethical governance and societal welfare.
By integrating these ancient principles with modern management
practices, organizations can navigate complexities with clarity and
purpose, fostering environments that prioritize not only profitability but
also ethical integrity and societal well-being.

In essence, Kautilya’s Arthashastra invites contemporary management to
reflect on enduring principles that transcend time and geography, offering
valuable insights into navigating the complexities of organizational
management in today’s interconnected world.
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Notes

Note 1. Kautilya journeyed from Taxila to Pataliputra (currently Patna, Bihar), the capital
of Nanda Empire. Kautilyatook a vow to destroy Nanda Empire as a result of an
insult by Dhana Nanda.

Note 2. Pakistan and Bangladesh were also included. Pakistan was born in 1947, while
Bangladesh (previously East Pakistan) was born in 1971.

Note 3. Professor Roger Boesche’s opinion in Kautilya’s Arthashastra on War and
Diplomacy in Ancient India (http:/Iwww.
defencejournal.com/2003/mar/kautilya.htm)

Note 4. Takshashilla, latter known as Taxilais currently situated in Rawalpindi, Pakistan
is one of the oldest universitiesin the world.

Note 5. Please note that “he”, “his” and “him” used throughout also means “she”, “hers”
and “her” in the context of this paper

Note 6. Details available at http://en.wikipedia.org/wiki/Hermeneutics
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Abstract

Media have undergone an ocean change over the years initially started
with newspapers magazines then telegraph television, radio and now
the trending digital media technologies. Media indeed travelled a long
journey successfully and it's influence on society specially on youth has
grown exponentially with advancement of technology. The short term
OTT stands for Over The Top is one of the extremely popular and
common service now a days provided by media, young consumers in
India are attracted towards it and gradually increasing every passing

days.

I ntroduction

The development of Internet has influenced the increasing prevalence of
OTT platforms in India. Rise of such major platform is bringing digital
revolution and consumers are attracted towards this unconventional media
form aso they are willingly taking subscriptions of different channels and
increasing rapidly in numbers.

History of OTT Platformsin India

It has been launched in India by Reliance Entertainment in 2008, Bigflix
was India’s first OTT platform but boom came in India after the launch of
Zee tv and Sony Liv applications in 2013 and eventually this league has
been followed by Disney Plus Hotstar in 2015 and simultaneously Netflix
and others too were there in the que. Internet speed in India is getting
better by each passing day and availability of Internet and Smartphones
are being easier day to day, people directly access any content on internet
from wherever they want to, these circumstances challenged the
established traditional media. Viewers are just a click away from their
favorite content, there is no boundaries of time, wires, connectivity and
long unwanted content they enjoy what they prefer.

OTT technology deliver streamed content in such away that their revenue
keep increasing in ascending order day by day aong with engagement of
audience they design their content both paid and free and motive behind
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this is to keep regulating engrossing viewership. Reports suggest “The
OTT market consumption in India has risen from181 billion to 204 billion
in 2022. Indiais having second biggest market after US

Literature Review

X Menon (2020) report on “Digital Media” states that limitations
forced in the wake of Covid-19 pandemic significantly changed the
consumption pattern for media and Entertainment too. As lockdowns kept
individuals from wandering out, either or recreation or work, public
activity progressively moved to online Stages. Web based social
networking furnished the chance to remain associated with families,
companions, partners, neighbour’s and others. With External channels of
entertainment (Out of Home based entertainment) shut by government
request, the home-based entertainment modes showed consistent growth
and development.

X The increased use of smartphones in India has ushered in a new
era of video Consumption on personal media devices. Smartphone
penetration in India has reached about 520 million by 2020, with
broadband Coverage increasing from 14% today to 40% In 2020 (Usmani,
2020). This increase will play a significant role in the transition of media
Consumption from traditional to digital.

X Over The last year, the percentage of Indian Consumers who prefer
viewing TV shows has decreased from 47% to 10%. According to
ASHITA KOTHARI, 2021, Hire math, Suvarna; Panda, Dr. Ansumalini;
C, Dr. Prashantha Pasumarti (2022). (Follow one pattern)

STATEMENT OF THE PROBLEM

X2 Every new technology come with boon and Bane both also an
adversely affects mind and daily life activity of individuals differently
some able to figure out good and bad other’s just consume every
streaming videos and at this point problem arises. OTT platform is very
huge and deep ocean all kinds of content are available it’s viewers
responsibility to filter and watch accordingly, every streaming content on
OTT is not worth to watch implement and follow. Digital awarenessis one
of the major need of an hour. [1) (Follow one pattern)

OTT (over the top) media services is delivered directly to the viewers
through internet without any intermediaries. OTT platform eliminate the
factor of visiting theatres and regularly being adhere to strict timing of
television shows, if everything continued in same pattern then for sure
there will be huge decline in audience of theatre, movie halls and
television. [2]

SCOPE OF THE STUDY

This article is to highlight how OTT platform have taken over the
traditional media and influenced the young viewers gradually; digital
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entertainment is rapidly growing and affecting the all sorts of traditional
media.

OBJECTIVESOF STUDY

. To examine the factors influencing youth to watch OTT platforms
rather being adhere to traditional media.

. To analyse factors which are responsible for rapid growth of OTT
over traditional media

RESEARCH METHODOLOGY

Selection of the sample: Viewersin Prayagrg) (Uttar Pradesh)
Sampling Method: Random Sampling Method

Sample Size: 150 students pursuing Graduation and Post
graduation in University of Allahabad.

Formation of the question: Interview Schedule.

Collection of Data: Primary Respondents

OO0 00O

1 Xiaobbing Xu RC 2019 Competition, Cooperation and pricing:
How mobile operators, international journal of marketing studies
vol.7 No.6 2019.

Dixit, D 2020 “The rise and deifications of Indian Ott” retrieved from
television post. What isthis????

Table No.1l: Gender of Respondents

Gender Number of Respondent % Of Respondent
Female 78 58%
Male 72 42%
Total 150 100%
Interpretation:
o Primary datais collected from 150 respondents .
. 58% are femal e respondents.
. 42% are male respondents.

Table No.2: Age Group of Respondents

Age Group Number of % Of Respondents
Respondents
Below 20 33 31%
20-25 109 64%
Above 25 8 5%
Total 150 100%

I nter pretation:

o Majority respondents belongs to the age group of 20-25.
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o Minority respondents belongs to the age group of above 25

TableNo.3: OTT Platforms and Pr eferences

OTT Platforms Number of % Of Respondents
Respondents

Netflix 111 65.3 %
Amazon Prime 105 61.8%
Disney Plus Hotstar 92 54.1%
YouTube 92 54.1%
Zee 5 40 23.5%
MX Player 33 19.4%
Jio Cinema 33 19.4%
Voot 10 5.9%

NOTE: There are multiple responses from various respondents.
Interpretation :

. Netflix is most watched OTT platform.

o Amazon prime and Disney Plus Hotstar follow the que.
o Voot isleast watched OTT platform

Table No. 4. Language Pr efer ences

Languages Number of % of Respondents
Respondents
Hindi 111 69.8%
English 28 16.6%
Others 11 5.3%

NOTE: There are multiple responses from some Respondents
Interpretation

o Majority respondents enjoy their favourite shows in their regiona
language Hindi.

o English language and other languages viewers are very few in
numbers.

TableNo. 5: Traditional mediaVS OTT Platforms
Factors Number of % Of Respondents

Respondents

Traditional Media 31 18%

OTT Platforms 109 64%

Both 10 18%
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Interpretation:

° Inclination in viewers of OTT Platform.
° Declination in viewers of traditional media.
o Few respondents also enjoy both form of media.

FINDINGS OF THE STUDY
In this data analysis some of the major points are such as:

. In an average count youth spends nearly 2-3 hours daily in binge
watch on OTT platforms.

. Preferably viewers take keen interest in shows on Netflix
comparatively to other streaming channels.

. Languages barrier is no more available, contents are available in
their choice of languages.

. Effective Time management along with some major entertainment
goals.

LIMITATIONSOF THE STUDY

. Constraints of resources and time study.

. Sample size is only limited in specific area and number too, only

150 respondents had given their views and their opinion is not
necessarily will match to large masses

. Sometimes respondents answers and opinions vary due to certain
reasons such as effect of their recent shows or favourite content.
CONCLUSION

The main aim of this article is to know the reason behind declination of
traditional media consumer and their inclination towards OTT Platforms,
here in this study there are some major essential points which somewhere
supports this modern age digitalized world, consumers adapting it and
effectively growing in numbers dailly. Most of the respondents look
forward to more and more content so they can easily enjoy it without any
ad breaks or time limits, this growing digital world is creating wonders.
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Abstract

The process of delivering education to students has evolved constantly.
From the Gurukul system of imparting education to sharing knowledge
through books and now educational apps — a popular new media tool;
the progression of education has evolved. During the dreaded COVID-
19 pandemic, these educational apps gave students a more exciting
option for learning than their rather mundane online classes. There was
a tremendous boom in the educational app sector during the pandemic,
but as the emergency ended these educational apps saw a drastic shift
in the interest of students and thus the concept of hybrid education was
introduced. This paper will discuss the evolution of online education
via smartphone medium.

Keywords. Educational Apps, new media, COVID-19, pandemic,
online education, Byju’s, unacademy

I ntroduction

Mediais ever-evolving and new mediatools lead the way. New media can
be explained as a channel of communication that uses digital systems to
communicate. With the advent of technology, the birth of new media
happened. No field is untouched by new media. In the field of education,
new media has revolutionized the way education is imparted. Now,
students in remote areas can gain knowledge from the best of faculties
with the help of new media tools like online video classes, educationd
apps, and social mediatools like YouTube, etc. Thiskind of reachability is
made possible by the combination of the Internet and smartphones.

On 21st July 1995, the first mobile telephone call was made by the then
Chief Minister of Bengal, Jyoti Basu and this marked the beginning of
wireless mobile telecommunication in India. After March 2000, the
government became more liberal and it reduced license fees for cellular
service providers. Because of these factors, the call costs were cut
considerably enabling every common middle-class family in India to
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afford a mobile phone. Many private operators, such asReliance
Communications, Jio, Tata  Indicom, Vodafone,  Airtel, Idea, etc.,
successfully entered the Indian telecom market. The adoption of 3G
technology in 2003 marked the dawn of mobile internet and paved the way
for smartphones. By 2010, changes in government policies and the
introduction of new technologies made smartphones and cellular data
cheaper for the common man. This paved the way for the internet access
explosion in India. For rapid internet adoption in India, the Government of
India (GOI) launched the Digital India program with the necessary
infrastructure and availability of cheap 4G, thus leading India’s internet
users to grow from 100 million in 2010 to 400 million by 2015(Nair,
2015).

Smartphones were getting cheaper and along with cheap 4G rates,
smartphones became the most used device for entertainment, socializing,
video conferencing, and knowledge sharing. These technological
advancements fast-paced the app (a new media tool) development market
in India. The education sector was not far behind. Companies like Byju’s,
Extramarks, and Unacademy launched their educational apps. Students
with the help of internet-enabled smartphones, started using these
educational apps.

With the onset of the COVID-19 pandemic, these educational apps saw a
terrific boom as the usage of smartphones increased with a total shift to
the digital ecosystem. With affordable data plans and budget brands across
companies, smartphones remained the key device in the online world.

In the article “Effectiveness of New Media as a Tool of Edu-
Entertainment among School Children” written by Ms. Shilpa Kalyanl
and Dr. Nandini Lakshmikantha(Kalyan & Lakshmikantha, 2016) state
that, teachers need to realize the underlying principle and purpose of using
new media in the process of learning. The teachers should focus on
achieving the right blend of education and entertainment without
compromising on quality. Over here the entire onus is not only on teachers
but the onus of various stakeholders like government, content creators,
parents, and education institutions are not discussed in totality.

In the report “Online education in India-2021” a study conducted by
KPMG (Klynveld Peat Marwick Goerdeler) and Google (Google &
KPMG, 2017), it was found that around 72% preferred smartphones for
online education. The numbers were further enhanced during the
pandemic as 79% used smartphones, 17% used laptops or desktops and
4% used tablets. It was also found that 66% chose and continued with an
educational app based on study material. The report also states that though
the online education market is growing at a very high rate, the key
challengeslie in providing classroom experience, practica experience, and
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self-regulation lessons. How to overcome these challenges has not been

discussed in detail.

In the article “Uses and gratifications of educational apps: A study during

COVID-19 pandemic” by Devadas Menon (Menon, 2022) the author

discusses the advantages of educational apps for students, but less

importance is given to discussing the disadvantages of educationa apps

and the possible way to overcome them.

In the article, “The Building and Fall of a Valuable Startup from India,

Byju’s” by Akash Kumar Gope(Gope, 2023) stresses the need for a model

of education that overcomes the shortcomings of online education.

However, the hybrid model of education that Byju’s has adopted has not

been discussed here.

The main objectives of the research are:

e To study educational app companies and their growth

e To study the need for companies owning educational apps in India to
establish offline study centres post-COVID

Theoretical framework:

Diffusion of innovation theory by American communication theorist and
sociologist, Everett Roger which aims to explain how, why, and the rate at
which an innovation spreads through a population or socia system, and
the survival of the fittest theory by Charles Darwin are the most
appropriate theories to discuss new media tool for education; educational

apps.

The Boom of Educational Apps:

The concept of online education in India dates back to 2004-05, but
around 2010, when the internet data rates became cheaper, online
education finally saw some acceptance. Byju’s, a popular Ed Tech
Company came into existence in 2011 and Mukesh Ambani (owner of
Reliance Group of Industries) invested in Extramarks, an Ed Tech
company, in 2011. It was only in 2015 when the country saw the
emergence of various EdTech platforms, and that year proved to be game-
changing for the EdTech Industry. Byju’s app was launched in August
2015 (www.byjuslearning.com, 2015), in September 2015, Extramarks
launched an Android app caled Extramarks Smart Study
(www.economictimes.indiatimes.com, 2014), Unacademy a popular
YouTube channel, launched the Unacademy app in December 2015
(Presthitha & Mishra, 2023) followed by many others. These educational
apps provided educational material to K-12 (Kindergarten to 12th grade).
They also provided online coaching to students appearing for various
competitive exams. These apps steadily grabbed people’s attention as the
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paid subscriber base increased. Some of the key factors that made these

apps popular were:

1. Fun activities that engage children and help them see things from a
different perspective.

2. Promotes self-learning which is a good way to ensure that students
become more independent

3. Learning is possible anytime and anywhere at the child’s convenience.

4. Excelent audio-visual representation of study material, thus creating
interest within the child.

5. Non-judgemental learning process for child.

6. Regular assessment.

By 2019, Byju’s had approximately 35 million users(Rathore, 2023),
followed by Unacedemy, Extramarks, Vedantu, etc. But the real turning
point of these educational apps came in the year 2020 when the entire
world was hit by the deadly COVID-19 virus. The entire world came to a
standstill. The lockdown was declared and people were now confined to
their homes. The only source for gaining quality education was these
educational apps. Education app users skyrocketed from 185 million in
2019 to 270 million in 2020, with the user base expanding to 350 million
in 2022 (Shrestha P. , 2023).

Disadvantages of Educational Apps- Student & Parent Per spective:
But, as a huge population of the student community started using these
apps, parents and teachers quickly started understanding that all was not
good with the usage of these apps. Students started displaying certain
behavioural changes, which the parents found challenging to handle. But
before understanding the psychological impact of these apps on students,
let us understand some technical limitations of these apps.

According to a blog written in applify.com(Singh, 2023) some of the key
technical issues with these apps are

1. These apps often rely on specific operating systems and hardware
capabilities, making them compatible with only certain devices or
platforms.

2. Educational mobile apps are usually designed for smaller screens, such
as smartphones and tablets. The limited screen size poses challengesin
presenting complex educational content and interactive elements.

3. Connectivity and bandwidth issues are also there, as the interactivity
illustrated videos have heavy file sizes and in areas with poor internet
connectivity, continuous non-stop viewing of them is difficult.

Apart from these technical issues, many behavioural issues are developing
in students who are dependent on these educational apps for understanding
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and learning (Volumetree, n.d.)as per Lary Berger, the CEO

of Amplify—a company that develops digitally enhanced programs for

various subjects for primary school children.

1. Students are less emotionaly and socialy developed as these
educational apps do not teach them to control their behaviour like
following orders or instructions as they would do in offline classes.

2. Overstimulation caused by excessive time spent on the screen can
disrupt sleeping patterns and cause emotional dysregulation.

3. Educationa apps are mostly designed for use by individuals and not
for group activities. This causes students to stay involved with
themselves and not interact with other students in the class or school.
This leads to developmental delays in socia skills such as talking,
making friendships, sharing feelings, etc.

4. Most of the educational apps deliver classes primarily in English
language which acts as a barrier in communication in Tier 2 & 3 cities
and rura India

5. As per (Minhas, 2023) 21.47% of teens under the age of 19 are
wearing spectacles which is a concerning number to watch.

6. Also, parents were dissatisfied with the aggressive marketing
techniques adopted by these educational apps to sell ther
products(Gope, 2023).

Himanshu Dandotiya, business head at Edureka’s learning platform
Veranda Acacia says that educationa apps reduce peer-to-peer or group-
based learning, prevent social-skill development and a lack of in-person
interaction with faculty.(Bhattacharya, 2022)

The Slump of Educational Apps:

When the educational app market boomed during the pandemic,
companies owning these apps started aggressively growing their business.
Students' positive responses further enhanced the confidence of these Ed
tech companies. But as the COVID-19 cases declined, and schools and
coaching ingtitutions reopened, the drawback of these apps started
surfacing. “Are children learning with understanding?” asks Pranav
Kothari, CEO of Bangalore-based Educationa Initiatives, an edtech
assessment company. “All of us need to be subject to third-party
evaluations and research to see if students are getting better.” Moreover,
tuition providers must aso contend with the effects of rising inflation.
With schools and colleges reopening, extra coaching and upskilling may
be seen as more of a discretionary expense, says Ankur Bissen, a senior
partner at Gurgaon-based consulting firm Technopak. “So, it will be a
harder sell.”(Raghunathan, 2022)


https://amplify.com/
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The inbuilt human nature of seeking physical closeness and socializing has
put these educational apps on the back seat post-pandemic. The
disadvantages of these apps have overshadowed the advantages. The
industry is already feeling a shift with layoffs across ed-tech startups such
asByju’s,Vedantu, and Unaca-demy in India.

Hybrid model in educational app

The challenges faced by educational apps are pushing them towards a
hybrid model of education. In the hybrid model of education, along with
online classes, offline classes are made available to students to clarify or
seek guidance from teachers. Also, offline test and doubt clarification
sessions are held to give a human touch to the learning process. Edtech
company Byju’s is expanding its physical footprint with its neighbourhood
tuition centres, which will offer maths and science classes for students
from Class IV to X.Coaching is being provided in a hybrid mode, with
half the classes online and half offline. The institution has 104 centres as
of May 2022 (The Hindu Business Line , 2022). As for Edtech unicorn,
Unacademy is adding more physical centres, from 10 locations at the start
of the calendar year 2023, it is intended to hit 58 by December
(Shrivastava, 2023). Tiger Global-backed Vedantuand a recent unicorn,
Physics Wallahplan to take asimilar path.

Discussion:

Although there is a huge rush of these educationa apps to open offline
learning centres to facilitate students with a hybrid model of education,
they should consider the kind of fixed and recurring costs they will incur
to open these offline learning centres and all the human resource they need
to manage for smooth functioning of these centres. Also, they need to
build a concrete narrative to convince students that offline centres are not
the end of the road for online education. These offline centres are only a
support system for educational apps and not a replacement.

Conclusion:

Every human being has the right to education and providing good quality
education to the desiring students is the responsibility of the education
sector. The pandemic made us realize that online education can be a
potential alternative to offline education with its benefits of being
accessible anytime and anywhere. However, the shortcomings of online
education cannot be ignored. Based on the pros and cons of education
through mobile apps, Ed tech companies were quick to understand that
complete education cannot be imparted without human touch, and
therefore setting up offline education/tuition centres is the right step
forward. There is alot of scope in the hybrid model of education and the
future lies in imparting knowledge in common local language along with
English language and reaching out to rural India.


https://economictimes.indiatimes.com/tech/startups/edtech-players-go-hybrid-as-online-growth-slows/articleshow/92134261.cms
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Abstract

As we know that media works as mirror of society and what happening
around us are the finding of media. Media commercials are now days a
one of the vital cause which effect the daily life of human knowingly
and unknowingly. Advertisement plays significant role in structuring
the product and introducing them in the market. Now days everyone
wants to advertise the product in the market through commercials as its
upgrade the sales, usage of market, and to be on the top position in the
respective market. The aim of the research is to purposely select those
advertisements that might have involved women's determination
towards their work field, their hurdles, either fight for their dignity.
This study examined the portrayal of women in television commercials
and documented the stereotypes associated with women in today’s
televison commercials. Content analysis was chosen as a method of
inquiry for this study. Advertising acts as a critica agent of
socialization in modern developed societies and is employed as a
means to keep up certain social structures. In most of the cases the
female are shown as secondary then men or somewhere as object. The
aim of this study is to explore how the female models are portrayed in
some commercials just to fill the space or just used as a object with
reference to television advertisements. The finding of this paper is that
female model are most often misrepresented and they are needless and
unnecessarily portrayed in these commercials. The paper has
strategically reviewed popular content that uncovers to transform
societal myth and women objectification in restoring their equal natural
existence.

It is found from the study that women have been projected as mothers,
sisters and friends as per the situational demand. In case of older
women, nurture and care are depicted and it is shown how they play a
pivota role in their families and thereby maintain social balance. In
case of middle-aged women, their love and care for their children
remain the central point of focus, whereas in the case of young women,
their charm and relationships are the point of focus. However, some
advertisements focus on erotic side and depict women in such a manner
which hurts the culture and balance of the society.

Keywords: women, derogatory image, advertisement, society,
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I ntroduction

Now-days everyone wants to introduce their product in market through
advertisement as it is good platform to let audience know what is present
in market, increasing product sale, and to attain top position in their
respective field. Every business spends lot of money for advertising but it
turns fruitful only when the best technique of advertising are used for
product. The role of women has been changing over severa yearsin every
field like advertisement, academics, politics etc. But as passing time the
advertisers and agencies are facing lot of criticism on how women are
shown in advertisements. The critics states that women are just shown as
objects to full fill space, passive, depending on men, derogatory image of
women etc. This paper will examine how the women are depicted and
how they should be depicted. As the audience who perceives the
advertisements are of different kind they all have their own thinking
capability with their own mind set. Humans thinking capability may vary
with their past experience or how they take things. As the advertisement
represents women influences the image of women in society. People
projects the image of things for what they have or seen. Same goes with
the image of women in society what people see women through
derogatory advertisements were women are just used as objects projects
the women in a same way.

If we talk about the contemporary Indian advertisement the way they
represents the image of women influences the people watching those
advertisement and draw a image of them in society. Derogatory
representation of women does not only limit the women in society or
societal acceptance of women, but also has an impact on how people
perceive image of women. Women are just used for cooking and taking
care of children in previous days but as the passing time women have been
seen in every sector on the world.

As every coin have two face head and tail likewise women are being
projected in society somewhere women are back bone of family they are
being worshiped as goddess but in the same society they are used as just to
fill the space of maid. Women in rura and urban area are also have
different lifestyles, different hurdles, different aura to symbolise them is
society. In rura area women are just to do household works even to get
educated they have to do a lot. But if we see the other side of society
which is urban women they are easily getting education but they don’t
know how to do their daily basis household works.

It is often said that TV commercials are mirror for society. Studies on
representation of women in advertisements have drawn attention of
researchers and scholars over the past few decades. Advertisers are most
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often criticized for representing stereotypical women norms, derogatory
image of women, especially for the conventional representation of women.

They are conventionally confined to household chores, mother or
caretaker roles whose world around the house whereas men are
represented as strong and independent (Nagi, 2014). This sort of
representation encourages women to believe that they are ought to be
weak, mindless and needy. It also has an impact on the attitude of men to
perceive that women are mere sex objects (Gulati, 2014).

Literature Review

Pooja Chatley (2018) “PORTRAYAL OF WOMEN IN ADVERTISING”-
as the study shows that the researchers want to show the differences in
views of Indian men and women when it comes to the stereotypical role
portrayal of women in advertisements. Few differences are shown when
we talk about the men's and women's roles in advertisements.
Advertisements in India are not fulfilling their duty towards the society.
The projection of women in Indian advertisements can be done for
highlighting the real issues of women lives, for their upliftment, for the
awareness among peopl e about the rights of woman, for the empowerment
of women etc is being left out.

Amitava Saha & Dr. Kushal De (2022) “A Study on Portrayal of Women
through Commercial Advertisements in India”- here researcher’s wants to
state that the negative representation of women gives a bad message to the
younger generations and such cheap portrayal of women must be avoided
by the content creators. The advertisers must be more responsible and
must highlight women in such a manner that addresses the real issues of
the society like abolition of gender discrimination, social status
enhancement of women, political equality, health, sanitation and so on
instead of focusing the women in reel role like decorative object, to fill the
space in advertisement or just glorify the image of men’s in
advertisements. They should only focus on real issues through
advertisements can lead to a balanced and fair society.

Usha Narasimhan “Indecorous projection of women in Indian television
commercials”-

(2023) “The Portrayal Of Women In Advertisements: A Critical Analysis
researcher here states that women and men should be seen as equa in
every way either it is practical life or reel life. The people who mark
themselves as a position holder should never portray a women in indecent
way as we all know media is strong pillar which influences so many
people at a time. We live in a country where women are worshiped and
shown as strong independent human who can do so many things at single
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time showing that idol in a passive way just to embrace beauty of
advertisement is not what equality is. Advertisers must be keep this in
mind if they will encourage the presence of women in positive way it will
look more good and healthy in aworld where men and women are equal.

Sohaib Alam, Sadaf Khalid & Farhan Ahmad Of The Role, Participation,
And Empowerment”- examined the portrayal of women as helper in every
age group or as a supporting member of the family instead of head of the
family or the decision maker. The advertisers portrays a women through
advertisement as a homemaker, or a mother who is available 24/7 or a
women is a not more than an entertainer. Women’s of every age group is
presented so negatively and easily approachable in advertisement which
signifies women weak. The advertisers must be more responsible towards
the image of women’s in advertisement so that real issues can be
concerned by the viewers and women who are watching or addressing
them should take themselves more confidently and fair as compared to
men.

Women in Advertisement

Advertisement is a field where people set their opinion about products or
like and dislikes. As advertisement is very broad and diverse where people
explore there believes by choosing the product and responding towards
thing. As we al know advertising has role to persuade and inform people
about the products launched in market but at the same time they work very
well to change mind of people against anything.

Advertisement dose not totally known for marketing or does not used to
just build public relation but in terms of technigue and instrument
employed it is similar somewhere. Advertisement is simple or local even it
can be very complex involving sophisticated research, latest technology
and multimedia campaign that span the globe. It differs according to it
intend audience as there are different types of audience out there. Asin
example audience can be of different kinds and age group if we talk about
children the advertisement may include entertainment, moral value and
technology on the other side if the audience is adult the advertisement
should be more influencing to aim the desired goal. Advertisement has a
power to change the mindset of people and let them buy a product for
what they are advertising or to adopt a new fashion or idea.

There are different types of media and techniques engaged in advertising;
advertisement itself has several different kinds like commercia
advertisement for products and services, public service advertising on
behalf of ingtitution, program and causes, phenomenon of growing
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importance today ; politica advertising content shown interested in
political parties and candidates.

"Advertising in the modern age has established itself as the most important
selling media’ (Khalid, 1990).

"Research suggests that exposure to gender role stereotypes in advertising
often influences gender-stereotyped attitudes' (Singorielli, 1989).

As passing trend there are different strategies in advertisement which are
came across time by time currently Unique Selling Point (USP) aso
known as unique selling proposition, is a marketing statement that
differentiates a product or brand from its competitors. A USP might boast
the lowest cost, the highest quality, the most experience, the first in its
product class or another trait that sets the offering apart from the
competition. A unique selling point can be thought of as “what you have
that competitors don’t”. The USP should also be compelling enough to
attract new customers. It carefully balances what the business does well or
what it can deliver that the others cannot. One of the well known
application Canva: Empowering the world to design is a example of USP.

Theory which relatesto thetopic

If we relate this study with any theory of mass communication( socia
learning theory) then “Social Cognitive Theory of Mass Communication”
proposed by “Albert Bandura” can be applied most efficiently as this
theory states about learning from the social environment where research
study will explore the perception of the audiences after watching the
female portrayal in the advertisement. Bandura posited that the process of
observational learning was governed by four key aspects. Attention,
retention, reproduction, and motivation. Attention is a process in which
people selectively observe and extract information from the ongoing
modeled acivities (Wood & Bandura, 1989). Retention involves a process
of “transforming and restructuring information in the form of rules and
conception” and store the information into memory. Reproduction is the
act of performing the actual behavior that was observed. The fourth aspect
concerns, motivation which propels the learner to attention, practice and
retention.

Because of major role of mass media plays in society, understanding the
psychosocial mechanism through which symbolic communication
influences human thought, affect, and action is of significant import.
Socia cognitive theory provides a dynamic conceptual framework in
which the researchers examine the determinants and mechanism of such
effects. Human behavior has often been explained in terms of
unidirectional causation, in which behavior is shaped and controlled either
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by environmental influences or by internal dispositions. Social cognitive
theory explains psychological functioning in terms or triadic reciprocal
causation (Bandura, 1986). In this transactional view of self and society,
personal factors in the form of cognitive, affective, and biologica events;
behavioral patterns; and environmental events all operate as interacting
detriments that influence each other bidirectional. This interaction is
demonstrated by the construct called reciprocal determinism. In simple
language this theory suggests that humans learn behaviors by observing
others and choosing which behavior to imitate. Behavior that are rewarded
are more likely to be repeated as compared to the behavior that are
punished are less likely to be repeated.

I ndecent Role of Women in Advertisement

There has been advertising campaigns where there has been a decent
portrayal of women and they have been very successful too like Titan,
Raymond‘s, jewellery advertisement, cosmetic advertisements like
L‘Oreal etc but at the same time these have showed that the involvement
of women with fair skin and perfect body will take away the cakein al the
areas. On the other hand few advertising gurus believe that in some of the
brands the so called skin show and bold projection of women plays an
important role in brand recognition.

Women representations through advertisements are seem in so many
different prospects, role of women in advertisement are vary according to
need and scenario, somewhere they are portrayed as house maker,
somewhere working women, sometime just to fill the space or as
decorative image and sometimes as a freewheeler. Portraying women in
advertisement is good in all terms until image of women’s are not shown
derogatory because this influence the society in so many different ways.
Women advertising redefine women attractiveness as something that is
away from natural. There are advertisements where the females are shown
in bad light. They are clad in skimpy clothes even when their presence in
the advertisements has no relevance with the brand.

Obscenity in Advertisement

The article here talks about the obscenity and vulgarity being depicted in
the ads through various mediums of selling a product. Unfortunately there
have been instances that have shocked the public conscience and have
subsequently been banned on the grounds of public decency and morality.
The article talks about various advertisements that have crossed the verge
of indecency and in a country like India where holding hands in public is
considered an embarrassment for the people walking around where the
their eyes are watching and few eyes are just stealing and hiding away
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because of the same reasons, displays such indecent and obscene visuals.
Decency in advertisements also invokes the concept of media ethics®,
which aims at making the advertisers more responsible by infusing the
aspect of morality into the advertising sector.

Role portrayed by women in Indian TV advertisements

The Role portrayed by women in Indian TV advertisements is divided
under four sub categories like Women in Family role, Women in Working
role, Women in Decorative role and Women as Free wheeler. The
decorative role of women is again divided in to two parts; women Concern
for look and beauty and women as Sex object.

A. Women in working role

In the present study the category of women in working role includes the
portrayal of women as professionas like doctors, lawyers, politicians,
sportsperson, interviewer, model or in any other profession, which is
considered to be of a professiona nature (but not shown as
experts/spokespersons, as the study has a different category for this) and
whose main focus is on work related activities. The advertisements in
which women are attending meeting, working in her workplace, having
the presentation, addressing the public, taking interviews, shown in
professional dress are considered as working.

B. Women in family role

Representation of women in family role, which includes the role of
woman in advertisement as wife, mother, daughter, daughter-in-law, and
other relationship roles, busy in taking care of the health and hygiene of
the family members .Showing women performing domestic tasks and
using household products in their homes is not objectionable. Housewives
are often shown as incapable of performing simple tasks, and dependent
on male advice. They are alowed to take decision only for detergents,
spices, soap, hygiene, cleaning etc, but for the decision of the high value
products like cars, loans, shares, men are shown as the decision makers.

C. Women in decorativerole

The decorative role is more difficult to identify, but conducting an analysis
it makes clear that female characters were used for fulfilling the decorative
character in ads like Gillette shaving gel, Emami Fairness cream,
Raymond and VI John Shaving Cream. In VI John Shaving Cream young
women come aong throughout the ad only to amuse the men while having
the shave. Similarly the women’s presence in other product is not
justifiable. In the masculine product ads mostly the featured women have
no relation with the product, nor is she capable of inducing the men to buy
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the merchandise. Her character is put down solely to entertain the
audience.

D. Women in multi roles

Multiple roles of woman in the present study are role of a woman in an
advertisement who can think independently without taking the help of
others. She is the independent decision maker; she does what she wants to
without thinking what the other people would be thinking about her.
Sometime she is portrayed as the boss and has dominant role portrayal
over man. Women in advertisements are pushing the ambulance out of the
pit, helping her husband to follow the traffic rule, raising voice against
corruption and eve teasing, being the boss who can order her husband to
meet the deadline.

Conclusion

Women in our society are shown are shown as doing so many roles a a
time. The advertisers around us should also show women in such a decent
way. As women are been portrayed in Indian advertisements as the
advertisers are portraying them the real issues like upliftment for the rights
women, for the awareness among the people for their rights and
empowering them are left out. Mediais astrong as it power isto influence
the masses and people around globe. For shaping the today’s scenario
media plays the vital role. As we know every age of people are going
towards media now-days rapidly either it is print media or electronic
media. The tendency of advertisers to presenting women as sexual
commodity and portraying them passively shows women dependency
towards society, showing them in advertisement just to fill the space is not
what equality is. The overall results indicate that the portraya of females
in most of the advertisements is unnecessary and needless. The females
are used as an attractive and eye-catching element of the advertisement
having the function of capturing the attention of viewers. However, some
advertisements focus on the erotic side and depict women in such a
manner which hurts the culture and balance of the society. These
commercias are uncaled for in Indian homes where the family usually
watches TV together. The negative representation of women gives a bad
message to the younger generations and such cheap portrayal of women
must be avoided by the content creators. The advertisers must be more
responsible and must highlight women in such a manner that addresses the
real issues of the society like abolition of gender discrimination, social
status enhancement of women, political equality, health, sanitation and so
on. Only focus on rea issues through advertisements can lead to a
balanced and fair society.
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Abstract

Artificial Intelligence (Al) is transforming the nature of amost
everything which is connected to human life eg. employment,
economy, communication, warfare, privacy, security, ethics, healthcare
etc. We are yet to see its evolution in long-term, whether it is leading
humanity towards making this planet a better place to live or a place
which is full of Artificia Intelligence induced disaster. Every
technology has its advantages and disadvantages but advantages should
aways outweigh disadvantages for the technology to survive in the
market and render benefits to mankind. Evolving scenario dictates that
machines are going to play a pivotal role in the various facets of human
life, where the scope for implementation and manipulation by/through
artificial intelligence will be exponential. This modern renaissance of
machine interaction brings a lot in terms of economics and trade but
adopting to this technological upsurge without giving a strong
legislation can prove to be disastrous.

Key words: Artificial Intelligence, technology, machine interaction.
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Literature Review

The father of Artificial Intelligence, John McCarthy states a definition for
Al which says that “Artificial Intelligence is the science and engineering
of making intelligent machines, especially intelligent computer programs”.
Artificial Intelligence (Al) is intelligence exhibited by machines. In
computer science the field of Al defines itself as the study of “intelligent
agents”. Generally, the term “AI” is used when a machine simulates
functions that human’s associate with other human minds such as learning
and problem solving.

The two major approaches that has been developed for the regular Al
system are: “top down” approach which started with the higher level
functions and implemented those, and the “bottom up” approach which
looked at the neuron level and worked up to create higher level functions.

Artificial intelligence (Al) is an area of computer science that emphasizes
the creation of intelligent machines that work and react like humans. Some
of theactivities computers with artificial intelligence are designed for
includes:

e Speech recognition
e Learning

e Planning

e Problem solving

Artificial intelligence (Al), also referred to as machine intelligence. The
term "artificia intelligence" is often used to describe machines (or
computers) that mimic "cognitive" functions that humans associate with
the human mind, such as"learning” and "problem solving".

Artificial intelligence can be classified into three different types of
systems: analytical, human-inspired, and humanized artificial intelligence.
Analyticd Al has only characteristics consistent with cognitive
intelligence; generating cognitive representation of the world and using
learning based on past experience to inform future decisions. Human-
inspired Al has elements from cognitive and emotional intelligence;
understanding human emotions, in addition to cognitive elements, and
considering them in their decison making. Humanized Al shows
characteristics of all types of competencies (i.e., cognitive, emotional,
and social intelligence), is able to be self-conscious and is self-awarein
interactions with others.
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Al Implementation & Benefits

Artificial intelligence has become a crucia part of dailly human lives today
and it assstsin almost every scenario — whether oneredlizesit or not.

1-

Automated customer support

Online shopping experience has been greatly enhanced by chatbots because
of the following reasons:

e They increase user retention by sending reminders and
notifications.

e They offer instant answers compared to human assistants, thus
reducing response time.

e Chatbots provide upselling opportunities through personalized
approach.

Per sonalized shopping experience
Implementation of artificial intelligence makes it possible for online
stores to use the smallest piece of data about every follower/customer

and link or hover to personaize their experience on a deeper,
comprehensive and interactive level.

Healthcare

Al-enabled workflow assistants are aiding doctors free up ther
schedules, reducing time and cost by streamlining processes and
opening up new avenues for the industry.

Finance

Collaboration of finance industry and artificia intelligenceis a perfect
match. The financia sector heavily relies on real-time reporting,
accuracy, and processing of large volumes of quantitative data to make
crucia decisions.

Smart carsand drones

Autonomous vehicles are the most recent and prime examples of
how artificia intelligence isimpacting the automotive industry. A large
segment of autonomous vehicles are connected and thus, able to share
the learning with each other. This percentage is set to increase rapidly
in the future and emerging as one of the most glaring example of Al
implementation

Travel and navigation

In both travel and transportation industries, Al is steadily becoming one of
the key tools for service providers as well as users, enabling users to
venture alien geographic aress.
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7- Social media

The fact is, when one is using socia media, a mgority of their
decisions are being influenced by artificia intelligence.

The role of artificial intelligence becomes even more important when
the amount of content increases in the platforms since then, it becomes
even more difficult to show users accurate information while fighting
spam and improving user experience. In such cases, Al can act as a
great boon.

8 Smart homedevices

Al has exceptionally established the term “smart home”. A significant
number of smart home devices that you buy use Al to learn your
behavior so that they can adjust their settings automaticaly to make
your experience as frictionless as possible. These smart home devices
are controlled by usingsmart voice assistants, which are prime
examples of Al.

9- Creativearts

Al-powered technologies are inspiring new songs now. Based on inputs
gathered from millions of newspaper headlines, conversations, and
speeches, insights are gleaned that can help musicians create themes.

10-Security and surveillance

Technologies like facial recognition and voice recognition are getting
better with each passing day.

Apart from these applications, there’re many others like Al-powered robots
capable of thinking and solving problems in a limited capacity,
increasingly adopted Al-powered marketing tools that can help marketers
generate in-depth customer insights reports, book more impactful business
meetings, and create pertinent content, among others. And al these are
being done with minimal human intervention.

IsIt! Implementation or Manipulation

Like any revolutionary idea or technology, Artificial Intelligence when
widely implemented is also open to and or susceptible to be used as an
instrument for manipulation, to achieve unethical objectives.

There is no denying of the fact that Artificial Intelligence and its highly
diversified application and implementation is inevitable and indisputable,
thus emerging as an instrument/technology/tool that cannot be ignored or
shielded from. However, with innumerabl e interactions/transactions taking
place between humans and artificial conversational agents, or bots, thereis
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an emerging immediate risk—as well as tremendous opportunities. These
unending and highly diversified interactions taking place between humans
and artificial intelligence carriers has revealed that human beings are more
than willing (voluntarily or involuntarily) to form a relationship with
Artificial Intelligence (software). Humans are ready and willing to enter in
a relationships with artificial agents, provided however, that they are a
sophisticated build, capable of complex personalization. Humans seem to
perceive and alure to the illusion that the Al truly cares about us or isin
our interest/benefit. It is this perception/willingness of humans that
exposes them to manipulation. It has been widely observed that Users
spoke to the automated assistants longer than they did to human support
agents performing the same function. People would volunteer deep secrets
to artificial agents, like their dreams for the future, details of their love
lives, even passwords. These deep bonds/rel ationship/engagements entail
that today’s relatively simple/primitive programs can exert a significant
influence on people—for good or evil.

Arguably, it has been observed that Artificial intelligence has been used to
manipulate individual voters. During the 2016 US presidential election,
the data science firm Cambridge Anaytica rolled out an extensive
advertising campaign to target persuadable voters based on their
individual psychology.

This highly sophisticated micro-targeting operation relied on big data and
machine learning to influence people’s emotions. Different voters received
different messages based on predictions about their susceptibility to
different arguments. The paranoid received ads with messages based
around fear. People with a conservative predisposition received ads with
arguments based on tradition and community.

This was enabled by the availability of rea-time data on voters, from their
behavior on socia media to their consumption patterns and relationships.
Their internet footprints were being used to build unique behavioral and

psychographic profiles.
Every voter can be sent atailored message that emphasizes a different side

of a particular argument. The key is simply to find the right emotional
triggers to spur each person into action.

Al can be used to manipulate public opinion. Massive swarms of palitical
bots were used in the 2017 general election in the UK to spread
misinformation and fake news on social media. The same happened during
the US presidential election in 2016 and several other key political
elections around the world.
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These bots are autonomous accounts that are programmed to aggressively
spread one-sided political messages to manufacture the illusion of public
support. This is an increasingly widespread tactic that attempts to shape
public discourse and distort political sentiment.

Typicaly disguised as ordinary human accounts, bots spread
misinformation and contribute to an acrimonious political climate on sites
like Twitter and Facebook. They can be used to highlight negative social
media messages about a candidate to a demographic group more likely to
vote for them, the idea being to discourage them from turning out on

Election Day.
Conclusion

Control Mechanism

In order to ensure that Artificial Intelligence functions within the defined
ethical framework, it is imperative that a robust control mechanism is
established, that unequivocally ensures that Al does not infringe the
ethical mandates so defined.

Every control mechanism entails a strong legisation that comprehensively
prohibits the application/usage of artificial intelligence for achieving
ulterior motives, or motives other than those publicly defined. A
legidation as strong as the legislation that universally prohibits human
cloning or one that restricts the application of nuclear energy for
destructive purposes is needed or restrictions on enrichments of weapons
grade uranium.

Working on open artificial-intelligence technology and brain-computer
interfaces, or forming ethics committees, are just part of the solution. We
need to consciously build systems that work for the benefit of humans and
society. Systems that are free from addictive traits, and that clicks, and
consumption is not their primary goal/agenda.

"Al will always seek to avoid human intervention and create a situation
where it can't be stopped,” says Rachid Guerraoui, a professor at EPFL's
Distributed Programming Laboratory and co-author of the EPFL
study. This in turn implies Al engineers/designers must strive to ensure
that a system is put in place that is capable of preventing machines from
eventually learning how to circumvent human commands or a human
induced command that delegates Al the mandate to circumvent human
commands for ulterior purposes.

Al is growing up, and will be shaping the nature of humanity. Al needs a
mother.
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Abstract

Deshpande’s novels, situated in the crest of the Second Wave
Feminism that swept literary writing globaly, present to us a vivid
picture of the Indian upper middle class. Her first, titled The Dark
Holds No Terrors, is a psychological exploration of decades of
silencing and subjugation that typically befell women as their lot. This
paper attempts a close reading of the novel to examine the pitfalls and
triumphs of the author’s and her female protagonist’s pragmatic,
working philosophy of feminism. In doing so, we may tune into the
ambivalence of women’s silences and self-effacing attitudes,
entrenched in the country’s social mores, and how their treatment in
literature has laden them with new meanings. From motherly ideals to
hopes of self-sufficiency in a rapidly modernizing nation, Sarita’s is a
story rife with the frustrations encountered by the educated middie
class Indian woman as she dares to have her own dream.

Keywords: Indian feminism, Indian writing in English, motherhood in
Indian literature, subjugation of women, New Woman
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Published in 1980, The Dark Holds No Terrors (abbreviated to TDHNT
hereafter) is a novel much adored by the author herself, standing amidst
Shashi Deshpande’s most notable creations. Through the omniscient
narrator’s first-person vantage point of Sarita’s life, this work delves into
the psychological and emotional aspects of parent-daughter relationships,
exploring the themes of identity, societal expectations and the impact of
familial bonds on individual lives. Beginning at the point of Saru’s return
home upon her mother’s death, the novel, in an almost Odyssean strain,
resorts amply to analepsis to evoke the perilous journey she has taken,
metaphorically speaking, to be able to do so.
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In her own words, Deshpande’s major influence in fictional writing
has been Virginia Woolf, who urged upon the need for a distinct linguistic
mode of writing as a woman that would later be termed écriture feminine'
and yet, this famously reticent author rejects the premise of writing as a
feminist. Albeit the primacy of the ordinary woman’s perspective in her
oeuvre cannot be overstated, it is this caution and scepticism that informs
Deshpande’s characterization. The resulting despondency of her novels
looms as a grim spectre of the entrenchment of repressive social norms
and practices, resisting the utopian tendency of fiction to imagine a
woman-ordered world.

TDHNT unfolds through alternating perspectives, it seems, of the
divided selves of its protagonist, “so divided in herself” (105) who has
refused to bow down to the patriarchal authority of her birth-home, and
yet finds herself caught in another vicious circle of corrosive entrapment.
The long shadow that Saru’s dead mother casts on her appears to doom
her to a similar fate of silence and self-erasure in marriage as it was in
girlhood. While the narrative willfully strives towards a recovery of an
identity of her ‘self’ beyond her placing as the ‘Other’ to her brother,
husband and other figures in Sarita’s life, it keeps being driven into
corners that make her question her agency and self-sufficiency.

Self-Erasureand Control: An Illusion?

“Coming out of the darkness and going into the darkness” (194) as it were,
encapsulates the whole lives of the women dealt with in Deshpande’s
works. This novel’s title alludes to the comfortable familiarity of darkness
for women who are forever, in traditional Indian society, accorded status
and identity as appendages to men. It is not that the women here aren’t
willful or driven to action, but that the futility, or more appropriately, the
Sisyphean pursuit of their self-empowerment is what haunts them.

But Sarita is no damsel in distress. Despite being presented an
impossible choice of either being financially supported for her higher
education or marriage, she decisively makes her own life by not only
following the career path she deemed fit but also marrying for love. What
forms the moving core of the novel is that in spite of her determination
and constant struggle, she is overcome by a feeling of ‘nothingness’.
While this negligent suppression began at the hands of her parents whose
utter negligence of her was presented in the light of their preference for
the male child, the apple of their eyes, Dhruva, it comes to define her
amost completely when Sarita can derive no meaning from either her
romantic relationship or her profession.

! Cixous, Helen. “The Laugh of the Medusa,” New French Feminisms. Elaine Marks and
|sabelle de Courtivron, eds. 1981.
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As her mother eked out a quiet existence without “a room of her
own” and stuffed herself into tiny corners and knickknacks, so does Saru,
in sharp contrast with her youthful rebellion that led her down the path of
self-determination and career ambition. Both women contend with the
same age-old monster- the lack of space for a multifaceted feminine
existence that allows for reconciliation of their different responsibilities
and desires. As Woolf famously mentioned in her essay, that what her
name is isn’t “a matter of any importance,”” because it remains a universal
plight of women and their erasure from literary, canonical, public and as
we see, even private spaces.

Sarita’s own room, which had been a sanctuary to her own little
brother in her comforting presence, upon her return, is found to be rented
out to Madhav, and her traces all but erased from her parental home. The
symbiotic cohabitation exemplified by him and Saru’s father leaves no
gpace for her, and easily fills the gap left by her mother, as if she was
never there to begin with. This is a testament to the formidable structures
of homosocia bonds that subsume gender relations and even organize
them to serve their own ends. The easy, natura harmony Saru sees
between these two men reminds her of the companionship her own parents
could never find among themselves, despite being married for decades. It
is a “partnership” and “understanding” (Deshpande, 33) that is only a male
prerogative, and not the lot of married women who are taught the lesson of
unequal partnerships where the scales are perpetualy tilted in the favour
of the husband.

Her doctor’s cabin, which she could have made a room of her own
of, serves to only help her escape herself and step into the shoes of a
professional armed with a script, in her own words, a ventriloquist