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ABSTRACT

Pharmaceutical suspensions are a type of solid-liquid dispersion that is defined as a heterogeneous
biphasic liquid dosage form of drug in which the external or continuous phase is usually a liquid or
semisolid, and the internal or dispersed phase is made up of particulate matter that is insoluble in the
continuous phase but dispersed through it. The current study covers a variety of topics related to
suspensions, including classification, theories, sedimentation behavior, and techniques for forming
floccules, suspension formulations, stability. This article provides a straightforward and accurate
exposition of essential topics in pharmaceutical suspension for students and young researchers.

Keywords: Pharmaceutical suspension; Solubility; Dissolution; Bioavailability

INTRODUCTION

Pharmaceutical suspensions are biphasic liquid dosage forms where the inner phase is distributed homogeneously in
the outer phase (dispersion medium). The suspensions inner phase (dispersed phase) is made up of immiscible solid
particles with a size range of 0.5 to 5.0 micron that is sustained consistently in the suspending vehicle by the use of a
particular or mixture of the suspending agent. For non-oral usage, the dispersion medium is normally aqueous,
although in some cases it may be an oily or organic liquid [1]. When the ideal suspension’s container is gently
shaken, it can settle slowly and disperse easily. The suspension must spill out of its container readily and uniformly.
Chemically, it should be inert. It does not make a cake of the scattered particles. It should not contain large particles
which, when applied externally, ruin its shape and give a gritty taste to oral preparations and also cause irritation to
susceptible tissues. Preferred characteristics in suspensions such as dispersed solid particles should not be quickly
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sedimented and sediment formed, simply re-dispersed with moderate shaking. It must be simple to dispense, but not
watery or gummy. It must have a good scent, color, and taste. It needs to be stable microbiologically, chemically, and
physically. The sterilizable ophthalmic and parenteral suspension must be required. The advantages of
pharmaceutical suspensions like chemical stability of certain drugs can improve by the suspension, example like
Procaine Penicillin G. The rate of bioavailability of suspended drugs is higher than that of the bioavailability of other
dosage types in the order mentioned: solutions > suspensions > capsules > compressed tablets > coated tablets. It is
possible to regulate the onset and duration of action, eg. Protamine Zinc-Insulin suspensions. Bitter/unpleasant taste
of drug can mask in suspension form. Eg. Chloramphenicol [2]. Disadvantages are problems may be caused by
sedimentation, compaction, and physical stability. At the time of transport and handling, it is cumbersome, adequate
care should be taken, it is not simple to prepare. The precise and uniform dose cannot be accomplished except
suspension is packaged in unit dose [2].

Application of Suspension is generally appropriate for drugs that are poorly soluble or insoluble, example such as
Prednisolone suspension. To avoid drug deterioration as well as to get better drug stability, example such as
Oxytetracycline suspension. To coat the drug’s bad taste, example such as suspension of Chloramphenicol palmitate.
Suspension for topical application may be formulated example such as Calamine lotion. In regulate to monitor the
drug absorption rate, Parenteral Suspension may be formulated. Suspension can be formulated in the form of
Vaccines as an immunizing agent, example such as Cholera vaccine. Suspension can also be formulated as X-ray
contrast agents, example such as Barium sulfate for examination of the alimentary tract [2].In this article, authors
covered all study related to pharmaceutical suspension like classification, theories, sedimentation behavior, and
procedures for producing floccules, suspension formulations, stability that will be useful for all students and
research scholars who wants to increase the solubility, dissolution and bioavailability of poorly soluble drugs and
dosage forms can also be used as a sustainable release of drug for good health and well being.

Classification of Pharmaceutical Suspensions

Pharmaceutical suspensions are classified on the basis of universal classes like oral suspension, parenteral
suspension, ophthalmic suspension, topically applied suspension. On the basis of the percentage of solid particles
like concentrated suspension (50%w/v solid), dilute suspension (2 to10%w!/v solid). On the basis of the electro-kinetic
character of solid particles like Non-flocculated suspension, flocculated suspension. On the basis of the size of solid
particles like nanosuspensions (10 ng), coarse suspensions (>1 micron), colloidal suspensions (< 1 micron).

Oral Suspensions

These suspensions are administered orally by the patient. Suspensions used orally commonly consist of a sweetening
agent and flavoring agent to mask the unpleasant taste of the drug. Nowadays suspensions are accessible in the sell-
in dry powder form and these are reconstituted by the addition of the specific amount of recently boiled and cooled
water before use e.g., for pediatric use antibiotics in suspension form.

Parenteral Suspensions

The suspensions which are consumed by the parenteral route are known as parenteral suspensions. These
suspensions are essential to accomplish the following qualities: The drug particle size should be easily passed
through the needle of the syringe. During storage, there should be no crystal growth in the suspension. In the
suspension, solid particle concentration should be between 0.5 to 30%. The suspension viscosity should not interfere
with its flow through the syringe needle. The suspensions must be sterilized.

Ophthalmic Suspensions

As compared to eye drops ophthalmic suspensions are not generally used. These are formed only in those cases
when the drug is unstable in liquid form or immiscible in the desired solvent. These suspensions should complete
the following conditions: The eye suspensions particle size should be fined sufficient so that it should be non-
irritating to the eye. The suspensions must be sterilized. These suspensions must be isotonic. This must-have
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preferred viscosity. The suspension must be packed in an appropriate container so that it can be simply instilled into
the eye.

Suspensions for External Use

These suspensions are used externally e.g. ear drops, inhalations, lotions, etc. These suspensions contain extremely
minute particles to avoid grittiness. Lotion-containing suspended particles evaporate when applied to the skin
leaving a light deposit of medicament on the surface. Its simpler to spread lotions and less sticky than other external
semi-solid preparations. Calamine lotion is a suspension-type dosage form that is applied externally and provides a
protective effect. Lotions which are used for the treatment of skin that is damaged or inflamed must be free of
harmful microorganism.

Theory of Suspensions

Sedimentation behavior:

Sedimentation implies the settlement of floccules or particles in liquid dosage shape under gravitational force.
Sedimentation theory

Sedimentation velocity, represented by the Stokes equation,

2 —
V sed, = L) (1)
18no

_ 2r%(os—o0o)g
9Ino

Where, V sed. = rate of sedimentation (cm / sec), d = Particle diameter, r = Particle radius,

os= density of disperse phase, go= density of continuous phase, g = increase of rate due to gravity, 1= viscosity of
continuous phase (poise).

Stoke’s Equation can be written as:

V '= the velocity of fall at the interface (cm/sec), Vsed. = sedimentation rate as per Stoke’s low.
& = Primary system's porosity is expressed by first fraction volume of the equally mixed suspension varying to unity,
n = a constant for any device that measures the system's "hindering"

Factors affecting sedimentation:
Diameter of particle size (D). (V « d?)

The rate of sedimentation (v) and square particle diameter are directly proportional to each other.
The density difference between dispersed and continuous phase (p s — po)

Vo (0S — 00)  wovveeviniininnnns 3)

The density of the particle is typically higher than that of the continuous phase, but in some situations, it is
lower than that of the dispersed phase, so suspended particles float and are not easy to disperse consistently in the
medium.

The viscosity of continuous phase (H):
1
V x H_o
The sedimentation rate is inversely proportional to the continuous phase’s viscosity. If the continuous phase
viscosity increases, sedimentation decreases, allowing the particles to achieve a good dispersion method. But, as the
viscosity increases, issues such as re-dispersibility, pouring, and syringibility of suspension arise. Merits owing to the

viscosity of dispersion medium like higher viscosity prevent the transition of metastable crystals to stable crystals,
and it increases the suspension's physical stability and demerits like re-dispersibility of settling particles is slowed by
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high viscosity; higher viscosity also slows down the drug absorption. At the time of production higher viscosity
often causes issues in material handling [3].

Sedimentation parameters:
Three essential considerations for sedimentation are measured:
For flocculated suspensions sedimentation volume (F) or height (H)

The ratio between the final sediment volume (Vu) and the initial sediment volume (VO) before settling is known as

the volume of sedimentation.
=W

o @)

Where,

Vu = ultimate or final sediment volume, Vo= initial suspension volume before settling.

Often ‘F’ is interpreted as ‘Vs’ and as a percentage expressed. Similarly, the volume is determined by a measuring

cylinder.
_ Hu

F=oo ®)

Where,

Hu= ultimate or final sediment height, H o= before settling initial suspension height
Settling of flocculated and deflocculated suspensions is depicted in figure (Figure 1) [4].

Sedimentation behavior of flocculated and non-flocculated suspensions:

Flocculated suspensions

Due to a rise in the dimension of the settling particles, produced loose aggregates (flocs) will source a rise in
sedimentation velocity in flocculated suspension. As an effect, flocculated suspensions resolve more quickly. The
sedimentation here is influenced by the dimension of the loose aggregates as well as by the flocs porosity. The free
structures of the quickly sedimenting flocs continue to keep in the sediment in flocculated suspension, which
includes a considerable quantity of trapped fluid. As a result, the final sediment volume is comparatively high and
agitation will easily disperse it.

Non-Flocculated suspensions

Individual particles in a non-flocculated suspension settle slowly, preventing the liquid medium from being
entrapped, making it complex to re-disperse by shaking. This occurrence is as well known as ‘claying’ or ‘cracking’.
Larger particles sediment rapidly in non-flocculated suspensions, while smaller particles remain in the supernatant
liquid, resulting in cloudy supernatant, while in flocculated suspensions, even the least particles are included in
flocks, resulting in cloudless supernatant. Sedimentation performance of non-flocculated and flocculated suspension
is depicted in figure 2 [4] and a comparison between flocculated and non-flocculated suspension are described in
table 1 [4].

Techniques of floccules formation:

The various techniques for forming floccules are listed below:

Electrolytes

Electrolytes reduce the electrical barrier among the particles as well as carry them simultaneously for floccules
formation. They decrease the zeta potential to near zero, resulting in the creation of a bridge between neighboring
particles, which outline them simultaneously in a freely ordered formation. Electrolytes work as flocculants by
lowering the electric barrier among particles, as demonstrated through reducing in zeta potential and the creation of
a link among closest particles, linking them simultaneously in a freely organized formation. As we dissolve bismuth
subnitrate particles in water, the system is peptized or deflocculated based on electrophoretic mobility potential due
to the strong repulsion force among closest particles. By making a sequence of bismuth subnitrate suspensions with
rising concentrations of monobasic potassium phosphate, the relationship between sedimentation volume, apparent
zeta potential, flocculation, and caking can be confirmed (Figure 3) [5,6].
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Surfactants

Surfactants, both non-ionic and ionic, are used for suspended particle flocculation. The optimal concentration is
essential for the reason that these compounds as well work as wetting agents to reach dispersion. Surfactants reduce
surface free energy by lowering the interfacial tension between the solid particles and liquid medium at optimum
concentrations. This reaches to produce tightly packed agglomerates. The particles with the lowest surface free
energy are drawn to each other by vanderwaals forces, forming flocs.

Polymers

Polymers' structures are made up of long chains. The long-chain is adsorbed on the particle surface, with the
remainder projecting out into the continuous phase. The formation of loose aggregates is also caused by bridging
between these later sections.

Liquids

When enough liquid is there to shape the connection, a dense agglomerate is produced, similar to the granulation of
powders. The force performing to keep the particles together is determined by the interfacial tension in the link's
segment. Hydrophobic liquids can be used to flocculate hydrophobic solids.

Formulation of Pharmaceutical Suspensions

Structured Vehicle:

The word "structured vehicle" is more essential for formulation as well as stability requirements when it comes to the
need for a stable suspension. The key drawback of the suspension formulation is restricted its use in regular practice
is its long-term stability. The word "structured vehicle" has become important in overcoming or reducing this
problem to some degree. Under the static condition of very low shear on storage, the viscosity of the preparation
approaches infinity in the structured vehicle. The vehicle functions as a ‘false body," allowing particles to remain
suspended in a less or more stable state. It is understandable that the idea of a "structured vehicle" applies only in
deflocculated suspensions, in which a hard cake forms owing to solid particle sedimentation and must be quickly
and uniformly re-dispersed at the time of administration. Since settled floccules are easily re-dispersed when shaken,
the Structured Vehicle definition does not apply to flocculated suspension. In general, the idea of a Structured
Vehicle is not applicable for parenteral suspensions as the high viscosity can cause problems with syringe ability.
Structured vehicle preparations Hydrocolloids are used to create structured vehicles. They first hydrolyzed and
swelled to a large extent in a particular medium, enhancing viscosity at lower concentrations. It also can work as a
'Protective colloid' along with stabilizing charge. Glycerin, sugars, polyvinylpyrrolidone, and polyethylene glycols
can all help to increase the density of structured vehicles.

Further Formulation Components:

Formulation Components are mentioned in table 2 [6].

Flocculating agent

The solid particles in suspensions are well distributed in the dispersion medium, which is the vehicle. A surfactant
that serves as a flocculating agent may be added to increase the dispersion. The flocculating agent works by lowering
surface tension, which improves solid dispersion and reduces flocculation e.g. Tweens, sodium lauryl sulfate, spans,
and carbowaxes, etc. are commonly used as a flocculating agent.

Wetting agents

These are compounds that decrease the interfacial stress between the liquid medium and solid particles, resulting in
a high-quality suspension. This can be accomplished by incorporating a suitable wetting agent that is adsorbed at the
solid/liquid interface, increasing particle affinity for the surrounding medium while decreasing inter particular
forces, for example, glycerin in sodium alginate or bentonite dispersion, alcohol in tragacanth mucilage, and
polysorbate in oral and parenteral suspensions.

Thickening agents

These are hydrophilic colloids that form colloidal dispersions with water and increase the viscosity of the dispersion
medium, allowing solid particles to stay suspended in it for long enough to calculate an accurate dose uniformly.
The thickening agents used to stabilize suspects are classified into three major group polysaccharides, inorganic
agents, and synthetic compounds. Two types of polysaccharides are used nowadays these are natural polysaccharide
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like gum acacia, tragacanth, starch and sodium alginate another polysaccharides type is semi-synthetic example like
methyl cellulose, sodium carboxymethyl cellulose and microcrystalline cellulose. Examples of inorganic agents are
clay and aluminium hydroxide. Examples of synthetic compounds are carbomer and colloidal silicon dioxide.

Osmotic Agents

When a suspension is proposed for injectable or ophthalmic preparation, they are used to create osmotic pressure
similar to biological fluids. Mannitol, dextrose, and sorbitol are the most widely used osmotic agents in ophthalmic
suspensions. Sodium chloride, sodium sulfate, mannitol, dextrose, and glycerol are used in parenteral suspension as
tonicity-adjusting agents [3,6].

Surfactants

Surfactants lower the interfacial stress between liquid and drug particles, allowing liquid to enter drug particle
pores, displacing air, and ensuring wetting. Surfactants in the right concentration aid particle dispersion. Non-ionic
surfactants are mainly used, but ionic surfactants can also be used in some situations. Surfactants have the
disadvantage of having foaming properties. Furthermore, they have a bitter flavor. Surfactants like polysorbate 80
interfere with preservatives like methylparaben, lowering antimicrobial activity.

Hydrophilic Colloids

In one or more layers, hydrophobic drug particles are coated through hydrophilic colloids. This will give drug
particles hydrophilicity and make them easier to wet. Since the force of attraction is reduced, they induce suspension
deflocculation. Tragacanth, acacia, alginates, pectin, guar gum, wool fat, gelatin, egg yolk, Veegum, bentonite,
Methylcellulose, and so on are some examples.

Solvents

Glycerin, alcohol, polypropylene glycol, and polyethylene glycol are the most commonly utilized solvents. They
include wetting by being miscible with water and lowering the interfacial stress between liquid and air. Individual
particles are penetrated by liquid, which promotes wetting.

Buffers

To run into issues of stability All liquid formulations should have a pH of 7.0 or higher. The pH of the system affects
rheology, viscosity, and other properties. The pH range of 4-10 is stable for most liquid systems [3,4,6-8].

Flavoring and coloring agents

They're included to boost patient approval. There are several coloring and flavoring agents on the market. Color
selection should be linked to the flavor used to enhance the patient's attractiveness. Since only sweetening agents are
incapable of fully masking the taste of unpleasant drugs, flavoring agents are used. The product can be identified by
its color [2,3,6,9].

Antioxidants

Appropriate antioxidants are used as follows:

Ascorbic acid derivatives like sodium ascorbate, erythorbic acid, ascorbic acid. Thiol derivatives like cysteine,
thioglycerol, acetylcysteine, dithioerythritol, cysteine, glutathione, dithiothreitol. Tocopherols, Butylated hydroxyl
toluene (BHT). Butylated hydroxyl anisole (BHA). Sulfurous acid salts like sodium bisulfite, sodium sulfate, acetone
sodium bisulfite, sodium sulfite, sodium metabisulfite [10].

Preservatives

Microbial contamination is a risk of naturally occurring suspending agents like xanthan gum, acacia, and tragacanth.
If the suspension is not correctly maintained, then enhancement in microbial activity can lead to problems with
stability, such as color loss, suspension activity loss, odor, and changes in beauty, tastes, and so on. Lower pH
increases antimicrobial activity [3-7].

Stability of Suspensions

With mild shaking, a stable suspension can be homogeneously redispersed and easily poured during its shelf life.
Pharmaceutical suspensions that are flocculated, or in which the suspended particles are physically bonded together

42563



http://www.tnsroindia.org.in

Indian Journal of Natural Sciences % www.tnsroindia.org.in ©1JONS
Vol.13 / Issue 72 / June / 2022 International Bimonthly (Print) ISSN: 0976 — 0997

Dinesh Kumar Sharmaet al.

to make a free, semi-rigid structure, are the most stable. The deflocculated suspension can be stabilized by reducing
the suspended material's particle size or raising the vehicle's density and viscosity.

For evaluation of the stability of suspensions the methods mentioned below are widely used to assess suspension's
physical stability.

Sedimentation method

Sedimentation means the settling of particles or floccules that occurs under gravitational force in the liquid dosage
form. The measurement of sedimentation volume is the most important parameter in the evaluation of the stability
of suspensions. It is determined by keeping a measured volume of the suspension in a graduated cylinder in an
undisturbed position for a definite time and noted the ultimate height (hu) of the sediment and the initial height of
the total suspension. The sedimentation volume F is the ratio of the ultimate height and initial height (hu/ho). The
sedimentation volume can be plotted against time. The graph indicates the sedimentation pattern of suspension on
storage. A stable suspension shows the horizontal or less steep curve. The evaluation of redispersibility can also be
determined by shaking the suspension and again find out sedimentation volume (hu/ho).

Rheological method:
Using a high-quality viscometer, the suspension viscosity is measured at various time intervals. It provides valuable
information about suspension stability.

Electrokinetic method:

Determination of electric charge on the surface or zeta potential of suspension is useful to find out the suspension’s
stability. Definite zeta potential produces more stable suspension as controlled flocculation. The zeta potential can be
estimated using the electrophoretic method's particle migration velocities.

Micromeritic method:

The particle size of the dispersed phase determines the suspension's stability. The size of particles in a suspension
can increase, eventually resulting in lumps or caking formation. As a result, the difference in particle size with
respect to time will provide valuable information about a suspension's stability. Microscope and coulter counter
methods can be used to investigate changes in particle size distribution and crystal habit [11].

CONCLUSION

After reading this article we can conclude that this article is helpful for updating the knowledge of the
pharmaceutical suspension and this will be beneficial for the pharmacy students for getting complete information of
the pharmaceutical suspension. This article will be also useful for the research scholar who wants to prepare
suspension formulation as well as increase the solubility, dissolution rate, and bioavailability of low soluble drugs.
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Table 1. Comparison between Flocculated and Non-flocculated Suspension

Flocculated Suspension Non-Flocculated Suspension
Particles form flocs and make a structured network. The particle exists as a separate entity.
High sedimentation rate.

Sediment is quickly formed. Slow sedimentation rate.
Re-dispersion of sediment is simple. Sediment is slowly formed.

The sediment is loosely packed, thus, does not form a hard Re-dispersion of sediment is difficult.

cake. The sediment is closely packed, thus, forms a hard
Clear supernatant is obtained. cake.

The floccule sticks to the side of the bottle. Cloudy Supernatant is obtained.

Suspension is unpleasant in appearance. The floccule does not stick to the side of the bottle.

Suspension is pleasant in appearance.

Table 2. The following are the different components used in a suspension formulation

Components Function

API Active drug substances

Flocculating agents They are used to floc the drug particles

Wetting agents They are used to spread solids in the continuous liquid phase.

Thickening agents They are used to enhance the viscosity of the suspension.

Osmotic agents They are used to adjust osmotic pressure comparable to biological fluid.

Buffers and pH adjusting They are used to stabilize the suspension to a preferred pH range

agents

Coloring agents They are used to impart preferred color to suspension and develop
elegance.

Preservatives They are used to inhibit microbial growth.

External liquid vehicle They are used to construct the structure of the final suspension.
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ABSTRACT

The present research deals with the formulation and evaluation of 100 mg Herbal Dispersible Triphala
Tablet containing 60 mg of Triphala (Harida, Bahada, Amla 20 mg each) containing herbal excipients. The
method of selection of various herbal excipients, Drug excipient compatibility studies are done and 10
formulations of Herbal Dispersible Triphala Tablet are made. After preparing, in vitro evaluation, release
kinetic studies, and stability studies are done. Results declared that the F7 (Formulation 7) is selected as the best
formulation which producesbetter drug content capacity of 99.98 % and disintegration time of 2.06+0.34
minutes. So it is confirmed that the best formulation F7 (Formulation 7) can produce anti-oxidant, anti-
inflammatory, antibacterial, and anti-viral activities. It can develop the immunity power of the body and
can prevent gastric, pneumonia, cancer, AIDS, and protect Corona Virus also.

Keywords: Herbal, dispersible, Triphala tablet, Immunity, AIDS, Corona Virus.

INTRODUCTION

Ayurvedic medicine is the World’s oldest medicinal system that was started in India by Acharya Chanaka 3,000
years ago who is called the Father of Medicine [1]. WHO has recognized the importance of traditional medicine to
provide essential care in 1989 [2]. It generated the concept that traditional medicines can be implemented for
diagnosis, cure, treatment, and prevention of diseasesand maintenance of health. Herbal medicines are conventional
medicines that are easier to dispense, easily available, stabilize hormones secretion and metabolism in the body,
provide strength to the immune system, having fewer side effects, and are cost-effective. Triphala is called polyherbal
medicine containing Harida, Bahada, and Amla in proper ratio [3], [4]. It can provide anti-oxidant, anti-
inflammatory, antibacterial, and anti-viral activities. It can develop the immunity power of the body and can prevent
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gastric, pneumonia, cancer, AIDS, and protect Corona Virus also. The oral dispersible tablet is the novel approach of
drug delivery system which led a new path in the formulation world [5]. It is cost-effective, a better onset of action
provides better therapeutic effects, reduces drug loss, and produces patientcompliance. The natural bioactive
agents are used in place of synthetic excipients because they are non-toxic, and easily available, and do not hamper
the therapeutic effects of the drugs [6]. The objective of the study is to formulate and evaluate 100 mg Herbal
Dispersible Triphala Tablet containing 60 mg of ( Triphala Harida, Bahada, Amla 20 mg each.) by using herbal
excipients. This herbal tablets are sustainable for good health and well being.

MATERIALS AND METHODS

Survey upon Drugs and Their Adequate Excipients
Various literature surveys have done about proper herbal ingredients for preparing the Triphala dispersible tablet.
[7-16]

Collection of Materials

The 100% genuine Ayurvedic herbal drugs and excipients without any colors, preservatives, or chemicals are
collected from the company “Indian jadibooti” Sales and Marketing Office, 60, C-58/4, SVC, Sector-62, Noida, Uttar
Pradesh, India, 201301. https://indianjadibooti.in.

Methods of Research Work
Different properties and uses of various excipients are taken in different ratios to formulate and evaluate Herbal
Dispersible Triphala Tablet are given in Table I [16].

Composition of Herbal Dispersible Triphala formulations:
10 formulations of dispersible Herbal Triphala Tablets are prepared that is represented in Table II.

Drug-excipient compatibility studies:

Drug-Excipient compatibility study is done at 45°C and 75% RH for 90 Days (Table I1I). Drug - excipients 1:1 ratio
were packed in 85mm HDPE bottles with an oxygen adsorbent, a molecular sieve, and a desiccant containing silica
gel with cotton as filler and made the compatible study.

Recovery of less compatible formulations:

In F2 by increasing the quantizes of Guggle (Binding agent) and decreasing the quantities of Corn starch (Glidant). In
F4 by increasing the quantizes of Corn starch(Glidant). and decreasing the quantities of Mangifera Indica Gum(Super
disintegrant).

In F8 by increasing the quantities of Corn starch and decreasing the quantities of Lactose (Diluents).

Final formulation of Herbal Dispersible Triphala Tablets:

Finally, 10 formulations of Herbal Dispersible Triphala Tablets are confirmed (Table IV).
Preformulation study:

The preformulation studies like flow properties, solubility were determined shown in Table 5.
Flow properties are studied of Herbal Dispersible Triphala formulations:

The following flow properties of the lubricated granules were evaluated (Table V).

Angle of Repose (O):

It was determined by using a funnel whose tip was fixed at a constant height (H) of 2.5cm from the horizontal
surface. The conical pile is generated by passing granules through the funnel. The radius of the conical pile is measured as
R (cm). It isdetermined with the formula;

The angle of repose (0) = Tan*! (height of pile /radius of the pile).
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Bulk density and Tapped density (g/ml):

The previously weighed granules (W) were placed separately into a graduated measuring cylinder and the initial
(bulk) volume (Vs) was noted. Then it is placed into Bulk density testing apparatus. The tapping rate is 200/minute.
It was recorded as the final (tapped) volume (V1) and various flow properties were calculated with the following
formulae.

Bulk density, pB = VKB Tapped density, pT = VKT

Compressibility Index:
It was calculated by using the following formula
Carr’s Index or Compressibility Index (Cl) =1 — z—i*loo

The CI value below 15% indicates the good flow of the powder and above 30% indicates poor flow property of the
powder.

Hausner’s Ratio:

It is calculated by the following formula;

Hausner’s Ratio= Z—;

Less than 1.25 indicates good flow property and above 1.25 indicates poor flow property of the powder.

Preparation of Herbal Dispersible Triphala Tabletsgranules:

Preparation of granules:

Thel0 formulations of Herbal Dispersible Triphala Tablets were prepared by the wet granulation method. The
composition of the tablet is mentioned in™2 The required ingredients were weighed accurately and passed through
40 mesh. The sieved materials were then mixed well in a polybag for about 30 minutes. The distilled water is mixed
slowly. The wet mass was granulated in the RMG granulator. The granules were then dried in a Retsch rapid dryer
at 60°C for about 60 minutes until the % LOD becomes less than 3%. The dried granules were then passed through 40
mesh and then lubricated by mixing with the lubricant (which was previously passed through 60 mesh) in a polybag
for about 15 minutes. The flow properties of the lubricated granules were determined.

Preparation of Herbal Dispersible Triphala Tablets

The lubricated granules were then compressed by using 16 station tablet compression machine (CADMACH) with 7
mm plane round-shaped punches. 10 formulations of Dispersible Triphala tablets are made of different
compositions.

The Post comprisal parameters of formulations of Herbal Dispersible Triphala Tablets:

The Post comprisal parameters like weight variation, hardness, thickness,% friability, disintegration time were
evaluated for all the prepared tablets. The drug content was determined for all the batches. Dissolution studies were
conducted for all formulations (Table VI).

Weight variation

Twenty tablets were collected randomly and the average weight and individual weight were calculated. The %
weight variation was calculated with the following formula.

%Weight variation= Average weight-individual weight/individual weight x100

Thickness
The thickness of the ten tablets was measured in mm by using Vernier calipers.

Hardness:
The hardness of the ten tablets was measured by using Varian V K200 Tablet Hardness Tested and is given in the
units of KP.

42569



http://www.tnsroindia.org.in

Indian Journal of Natural Sciences % www.tnsroindia.org.in ©1JONS
Vol.13 / Issue 72 / June / 2022 International Bimonthly (Print) ISSN: 0976 — 0997

Gayatri Behera et al.

Friability:

Ten tablets were carefully dedusted before testing and weighed accurately (Wo). The tablets were placed in the drum
of Roche Friabilator (USP). The drum was rotated 100 times at a speed of 25rpm. The tablets were collected, re-
dedusted, and accurately weighed (W1). It is calculated to form the following formula;

% Friability=1 — % 100

Disintegration Test:

The disintegration study was performed for Dispersible Triphala Tablets by using disintegration apparatus

Thermonik DT Tester (USP). For this water was used as the disintegration medium. 6 tablets were placed in 6 tubes

of the disintegration apparatus. The time (min) taken for the tablets to disintegrate was noted.

Determination of drug content of Herbal Dispersible Triphala Tablets:

Ten Dispersible Triphala Tablets were weighed accurately and then crushed well in a clean motor and pestle. 25mg

of the drug was weighed (Ws) and then transferred to a 100ml volumetric flask. 50mIl methanol was added and

sonicated for 5 minutes at 27°C. Then the volume was made up to 100ml using methanol (V4). From this 4ml (V5)

was transferred to a 100ml volumetric flask and the volume was made up to 100ml (V6) with 0.1N HCI (pH 1.2). The

flask was agitated for 5 minutes and then the sample was analyzed for drug content at 281nm using UV

Spectrophotometer. The drug content was calculated using the following formula (Table V1).

% Drug Content= 25 « X, Y2 V4 V6 , AW
AS Vi V3 WS V5 L

Where,

AS= Test absorbance

AS= Standard Absorbance

W= Weight of standard drug

V1= Volume of solvent added to the standard stock solution (100ml)

V2, V3= Dilution of the standard stock solution (4ml of stock solution diluted to 100mI with solvent)

AW= Average weight of the tablet (mg)

L= Label claim of the drug (100mg)

P = Purity of drugs.

* P

Accelerated stability study of Herbal Dispersible Triphala Tablets

10 Dispersible Triphala Tablets were subjected to accelerated stability studies at 45°C and 75% RH for 90 Days. The
tablets of SFMS were packed in 85mm HDPE bottles with an oxygen adsorbent, a molecular sieve, and a desiccant
containing silica gel with cotton as filler. The tablets were withdrawn after the stability period and evaluated for
physical and chemical changes (Table VII).

Release kinetic profile of Herbal Dispersible Triphala Tablets

The best fit with the highest determination R2 coefficients was shown by both zero-order models and the Higuchi
model followed by Korsemeyerpeppas which indicate the drug release via a diffusion mechanism (Table VIII). Zero-
order rate equations, which describe the system where the release rate is independent of the concentration of the
dissolved species. The Korsemeyerpeppas equation is used to analyze the release of pharmaceutical polymeric
dosage forms,

From the result, it was confirmed that all the formulations are following the Higuchi model which indicates the drug
release via a diffusion mechanism. The slope value from the Korsemeyer plots confirmed that the formulations are
following Fickian diffusion-

Selection of best formulation of Herbal Dispersible Triphala Tablets

According to the Accelerated stability study of lubricated granules and Post compressional parameters and
Accelerated stability study of compressed tablets, one formulation of Dispersible Triphala Tablets (F7) is selected
(Table IX).
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Accelerated stability study of best formulation of Herbal Dispersible Triphala Tablets

10 Herbal Dispersible Triphala Tablets were subjected to accelerated stability studiesat 45°C and 75% RH for 90 Days
(Table X). The tablets of SFMS were packed in 85mm HDPE bottles with an oxygen adsorbent, a molecular sieve, and
a desiccant containing silica gel with cotton as filler. The tablets were withdrawn after the stability period and
evaluated for physical and chemical changes.

In- vitro evaluation of formulations F7 as best formulation of Herbal Dispersible Triphala Tablets

The parameters like weight variation, hardness, thickness,% friability, disintegration time were evaluated for all the
prepared tablets. The drug content was determined for all the batches. Dissolution studies were conducted for all
formulations (Table XI).

Release kinetic profile of Herbal Dispersible Triphala Tablets

The cumulative drug release study of Dispersible Triphala Tablets in pH 6.8 phosphate buffer at 281 nm is done and
the graph is plotted. The cumulative drug release study of Dispersible Triphala Tablets in 0.1 N HCI at 281 nm is
done and the graph is plotted (Table XII).

RESULT AND DISCUSSION

Composition of Herbal Dispersible Triphala Tablet formulations:
10 formulations of Herbal Dispersible Triphala Tablet formulations are prepared by considering the properties of
various excipients (Table II).

Drug-excipient compatibility studies:
Drug-Excipient compatibility study shows F2, F4, F8 shows less compatibility by producing less flow ability (Tablet
.

Recovery of less compatible formulations:

Better compatibility is produced in F2 by increasing the quantizes of Guggle (Binding agent) and decreasing the
quantities of Corn starch (Glidant).

Better compatibility is produced in F4 by increasing the quantizes of Corn starch (Glidant) and decreasing the
quantities of Mangifera Indica Gum(Super disintegrant).

Better compatibility is produced in F8 by increasing the quantizes of Corn starch and decreasing the quantities of
Lactose ( Diluents).

Final formulation of Herbal Dispersible Triphala Tablets

Finally, 10 formulations of Herbal Dispersible Triphala Tablets are prepared (Table IV).

Preparation of Herbal Dispersible Triphala Tablets granules

The granulation of 10 formulations of Herbal Dispersible Triphala tablets was prepared by the wet granulation
method.

Preformulation study

The Preformulation studies like flow properties, solubility produce better results (Table V).

Preparation of Herbal Dispersible Triphala Tablets

The lubricated granules were then compressed by using 16 station tablet compression machine (CADMACH) with 7
mm plane round-shaped punches. 10 formulations of Dispersible Triphala tablets are made of different
compositions.

The Post comprisal parameters of formulations of Herbal Dispersible Triphala Tablets

Post comprisal parameters like weight variation, hardness, thickness,% friability, disintegration time produce a better
result (Tablet V1).
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Accelerated stability study of Herbal Dispersible Triphala Tablets
Accelerated stability shows better compatibility of all the 10 formulations (Tablet VII).

Release kinetic profile of Herbal Dispersible Triphala Tablets
The best fit with the highest determination R2 coefficients was shown in Table VIII.

The zero order plot shows R2 = 0.842 (Fig 1), The first order plot shows R2 = 0.986 (Fig 2), The Higuchi plot shows R?=
0.982 (Fig 3)

The Korsemeyer - Pappas plot shows R?=0.988 (Fig 4).

From the result, it was confirmed that all the formulations are following the Higuchi model which indicates the drug
release via a diffusion mechanism. The slope value from Korsemeyer Pappas plots confirmed that the formulations
are following Fickian diffusion-

Selection of best formulation of Dispersible Triphala Tablets

According to Accelerated stability study of lubricated granules and Post compressional parameters and Accelerated
stability study of compressed tablets one formulation of Dispersible Triphala Tablets. (F7) produce better drug
release and is selected as the best formulation (Table IX).

Accelerated stability study of the best formulation of Herbal Dispersible Triphala Tablets
Accelerated stability shows better compatibility (Tablet X).

The In -Vitro evaluation of the best formulation of Herbal Dispersible Triphala Tablets
The In-vitro evaluation like weight variation, hardness, thickness,% friability, disintegration time produces the better
result in regular intervals of time (Tablet XI).

Release kinetic profile of Dispersible Triphala Tablets:

The cumulative drug release study of Dispersible Triphala Tablets produces the highest determination R coefficients
(Tablet XII).

The zero-order model shows R2 = 0.9394 (Fig 5),The first order plot shows R2 = 0.790 (Fig 6), The Higuchi plot shows
R2=0.9918 (Fig 7) and The Korsemeyer Pappas plot shows R2=0.984 (Fig 8).

Future Aspects

Further development of the formulation can be done by clinical studies and can be implemented for the service of
society.

CONCLUSION

After in vitro evaluation, release kinetic study, and stability studies of various formulations the result of the present
study indicate that the formulation F7 having Triphala with other herbal excipients is the best formulation of Herbal
Dispersible Triphala Tablet which produce better release as well as better stability study. So it is confirmed that the
best formulation F7 can produce antioxidant, anti-inflammatory, antibacterial, and antiviral activities. It can develop
the immunity power of the body and can prevent gastric, pneumonia, cancer, AIDS, and Corona also.
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Table 1. List of excipients used for the preparation of herbal dispersible triphala tablets

Name of ingredients Properties

Harida (Terminalia chebula) Medicament
Bahada (Terminalia bellirica) Medicament
Amla (Phyllanthus Emblica) Medicament
Lactose (Milk sugar ) Diluents

Guggle (Commiphora wightii) Binder

Mango gum (Mangifera indica gum) Super Disintigrant
Ginger (Zingiber officinale) Bio- enhancer
Corn Starch Glidant

Guragum (Cyamopsis tetragonoloba ) Super disintegrant
Distilled water Solvent
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Ingredients F1 F2 F3 F4 F5 F6 F7 F8 F9 F10
(mg) | (mg) (mg) (mg) | (mg) | (mg) | (mg) | (mg) | (mg) | (Mg)
Harida 20 20 20 20 20 20 20 20 20 20
Bahada 20 20 20 20 20 20 20 20 20 20
Amla 20 20 20 20 20 20 20 20 20 20
Lactose 15 10 10 5 10 10 15 15 10 10
Guggle 10 10 5 5 10 10 10 5 15 5
Magnefira 3 5 10 10 10 - 5 5 5 5
indica gum
Ginger 2 5 5 10 10 - 5 5 5 5
Corn Starch 5 5 5 5 10 5 5 5 10
Guragum 5 5 5 5 - 10 - 5 - -
Distilled water gs up gs up g.sup gs up gs up gs up gs up gs up gs up gs up
to to to to to to to to to to
Total weight
(mg) 100mg | 100mg | 100mg | 100mg | 100mg | 100mg | 100mg | 100mg | 100mg | 100mg
Table 3. Drug excipient compatibility study of herbal dispersible triphala tablet
Granules After7 | After 15 After 30 After 45 After 60 After 90 -
days days days Days Days Days Compatibility
F1 No No No Change No No No change Compatible
Change | Change Change Change
F2 No No No Change | No No Less Less compatible
Change | Change Change Change flowability
F3 No No No Change No No No change Compatible
Change | Change Change Change
F4 No No No Change | No No Less Less compatible
Change | Change Change Change flowability
F5 No No No Change No No No change Compatible
Change | Change Change Change
F6 No No No Change No No No change Compatible
Change | Change Change Change
F7 No No No Change No No No change Compatible
Change | Change Change Change
F8 No No No Change | No No Less Less compatible
Change | Change Change Change flowability
F9 No No No Change No No No change Compatible
Change | Change Change Change
F10 No No No Change No No No change Compatible
Change | Change Change Change
Table 4. Final composition of herbal dispersible triphala tablets
Ingredients F1 F2 F3 F4 F5 F6 F7 F8 F9 F10
(mg) | (mg) | (mg) | (Mg) | (Mg) | (mg) | (Mg) | (mg) | (Mmg) (mg)
Harida 20 20 20 20 20 20 20 20 20 20
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Bahada 20 20 20 20 20 20 20 20 20 20
Amla 20 20 20 20 20 20 20 20 20 20
Lactose 15 10 10 5 10 10 15 10 10 10
Guggle 10 15 5 5 10 10 10 5 15 5
Magnefira indica 3 5 10 5 10 - 5 5 5 5
gum
Ginger 2 5 5 10 10 - 5 5 5 5
Corn Starch 5 5 5 10 - 10 5 10 5 10
Guragum 5 5 5 5 - 10 - 5 - -
Distilled water gs up gs up gsup | gsup gs up gs up gs up gs up gs up gs up
to to to to to to to to to to
Table 5. Flow properties of lubricated granules of herbal dispersible triphala tablets
Formulation The angle of Di:gi(ty Tapped Compressibility Hausner's %LOD
Code Repose (©) (g/mi) Density (g/ml) Index (%) Ratio
F1 23.64 0.410 0519 25.19 1212 2.02
F2 22.71 0.428 0.555 20.31 1.120 2.75
F3 25.92 0.446 0.594 21.32 1.142 2.04
F4 25.43 0.454 0.447 16.15 1.185 214
F5 24.13 0.403 0.529 19.01 1.163 217
F6 21,52 0.406 0534 19.18 1.154 2.63
F7 26.33 0.402 0502 15.53 1.128 2.66
F8 25.33 0.426 0575 20.24 1.128 2.81
F9 26.23 0.401 0514 17.53 1.197 2,61
F10 25.28 0.482 0522 19.23 1.161 2.64
Table 6. Post compressional parameters of the herbal dispersible triphala tablets
Formulation Average Thickness Hardness % Friability Disintegration % Drug
Code weight (mg) (mm) (KP) Time (min) Content
F1 107.1+0.451 3.14+0.002 5.75+0.088 0.167 3.56+0.468 88.98
F2 106.6+0.541 3.53+0.008 5.87+0.214 0.159 4.34+0.081 96.63
F3 104.8+0.699 3.18+0.021 5.62+0.370 0.159 4.35+0.315 99.23
F4 105.2+0.441 3.18+0.024 5.51+0.228 0.398 5.39+0.460 98.57
F5 106.4+0.401 3.00+0.045 5.39+0.220 0.081 5.39+0.329 95.12
F6 107.3+0.410 3.10+0.045 5.11+0.109 0.198 5.56+0.034 98.45
F7 105.8+0.543 3.41+0.07 5.79+0.155 0.298 2.98+0.056 99.83
F8 106.6+0.321 351+0.006 5.43+0.279 0.299 4.43+0.039 97.54
F9 105.2+0.500 3.20£0.010 5.45+0.109 0.292 4.98+0.075 98.23
F10 106.5+0.327 3.01+0.001 5.49+0.056 0.299 4.31+0.125 98.49
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Table 7. Accelerated stability study of herbal dispersible triphala tablets

Granules After 7 Afterl5 After 30 After 45 After 60 After 90
Days days Days Days Days Days COMPATIBILITY

F1 No Change | No No Change | No Change | No No change | Compatible
Change Change

F2 No Change | No No Change | No Change | No No change | Compatible
Change Change

F3 No Change | No No Change | No Change | No No change | Compatible
Change Change

F4 No Change | No No Change | No Change | No No change | compatible
Change Change

F5 No Change | No No Change | No Change | No No change | Compatible
Change Change

F6 No Change | No No Change | No Change | No No change | Compatible
Change Change

F7 No Change | No No Change | No Change | No No change | Compatible
Change Change

F8 No Change | No No Change | No Change | No No change | Compatible
Change Change

F9 No Change | No No Change | No Change | No No change | Compatible
Change Change

F10 No Change | No No Change | No Change | No No change | Compatible
Change Change

Table 8. Release kinetic profiles of formulations of herbal dispersible triphala tablets

Release kinetic profiles Result-R?
Zero-order plot 0.842
First-order plot 0.986
Higuchi plot 0.982
Korsemeyer- Pappas plot 0.988

Table 9. Composition of best formulation of herbal dispersible triphala tablets

Ingredients F7(mg)
Harida 20
Bahada 20
Amla 20
Lactose 15
Guggle 10
Magnefira indicagum | 5
Ginger 5

Corn Starch 5
Guragum -
Distilled water gs up to
Total weight(mg) 100
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Table 10. Accelerated stability study of best formulation of herbal dispersible triphala tablets

A After 45 After 60
Granules After 7days | After 15 days fter 30 er er After 90 days
days Days Days
F7 No Change No Change No Change No Change No Change No Change

Table 11. In vitro evaluation of best formulation of herbal dispersible triphala tablets at different times

Parameters Observed value After 15 After 30 After 60 After 90
Days Days Days Days
Average Weight(mg) | 100.7+0.26 101.1+0.21 100.7+0.12 101.7.7+0.15 109.5+0.13
Thickness(mm) 3.14+0.07 3.40.£0.007 3.40.4£0.06 3.40+0.07 3.40+0.06
Hardness (KP) 5.1+0.124 5.2+0.111 5.0£0.321 5.4+0.453 5.310.145
% Friability 0.599 0.657 0.768 0.923 0.884
Disintegration Test 2.04+0.56 2.03£0.19 2.03£0.32 2.07+0.32 2.06+0.34
Drug Content in % 99.85 99.87 98.89 99.92 99.98
Table 12. Release kinetic profiles of the best formulation (f7) as herbal dispersible triphala tablet
Release kinetic profiles Result-R?
Zero-order plot 0.9394
First-order plot 0.790
Higuchi plot 0.9918
Korsemeyer- Pappas plot 0.984
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ABSTRACT

This study explains how black wheat, a nutrient-dense food, came to be. For its seed, wheat is a staple
food in many countries around the world. In temperate regions, it is the primary source of food for both
humans and livestock. Carbohydrates are a vital part of the diet. When purple and blue wheat are
crossed, the result is black wheat. Due to its numerous health benefits, one of them is becoming
increasingly popular among health-conscious individuals. Except for its grain colour and nutritional
composition, it resembles white wheat in all respects. Anthocyanins, protein, dietary fibre, iron, and zinc
abound in the Nabi MG variety. You can use it as a food supplement because it has a lot of biological
value. Malnutrition can be combated and addressed on a national and international scale with its help.
Wheat, black sesame seeds, flour, and cornflour were used to make it as a local characteristic of nutrient-
dense food. After that, it was sterilised before being packaged in an inflated or vacuum-sealed quantity
for immediate consumption. Many adverse reactions in humans have been linked to wheat products,
including intolerances (including coeliac disease) and allergies (respiratory and food). Current and future
concerns include sustaining wheat production and quality while reducing agrochemical inputs and
developing lines for specific end uses, such as biofuels and human nutrition, with an increased rate of
growth. As a result, our research focused on the nutritional, flavour, and compositional aspects of a food
product and how it can be made healthier, more sustainable, or more appealing to the consumer.

Keywords: Black Wheat, Cereal Grain, Nutritional Composition, Disease.
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INTRODUCTION

Wheat (Triticum aestivum) is the second most stable crop, covering an area of 29.8mha in India and is one of the oldest
cereals cultivated and consumed for centuries. As one of the "big three" cereal crops, wheat is harvested at a rate of
around 600 million tonnes per year. Rice and maize each produced 652 million tonnes and 785 million tonnes of
harvest in 2007, respectively. Wheat reaches more than67 degrees north Latitude in Scandinavia and Russia and 45
degrees South latitude in Argentina. It also occurs in the tropical and subtropical regions; it also possesses
unsurpassed diversity and has been fully integrated into cultures and even religions of numerous societies(1).

In terms of production and area, it is superseded by rice. Fortified coloured wheat with zinc can go a long way to
addressing one of the most Serial issues in India; malnutrition affects both adults and children equally. A lack of
protein, vitamins, energy and micronutrients are the causes, which results in poor health, impairing the quality-of-
life improvements in the nutritional value of common wheat grains is one way to address the maturation
Problem.The term black wheat refers to a hybridized purple and blue wheat. Black Wheat displays a black colour
and contains anthocyanin, and it includes a higher Protein content, phenolic content, and dietary fibre compared to
yellow wheat. In terms of antioxidant activities. However,it has a higher phenolic content higher than yellow wheat.
The results demonstrated that fractionation significantly influenced the antioxidant properties and the anthocyanin
and carotenoid contents in white wheat(2).

In order to assess the potential applications for black grained wheat Comparing the properties of these carefully
selected wheat controls (Tai fen 1, classic, Yacare Rojo, Glen lea and Anza) to the properties of these carefully
selected wheat controls (3). While white wheat is more common, black wheat has many more health benefits. An
added benefit of eating black wheat is that it contains many essential nutrients and boosts the body's immune
system. Because of its high concentration of antioxidants, vitamins B and folic acid as well as minerals and amino
acids such as selenium and manganese as well as calcium and iron, black wheat is a nutrient powerhouse (4). For the
same purpose, NABI was consulted, and it was discovered that not only was there black wheat, but also samples of
blue and purple wheat. Why does it have such a wide range of anthocyanin levels? There are a number of pigments
in fruits and vegetables known as anthocyanins, which give them their colour. The more concentrated these
pigments are, the darker the food item will appear. Compared to standard wheat, black grain has anthocyanin
concentrations of between 100 and 200ppm. According to science, black wheat is better for you than white wheat. In
addition to anthocyanin, regular and black wheat have different nutritional values. There are also differences in the
amount of zinc and iron found in each. The iron content of black wheat is said to be 60% higher than that of regular
wheat. Protein, nutrients, and starch amounts, on the other hand, are unchanged (5). Cereals are essential to a
healthy diet because they are one of the most important food items. Wheat is the most popular grain, and it is used in
a wide variety of foods, including bread, noodles, and biscuits. Starch, proteins, minerals, and dietary fibre are all
found in wheat, which contributes significantly to the daily caloric intake of wheat-eaters. Further nutritional value
enhancement is expected to increase consumer demands in terms of health, nutrition, and ease of use (ease of use for
consumers). Many countries around the world use nutraceutical crops for commercial purposes, such as high-quality
protein maize with high levels of lysine and tryptophan (6).

Xinjiang characteristics of miscellaneous grains and nuts were taken into consideration in the development of a
healthy nutritional product that includes black wheat granules (BWGP). Foods like black sesame seeds, flour,
cornflour, chickpeas and walnuts were selected because of their nutritional value as well as their appearance in the
BWGP. After that, it was sterilised before being packaged in an inflated or vacuum-sealed quantity for immediate
consumption. Black wheat 30 percent, corn flour 20 percent, flour 15 percent, chickpeas 15 percent, black beans 2
percent, melon seeds 3 percent, walnut 3 percent, black sesame seeds 4 percent, and sunflower oil 20 percent was
found to be the best formula. Simple methods of production and diverse flavours are just some of the benefits of
BWGP. To sum up the findings, our research was focused on how a food product can be made healthier, more
environmentally friendly or more appealing to the consumer (7). Consumers who are aware of the effects of specific
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food ingredients on health and physiological functions have grown increasingly knowledgeable about the
connection between food ingredients, diet, and health. Powdered foods like black sesame paste, walnut powder, and
lily powder are readily available. Despite this, the majority of these instant granules only use a very small amount of
the primary ingredients. Healthy nutritional supplements can be made from local ingredients in China's Xinjiang
Uygur Autonomous Region (8). Black wheat (triticale), which is high in protein and antioxidants, is one of the food
ingredients used in the creation of Xinjiang's distinctive granulated development. In addition to high-quality
proteins and essential amino acids, black wheat has a 30-50% higher concentration of linoleic and linolenic acids than
regular wheat. Endothelial cell protection, cardiovascular disease prevention, and anti-cancer agents are some of the
health benefits associated with its consumption. Anthocyanins and procyanidins are also present. It has been shown
that these bioactive compounds reduce the development of chronic diseases like diabetes, obesity and cancer as well
as heart disease (9, 10).

Wheat is the most widely grown food crop in the world (220.4 million hectares or 545 million acres, 2014). In
comparison to all other crops, wheat trade is the most significant in the world. After maize, the second most-
produced cereal is wheat, which produced 772 million tonnes (1.7 trillion pounds) in 2017 and is expected to produce
766 million tonnes (1.7 trillion pounds) in 2019. There has been a dramatic increase in wheat and other grain crop
production around the world since 1960. Gluten proteins' unique viscoelastic and adhesive properties are driving up
global wheat demand because they make it easier to manufacture the processed foods whose consumption is rising
as a result of global industrialization and the westernisation of diet (11). Carbohydrates like those found in wheat are
vital for human survival. It is the most common plant protein source in human diets all over the world. In
comparison to other significant cereals, it has a protein content of about 13%; however, this is a relatively high
percentage but a low quality protein for supplying essential amino acids. Wheat, when consumed as a whole grain,
provides a wide range of nutrients and fibre. Coeliac disease, non-celiac gluten sensitivity, gluten ataxia, and
dermatitis herpetiformis can all be caused by gluten in a small percentage of the general population (12).

Common name - ‘Nabi MG’

After seven years of research, the National Agri-Food Biotechnology Institute (NABI) Mohali has patented black
wheat. Known as 'Nabi MG,' this variety of wheat is available in three distinct hues: black, blue, and purple (13).
When purple and blue wheat are crossed, the result is black wheat. Wheat grain is black because of the anthocyanin
in the outer layer (14).

Health Benefits
Black Wheat Flour is a non-GMO product and an excellent choice for having a high amount of antioxidants, fibres,
protein, and fewer carbohydrates(15).

Origin and Distribution

Black Wheat is not harmful to our body at all. A technique to change the genetic parent of plants to increase its utility
for humans. Black Wheat is not developed through genetic engineering. Seven years of long research in different
seasons and regions to check its adaptability and yield potential to India's environmental conditions. It has been
developed through regular plant breeding, i.e.,For this purpose, Exotic germplasm (EC866732) procured from Japan
was crossed with a high average yielding and disease-resistant wheat cultivar (PBW621). After selection, black wheat
was developed in India at NABI(16). A toughened rachis keeps the seeds (inside the spikelet) attached to the ear
during harvesting in domesticated wheat (15). Ricinus fragility allows the ears to shatter and disperse the
spikelets(16) more effectively in wild strains. Domestic strains of wild grasses arose as a result of farmers selecting
mutant forms of wheat (referred to as "sports") and repeatedly harvesting and sowing them. In the past, white wheat
bread was considered a luxury food. The North of the country began to rely less on traditional grains like rye, wheat,
and oats during the nineteenth century as a result. To improve wheat's nutritional value, scientists removed the
plant's natural mechanisms for dispersing seeds. Findings dating to 9600 BCE in the southern Levant from
archaeological analysis of wild emmer suggest that the plant was first cultivated there. Wild einkorn wheat genetic
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research indicates that it was first cultivated in the Karadag Mountains of southeast Turkey. Tell Aswad, in the
Damascus basin, near Mount Hermon in Syria, was the site where the earliest carbon-14 dated remains of
domesticated emmer wheat were found. Ancient einkorn wheat artefacts from nearby settlements, such as Abu
Huraira in Syria, show that the Karadag Mountain Range was where einkorn was domesticated (19). The oldest
carbon-14 date for einkorn wheat remains at Abu Huraira is between 7800 and 7500 years BCE (20) with the
exception of two grains from Iraq ed-dub. Many sites near the Karadag Range have produced emmer remains that
have been dated to between 8600 BCE (at Canyon) and 8400 BCE (at Abu Huraira). As a result of their research, they
came to the conclusion that the settlers of Tell Aswad did not domesticate this type of emmer on their own (21).

In Greece, Cyprus and the Indian subcontinent, emmer was grown by 6500 BCE, Egypt by 6000 BCE, and Germany
and Spain by 5000 BCE. Egyptians were the first to use the oven to bake bread, making it one of the earliest large-
scale food production industries.(23) Wheat had already spread to the British Isles and Scandinavia by 4000 BCE (24,
25, 26, 27). According to Catalogue (28), the oldest evidence for hexaploid wheat has been found in the DNA of
wheat seeds dating back to around 6400-6200 BCE. DNA analysis of granary samples from Assures in Macedonia,
dating to around 1350 BCE, identified the first identifiable bread wheat (Triticum aestivum) with enough gluten for
yeasted bread (29). Columbian exchange continued the spread of wheat from Asia to Europe and America. It became
a symbol of British global power and a "sign of a high degree of culture" (32). Willem van Zeist and his assistant
Johanna Bakker-Hers were able to date these remains to 8800 BCE using these remains as a guide. Domestic strains
of wild grasses arose as a result of farmers selecting mutant forms of wheat (referred to as "sports") and repeatedly
harvesting and sowing them. A toughened rachis keeps the seeds (inside the spikelet) attached to the ear during
harvesting in domesticated wheat (15). Spikelets are more easily dispersed in wild strains because of the ear's more
fragile rachis. This 'incidental’ selection was an important part of crop domestication, even if farmers didn't select for
these characteristics because they made gathering seeds easier. Wheat varieties that have been extensively
domesticated are unable to persist in the wild because the features that make wheat a better food source also cause
the plant to lose its natural mechanisms for dispersing seeds.

Findings dating to 9600 BCE in the southern Levant from archaeological analysis of wild emmer suggest that the
plant was first cultivated there. Wild einkorn wheat was first grown in the Karadag Mountains in south-eastern
Turkey, according to genetic research. Ancient einkorn wheat artefacts from nearby settlements, such as Abu Huraira
in Syria, show that the Karadag Mountain Range was where einkorn was domesticated (19). The oldest carbon-14
date for einkorn wheat remains at Abu Huraira is between 7800 and 7500 years BCE (20) with the exception of two
grains from Iraq ed-dub. Many sites near the Karadag Range have produced emmer remains that have been dated to
between 8600 BCE (at Canyon) and 8400 BCE (at Abu Huraira). Tell Aswad, in the Damascus basin near Mount
Hermon in Syria, is where the earliest carbon-14 dated remains of domesticated emmer wheat were found, except for
Iraq ed-dub. Willem van Zeist and his assistant Johanna Bakker-Hers were able to date these remains to 8800 BCE
using these remains as a guide. Moreover, they came to the conclusion that the settlers of Tell Aswad did not
domesticate this type of emmer themselves but brought it with them from an unknown location (21). In Greece,
Cyprus and the Indian subcontinent, emmer was grown by 6500 BCE, Egypt by 6000 BCE, and Germany and Spain
by 5000 BCE. It was in Egypt that bread and ovens were invented, and baking became one of the first large-scale food
industries.” (23). Wheat had made its way to the British Isles and Scandinavia by the year 4000 BCE (24, 25). Crops of
wheat first appeared in China's Yellow River valley around 2600 BCE (27). According to Catalogue (28), the oldest
evidence for hexaploid wheat has been found in the DNA of wheat seeds dating back to around 6400-6200 BCE.
DNA analysis of granary samples from Assures in Macedonia, dating to around 1350 BCE, identified the first
identifiable bread wheat (Triticum aestivum) with enough gluten for yeasted bread (29). Wheat spread from Asia to
Europe and the Americas during the Columbian exchange. Wheat straw (thatch) was a common roofing material in
the British Isles during the Bronze Age and into the late nineteenth century (30, 31). Aristocrats favoured white
wheat bread. But in the nineteenth century, it became a staple food in Britain, replacing grains like oats, barley, and
rye in the diets of northerners. As a symbol of British power and "a sign of a high degree of culture," (32) it became
an iconic image.
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Historical Fact

British ports received 70% of American exports in 1880. However, rising temperatures linked to climate change have
been linked to a decrease in wheat yields in some areas. There has also been a shift away from corn and soybeans to
other crops like soybeans and maize as a result of investments in modern genetic technologies.

Farming System

Wheat yields in Ireland in 2014 were 10 tonnes per hectare, the highest in the world. Some large wheat grain-
producing countries have significant losses after harvest due to poor roads, inadequate storage technologies,
inefficient supply chains, and farmers' inability to bring the product into retail markets dominated by small
shopkeepers. This is in addition to the gaps in farming system technology and knowledge that some countries have.
It has been found that about 10% of total wheat production in India is lost at farm level, another 10% is lost due to
poor storage and road networks, while additional amounts are lost at retail level. Irrigation has played a significant
role in increasing grain production in the Punjab region of India and North China. Transporting a bushel of wheat
from Chicago to Liverpool cost 37 cents in 1869. The American wheat frontier rushed westward in the 19th century.
Australian wheat grown in the southern winter cropping zone is a good example of this. When nitrogen fertiliser
application is minimal, wheat cropping is successful despite the low rainfall (300 millimetres). It wasn't until after
1955 that the annual rate of wheat yield improvement increased tenfold, and this became the primary driver of
increased global wheat production. These technological advances and scientific crop management practises with
synthetic nitrogen fertiliser and irrigation were key factors in wheat output growth in the second half of the
twentieth century. In North America, for example, wheat crop area decreased significantly.

Another 20th-century technological innovation is better seed storage and germination ability (a minor requirement to
retain harvested crop for next year's seed). In 1999, about 6% of the world's wheat production was supplied by seed.
Population growth rates are decreasing, but wheat yields continue to rise, slowing the global expansion of wheat
production. Farming systems, on the other hand, use more than just fertiliser and breeding to increase yields.
Fertilizer use has skyrocketed in developing countries over the last 40 years, and semi-dwarf varieties are now
widely available (8). The use of (mainly nitrogenous) fertiliser increased 25-fold in developing countries. Over the
course of the twentieth century, global wheat production increased by a factor of five. There was a significant
increase in wheat crop area until about 1955, but yields per unit area increased much less (about 20%). Rotation
cropping (also known as the ley system) and leguminous pastures are used to accomplish this. A 25 percent increase
in wheat yields has been achieved in the last decade by rotating in canola. Low rainfall areas benefit from retaining
the stubble after harvest and cutting back on tillage, which helps conserve soil water. Only three-quarters of the
wheat harvest was used for food and feed in Medieval England because farmers saved a quarter of their harvest for
seed.

Geographical Variation

Russian Federation (25.9 million tonnes), United States (24.0 million tonnes), Canada (19.7 million tonnes), France
(18.3 million tonnes), and Australia (11.97 million tonnes) were the top wheat exporters in 2016. (16.1 million tonnes).
In 2016, the top wheat importers were Indonesia (10.5 million tonnes), Egypt (8.7 million tonnes), Algeria (8.2 million
tonnes), Italy (7.7 million tonnes) and Spain (7.7 million tonnes) (7.0 million tonnes). Growth in per capita wheat
consumption is outpacing demand for other staple foods in Asia and Africa, both of which are experiencing rapid
economic development. Different regions of the world have vastly different wheat farming, trading, policy, sector
growth, and grain consumption patterns.

Human Health Effects

Human nutrition relies heavily on wheat, which is consumed by billions of people around the world, especially in
developing countries where wheat products are the primary source of food. In several daily servings containing
various foods that meet whole grain-rich criteria, wheat is a healthy food source of numerous nutrients and dietary
fibre when eaten as a whole grain. Adding dietary fibre to your diet may also help you maintain a healthy weight
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and feel full longer. Natural and biofortified nutrients such as dietary fibre, protein, and minerals can be found in
wheat. A health claim stating that "diets low in saturated fat and cholesterol and rich in fruits, vegetables and grain
products that contain some types of d-glucose may reduce the risk of some types of cancer, a disease associated with
many factors" is allowed for marketing purposes in the United States for food manufacturers who use wheat as a
whole grain. A cause-and-effect relationship cannot be established between whole grain and the claimed health
benefits of gut and bowel health and weight management or blood glucose/insulin levels. The European Food Safety
Authority (EFSA) believes that "the food constituent, whole grain, is not sufficiently characterised about the claimed
health effects” and "that cause and effect relationship cannot be established.” with regard to these health claims.

Diseases

Missouri wheat production losses due to plant diseases range from 10% to 25%. Wheat is infected by a wide variety
of organisms, including viruses and fungi. Many wheat diseases are caused primarily by fungi, bacteria, and viruses.
Disease-resistant crops can only be developed through plant breeding and sound crop management practises. In
wheat production, fungicides, which are used to prevent major crop losses due to fungal infection, can be a
significant variable cost.(33)

The main wheat-disease categories are

- Fungicides are used to control these. Stagonospora (formerly known as Septoria), common bunt (which
causes stinking smut), and lose smut are all seed-borne diseases.

- Powdery mildew, leaf rust, Septoria tritici leaf blotch, Stagonospora (Septoria) nodorum leaf and glume
blotch, and Fusarium head scab are all leaf and head blight diseases (34).

- They are both soil-borne diseases. 'Take-all' and Cephalosporium stripe are two of the most common crown
and root rot diseases.

- Basidiomyecete fungi are the cause of stem rust diseases.

- The two most common viral diseases are wheat spindle streak mosaic (yellow mosaic) and barley yellow

dwarf. Resistant varieties can be used to control pests.

Pests of Animals

By digging up and eating newly planted seeds and young plants, these animals can cause significant damage to a
crop. Cereal post-harvest losses in the United States are estimated at billions of dollars annually. Wheat is no
exception to the ravages of borers, beetles, and weevils. Some Lepidoptera (butterfly and moth) larvae, such as the
flame, rustic shoulder-knot, setaceous Hebrew character, and turnip moth, feed on wheat as a food plant. By
consuming the mature spike grain, they can also cause damage to the crop late in the season. The long-tailed
widowbird and rodents feast on wheat crops early in the season. Storage losses can also be caused by rodents. Field
mice populations can sometimes soar to plague proportions in major grain-growing regions, thanks to an abundance
of readily available food. As the wheat is milled, the device uses electrical signals to identify the insects. There are
only 5-10 infected seeds in 30,000 good ones thanks to the new technology. An "insect-o-graph™ has been developed
by Agricultural Research Service scientists to reduce the amount of wheat that is lost to post-harvest pests. Tracking
grain infested by insects is critical to food safety and the value of the crop (35).

DISCUSSION AND CONCLUSION

In comparison to white wheat, black wheat has a higher nutritional value, making it a far better choice for human
consumption. As a result, under nutrition in the country could be reduced by 2% annually, while farmers would
benefit from higher output prices than their production costs would entail. NNM or 'PoshanAbhiyaan’ should
include the inclusion of black wheat in their efforts to improve the nutritional status of children, adolescents, and
women. These products must be improved nutritionally and functionally in order to provide additional health
benefits (38). As a result, the consumption of whole grains is advised for health reasons. Colored wheat varieties,
according to this study, contain higher levels of antioxidants and are a superior source of fibres, proteins, and
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phytochemicals. All over the world, people eat a lot of wheat and wheat-based products. Colored wheat varieties,
however, were well-suited for commercial product development, paving the way for their industrial use
(39).Farmers can easily make more money by cultivating Black Wheat, which does not necessitate the use of
complicated or rigorous farming methods. There are no drawbacks to using Black Wheat, other than the cost. For
farmers, the seeds are comparatively more expensive than the regular wheat, while from the consumer's perspective,
the product's market will also be twice or thrice that the regular wheat. However, the authority hasn't decided on the
market price yet(40). The Black wheat flour had higher foam stability, i.e., 110 percent, compared to Netravali wheat
flour i.e. The consumption of foods based on Black Wheat would be an essential step towards alleviating proteinmal
nutrition. A significant amount of protein (14.49 percent) was found in Black Wheat in this study, suggesting that it
could be used as a source of food. Conventional flours that are low in protein could be bolstered by using this flour.
For this reason, people's health will undoubtedly improve as a result. However, all of these properties are dependent
on the wheat grain genotype, post-harvest treatments, storage conditions (such as temperature), and the
environmental conditions under which it grows. 94% of the time. The highest WAC (1.904g/g), WAI 502g/g and WSI
5.67 g/g, higher OAC (102.7%) and higher foam stability, i.e.,, 110 percent, make it useful in different foods
formulation. The basic baking and functional properties of Black wheat flour in comparison with white Netravali
wheat flour have been determined in a laboratory environment. It can be concluded that Black wheat flour was
functionally superior in most of the functional characteristics to the white Netravali whole wheat flour. The Black
wheat flour had good baking properties, i.e., so it can be used
e Efficiently formulating the different types of products. In the future, it is necessary to study the chemical
composition, phytochemical contents, rheological analysis carefully
e and processing aspects of wholegrain black wheat flour to establish how it changes during baking, extrusion
and other processing conditions, including cooking, to substantiate the
o Different properties of this flour, and to improve its production technology. Eating black wheat has a number of
health benefits, as well as a number of essential nutrients, and it also boosts immunity there for it fulfils the two
SD goals of no hunger and good health and well -being.
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ABSTRACT

The polysaccharide based materials shows an environmental friendly technological solution in recent few
years. This review discusses some of polysaccharide based polymeric biodegradable materials used for
food packaging purposes in today’s ever changing marketing environment. Because it decreases uses of
fossil fuel and also reduce the carbon footprints product as the polysaccharide based polymers materials
are environmentally benign product. This review covered some of recent area of polymer packaging
products from bio-based carbohydrates that include plant cellulose and hemi-cellulose, marine
polysaccharide. Polysaccharide based materials have wide variety of potential applications in the field of
edible coatings and food packaging.

Keywords: Polysaccharide, Cellulose, hemicelluloses, Chitosan, Nano-emulsion

INTRODUCTION

In today’s commercial world we can’t imagine the transportation of goods and other commercial products without
packaging. So the processing, production and marketing of packaging products play a vital role in food safety.
Compared to conventional polymers materials use of polysaccharides based polymers like chitosan, alginate
(derived from brown seed weeds),dextrin, etc are best substitute of non biodegradable plastic [2]. Currently, to meet
the demand of green or sustainable chemistry, the renewable eco friendly polysaccharide based materials widely
used in food industry to increase self life and retain original taste color and p are palatability of food stuffs.
Cellulose, non cellulose, starch, pectin are carbohydrate based material achieve green chemistry goal due to excellent
microstructure and various strategies in developmental packaging [3]. The use of non degradable polymers causes a
various environmental pollution and by dumping these plastic in landfills can cause serious environmental hazards
.the polysaccharide based polymers have excellent film forming properties makes it more suitable for biodegradable
plastic for food packaging applications. [4] During last few times, the metal like aluminum, tin plates, tin free steel
and glass are used for packaging but it leads to hazardous environmental issues. so the bio based material l.e. poly
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hydroxyacid and poly lactic acids are used for packaging purposes as it broken down and completely decomposed
into soil within few periods of time after disposing.[1]In current era, biodegradable polymers have infinite lists of
applications in i.e., lamination film, disposable cutlery, drinking cups, container for food dispense in food factory .
Maher and Elsabee et al [5-6] have reported that the polysaccharide like cellulose, pectin, chitosan, Pullman and
kefiran having capability of film forming most widely used. The current review summarized some of
polysaccharides based polymers i.e. biodegradable used for food packaging purposes in today’s ever changing
marketing environment. Because it decreases uses of fossil fuel and also reduce the carbon footprints product as the
polysaccharide based polymers materials are environmentally benign product. This review covered some of recent
area of polymer packaging products from biobased carbohydrates that include plant cellulose and hemicelluloses,
marine polysaccharide and some of latest research on aero gel packaging [1].

Types of Polysaccharides and Its Source

Plant Based Polysaccharides

Cellulose

Cellulose, it is easily available polysaccharide found in cell wall of terrestrial plant and also found in see or marine
environments. Gram negative bacteria, fungi and algae also contain cellulose [1, 6]. It is formed by linear
combinations of homo polysaccharide and have a D- glucopyranosyl unit joined by B —(1,4) glycosidic bonds (
Figure: 1) Cellulose has different characteristics like good stability to chemical reaction, excellent film forming
capacity and it higher possibility of synthesizing derivative of cellulose [1, 7]. Sometime applications of cellulose to
prepare a edible film have a few applications because it is insoluble in water and also in some organic solvent [1, 8].
Aero gels for food packaging are somehow produced from cellulose. The synthesis of cellulose based aero gel
involves the following steps for preparation :(a) by solubilizing the cellulose and its various derivatives in organic
solvents, (b)then sol — gel technique that cause aggregation of colloidal particles with a cross linker or by varying the
pH and temperature) or by a phase separation process that requires a coagulant. (c) Supercritical drying technique.
If we compared silicon aero gel cellulose has capability of high thermal conductivity and high mechanical strength.
[1,9]

Hemicelluloses

It is the type of polysaccharides is obtained from plant wood or by product of plant material. Hemicelluloses
contains B- (14) linked backbone of ether glucose, mangoes or xylene joined in an equatorial Confirmation. Xylan is
most widely used hemicelluloses and second most used biopolymer in plant kingdom. Xylan have B - (1, 4) -D -
xylopyranose backbone with various groups attached with (1,2) and (1 ,3) linkage (Fig : 2)

Starch

Starch ,that is consist of amylase and amyl pectin .amylase formed by polymerization of « -1,4- linked D- glucose
units and amylopectin is formed by short chain interaction of « -1,4- linked D- glucose units and 4-5 % Brach points
with 1,6 linkage at a every 20- 30 an hydroglucose units. Most of the polysaccharide from starch derived from potato
starch, corn, rice, wheat and topico. This starch based polysaccharide are biodegradable, renewable and easier
modifying properties and most importantly it is available at low cost (Fig 3).Starch based film have excellent quality
like they are non toxic, odorless, tasteless, colorless, edible and have oxygen scavenger properties [10].

Microbial exopolysaccides

Microbial exo-polysaccarides found very useful compared to marine and general plant polysaccharides. Generally,
microbial exopolysaccides are prepared from fermentation process. Culture condition affected by various properties
of polysaccharides like solubility, molecular mass, chemical structure. So selection of high producing strain and
optimization of fermentation process are mostly taken into account in industrial production of edible film for food
product [1].

42588



http://www.tnsroindia.org.in

Indian Journal of Natural Sciences % www.tnsroindia.org.in ©1JONS
Vol.13 / Issue 72 / June / 2022 International Bimonthly (Print) ISSN: 0976 — 0997

Swarnnamayee Dehuri et al.

Marine polysaccharide
Marine polysaccharide like chitosan, alginate, agar agar and Carrageenan derived from sea weeds, marinebiotopes,
and crustaceans are highlighted for food packaging due to their techno functional applications.

Chitosan

Chitosanformed by polymerization of 2 polymers i.e. N — acetyl glucosamine and glucosamine joined by B -(1-4)
glycosidic linkage (Fig : 4 ) [ 11 ,1] Chitosan that is derived from chitin that is present in high amount in crustaceans.
Chitin insoluble in water but dissolved in high alkaline or hot conditions. Recent study reveal chitosan have good
physic-chemical properties and most importantly it have high biocompatible, edibility, bioadhesive, biodegradable
and available in non toxic form. Chitosan films have permeable to selective gases like oxygen and carbon dioxide.
Moreover, the chitosan based film for food packaging has highly durable coating and film has well anti microbial
properties.[1, 12, 13, 14]. Silva et al have found that ripening of guava can be delayed by using chitosan solution by
suppressing some parameters like respiratory rate, fresh weight loss and by delaying chlorophyll degradation [1,15]

Alginate

Alginates are extracted from (20-40% content of dry weight) brown seed weeds like as cophyllumnodosum,
luminaria species and Ecklonia. Chemically it is made up (1,4) linked a- L — glunurunic acid and p-D — mannurunic
acid. Glunnurunic and mannurunic acid arranged in homogeneous block that incorporated in to different structures
with various physico chemical properties. (as shown in Fig -5) Alginate film have transparent uniform and have
highly water soluble capacity and increases ion interaction by use of divalent cation such as calcium ion to cross link
alginate .[1,16,17]Franco et al proposed a food packaging by incorporating alginate aero gel on the surface of
antioxidant compounds quercetin by carbon dioxide supercritical technology. [1,18]. Alginate hydrogel also used for
drug delivery, wound healing and packaging of bioactive substances.

Film properties:

Bedan et al. have reported that packaging of products polysaccharide film have good performance with higher
flexible properties, good optical properties, higher safety and long shelf life for the food products which have
highly sensitive to moisture, excellent mechanical strength gas barrier properties.

Barrier properties and water permeability:

Barrier properties of a polymer based film play a vital role in estimation of shelf life of food products. Oxygen and
water vapor are two most important barriers parameters that may passes from internal environments to external
environments through wall of packaging film can cause change in shelf life of food stuffs .[5]The barrier properties of
water vapors are determined by the water vapor permeability( WVP)i.e.,the amount of water penetrates per unit of
area and unit time (kg/ma Pa)

WVP is calculated in accordance with combined Fick and Henry laws for diffusion of gas through films, by using the
equation 1:

WVP = Aw-x/A AP...... (1)

According to khan et al. where “Aw “is the weight gain of the cell after 24 h, x is the thickness of film used, A is the
area of a exposed film and AP is the differential vapor pressure of water passes through a film. To signifying water
transfer, the water vapor transmission rate (WVTR), expressed in term of (g/m2day) is also used. The WVP can be
estimated from to the WVTR from equation 2.

WVP = WVTRX/AP........ )

Where x is the film thickness (m) and AP is the pressure term i.e., partial pressure difference across the film (Pa).
Generally, commercially synthetic polymer based material have lower value of WVP as compared to polysaccharide-
based films. [5].

Mechanical properties

A mechanical property of polysaccharides based film consists of % of elongation, young’s modulus, tensile
properties, and nature of film. By measuring these properties we know that how the film material will under
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influence of the conditions of food processing and management. Tensile strength is the maximum stress that resist by
a film before reach to breaking point and is estimated from the tensile test using the following equation:
TS=F/(L-Xx)—-—-- (3)

Where F =the tensile force (N), L = film width (mm), x =thickness of the film (mm).

Percentage of elongation at break is the maximum elongation of the film before breaking determined from tensile test
by use of the equation [4].

% E=100. (1-11)/11..... (4)

Where 11 is the initial length of the film and | is the length of polysaccharides based film at the breaking point.

Edible film from corn starch by incorporation of nano emulsion of nutmeg oil:

Y Aisyah and L.P Irwanda et al formulate a edible film made from corn starch by changing different concentrations
of glycerol (10 % ,20%,30%)and nano emulsion of nutmeg oil(1 % ,2%,3%) & the corn starch based edible film are
characterized by its antimicrobial properties and excellent mechanical properties. [19].

MATERIALS AND METHODS

Materials

Nutmeg oil (an essential oil) used for preparing edible film are mainly transported from Indonesia, Jakarta. Other
important materials areglycerol (sigma Aldrich, US) and Polyoxyethylene-20-sorbiton monooleate (Tween 80). Corn
starch that is available in common market banda Aceh, Indonesia.

Nutmeg oil nanoemulsion preparation:

High pressure homogenization (HPH) techniques used for preparing nano emulsion. Here the water acts as
dispersing medium and the nutmeg oil with oil in water as dispersed phase in different types of emulsion. By
dispersion of double distilled water with tween 80 as a surfactant into 15 % solution of nutmeg oil in order to prepare
a coarse emulsion for edible film.T hen the concentration of tween 80 was taken as 20 % of nutmeg oil. A high shear
homogenizer was used to homogenize the mixtures, which operate at 12000 rpm for five minutes after that the
emulsion of coarse was passed into a HPH which complete 3 cycles at a pressure of 500 bars.

Edible film preparation techniques:

By dissolving glycerol in different proportions (10%, 20%, 30%) and corn starch (3%) to form a aqueous solution.
Then the aqueous solution was mixed thoroughly for 30 min at 85 degree Celsius followed by cooling at 45 degree
Celsius. After that different proportions of nutmeg oil nano emulsion was added to the suspension. Then the mixture
was poured into glass plates of 30 cm x20 cm and was dried for 12 hours at 50 degree Celsius or above. Then cooled
for 1 dayat room temperature. After cooling the thin film removed from glass plates. Then the films were goes for
characterization techniques to check the quality parameters.

Characterization of edible film:

Microstructure of film:

SEM test results shows that film morphology with 30 % glycerol and 20 % corn starch without addition of emulsion
of nutmeg oil shows a surface of smooth and a non porous microstructure. Figure 6 (a). Figure 6 (b) shows that by
addition of 1 % nano emulsion of nutmeg oil with 30 % corn starch and 20 % corn starch produced a porous film.

Elongation capacity:

According to observations data elongation value of edible film ranges from 4.81% to 69 .44 % and have average of
31.10 %. According to table-3, 30 % glycerol addition show highest % of elongation 1.52.84 % and by 10 % addition
of glycerol shows lowest elongation of 1152 %. This indicates that with increase in concentration of glycerol can
increase the film elongation.
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By increasing glycerol concentration can weaken intermolecular force within matrix of edible film and also enhance
flexible properties reduce fragile nature so not break easily.

Anti bacterial properties:

The study reveals that by adding nutmeg oil to prepare edible film can stop the growth of E .coli and staphylococcus
aurous. Films with 3 % of nutmeg oil nano emulsion are able to stop growth of E .coli at 1489 mm and
staphylococcus aurous at 18.27 mm. Table 4 shows that with increase in nanoemulsion of nutmeg oil can increase
antibacterial activity of film. There are some factors that affect the size of inhibition zone are , culture media, velocity
of diffusion of agar in the medium, conditions of incubation and organisms sensitivity . The factors that affect
velocity of diffusion of agar are time of Incubation, temperature of Incubation and microorganism concentration.
From this review it concluded that even addition of 1% of nanoemulsion of nutmeg oil can able to stop growth of
microbes used for testing i.e. E.coli and staphylococcus aureus. Hence the minimal inhibitory ability is addition of 1
% of nutmeg oil nanoemulsion in edible film preparation[19-24].

CONCLUSION

Due excellent properties of biodegradable film for food packaging it increase efficiency and functionality of food
stuffs .in next future polysaccharide based polymers are best substitute for synthetic polymer materials.
Polysaccharides based material production may meet the demands for edible film, intelligence and active packaging
because of it high barrier properties and mechanical strength. It acts as eco-friendly and low cost material can be
afforded by every class of people in society. Biopolymer packaging materials are also substitute to synthetic
packaging. Sensitivity to moisture and their weak mechanical properties become the limitation of their use. Therefore
a new compound integrated into a polymer matrix to form ingenious nanocomposite material in packaging of food.
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Table -3: Effect of concentration of glycerol on % of elongation and tensile strength
Glycerol concentration Tensile strength (Kgf/mm?) Elongation break (%)

10%
20%
30%

16.00 11.52
16.67 28.93
18.04 52.84
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Table -4: The inhibition zone diameter of edible film with addition of nano emulsion of nutmeg oil against
bacteria

Type of bacteria Nutmeg oil nanoemulsion concentration Inhibition zone (mm)
Staphylococcus aureus 1% 10.04
2% 14.62
3% 18.27
1% 10.76
Escherichia coli 2% 12.22
3% 14.89
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ABSTRACT

Many plants have been used medicinally in India for a long time. Traditionally used medication relies
heavily on medicinal herbs. The Zingiberaceae family has approximately 80 different species of
Curcuma, one of which is Curcuma angustifolia Roxb. Cone-shaped, funnel-shaped blooms in Tufts of
pink terminal bracts are seen on the perennial Curcuma angustifolia Roxb plant. East Indian arrowroot is a
50-hectare crop grown in Odisha's Keonjhar and Mayurbhanj districts. Besides Asia, the plant is grown in
Sri Lanka, Burma, Nepal, Pakistan, and China. This plant rhizome includes starch suitable for feeding
youngsters since their bodies quickly assimilate it. The young rhizome may be consumed as a vegetable.
Both the tubers and the plant's top are fed to cattle. This plant is used in various traditional remedies for
various ailments, including stomach discomfort, diarrhea, and more. Non-irritating diet in some chronic
conditions; during convalescence from fevers; during irritation of the alimentary canal, respiratory
organs or urinary apparatus; during convalescence from fevers. Tuberculosis patients often use the plant
as a general tonic. It is used to treat coughs, bronchitis and as baby food. Rhizomes have medical value
because of their bioactive components, including antioxidative and anti-inflammatory properties,
anticoagulant properties, and antibacterial properties. Secondary metabolites including flavonoids,
tannins, and glycosides are present in the plant, contributing to its antibacterial properties. Camphor,
cineol, and methyl eugenol are among the plant's most important chemical constituents. The arrowroot
plant's medicinal, morphological, and ethnobotanical value cannot be overstated. This review mainly
focuses on the nutritional benefits, essential components, and health benefits of this plant in novel drug
development.

Keywords: Arrowroot, Secondary metabolites, Drug Development, Traditional, Remedies
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INTRODUCTION

India produces large amounts of medicinal herbs, so it is called its botanical garden. From ancient times different
parts of several medicinal plants have been used to curevarious diseases (1). Synthetic drugs are adequate for
controlling other diseases, but these drugs do not come to every people. Around 3.6 lakh species of medicinal herbs
are shown on earth, and in India, 1.4 lakh species are present (2). In the recent data, it was found that around 70,000
species are used in medicinal work. Due to complex chemical substances in medicinal plants, these are used as good
medicine to cure the disease (3). The genus Curcuma belongs to the family Zingiberaceae contains about 80 species,
and is allocated in the tropics of Asia, Africa, southeast Asia and other mellow parts of the world (4). Curcuma
angustifolia is well known as East Indian arrowroot, and it has several medicinal properties (5).Arrowroot is an
essential medicinal herb with great value in the national and international market (6). The tribal people of India take
it to cure different diseases such as fever, jaundice, kidney disorders, thirst etc. (7). Diarrhoea colitis is fixed with the
help of the rhizome of the arrowroot plant (8). Bone fracture, inflammation and intestinal disorders are treated using
rhizome of this plant (9). The leaf of arrowroot contains some antimicrobial activity, antibacterial activity, and
antifungal activity (10). This species has high nutritional value as well as sources of starch. The powder of this starch
has high nutritional value and is also digestible. Therefore, this starch powder has high nutritional value and is also
digestible (11). Curcuma angustifolia contains branched, fleshy and aromatic rhizome. The roots of this plant bear
some conical or ellipsoidal tubers. A single anther is present inside the flower, and it also contains spiral bracts with
spike inflorescence (9). Naturally, the cultivation of the arrowroot plant occurs through the rhizome, but it is a
prolonged process. The tissue culture technique was a speedy process in which the arrowroot plant is cultivated and
time-saving (10) in Odisha Curcuma angustifolia cultivated in R-Udayagiri, Gajapati District and also the greenhouse
of Siksha O Anusandhan University, Bhubaneswar (11).

Alkaloids, flavonoids, terpenoids, phenols, tannins, saponins, and curcumins are the secondary metabolites present
in the rhizome of Curcuma angustifolia. Secondary metabolites and starch, glucose, sugar, curcuminoids, curcumol,
and zederone are also present in the rhizome. The young rhizome contains camphor, trans-nerolidol, butyl ester,
humelen-6, and 7-epoxide.Glycoside tenacissosidas, feronic acids are present in the stem portion. The root contains
some acids like cinnamic acid and acetic acid (12). In India, this plant is distributed in Madhya Pradesh,
Chhattisgarh, Odisha, West Bengal etc. The leaf oil extracted from Curcuma angustifolia has excellent antimicrobial
activity and antioxidant activity. The process of gas chromatography-mass spectroscopy extracts the essential oils
from the leaf and rhizome. The leaf oil has more antioxidant properties than rhizome oil (13). The oil which are
extract from rhizome of Curcuma angustifolia plant contains campor(3.3%), germocrone(3.3%), xanthorrhizol(2.9%), &
B - eudesmol(1.4%). But the 14- hydroxy candinene is absent in the rhizome oil of Curcuma angustifolia plant.

History

In a particular geographicallocation, Indigenous knowledge refers to the unique and traditional ability that exists
within and developed around the specific conditions of men and women. The indigenous knowledge is accumulated
through trial and error experiments. A traditionally weaning food known as shotti is mainly prepared from the
rhizome of the Curcuma angustifolia plant. This rhizome of the Curcuma angustifolia plant is used for medicine by local
herbalists. In ancient times the Curcuma angustifolia plant is also used for curing worms and stomachaches. The
grated rhizome is kept on the navel for 10-20 mins in case of severe stomachache. Finally, the traditional knowledge
of the Curcuma angustifolia plant and ethnic preparation has a sharp decline.

Common Name

East Indian arrowroot (English), Tekhur (Hindi), Tavakshira (Sanskrit), Gaddalu (Telgu), Tikhur (Gujarat), Tikkur
(Bengali), Kaadu arrowroot (Kannad).
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Distribution and Cultivation

Curcuma angustifolia is found in central, southern and Eastern India but is most commonly seen in India's Northeast
& western coastal plains & hills. In Maharashtra, Madhya Pradesh, AndhraPradesh, Himachal Pradesh, Odisha,
Chhattisgarh, Tamilnadu, Kerala, the Curcuma angustifolia plant is well developed. This plant is also cultivated in
West Bengal, central Himalayas, Bihar, and Karnataka. The state and other countries are also famous for developing
Curcuma angustifolia. These countries are Asia, Srilanka, Burma, Laos, Nepal, Pakistan, North Australia & China. It
requires a temperature of about 34°F.Curcuma angustifolia plant goes for shady areas of altitude of 450m and grows
best in moist soil, which means sandy, Pebbly or loamy. It is sown in late autumn, and this plant is not required to be
watered regularly, but during the dry period, water is required (14).

Plant Description

Curcuma angustifolia is a rhizomatous herb, which is belongs to Zingiberceae family and Liliopsida class. This species
is well known as narrow-leaved turmeric or arrowroot in English. It is a perennial plant. Curcuma angustifolia has
modest and 3 to 4 yellow coloured small spiked inflorescence. It contains funnel-shaped flowers within tufts of pink
terminal bracts (18). The calyx is about 1 cm long and very hairy. But the corolla is about 1.5-2 cm long and white.
The ovary is inferior, 3- locule initially (14). The flowers are seen at the beginning of the rainy season, i.e. from July to
August. Leaves are grown about 36-37 cm long and 8-10 cm wide. The smell and taste of these leaves are almost
similar to turmeric leaves. The critical part of this plant is the rhizome which can grow upto 1.5 m in length. The
primary sources of this plant's nutritional and medicinal value are robust rhizomes. This plant propagates through
the rhizome (15). The fruit is capsulated, fleshy, dehiscent or indehiscent, sometimes berry-like, and the seed is a
reddish-brown colour, slight and arillate (16). This plant is grown in moist and cool situations at about 450 m (17).

Climatic Requirement

The ideal temperature is about 34°F.It grows better in moderate sunlight. This plant likes soil with a great capacity to
retain moisture, i.e., in sandy, loamy soils. Curcuma angustifolia is found in the clearing of the forest. Regular watering
is essential to the arrowroot plant. About 2-3 times of watering in a week require the plant until established when the
plants are grown, then once a week watering requires during dry weather.

Nutrient Content

The rhizome of Curcuma angustifolia is a good source of starch, so it is a better supplement for new-born babies. Other
plant parts, such as inflorescence, tuberous roots, and rootstocks, are also good protein and carbohydrate sources
(18). The rhizome of the arrowroot plant contains approximately moisture-18%, protein-1. 92%, fat-0. 50%, ash-0. 93%
and highest carbohydrate, i. e., 91.5% by gas chromatography-mass spectroscopy, the essential oils are extracted
from the leaf and rhizome of Curcuma angustifolia plant. The main components of leaf oils are Curzerenone(37.4%),
14-hydroxy cadinene(19.8%), and eudesmol acetate(9.2%). Also, the main components of rhizome oils are
Curzerenone (76.3%), camphor (4.1%),germacrone(4.1%).

Phytochemical Constituents

Secondary metabolites are small organic molecules produced by an organism that is not essential for its growth,
development and reproduction. The secondary metabolites like alkaloids, flavonoids, terpenoids, phenols, tannins,
saponins, curcumins, steroids and oils are present in the rhizomes of the Curcuma angustifolia plant.It also contains
starch, glucose, sugar, curcuminoids, curcumol, zederone, procurcumenol, gum and fat. By gas chromatography-
mass spectroscopy, the young rhizome oil contains primary ingredients compared to matured rhizome oil. The
young rhizome oil contains morphine, camphor, 2,7-bapthalenediol, trans-nerolidol, actadecanoic acid, butyl ester,
humulen-6, and 7-epoxide.Thedeveloped rhizome oil contains ar-curcumin, camphor, Zingiberol, borneol,
curzerenone, furanodienone, isofuranodienone, xamthorrhizol isomer, methyl eugenol, palmitic acid, germacrene,
isoborneol, curdione, 1,8-cineole.Leaf oil contains curzerenone, 14-hydroxy-cadinene, and eudesmol acetate. Another
essential part of this plant is the root with Elemenone, D-cymarose, D-glucose 1-lthebetose, cinnamic acid and acetic
acid. The stem of this plant contains glycoside tenacissosidas A-E, feronic acids, polyoxytregnanes marstenacigenins
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A and B dresgenin. Apart from stem and rhizome, the seeds contain drebogenin, polyhydroxy, pregnanecissogenin,
and tenasogenin.

Pharmacological Activities

Antioxidant Activity

Antioxidant activity is the inhibition of nutrients oxidation by restraining oxidative chain reaction. The nutrients are
generally lipids and proteins. Due to the antioxidant activity of vitamin C, vitamin E and rosmarinic acid, these are
used in cosmetics (19). Although Curcuma angustifolia does not create a good relationship between curcumin and
phenol content, it is active due to high aromatic oil content, i.e. eugenol, palmitic and camphor, etc. The antioxidant
activity of the Curcuma angustifolia plant is 58.35+0.06% (20). By gas chromatography- mass spectroscopy, the
essential oils are extracted from the rhizome and leaf of the Curcuma angustifolia plant. The antioxidant activity of oils
was prolonged by various methods like DPPH, ABTS, and reducing power ability (RPA). At last, the leaf oil contains
more antioxidant properties than rhizome oil (21).

Antimicrobial Activity

Ethanol, methanol, and petroleum ether are used to screen the rhizome's antimicrobial activity and the Curcuma
angustifolia plant's leaf. Antimicrobial may be defined as the collective term for all active agents which inhibit the
growth of bacteria, prevents the formation of microbial colonies and also destroy microorganisms. A screening test
gives preliminary information about antimicrobial activity. At last, this test provides better information about
effective concentration (22). Antibacterial activity in a plant is present due to some secondary metabolites like
glycoside, flavonoids, tannins and phytosterol (23). Among the different extraction, the aqueous extract shows better
antimicrobial and antifungal activity in the Curcuma angustifolia plant. These plants show better results against skin
disease-causing microbes (24). Through the microwave-assisted process, the aqueous extraction of the rhizome of the
Curcuma angustifolia plant was extracted, and the silver nanoparticle's biological synthesis was executed. The
synthesis of silver nanoparticles from the green synthetic world created a good ecofriendly relationship and a time-
consuming process (25).

Antidiabetic Activity

The antidiabetic drug is the drug which can lower the level of glucose (sugar) in the blood; this glucose causes a
disease known as diabetes mellitus. Nowadays, about 2.8% of the world's population is caused by diabetes mellitus
disease (26). Arrowroot contains a low glycemic index but a high amount of potassium that acts as an antidiabetic
agent. So that the, arrowroot flour act as a good role in healthy snacks for diabetes people (27). Due to glucosidase
activity in the rhizome of the Curcuma angustifolia plant, the methanol extract of this rhizome shows an excellent
inhibitory activity. So that the recent research work in antidiabetic activity supports the traditional use of the
Curcuma angustifolia plant as a medicine (28).

Health Benefits

Curcuma angustifolia is a tropical, perennial plant that belongs to South America, and this plant's root produces
gluten-free starch (29). Arrowroot contains more beneficiaries' power in its different parts. This plant creates a better
place in the kitchen, infant food, cosmetics items etc.

In health

1. Increase metabolic rate:Arrowroot contains a high amount of B- complex vitamins, which help regulate our
body's metabolic pathway and circadian rhythm. Hence, the drinks of arrowroot are famous asa workhorse.

2. Good for heart:Different research proves that potassium is good for the soul. The arrowroot plant contains a
high amount of potassium, so it has a low risk of strokes, heart attack and atherosclerosis. This plant enhances
the oxygen flow to our brain.
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3. Essential for good circulation:Curcuma angustifolia plant contains potassium and copper, and iron, which are
very important for red blood cell corpuscles. These are also used for blood flow from and to the vital organs,
preventing fatigue, weakness, and anaemia.

4. Helpsin weight loss:Arrowroot is a cholesterol-free and low-calorie tuber, so it helps in weight loss.

5. Lower the cholesterol level:By the input of arrowroot daily, it promotes the bile production in the liver, which
lowers the cholesterol level in the blood.

6. Treatment of athlete's foot:There is a fungal infection due to wearing covered shoes or exposed to dirty water
on the athlete's foot. Arrowroot contains antibacterial and antifungal activity. Arrowroot powderquickly soaks
all moisture, for which infection rate decreases, so these are used as a treatment forthe foot.

7. Suitable for the kidney:Potassium in the arrowroot plant helps remove toxins and stressors from the kidney to
balance the blood pressure and increase the boosted immunity.

8. Antidote for poison:In different parts of the world, arrowroot powder is used to draw out toxins from people
wounded by the arrow's poison.

9. Infant food:Arrowroot powder increases infant growth and development due to the presence of magnesium,
zinc, and iron. Itis good food for infants because it is easily digestible and helps cure diarrhea, cough, etc. (30).

10. Helpful for pregnant women:Arrowroot plant rich in folate are good nutrition for pregnantwomen. This folate
helps in DNA synthesis and cell division also.

For Skin

Arrowroot powder is a magicalingredient which is helpful for health, and skin, also as a cooking ingredient.

1. Homemade deodorant:Usual deodorant irritates some skin. To avoid this irritation, arrowroot powder is used
as an organic deodorant. It removes the foul odour of our bodies.

2. Used as baby talc:Arrowroot powder is a natural ingredient used as a talcum powder for babies. Along with
chamomile powder, arrowroot powder is used as talc for babies, which helps in the rash free, soft body. The
arrowroot powder absorbs the moisture, so that typical skin infection does not occur.

3. Used for making organiccompact: Different chemicals cause the allianceto hesitate the skin. So that organically,
the mixture makes the compact of arrowroot powder, cocoa powder, cinnamonetc.

4. Used for a face mask:A face mask is always crucial for our life, along with yoghurt, the arrowroot powder used
for the face mask.

5. Cure the chickenpoxmarks:The spot made through chickenpox is not easily removed. With the help of
arrowroot powder and some antibiotic oils, the site may be cured(31).

CONCLUSION

Curcuma angustifolia is a well-known and worldwide distributed plant mainly found in Southern and Eastern India.
Different characteristics are investigated in research like phenology, reproductive biology, and plant nutrition. A
foreign researcher works with other methods to know which material is responsible for starch production.
Researchers work on the new technique of seedlings production and established planting rhizome. It studies
rhizospheric bacteria and how it affects the organic soil or plant. Due to the lack of arrowroot's exemplary
microbiological and genetic character, these aspects are now underworking. The technique of arrowroot starch
extraction has already been available.Different species of arrowroot plant contains additional amount and quality of
starch. This extra amount of starch content creates an excellent opportunity to utilize starch in food industries which
will also fulfils the SDG goal of good health and well-being.
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Table 1: Common Name of East Indian Arrowroot in Different Languages

Language Common name
English East Indian arrowroot
Hindi Tekhur
Sanskrit Tavakshira
Kannada Kaadu arrowroot
Telgu Gaddalu
Bengali Tikhur
Gujurati Tikkur

Table 2: Morphological Analysis of East Indian Arrowroot

Plant parts Character
Stem Short, replaced by pseudostems
Leaves Simple, distichous, green glabrous, opposite arrangements and deciduous
Flowers Perennial, bisexual, epigenous, funnel-shaped flowers within Tufts of pink terminal
bracts, double anther, a slender style, a rounded stigma
Fruit Capsule, fleshy or dry, dehiscent or indehiscent
Seed Raddish-brown colours, small arillate
Rhizome Strong, grow up to 1.5 m in length

Table 3: Nutrient Content of Rhizome in Arrowroot plant

Nutrient Content

Values in percentage

Moisture 18
Protein 1.92
Fat 0.50
Carbohydrate 915
Ash 0.93

Table 4:Main Components of Leaf Oil

Components Value in percentage
Curzerenone 374
14-hydroxy cadinene 19.8
Eudesmol acetate 9.2

Table 5: Main Components of Rhizome Oil

Components Value in percentage

Curzerenone 76.3
Camphor 41

Germacrone 41
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ABSTRACT

The specific mitochondrial genes keep important of information on the timing extents of evolutionary
divergence between genes an accurate resolutions of evolutionary history depend both of the estimate of
the specific gene and recovering the correct piece of genetics however the empirical relationship between
gene selection and genes is still poor in the order and quality of certain gene estimates to address this
issue we assessed the accuracy of inferred specific genes in subsets of the mitochondrial genome for
mammalian phylogenies with known dependencies using maximum likelihood methods we estimated
specific genes from an 11kb sequence of all 13 protein coding genes and compared them with estimates
from single genes0218 kb and from 7 different combinations of genes 235 kb for each sequence we
separated the component of the likelihood deviation due to branch genes differences associated with
alternative genetics from that due to those that are independent of the genome some of the sequences
reconstructed from the same genome genome gave significantly better estimates than others for the
specific genes the combination of an accurate genome and a much higher gene score suggests that this
combination of genes may be useful for assessing phylogenetic relationships to the mammalian
divergence at a lower level therefore the correct selection of genes for the sequence is an important factor
for a reliable evaluation of evolutionary history based on the molecular data.

Keywords: Genome, phylogenetic, mammalian, molecular

INTRODUCTION

The Moniliophthora perniciosa seedling causative agent with cocoa the obroma cocoa tooth fungus firstly divided as
basidiomycete as CP(Crinipellis perniciosas)& was presently re divided to close relationship with moniliophthoras
and ephillipsmoras was a causative factor fpr for cocoa these 2(two) descried the 2(two) must deadly cocoa disease
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over the united states middle perniciosas leads semi-biological lifestyle having a differentiate mycelium at each
stage biotrophic mycelium is mononuclear grows very slowly and fills at the inter cellular spaces apoplasts infected
plant tissue inside plant although its step was performing in the laboratories a recent study identified conditions and
preferred conditions for explant growth mein hard et al 2006. the thalamic mycelium is a joint-tightening
heteronuclear body sometimes easily grown in sterile cultures because of their economic importance this group
participation in complex biological studies on the antibiotic fungus m PG(perniciosaGarcia) et al 2007meinhardt et al
2006, rincones et al 2003, rincones et al., 2006 rincons and other media rio et al 2008 scarpari et al., 2005 the genome
project was included in we found completed fragments of mg(mitochondrial genomes) except m perniciosa mg
(mitochondrial genomes) of 49 fungi were obtained through sequencing fully sequenced and annotated to date this
genome has been included in all types of species therefore only five mitochondrial genomes in this study group are
important to basidiomycetes mitochondria have generally been considered VEA(vestigialsendosymbiotic ancestors)
of proteobacteria gray et al other 1999 lang et al., 1999 evolved speed than nuclears dna burger et al 2003 burger langs
2003 nosektomaskas 200 3 the reference data with the mitochondrias & core existed on time different
mg(mitochondrials genes) encode mm(mitochondrials metabolic) protein were moved some mitochondrial nuclei
with all nuclear genomes areport the genome of the fungus mitochondrial material was less than the genome of the
plant species less than the animal of the mg(mitochondrial genome) burger et alf2003 the gene which is part of a
typical fungal mg(mitochondrial genome) are significantly reduced compared to other eukaryotic bacteria
mg(mitochondrial genomes) about 3040 genes some conservative propertie of them mitochondrial genome is highly
content a t no methylation preservation of gene function and larger abundance cam bell et al 1999 the genomes of
fungi and mitochondria vary widely in size and have different topologies even the used for the genetic codes
between perticular gray et al 1999 the nos. of genes varies widely starts 3 - 67 of proteins-coding gene& 7-27 of trnas
adams palmer 2003 typically hold a set of 14 (fourteen) genes en-coding the hydrophobics subunit on the respiratory
chains complex and 2(two) sets of genes of large R the small of ribosomals size range 0154 KB all contributed
significant of the magnitude of genomic variability’s between species lack of reliable morphological and
microstructural properties has caused difficulties in the taxonomic classification of fungi however in recent years the
use of data on the mitochondrial sequences of proteins involved in key processes conserved throughout evolution
has been widely used to construct phylogenetic trees to characterize the origin and evolution of safe consequently a
more than the completed sequence in basidioomicotus may it provides clues of its origins the mitochondrial genome
was the evolutionary process of fungal mitochondria plasmids have been found in a variety of fungi griffith 1995
kempken 1995a meinhardt et al., 1990 ,1997) plasmid transition all plasmids with the exception of mitochondria
belong to this fungus shepherds 1992 they are 2(two) type of plasmids circular type & linear type of neurosporas
there are ring and linear types the absidiaglauca plasmid is circular haenflers et al., 1992 & other example are some
linear have functions is very common .Therefore those linear filamentous fungal plasmid were thought to descend
from a common ancestor however horizontal movement of linear plasmids was also seen in ascococotakemppen
1995b in most cases there is no function related to these elements but some species have filament mushrooms and
activity suppresses the growth of the mycelium Bertrand et al., 1985, 1986 neurrospora types inserting dna plasmids
to the mitochondrial genome hangs several genes this is the aging and death due to respiratory failure bertrand 2000
griffiths 1992, 1998 rieck et al ., 1982 conversely the insertion plasmid of mtdna in the common expected life increases
. This is because you are on this host this study was conducted by m noxious we describe its organization content
and gene sequence along with comparisons with other mitochondrial genome sequences and phylogenetic analysis.

Phylogenetic Analysis

For a comparison of mg(mitochondrial genome) of m fungi on the genomes of another fungi using the mega 505
nad4l nad5 nad5 and nad5 packages we studied the gene with the acidamino sequence encoding the protein atp6 atp
8 atp9 cob cox 1 cox 2 cox 3 nad 1 nad 2 nad 3 nad 4 and the nad5 package compared with the clustalw sequences of
the selected proteins are extract from selected proteins of the fungal mg(mitochondrial genome) stored in the
genbank database along with their aligned amino acid sequences
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Sequencing and Assembling of the Mitochondrial Genome

Genome M. MyCetomatis Sequencing and Assembly Sequencing Roche GS Junior High School 454 Sequencing was
sequenced by the guidelines for the manufacturer. In short DNA, it was fragmented thanks to the length of the short
film of Anamaga's 600-900 P.N., and then using the EMPCR LIBL amplification kit for the GS Junior Titatium series
to enhance the fragment and associated with blue tocatture (rugs). In total 5 x 10 related beads have been applied
to GSJunior Titanium Picothi Plate (Roche). As amitochondrial genome assembly, Roche's Assupler GS
de Novowas used.Bothends of the assembled sequence were amplified with primersmmmitofw
(5'TCATGGCTTAGATGTTGTGG3") andmmmitorv (5'GAGCTATAGTGGCTCCTAGT3') and rearranged by Sanger s
equencing to confirm the circular nature of the mitochondrial genome.

Genome Composition

MG (Mitochondrial Genome) m mycetomatis is a typical rounded dna molecule 45590 bp its size of the MG
(Mitochondrial Genome) is smaller than the MG (Mitochondrial Genome) deployed this genome is due to the change
in the amount of genes in the total mitochondrial genome m mycetomatis cryptographic structured genes very small
80 genesis genome genome a large and small rRNA subunit and a small rRNA subunit and a small rrna subunit and
a small rRNA subunit that cod up two subjects of the respiratory chain of composite 2 2 encrypt the two subunits of
the two five-hour hippiesaceous sis subunits including the subject and ribosomal protein rps3 of at synthetic
enzymes are located in two rooms in the mitochondrial genome but also all genes and trisis are in mitochondria a
chain found in a genomic plus chain mit other acyl scot mitochondrial mitochondria genome m mycetomatis has a
slightly higher content of atrich with a complete content of only 268 areas of gc encoding rna genes which has a
slightly higher content of gc at 288 which is a value obtained for mitochondria of other fungus .

All genes are located in the metatarsals, shown in the outer ring of a circle, and transcribed counter clock wise. The
following genes arefound in the metatarsal bones and 11 genes encoding subunits of the respiratory
chain complex (cob, cox1, cox2, cox3, nadl, nad2, nad3, nad4, nad4lL,nad5and nad6), 2 of ATP Dog subunit
synthetase. (atp6 and atp8), five hypothetical proteins (x1, x2, x3, x4 and x5) and six intronic proteins (including the
ribosomal protein rps3). Introns are indicated by blue boxes in the middle ring below the gene in which they are
located. Intron proteins are indicated by pink boxes in the inner ring below the intron and are the genes in which the
intron is located.

That Genes Sequence, Gene Bank Accessions number, & location which is simpleuse in study. After collection
process, the tissue sample arestoredin below 70% indentured ethanols or frozend@80 °C.Genomics
Deoxyribonucleic Acid (DNA)is extract using the D-Neasy Tissues Kits .Zhong et al. The mitochondrial genome was
then amplified. [24]. The presentof PC R product was confirml1% agarosegel& purify using QIAquick PCR
Purifications or QI A quick Gel Extractions. If need, PCR product is sized of an agarosegel .

Genomic Assembly and Gene Identification

Edit and align sequence used for DLS(Dnastar Laser gene Seqman) and megalign programs 25(Twenty five) proteins
code of gene & Ribosomal RNA gene is introduced by using blasts of 26(Twenty Six) all tRNA geneis identified by
the tRNA scan-se address of web as 27 with preference and source mitochloroplast or using the potential-based
hand its possible secondary structure and anti codon sequence. The data set contains all mitochondrial and nuclear
data. The varieties based on HTTP arel7 available cyclic mitochondrial genomes. It is used for extensive grid
development analysis. About 50 alignment tables have been used inadditionto Neptys SP Pectinia Guldi.
Paralvinella Sulfoclola & Auchenoplax Crinita Crinita, we have been interested inthe relationship between
Trebelliformiaia, so | removed the mitochondrial data of Catarina and Terbratalia Brachiya, and all other rings were
used as classifiers. Data sets for nucleotides and amino acids were generated for mitochondria. Philosophy Analysis
Includes all genes that contain all genes that contain all genes that encrypt proteins, excepts for ATP -6, ATP-8, &
NAD -6 genes.
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High variable &2(two) RRNA MLSUs & MSSU pier X -28 preferences were used to align the RRNA GBLOCKS 091B
29 gene, and in these areas, the RRNA gene is repeatedly sorted in the RRNA gene and three prostate rich genes The
position was confirmed. For family level analysis, Macclade408 30 and SEA1 V20all A 31 were used except for
the RRNA gene containing the nucleotide and amino acid sets, and 31 were generated from the aligned nucleissive
data except for the RRNA gene .RRK data. Therefore, the data matrix binding was constructed because
the mitochondrial data for more than 17 s 28s and the EF1 sequence was added to use Gene Bank data for more than
17, and collected data of two different laboratory conditions. In some cases, the combined data sets were included as
shown above to add core data to add the upcoming data related types, and the combined data sets included 11 813
nucleotides and 33 3 1 amino acid positions. Amino acid set. The data setis enabled only for protection.
We also wrote a nuclear position kit that produced a nuclear position kit containing 18 -S 28 -s & EF1 sequence only
of nucleotide levels of the nucleotide level for the 17th Texanuclear level. data set contained 5526 nucleotide
positions analysis of the nuclear ribosomal genetic data .

Phylogenetic Analyses

The highest probability (ML) & Bayesov conclusion (B 1) approach was used of mitochondrials nuclei & combine of
data sets. The total nucleotide data sets of 17- TAXA MLs are analyzed with PAUP4.0B10 [32] of the model GTR + vy
+ | model defined of the model V3.7 basically on the ACKIKE informations criteria (AIC) [33, 34] .You have started a
heuristic search by adding Ranky Taxon (10 replicas) using timber replacement. All model parameters have used
fixed values defined in Modeltest V3.7. Bootstrap Analysis Analysis The TAXA has been added using the Boretic
Search used by 1000 repeats using Heuristic Search. The analysis of the separated ML was performed as Raxml 7.2.8
[35] using the GTR + v + I model for each gene and 200 boot strap replication, and follows the best tree retrieval.

Split Bl induces non depended substitution patterns for one gene in Mr-Bayes version 3-1-2 [36] &4 circuits (3
heating and 1 for 5 x 106 (mitochondrials & nuclears)/ 2 x 106 (combination) generation, ).Trees are harvested each
100 generations. GTR + vy + I model was selected from the AIC from the detection of sysspective traps in 3/4/22, 21:42,
MR Modeltest[37, 38]. SpringerLink https://link.springeer.com/article/10/1186/147121481136/147121481136/147121481
1369 4/27 18S 2 285 RDNA, EF1a, COX1, COX2, COB, NAD1, NAD3 , NAD4, GTR + | 12 And 16S RDNA, NAD?2,
NADA4L and NAD5 COX3 and HKY + y models for GTR + y. Probability The fusion tree length of the result of L.N
identifies the convergence tree length (Burnin = 100 Trees) to identify the convergence tree length (Burnin=
100 Trees) with a tracker V1.4.1 [39] Thestore consensus tree, including the rear probability (PP),
is determined in the rest of the tree.

Another File-2 keeps a analysis andoutputs as result for data sets with 17 injectors more . We see in set of Amino
Acid (mitochondria & data combined &17-types), unwanted & separate ML and B-lI partition analysis are
performed. To analyze M-L, the selections of the model was output in RAXML 7.2.8 [35], & MTZOA + y + I +F is
selected as battery of the data set set. The Unit gene, the MTZOA + y + i model was choiced for COX-1, COX-2
(optional + F), COX -3, COB & DAYHOFF + NAD-2, NAD-3, NAD-4, NAD-4L, NAD-5 and EFla for dayhoff + vy + I
for NADS and EFla. The maximum search of the truth is used using 200 boot straps using Raxml [35], which has
been implemented using 200 boot straps, and analyzes lack of lack and analyzes ML separation. To isolate the Bl
of theamino acid data set, the model's mixed amino acid modelis individually specified individually and not
displayed .

Non-Stationary Sequence Evolution

For analyzing data in non-stailbeigeurines We used 2 steps 2.0 [40] to ensure the use of various composite along in
vectors the trees branches. Innfixed baysby Mr Bayes, have been broken tests for a nucleotide data set for a
nucleotide data setwith 17taxi, such as mitochondria and fission (Phase 2.0, wunable to use
parameters of proportional separation in Phase 2.0 Except for). We have been analyzed based on 3(three), 6(six) or
9(nine) complex vector. For one each number of composite vector, have worked four independent execution in
parallel with one cold chain (ie, 3, 11,88 and 1000), respectively. During the 12 * 106th generation, each RAN
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mileage and trees have been selected for each 1000-generation. The initial 2 x 106 generation is discarded survivors
because the convergences on the estimate & the length of tree is specified on Tracer v1.4.1 [39].

Topology Testing

A Class Au accelerated test topology [41 & 42] used to keep the fixed of the alter one hypothesis for understanding of
thedata set and more understanding of the discrepancy. More specifically, according to ML standard, AU test is
17TAXA housing (ie, 18-S, 28-S, MTDNA, 18-S / 28-S, 18-S / 18-S / EF1a, 18-S/ MTDNA, 28-S / EFlq, 28-s / mtdna,
EFla / MTDNA, 18-S /28-S / EFla, 18-S/ 28-S/ MTDNA, 18-S/ EF1la / MTDNA, 28-S / EF1a / MTDNA and 18S / 28S
/ EFla / MTDNA).Based on the earlier results, the below mentioned hypothesesis TRICHOBRANCHIDAE
(Triter) as a Terebellidae (TriAA), 2) Terebellidae (Triter), 3) Trichobranchidae (Trichobranchidae) such as the sister
of Alvinellidae / ampharetidae. PAUP's analysis is limited to get the best trees, and | got Connurueamia with a
specific hypothesis. The analytical settings are cited above.

Spectral Analyzes

That the useof Spectral Analyzes for understand the balanced of certain sides (/ split), and are useful when symbolic
traps were detected. [17]. The range divides OTUs into 2(two) groups. In spectrum analysis context, decide other
groups of other groups and other groups that we are interested in using the assignment (here to distinguish
the use of terminology (using common systematic use here to distinguish between spectrum analysis) . For example,
Trichobranchidae, Alvinellidae, and Ampharetidae will be a proper triangle hypothesis, including beautic, inhority,
forbellidae, such as Terebellidae, and all other things. To calculate and visualize Bipartity support, [SAMS, [17], and
Microsoft Excel methods, [17], and Microsoft Excel have used a set of 17 years old to Mitochondrial, Nuclear, and
Combined Data Set. SAMS was a Split tools of decomposition, which is not required hadamard junction.

As a result, itisnot necessary to keep the entire separate place. SAM differentiate impact two two categories /
groups. 1) Both group/categories sshows only each status of character, but it different/ change.2) A noisy
OUTGROUP (ie, while the majority of the group may be determined, but during a state only proving only in one
state only); 3) Noisy Ingroup and Outgroup [17]. We only learned two results related to these relationships
because we are interested intwo bilateral relationshipsin relation to therelationship of Trebelliformia. Perl
scripts that receive these Bipartisan data are available in TH upon request.

CONCLUSION

The obtain data of the discovery the simple siomorphic trap in data of molecular of either few examples, which is
known to date in contrast itochondrial data to nuclear information place Trichobrachiae as sisters of cerebellae.
Nuclear data place Trichobranchidae as sisters of ampharetidae and alvinellidae, while the last2(two)taxa strong
exhibiting constitutive aberrations in md(mitochondrial data), as indicated with analysis and skew & receive values.
However, dueto the misplacement of this Trichobrachiae, this taxon does not show an obvious compositional
bias and, unfortunately, uses different proportions. data set to perform ml analysis and break tests to perform ml
analysis and break tests use of multiple overhead classes variations in a variety of composite vectors for
implementing a variable vector for implementing a remuneration and removable models influence of influence i
could not improve simpanophic trap of mitochondrial data therefore a more complex replacement model must be
designed to properly resolve the unique reconstruction of the issue tree in the center using a separate and thorough
analysis to high node support you can detect traps from molecular data and realize molecular data in molecular data
considering the appearance of upcoming next sequence of generation technology here we have to hope that the same
analysis is better to choose artifacts due to having systematic error so it will use such a problem as a result this
approach can allow for a deeper understanding of signal source and noise by increasing the strength and confidence
in the scenic research results.
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ABSTRACT

Phytoremediation is a part of bioremediation in which soil and groundwater can be clean up from
contamination. Plants are used to extract and eliminate contaminants from the plant or reduce its
bioavailability in the soil. The plants absorb ionic compounds on the ground even at low concentrations
through the root system. The plants extend their root systems to the ground matrix and the rhizosphere
ecosystem, accumulate heavy metals, adjust their bioavailability, regenerate contaminated soils, and
stabilize soil fertility. Phytoremediation is helpful because it generates less secondary waste and has less
impact on the environment. All plants collect necessary nutrients from soil and water environments,
including metals. Some hyper accumulator plants store many metals; some of them are not required for
plant function. Plants also accumulate various organic chemicals and use them in their physiological
processes or degrade them. Disposal may not be necessary if the organic contaminants are degraded into
harmless compounds. Some plants are there accumulate pollutants at toxic waste sites. Mustard plants,
alpine pennycress, hemp, and pigweed are used in Phytoremediation. To treat environmental problems,
some plants and algae are helpful. Hyperaccumulation of metal, including protection, mutualism,
commensalism, biofilm, and interferences with different species of neighbour plants, may be affected.

Keywords: Phytoremediation, Heavy Metals, Soil Fertility, Hyperaccumulator, Toxic

INTRODUCTION

Environmental pollution generated the need to search for new environmentally friendly, low-cost, and more efficient
ecological clean-up techniques for its removal or reduction of contaminants. Bioremediation, a branch of
environmental biotechnology, is considered one of the most promising alternatives nowadays. This technology uses
the fantastic ability of microorganisms or plants to accumulate, detoxify, degrade, or remove environmental
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contaminants. Bioremediation provides the transformation or even removal of organic and inorganic pollutants,
even when they are present at low concentrations. Continuous efforts are still made to understand how
microorganisms and plants remove or transform environmental pollutants. Thus, this particular issue was to explore
different visions on bioremediation while addressing recent advances and new ideas from the perspective of efficient
process scale-up given application at larger scales(1). Bioremediation occurs naturally, without any chemical
catalysts when biological agents come into contact with the contaminants. However, creating the ideal
environmental conditions is necessary to facilitate and expedite the bioremediation process (2). The requirements
include the right temperature, pressure, pH, and moisture. We can consider three types of bioremediation, i.e.,

Bacterio remediation: In microbial bioremediation, the microbes secrete enzymes to break the contaminants into
smaller pieces, which they consume. They release water, carbon dioxide, and amino acids as a byproduct of
digestion. These are then removed.

Mycoremediation: Mycoremediation works similarly to bacterioremediation. The digestive enzymes secreted by
fungi break down the contaminants such as pesticides, hydrocarbons, and heavy metals.

Phytoremediation: In Phytoremediation, natural chemicals present in plants react with the contaminants. They
either neutralize or bind with them to form harmless substances(2).

Absorption of Heavy Metals in Phytoremediation

The accumulation of heavy metals on the ground has increased rapidly for various natural processes and artificial
activities (industrial). Since heavy metals are biodegradable, they can last in the environment and enter the food
chain through cultivated plants. They can therefore be bio-amplified and accumulate in the human body. Due to its
toxic properties, the substantial contamination of metals has brought severe threats to human health and ecosystems.
As a result, the restoration of land contamination is the most important. Phytoremediation is a user-friendly
approach to the environment that can be a successful attenuation to prepare a soil cost-effectively contaminated with
heavy metals(3). Heavy metals are non-degradable by any biological or physical process and are persistent in the soil
for a long time, posing a long-term threat to the environment. According to their role in biological systems, heavy
metals can be grouped as essential and non-essential. Crucial heavy metals such as Cu, Fe, Mn, Ni, and Zn are
required for physiological and biochemical processes during the plant life cycle; however, they may become toxic
when present in excess. Non-essential heavy metals like Pb, Cd, As, and Hg are highly contaminated with no known
function in plantsand may cause environmental pollution and severely affect various physiological and biochemical
processes in crop plants and reduce agricultural productivity. They can enter the food chain through crops and
accumulate in the human body through biomagnification, thus posing a significant threat to human health. Hence, it
is necessary to take remediation measures to prevent heavy metals from entering terrestrial, atmospheric, and
aquatic environments and mitigate the contaminated land (3, 4).

Process of Heavy Metal Uptake

Some researchers explore the absorption of contaminants by plants and their mechanisms. It can be used to optimize
the factors to improve the performance of plant absorption, according to Sinha et al. The plant acts as both
"accumulator” and "exclusion". The accumulator lives despite the concentration of contaminants in the air tissue (16).
Biodegradable pollutants limit biological exclusion in inert forms in their tissues and determine the capture of
contaminants in that biomass. Plants have evolved a precise and efficient mechanism to obtain micronutrients
essential from the environment, even if they are present at low PPM levels. The roots of the pharmaceutical drugs
produced by pH changes induced by the reaction of plants and redox are crushed or almost insoluble precipitate and
also solubilizing deficient levels of micronutrients, and it can be ingested. Plants also evolved a precise mechanism
for transcription and preserved micronutrients (5). These exact mechanisms also capture, translocate, and store toxic
elements simulating these chemical properties. Thus, a trace nutrient collection mechanism is exciting to adapt to the
meters. The range of known transport mechanisms or particular proteins integrated with plasma cell membranes
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involved in the absorption of ions and translocation is the proton pump (“energy consumption and produces an
electrochemical gradient™)ion species when absorbing heavy metal contaminants. After being caught by roots, BUD
translocation is desirable because the efficiency of root biomass is generally impossible. Most of the root metal ion
method is barely known. The mechanism of translocation of the importation of import can be closely regulated.

Plants generally do not accumulate trace elements beyond short-term metabolic needs, and these requests change
from 10 to 15 ppm from most traces. The exception is the "storage type" plant, which can account for toxic metal ions
with 1000 PPMs (17). Another problem is a method that is the method of avoiding plants, and these plants, especially
hyper-member plants. Multiple mechanisms are included. Cell storage seems to be necessary. Water that evaporates
the plant's leaves acts as a pump to absorb nutrients and other soil substances at the root of the nutrient. This
process, called evapotranspiration, is responsible for moving pollution in the development of the plant.
Contamination is eliminated by leaving the soil of origin without being contaminated because the contamination is
aligned with the roots. Some plants used in the strategy are called "treatment chambers". These plants ride the root of
one more than 1 to reach metal concentration ratios. Untreated plants generally have a significant root generating a 1
(18) percentage. Ideally, ultrasound should be prosperous in a toxic environment requiring minor maintenance and
the need to produce high biomass, but these requirements are fully compliant. The species of metal accumulated
plants concentrate heavy metals, such as Cd, Zn, Co, Mn, Ni, Pb and heavy metal of 1000 times adopted by non-
accumulated plants (exclusive). It can be done. In most cases, bacterial microorganisms and fungi living in rivers
closely related to plants also help mobilize metallic ions and increase bioavailable proportions. Its roles in
eliminating organic contaminants are more critical than in the case of inorganic compounds (4, 15). In
phytoremediation technologies, the plant uptakes heavy metal using these phytoextraction mechanisms,
phytostabilization, rhizofiltration, and phytovolatilization, as shown in Figure 1.

Phytostabilization: The use of metal-tolerant plant species to immobilize heavy metals belowground and decrease
their bioavailability, thereby preventing their migration into the ecosystem and reducing the likelihood of metals
entering the food chain. Phytostabilization can occur through precipitation of heavy metals or reduction in metal
valence in the rhizosphere, absorption and sequestration within root tissues, or adsorption onto root cell walls. Plant
growth facilitates the preservation of soil health in heavy metal-polluted areas. The established vegetation cover can
stabilize heavy metals underground, minimize their leaching to groundwater, and prevent the dispersion of heavy
metal-containing soil particles by wind (9). One of the advantages of phytostabilization is that disposal of hazardous
biomass is not required compared with phytoextraction. The selection of appropriate plant species is crucial for
phytostabilization. To fulfil the requirement of highly effective phytostabilization, plants should be tolerant to heavy
metal conditions. Plant roots play a pivotal role in immobilizing heavy metals, stabilizing soil structure, and
preventing soil erosion, so plants should have dense rooting systems. Plants should be able to produce a large
amount of biomass and grow fast to timely establish a vegetation cover in a specific site. In addition, the plant cover
should be easy to maintain under field conditions (12). Many plant species, which meet the above requirements, have
been identified and used to stabilize heavy metal-polluted soils (19).

Phytostimulation: is how soil microbial activity improvesto decompose organic pollutants by organisms associated
with roots. This process is performed in the soil layer surrounding the roots, i.e.,the rhizosphere. Plant release
carbohydrates and acids that stimulate microorganisms' activity, leading to the biodegradation of organic
contaminants. This means that the organisms can digest and decompose toxic substances in a harmless form (10).

Rhizofiltration: It is a form of Phytoremediation that involves filtering contaminated groundwater, surface water
and wastewater through a mass of roots to remove toxic substances or excess nutrients. Plants absorb contaminants
or toxins through their root system, store them into the root biomass, and transport them into the stem and leaves.
Plants continue to absorb impurities until harvest. After that, the growth/harvest cycle is continued until the plant is
replaced to achieve satisfactory levels of contaminants. This method is intended to concentrate heavy metals as
organic contaminants and residues. The process of rhizofiltration is basically for the treatment in the aquatic
environment (19).
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Phytoextraction: It is the process in which we use plants to remove the contaminated matrix (soil and water) by the
absorption of plants. Phytoextraction is mainly used to recover heavy soil metals, which are currently applicable to
other materials in the medium. In the phytoextraction process, plant roots can take up metal contaminants. The
absorbed metal is stored or accumulated in the plants' aerial portion. This is known as hyperaccumulation. These
plant species are highly tolerant of heavy metals and drinka large amount of metal (11).

Phytodegradation: takes place inside the plant or within the plant's rhizosphere. This process allows more
compounds and classes to be removed from the environment, including solvents in groundwater, petroleum and
aromatic compounds in soils and volatile compounds in the air. In this process, the contaminants break down and
take up by plants through metabolic processes within the plant through the enzyme effect. The enzymes present in
plant roots break down organic pollutants. Then it incorporates into new plant material (13).

Phytovolatilization: In this process, plants uptake and transpirate the contaminants and release the modified form of
the impurities to the atmosphere with low concentration. The plant protectsthe soil's surface, prevents erosion,
reduces rain's impact, and stabilizes the ground with its root system. The plant roots release nutrients, which are
sustainable for the rhizosphere's microbial community. The population of microbes is more in the rhizosphere than
in the soil where the root is not present. It is because of the symbiotic relationship between the plant and
microorganisms. This symbiotic relationship can help in the bioremediation process (14).

The Factors Affect Uptake Mechanism
There are so many factors that affect heavy metals' uptake mechanism. In this figure, some factors affect the uptake
performance in plants.

The Plant Species: The uptake of heavy metals is affected by plant species depending upon the plants suitable for a
hyper accumulation of heavy metals. A large amount of biomass is produced using crop production and
management practices.

Properties of Medium: Medium has great importance in this process. Fertilizers, Chelators addition and adjustment
of pH enhance the phytoremediation process.

The Root Zone: Through the root zone, absorption of contaminants occurs. When the impurities are degraded in the
soil,they can be uptake by the root. The adaptation to drought stresses the root diameter increases and reduces root
elongation.

Vegetative Uptake: Nutrient intake is affected by environmental conditions. Temperature affects growth material
and, therefore, root length. The root structure in open field conditions differs from that in greenhouse conditions.
The success of Phytoremediation, and more specifically Phytoremediation, depends on the pollutant-specific hyper
accumulator. Metal uptake by plants depends on the bioavailability of the metal in the water phase, which in turn
depends on the retention time of the metal and the interaction with other elements and substances in the water.

Addition of Chelating agent: An increase in heavy metal trapping of heavy metals by energy crops is a heavy metal
bioavailability by adding biodegradable physicochemical factors such as chelating agents and trace nutrients and
stimulating the collection of final products of heavy metals. The use of Chelating synthetic agents may affect the
plant's communities.

Advantages of Phytoremediation: The edge of this technology is reducing contaminants and protecting the
environment as a whole. Figure 3 simplifies the specific benefits of Phytoremediation technology.

These are the heavy metal adsorption techniques and effects that reduce the concentration of heavy metal ions at
deficient levels and reduce expensive absorbent use. It is also helpful in treating a wide range of toxic and
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radionuclides and various environmental pollutants, including organic and inorganic contaminants. The other
advantage of Phytoremediation is the generation of plant reduce recycling. It is cost-effective and doesn't require
much equipment. Planting trees in remediation sites can make these sites contamination-free (6, 7, 8).

CONCLUSION

Heavy metals pollution is an issue for agricultural production and food health. Therefore, improving the plant's
performance is critical to developing very effective Phytoremediation. Fortunately, the genetic engineering approach
has emerged as a powerful tool to change high-growth plants, high biomass production, high resistance to heavy
metal and accumulation. Therefore, a good understanding of the mechanism of heavy metal absorption,
translocation and detoxification of heavy metals, and the identification and characterization of different molecules
and signal transduction routes are ideal for the sanitation of the FTI through genetic engineering. It will be essential
for the design of plant species. The gene involved in the absorption of heavy metals, translocation, isolation and
strength can be exploited to improve the accumulation or resistance of heavy metals in plants. In addition, chelating
agents and microorganisms can increase heavy metal bioavailability, which promotes the collection of heavy metals
in plants or improves soil health and further promotes the growth and shape of the floor.It is impossible toclean rich
soils efficiently, or a good approach is not possible. A combination of different techniques, including genetic
engineering, microorganisms and chelates, is essential for very efficient and thorough retrieval in the future.Heavy
metal contamination is vital for agricultural production and food health due to the rapid accumulation of
environmental toxicity. Several technologies have been developed to prevent or reduce heavy metal contamination
and contaminated soil recurrence.

Phytoremediation shows some advantages over other physicochemical technologies. The absorption of heavy metals
by plants using phytoremediation technology seems thebest way to manage a contaminated environment. It has
advantages over other prior art through typical applications. Heavy metal contamination is essential for agricultural
production and food health due to the rapid accumulation of environmental toxicity. Several technologies have been
developed to prevent or reduce heavy metal contamination and contaminated soil recurrence. Phytoremediation
shows some advantages over other physicochemical technologies. The most critical factor is suitable to plant species
that can uptake contaminants. Even if it is the best option, some restrictions are there. To optimize this technology,
research should be done to minimize these limitations to optimize this technology. Various technologies have been
developed to purify contaminated soils to prevent or reduce the contamination of heavy metals. It is a promising
technique for the recurrence of rich soils contaminated with metals with good public acceptability, showing various
advantages over other physicochemical methods. Phytoremediation can remove pollutants from the environment in
a number of ways. The roots of some plants can absorb pollutants from the ground and reassemble the atoms into
compounds that are either harmless to the environment as well as it fulfills the SDG goal of climate change.
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ABSTRACT

Banana is noted for being high in several health-promoting bioactive phytochemicals, as well as carbs,
dietary fibres, vitamins, and minerals. Banana peel and banana bloom have been designated as a by-
product with the potential to be used in the development of novel food products. Furthermore, various
research reports have shown that the banana component, such as the peel and bloom, are high in macro-
and micronutrients, as well as having health-promoting benefits such as anti-inflammatory and anti-
oxidative stress. Because of this, the scientist is attempting to adapt the banana peel and bloom into
unique culinary products such as plant-based meat, confectionery, and snacks. The goal of this study is to
gather information on banana compositions and to demonstrate a strategic approach to generating
unique food items by utilising all agricultural waste and by-products. As a result, the information
supplied by this study is important for expanding the possible application of banana peel and bloom,
which might help to reduce agricultural waste and produce essential products as an alternative beneficial
food source in the future.

Keywords: Banana,by-product, banana peel and banana blossom, bio-active

INTRODUCTION

Most edible bananas are of the genus Musa; roughly 70 species have been recognised. Bananas are
monocotyledonous plants that belong to the Musaceae family (order Zingiberales) (Gowen, 2012; Perrier et al., 2011).
Tropical and subtropical regions, such as Southeast Asia, Latin America, and Africa, are the primary cultivators of
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the plant. India, (Southern) China, the Philippines, Indonesia, Thailand, and Vietnam are the top banana-producing
countries in Southeast Asia (Sialet al., 2019). The banana industry is a significant part of worldwide industrial
agriculture. The peel is thought to be a fantastic alternate source of nutrients and minerals (de Angelis-Pereira et al.,
2016). Furthermore, it includes a high concentration of natural bioactive chemicals (e.g., phenolic compounds,
flavonoids, carotenoids, or quercetin) and has strong antioxidant properties as well as antimicrobial/antibiotic
properties, all of which are linked to improved health and disease prevention (Vu et al., 2019). The peel is thought to
be a fantastic alternate source of nutrients and minerals (de Angelis-Pereira et al., 2016). Furthermore, it includes a
high concentration of natural bioactive chemicals (e.g., phenolic compounds, flavonoids, carotenoids, or quercetin)
and has strong antioxidant properties as well as antimicrobial/antibiotic properties, all of which are linked to
improved health and disease prevention (Vu et al., 2019). Another agricultural by-product of banana plantain or
banana agriculture is the banana flower, sometimes known as a banana heart, banana blossom, or banana
inflorescence.Although it has been claimed to contain a variety of nutritional benefits as well as functional/bioactive
components such as phenolics, antioxidants, dietary fibres, proteins, peptides, and enzymes, among others, which
can have a variety of therapeutic effects (Sitthiyaet al., 2018). Benefits of banana peels include: The peel of a banana
includes Crude fat, protein, fibre, ash, and accessible carbohydrate, respectively, ranged from 0.15-14.42 percent,
0.35-10.40 per cent, 0.73-29.45 per cent, 1.55-22.20 per cent, and 21.43-75.59 percent (Saallahet al., 2020). All green
bananas (1), green with a trace of yellow (2), more green than yellow (3), more yellow than green (4), yellow with a
trace of green (5), all yellow (6), and all yellow with brown speckles (Soltani et al., 2011); all green bananas (1), green
with a trace of yellow (2), more green than yellow (3), more yellow than green (4), yellow with a trace of green (5),
yellow with a trace of green (5), all (7). Bananas are harvested when they are fully ripe.

Dietary fiber

The peel of a banana is a good source of dietary fibre. Cultivars or variations, on the other hand, might have a wide
range of content. Banana species including M. paradisiaca, M. corniculata Rumph (Tanduk), M. acuminata cv.
Berangan, and M. sapientum cv. Rastali have more than 30% total dietary fibre (TDF) (Bakaret al., 2018).
Hemicellulose, cellulose, and lignins (Emagaet al., 2008). SDF consumption has been shown to reduce serum
cholesterol and lower the risk of bowel cancer, whilst IDF consumption helps intestinal control (Ramliet al., 2010).
SDF and IDF levels in banana peels have been reported to range from 5.91 to 44.95 per cent and 0.23 to 7.75 per cent,
respectively.

Minerals

Banana peel has been shown to be a good source of nutrients including calcium, phosphorus, and potassium, among
others (Kookal and Thimmaiah, 2018). Minerals included in banana peel provide a variety of health benefits,
including tissue preservation, serving as coenzymes in various enzyme systems, supporting organ and body
function regulation, assisting other biochemical and physiological activities, and preventing degenerative
neurological illnesses (Godswillet al., 2020). Unripe banana peel from M. paradisiaca exhibited high levels of calcium
(525.00 mg/100 g), phosphorus (160.00 mg/100 g), potassium (366.00 mg/100 g), and magnesium (210.00 mg/100 g),
but low levels of sulphur, copper, manganese, zinc, iron, and sodium, according to deAngelis-Pereira et al. (2016).
During the ripening process, the amount of ash in the peel changes.

Beneficial profits of banana inflorescence

The nutritional contents of banana inflorescences, include proximate components, dietary fiber, minerals, and
vitamins. The components can vary depending on the cultivars, growing conditions, and preparation method.
Banana blossom, according to the data, can be classified a high-protein, high-fiber food. Swe (2012) found that the
crude protein content of M. paradisiaca L. (Pheekyan) and M. chiliocarpa Bark flowers was greater than 10%.
According to Bhaskaret al. (2012), the protein content of banana blossom (Musa sp. cv. Elakki bale) was 12.50 percent.
According to Sitthiyaet al. (2018), the maximum protein yield extracted from the banana flower (M. sapientum L) was
252.25 mg/g, and chemical finger printing of proteins revealed the presence of various peptides and amino acids (i.e.,
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tyrosine and tryptophan amino acids) with significant antibacterial potential against gram-positive and negative
bacteria. Sheng et al. (2010) also found that banana blossoms from two cultivars (Baxijiao and Paradisiaca) contained
both essential and non-essential amino acids (valine, methionine, isoleucine, leucine, tryptophan, phenylalanine, and
lysine) (e.g., aspartic acid, serine, glutamic acid, proline, glycine, alanine, cysteine, tyrosine, histidine, arginine).
Musa spp. cv. Poovan and cv. Monthan flowers have a crude fibre content of about 15%. (Arya Krishnan and Sinija,
2016). It was also found to contain a high ash content; the value was 8.53-12.80 g/100 g in M. acuminata cv. Williams
and Musa spp. cv. Embul (Yu et al., 2018). A high amount of carbohydrate and a small amount of crude fat has also
been detected in the flower. According to Lau etal. (2020), banana inflorescence can be a good source of heart-healthy
unsaturated fatty acids like oleic, linoleic, and a-linolenic acids (which account for more than 60% of total fatty acids)
that may lower the risk of cardiovascular disease.

Banana blooms contain considerable differences in phytochemicals and antioxidant activity. TPC and TFC levels in
the banana inflorescence (M. acuminate) were 61.77-80.13 mg GAE/g and 23.73-38.15 mg QE/g, according to
Marikkaret al. (2016). While the contents were found around 45.06-60.17 mg GAE/g (TPC) and 27.49-29.33 mg QE/g
(TFC) in M. halbisiana. The antioxidant activities of the banana blossom of the two cultivars were 16.80-25.10 mmole
TE/g extract for DPPH, 70.70-404.59 mmole FeSO4/g extract for FRAP, and 3.72-24.73 mmole TE/g extract for ABTS.
TPC, 3.9 8-4.07 mg/100 g for TFC, 68.37-88.31 mg/100 g for tannin, 1.13-1.43 g/100 g for saponin, and 1.01-36.91
mg/ml for IC50 value of DPPH radical scavenging activity were discovered by Mahmoodet al. (2011) in banana
blossom (M. paradisiaca). The banana flower extract (M. cavendishii) contained 87.63 mg GAE/L of TPC and 11.78 mg
QE/mL of TFC, with IC50 values of 2.20 mg/ml and 2.98 mmol TE/g for DPPH radical scavenging activity and FRAP,
respectively (Rodrigues et al., 2020). As a result, banana blossom and its extract have a high phytochemical
concentration and antioxidant potency, making them an outstanding health food supplement.

Health Benefits of Bioactive Components in Banana Fruits

Health benefits of phenolics

A flavonoid called leucocyanidin was discovered to be a major component of an aqueous extract of unripe banana
pulp that has anti-ulcerogenic action (Lewis et al., 1999). Many flavonoids, particularly leucocyanidin analogues, may
thus have significant therapeutic promise in the treatment of gastrointestinal illness. Flavonoids' antioxidant
capacity, free radical scavenging ability, and chelating action are all linked to the presence of functional groups in
their nuclear structure, according to the structure-activity relationship (Heim et al., 2002). They also linked the
majority of flavonoids' health advantages to their antioxidant and chelating activities. Because of these properties,
flavonoids are also shown to exhibit antimutagenic and antitumoral activities (Rice Evans et al., 1996). The flavonoids
can also inhibit many enzymes, such as oxygenases (prostaglandin synthase), required in the synthesis of
eicosanoids. Thus, the flavonoids inhibit hyaluronidase activity and help in maintaining the proteoglycans of
connective tissues. This would prevent the spread of bacterial or tumour metastases (Havsteen, 2002). As the
flavonoids get preferentially oxidized, they are reported to prevent the oxidation of body’s natural water-soluble
antioxidants like ascorbic acid (Korkina and Afanasev, 1997). In most cases, the peel of a banana fruit is only used as
animal feed after it has been consumed. The disposal of banana peel (pomace) and other by-products from the
processing sector is a major environmental issue (Zhang et al., 2005). Anthocyanins, delphinidins, and cyanidins are
among the many high-value health-promoting antioxidant phytochemicals found in banana peel (Seymour, 1993).
Rebelloet al. (2014) discovered that banana peel extract has a high amount of total phenolics (29 mg/g as GAE), which
are responsible for the strong antioxidant activity. They also found highly polymerized prodelphinidins (3952
mg/kg), flavonol glycosides (primarily 3-rutinosides and largely quercetin-based compounds, 129 mg/kg), B-type
procyanidin dimers, and monomeric flavan-3-ols, among other antioxidant chemicals.

Carotenoids

Carotenoids are a group of chemicals that includes over 600 different substances. Some of them are vitamin A
precursors, while others are recognised to have high antioxidant potential to scavenge reactive oxygen species (ROS).
-carotene, -carotene, and -cryptoxanthin are provitamin A carotenoids found in banana fruit, while others such as
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lycopene and lutein have high antioxidant properties (Erdman et al., 1993). Lycopene has been linked to a reduction
in the risk of prostate cancer in men, and lutein has been linked to a reduction in the risk of age-related macular
degeneration in humans (Davey et al., 2006). Trans-carotene concentration is higher in yellow- and orange-fleshed
banana varieties (Englbergeret al., 2006). Fruits high in carotenoids have been shown to increase immunity and lower
the risk of diseases like cancer, type 2 diabetes, and cardiovascular issues (Krinsky and Johnson, 2005). Certain
banana cultivars rich in provitaminA carotenoids can be produced and consumed by the world's poor, who suffer
from severe vitamin A deficiency, and eating of such banana fruit can help to ameliorate vitamin A deficiency
(Fungo and Pillay, 2013).

Health benefits of biogenic amines

The decarboxylation of amino acids or the amination of aldehydes and ketones produce biogenic amines
(catecholamines), which are known to be abundant in banana peel and pulp. Dopamine, serotonin, epinephrine, and
nor-epinephrine are catecholamines that are found in large concentrations in many plants (Ponchetet al., 1982). These
biogenic amines are thought to act as neurotransmitters in animals, regulating glycogen metabolism hormonally
(Kimura, 1968). When humans eat bananas, the serotonin in the pulp (which ranges from 8 to 50 g/g) produces a
feeling of well-being and happiness. Dopamine and norepinephrine are abundant in bananas (Buckley, 1961).
Waalkes et al. (1958) were the first to record the amounts of serotonin, norepinephrine, and dopamine in banana
pulp, which were 28 g/g, 1.9 g/g, and 7.9 g/g, respectively. Dopamine levels in yellow banana (Musa acuminata), red
banana (Musa sapientum), and plantain pulp have been reported to be 42, 54, and 5.5 g/g, respectively (Feldman et
al., 1987). They emphasised dopamine's importance in the human brain and body as a neurotransmitter that has a
significant impact on mood and emotional stability. Dopamine levels in commercially ripened Musa Cavendish peel
and pulp have been observed to vary from 80 to 560 mg/100 g and 2.5 to 10 mg/100 g, respectively (Kanazawa and
Sakakhibara, 2000). Because tryptophan is one of the precursors for the synthesis of dopamine, the presence of this
amino acid in banana peel raises interest in the possibility of developing pharmaceutical formulations to prevent
neurodegenerative diseases like Parkinson's disease using this by-product of the food-processing industry.

CONCLUSION

The nutritional value and phytochemical substances in banana peel and flower are plentiful, supporting health
advantages. The use of full or substitute agricultural waste or by-products from banana harvesting to create a new
food product contributes to a higher value-added product. Furthermore, in the production of meat products, both
peel and bloom can be used as alternative protein sources from plant-based foods, resulting in the establishment of a
clean eco-system in food manufacturing. Furthermore, several food products containing both banana compositions
have been accepted by consumers in recent years. As a result, the peel and blossom are potential ingredients for
novel foods, as well as concurrently producing functional plant-based foods for health functionality and long-term
sustainability.
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ABSTRACT

DEAD-box protein RNA helicases have been shown to participate in all aspects of RNA metabolism.
They are found in most organisms and function as RNA helicases or RNPases. The properties of these
enzymes in vivo are still poorly understood, but some have been extensively characterised in vitro, and
the solved crystal structures of a few are now available. Taken together, this data sheds light on the
regulation of ATP and RNA binding, as well as ATPase and helicase activity.This review will concentrate
on the molecular characteristics of members of the DEAD-box protein family as well as their enzymatic
activities. DEAD-box RNA helicases play a variety of, often critical, roles in all RNA-mediated processes.
Members of this protein family have been linked to human disease, including cancer and viral infections.
DEAD-box proteins have two conserved domains that help with RNA and ATP binding. Despite recent
breakthroughs, the molecular details of how these enzymes convert chemical energy into RNA
remodelling remain unknown. When combined with prior knowledge, this allows for a family-wide
comparative structural analysis. We propose a general mechanism for RNA binding site opening. This
study also sheds light on the diversity of DExD/H- proteins, which has implications for understanding
the functions of individual members of the family. Couldindicate a test condition or a lack of a
cooperative partner, as it could simply be an extra delay

Keywords: DEAD-box, as RNA helicases, ATPase, metabolism, RNA

INTRODUCTION

Work, however, is scarce. When tested, multiple spirals represent a depressing theme or process. This is simply a
subset of the standard functionality shared by all members. NTPs that are nucleic acid dependent. tying work
Regardless of what they do in vitro, members of this class of proteins are known as "helicases," despite much debate
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and discussion. In addition, not all cyclic bilayer functional proteins in vitro are considered helicases. Encoding
Helicase is a major component of eukaryotic and prokaryotic genomes (Shiratori et al. 1909, Silverman et al. 2003).
The division of these proteins into three major families and two (here referred to as SFI to SF5) is based on the
appearance and characteristics of the arrows stored in the main sequence (Gorbaleaya and Koomes (Shiratori et al.
1909, Silverman et al. 2003). The division of these proteins into three major families and two (here referred to as SFI to
SF5) is based on the appearance and characteristics of the arrows stored in the main sequence (Gorbaleaya and
Koonin, 1993). Among the saved motifs, all helices have Walker motors A and B (Walker et al., 1982), which are also
found in most ATPases in general. SFI and SF2 contain DNA and RNA helices that appear to function as monomers
or dimers (Tutera and Turcja 200e, Tutaja and Tutcja, 2001a). Furthermore, these two higher families exhibit the same
tall sequence in their recorded motifs. Several structures of the DNA and RNA helix from different major families.

Family matters have been resolved. All SFI components, as well as the SF2 helix, are housed in the same package
with two domains as Rec A. (Canthers and McKay, 2002). Although the sequences of all proteins differ, the structural
similarity suggests that they can perform enzymatic activities in the same way. SFT, SE4, and SFS are mostly made
up of helices. Bacterial or viral origin hexametric bacteria (Patel and Photos 2000). Large families are structurally
distinct in the SFI and SF2 helices because, like airborne RecA, they contain only one domain and only two species
survive. Following Ciorhalenya and Koonin's 1993 division, DEAD box and related families of DEAH, DEXH, and
Dix D, also known as helicases of the DEXDXH family, members of SF2, share eight motifs (Tanner and Linder),
2001; These closest families can be classified differently according to the purpose of preservation The dead box
family is the largest family and is governed by the presence of nine archival images and Bacterial helicases and its
control.

Structure of Dead-Box RNA Helicase

PRODUCTS Several helicase crystal structures have been discovered in the last ten years, including SF1 Pet A
(Subramanya et al., 1996; Velankar et al., 1999), SF2 Uvr B (Theis et al., 1999), SF1 Rep (Korolev et al., 1997), and the
helicase domain of the hepatitis C virus SF2 NS3 (Figure 2A, Yao et al., 1997, Kim et al., 1998). In addition, four DEAD
box SF2 proteins were identified (Benz et al., 1999; Caruthers et al., 2000: Story et al. 2001 Carmel and Matthews, 2004:
Shi et al., 2004; Zhan et al., 2004). MIDEAD crystal structure of Methenococcus annushil Story et al. is one of the
DEAD box proteins.2001 and the human splicing factor UAP56 (Shi et al... 2004) are the only quasi-simple structures
of complete proteins. In addition to these structures, the two regions of yeast translation initiation factor elF4A
Cannhers et al., 2000) and crystalline UAP56 (Zhao et al., 2004) were resolved separately, as were the structures. Full
bamboo. Rebuild by combining these two areas together. Finally, the amoterminal domain of Bat DEAD was
recrystallized and resolved IE: Ca. All these DEAD box proteins have no long amine and carboxyl termini, are
located close together and are small in size. The helicase core alone, all SFI immobilized and SF2 helix crystal
structures exhibit two nested globular domains, whose repositories typically consist of five p fibers surrounded by
five helices. Like the Rec A , ATPase synthesis (Indaba and Steitz 1992). These two domains represent approximately
350,400 fossils and form the core of the helicase bacterium. The amine-terminal domain (referred to as domain 1 in
SF2 and la in SF1) contains the ALP Q-binding motif (if present), 1 and 11, the ATP Ill hydrolysis motif and the RNA-
binding motif here, and the In-terminus (Swine: 2) Carboxy domain (domain 2 in SF2 and 20. In SF1, contains the IV
and V RNA binding motifs. And the V1 motif, can bind ATPase and release functions. Indaba et al., 2001, suggested
that the Ila and Ib motifs are structurally similar to the V and IV matifs. . It is suggested that they perform the same
tasks, though this was not done for testing purposes. Stratigraphy. Surprisingly, the distances and orientations of the
two domains differ significantly between the different crystal structures of the SF2 helices. Domains 1 and 2 are close
to HCV NS3MjDEAD or UvrB structures, but are further away from UAP56 or el4A structures. Furthermore, when
compared to ICV NS3, UVB, or MIDEAD, the two domains in UAPS are rotated by more than 50 degrees (Shi et al.,
2004). These differences in domain location and domain location indicate structural flexibility of SF2 helicases, which
may be important in their operation. The presence of DEAD box proteins is a distinguishing feature. These extra
structures. Corresponds to and includes the recently discovered Q motif for the DEAD box protein family (Tanner et
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al., 2003). (see Section 3.2). Q motifs and other conserved motifs (1-VI) are frequently found in strandloop or helix
loop transitions, as well as in Flanking sequences from other helicase families (Tanner and Linder, 2001; Carmel and
Matthews, 2014). DEADux protein length and structure vary greatly. They are taken into consideration. To improve
interactions with substrates or cofactors, or to carry out additional functions Although there is no structural data for
the DEAD box proteins in this flanking arrangement, additional structures are not conserved. SF1 Per A Domain
(domains 13 and 2B, Korelev et al., 1996), SFI Representative (domains 13 and 2B, Korelev et al., 1996) (domains 1B
and 2B: Subramanyal et al., 1996). These extra structures. Corresponds to and includes the recently discovered Q
motif for the DEADbox protein family (Tanner et al., 2003). They are no longer an issue. These extra domains
(included within the basic sequence in the case of SFI proteins) are mostly helices that interact with the main
domains 1 and 2 of 1A and 2A. PerA requires embedded sequences to bind and release ds DNA. In NS3, on the other
hand, carboxyl flanking terminal sequences improve helicase substrate coherence, whereas amino terminal dunking
sequences have serine protease activity, which alters the biochemical functions of full length NS3 (Tomei et al., 1992).
2004 (Kuang et al.) As a result, side effects appear to alter and possibly regulate the enzymatic activities of the
belicase core (Korley et al., 1998). (See also Section 3.2.) Q motifs are also used.

DNA Identification

The packaging of a fragrant residue also appears to be common, although a pleasant group may be given the
remotest remotely in the main sequence, as noted in SE1 PeeA (Komlev et al, 1998; Tanner, 2003). With the exception
of conserval glutamine and aromatic residue. Some Q motif properties of the DEADx protein are not found in any of
the other helicase families tested (Farmer et al., 2003 although some stored residues are commonly found to be
associated with glutamine. However, while glutamine is essential for the DEAD box proteins in vivo, it has no effect
on a few important SFI (Da2) and SF2 (Rad3, M4, and Sthl) DNA and RNA helicases. S. cerevisia because changing
this ATP hydrolysis and nucleotide binding It is thus proposed that the Q motif, by interacting with the | motif and
being important for both ATP and RNA binding, can form the associated nucleotide sensor and may not act as an
ATPase activity regulator, activating ATP hydrolysis only when the substrates are appropriately bound to the box
proteins (Cordin et al., 2004). Glutamate, on the other hand, is stored in the 15-22 residue range. The structure of
Pedestrian motif A in SFI and SF2 is similar, and its sequence is Highly Economized. This motif's rare properties
include several crysta structures of the DEAD box neoplastic protein. Ploop, or phosphate ring, of the motif found in
two different statements (Tanner et al., 2003; Shi et al., 2004): the "open" transition. Johnson and McKay (1999);
Carmel and Matthews (2004); Shi et al. (2004)). The open ring was discovered in cl FAA and UAP56 nucleotide bound
forms, MDEAD bound to sulphate and UAP56 bound to citrate. This is consistent with the pattern I've observed in
NTP ases in general when polished with or without figs. In the absence of the binding ligand, the closed ploop was
only seen in the polished F4A, LAPS, and Be DEAD structures. This closing combination causes the actuator found at
the end of the term of the amine unit 1 to expand. Because ATP cannot be bound in this closed state due to a lethal
obstruction, the chain breaks. Before the rod can be inserted, the helix of sample 1 must be opened. account number
21 DEAD box protein alanine variation during ATPase and helicase activity (Svitkin et al., 2001) Similar mutations in
the DEAD box motif, on the other hand. Pip22 has little or no effect on yeast growth (Schneider et al., 2004). Schriver
and Meszaros (2000) demonstrated that a modification (Val) in the Prp22 la motif can alter the in vitro helicase
function of the motif Il mutant, possibly by opening up interstitial breakage holes for ATP hydrolysis. This suggests
that the motif is not restricted to RNA binding and also contributes to the structural rearrangements that occur
during ATP binding and hydrolysis. Consistent with this view, an additional interaction is observed between the
original La motif remnant and the motif | glutamate residue in the crystal structure of MIDEAD and UAPS6 (Fig.
Zhon et al. 2004) 35 GG Cable, which is present in many DEAD box proteins, was identified in the first work by
Linder with his collaborators in 1989 as part of the archive describing the DEAD box family of proteins. (Linder et al.,
1989). This structural element is part of the domain and resides in a loop structure between the This and | motifs
(Figures 2B and C). They simplify the formation of a pointed fan in this loop. They have been suggested to
participate in protein interactions in clF4A (eg, binding of all 40i; Henr et al., 1999), and conversion of these glycines
to ell 4A affects growth (Schmid and Linder, 1991) 3.6. This motif is also known as the Walker B motif. Along with
the Walker A motif, the Walker B motif is known to be essential for ATPase activity and is present in many families.
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In the published structure of the DEADbox protein, the reserve lysine of motif 1 interacts with native aspartate. From
motif | in the free ligand structure but not in front of the binding nucleotide when interacting with the bound Mg
finder in the nucleotide hound.

The alanin variation of the motif in the DEADbox allergic protein in both ATPase and helicase activities (Svitkin et
al., 2001) However, similar mutations in the DEAH box motif la. The Pip22 protein has little or no effect on yeast
growth (Schneider et al., 2004). Schriver and Meszaros, 2000, showed that modification (Val) in the Prp22 la motif
could alter the helicase function of the motif Il mutant in vitro, possibly by opening the intervertebral fracture to
hydrolyzed ATP.The interaction of motif | with motif I, motif Il with motif 111, and the possible interaction of motif II
and motif 1l with motif VI may provide a frame-bound ATP packet, which can be resulting in the appropriate
remaining suspension. Required for hydrolysis. Mont Il (SAT, Figure 1) was suggested to play a role in linking
ATPase and helicase activities. Alteration of the ell 4/und Il motif in the DEAH hox-associated proteins results in loss
of helicase activity. However, these changes are only minor. Impact on ATP binding. ATP hydrolysis and RNA
binding (Pause and Sonenberg, 1992: Schwer and Meszaros, 2000). Rockak et al. 2005, found that alanine substitution
of the srine and threonine 111 motifs in Hasl slightly decreased ATP binding and hydrolysis (about twice each) and
slightly reduced RNA inhibition. As a result, belicase activity was significantly reduced.

In contrast to the resolved crystal structure of the DEXH NS protein (Kim et al., 1998), where the 11l motif appears to
be part of the flexible binding region between domain 1 and domain 2 (Figure 2A), it appears to be entirely part of
domain 1 in the DIE box proteins. It is separated from domain 2 by a spiral sheet structure (Figure 28. C and 3: Stery
et al., 2001: Carmel and Matthews, 2004) However, this structure may have evolved into a gap between domains.
During the ATPase or helicase reaction. As mentioned before, the In motif interacts with motifs | and IlIMotif V is
proposed to be an RNA-binding motif associated with motifs la, | and IV. However, the role of ATPase activity or of
a combination of ATPase and helicase functions cannot be ruled out (Caruthers et al., 2000). The V motif is part of the
link between domain 1 and domain 2 that points to the RNA binding medium. Its matching sequence in TDVARGID
(Figure 1). In clF4A, the storage arginine of the V motif is a loop that has been proposed to associate with a false
motif with associated oligonucleotides (Caruthers et al., 2000).

DNA Protein Evolution

Finally, except for Dbp A and related proteins (Fuller Pace et al., 1903; Kossen and Uhlenbeck 1999) and low levels of
Prp5 (07Day et al., 1996), DEADox protein is reported to be specific protein. Recommended RNA launcher For most
proteins in the DEAD box, such as translation elements for ery units of degradation equipment, no substrate
specifications are expected as they will meet a wide variety of different substrates. On the other hand, DEAD box
proteins involved in ribosome biogenesis or pre mMRNA splicing may contain certain substrates in vivo although in
vitro tests fail to produce it. Therefore, in vitro substrates are widely used by utal yeast RNA, total RNA, poly (A)
and poly (1) RNA. In proteins such as Dall, CA or Sm, there is no ATPase activity where there is a hluntend RNA
chiplex (lost et al., 1999; Hizchand et al, 2004) In contrast, RhIE is shown to be stimulated not only that. With ssRNA
or duplex with 3 or 5’ overhang but also with empty RNA duplex (Bizchard et al., 2004). It has been shown in olF4A
that the binding of ATP and RNA is unordered and a rate-limiting step, like the binding of RNA and ATP, and the
telcase of ADP and Pi. Fast events emerge (Lorsch and Herschlag, 1998). This may be due to the lack of helicase
activity reported in clF4A. Association between RNA binding and ATP binding RNA binding is stronger in the
presence of an ATP or | analog that can be diluted with water, but is significantly reduced by masking the ADP or
ATPYS analog of ATPYS slow (Lonich and Herschlag, 1998; Pink and Herschlag, 2003; Condin et al., 2004). It is not
clear how the proteins differentiate between RNA and DNA because no DEADbos protein is covered by the binding
RNA substrate. However, it is possible that helicases detect RNA through the formation of interactions with 2
hydroxyls. As noted above, encoding a specific RNA target may not be a common factor, at least in vitro, and indeed
most of the DEAD box proteins tested were uncharacterized. Specific RNA techniques, although the helicase core
may lack the substrate specification. Specific specifications can be provided for regions or regions located at the
aminoterminus and carboxylterminus ends of the protein. The best example is Ecole helicase DbpA, whose ATPase
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performance is strongly enhanced by a specific conformation. (192) of 23S rRNA found in peptidyl transfer center on
mature hocterial ribosome (FullerPace et al., 1993; Nicol and FullerPace, 1995; Tau et al., 2001). This specific RNA
structure interacts strongly with the tighuly (A20 nM) and additional site binding RNA found in the
carboxylterminal protein component. In addition to 1192, other structural features of the 1189 1193 23S RNA
substrate play an important role, as they can establish additional binding to protein and regulate ATP compliance
and hydrolysis levels (Kousen et al. 2002: Polach and Uhlenbeck, 2002: Karginov and hienheck, 2004). Finally, it is
demonstrated using RNA printing tests that interactions between DbpA and its RNA target are altered by nucleotide
binding (Karginoy and Uhlenbeck, 2004). Kossen et al. also showed that transferring the Dbp A-bound carboxyl
terminus protein to DEAD box the nonspecific Sm B protein delivering this 1192 protein directly from 23S RNA
without changing the kinetic parameters of ATP hydrolysis (Table 1). This suggests that the RNA- binding region of
DbpA provides self-expression (Kossen et al., 2002). The presence of additional unidentified RNA motifs, such as
RGG dumains, also influenced functions. However, it appears that However, although this model can still use up to
10 specific DEADbox proteins, this does not appear to be the case for DbpA. Diges and Uhlenbeck. 2005. DbpA was
recently shown to be a strong 3-5 spirochete requiring a 5-row circuit for duplex loading (Figure 6CX 3 of duplex
H92 can express many different forms of the protein that it can use. Used to obtain a maximum of 3 charges while
binding to a specific RNA substrate (Figure C). RNA duplex. (162 bp duplex, Hirling et al., 1989: 36 to 46 bpRessler et
al., 2001) In addition, helicase activity was DIE. Box proteins are highly dependent. In stable duplex is used: LAG
stabilization™) in a population consisting of 15 to 10 kcal/male and whose annual duration varies between 10 and 25
bp. As expected, a negative relationship between duplex stability and helicase activity is observed (Rossler et al.,
2001; Bizebard et al., 2004). Using duplexers of increasing length and stability, Rogers et al., 1999, demonstrated that
ell4A could promote the separation of a few base pairs, and proposed that, in the field low A6 duplexer, this release
cripples full duplexer. However, if several long duplex pits are separated by full duplex stability, it is not
significantly reduced, and duplex is not reduced to a reduced extent. So a tear was planned. Hizchard et al., 2004
showed that the length of the single-stranded protrusion is required for helicase function and that the minimum
length requirement varies among proteins. The size of the unfinished helix of DEAD box is thought to be about 56 bp
(Rogers et al., 19991)

DNA Analyses

Wading ty to trees Major ungtinchem models (Aland the native milling ® as Maulifual verms of the theme of the
acte) (section 4.3). ADP and Pian t nad wadas nad wadas nad wadas nad wadas and the protein fe can intercept RNA
and become charged anywhere in the tidal extinction model. Two latent objects indg AL cause tomorrow's
movements, bringing it closer to domain 2, as hinted in indvem. This is the RNA for transmitting the 'cual command.
It has limits. Proteolytic assays are commonly used to test for mutations caused by nucleotide and bound RNA,
respectively, further evidence for the different forms of RNA protein complexes seen in genetic translocation assays
nucleotide-based electrophoresis (Cordin et al. 2004) and RNase defense testing (Karginov and Uhlenbeck. 2004).
Finally, structural data from the IF4A, MjDEAD, UAP56 and DExH box HCV NS3 helicases show distinct structures
of the two domains involved in RNA nucleotide binding (Yao et al., 1997; Kim et al., 1998: Caruthers: Caruthers) et al.
, 2018, Story et al., 2001; Caruthers and McKay, 2002; Shi et al., 2004). Henn et al., 2002. It has been shown that in ADP
binding, but not ATPy binding, the digestion pattern of DopA protease is different from that of unbound protein.
This indicates that DbpA is passing. Corresponding changes in binding to ADP. The formal protein Den also changes
RNA binding. These changes lead to incr ADP band helium fan hom KNA livsociato mu strong in the fou protein
bound to the te Chelevel RNA structure in which the helicase bacteria bind to the subtitle near the dead dres
pertahotint of the structure will reduce a few Bay cheese duplication regions. The duplicate description, in either
case, is based on reading the content together and will completely melt you. Several studies have shown that heliae
cause long-term changes in NTPase and helicase activity (Lorsch und Herschlag, 1998b) in different adenosine
nucleotides, it is possible that each nucleotide harvests and strengthens the diffract. The compatibility also depends
on whether the RNA is bound.
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CONCLUSION

As discussed earlier, the DEAD box proteins represent a large family of helicases. They are involved in the control of
all RNA-related processes in the cell. From writing to destruction. This chapter will briefly review our understanding
of the potential role of various DEAD box proteins in the cell (Figure 91, The most comprehensive review can be
found elsewhere.RNA for vitamins. Activator of transcription and interacts with various transcription factors and
nuclear receptors (Endoh et al., 1909; Watanabe et al., 2001; Wilson et al., 2004). 2005). In the case of DP103 and p72,
helicase activity is not required for function. Interestingly, ATPase or posic helicase function is not required for HD
AC, p53 or Eremediated transcriptional control, the hutbased p300 script requires p68 to have ATPase function.
These results indicate that some helicases do not always require their enzymatic activities and that the requirement
for enzyme activity depends on the context of the helicases they are using and their colleagues.

Pre-RNA classification is a multi-step process that requires two transesterification reactions and multiple structural
rearrangements of a large RNP complex known as the spliceosome. Reproduction of multiple DEADboxes and
DEAHibosomes is a multi-step process involving multiple RNA species, multiple ribosomal proteins, and various
transactivation factors.In eukaryotes, it begins in the nucleoli, continues in the nucleus, and ends in the cytoplasm.
Ribosomal RNA (rRNA) is transcribed as two precursors (pre55 and 355 prerRNA in S cere visiact.35S prerRNA is
then released and modified in a high-persistence medium and synergistically to produce three proteins) rshosRNA
plays an important role at critical stages of splicing DEAH box proteins involved in the early stages of prespliceosome
assembly and its continuation including the active spliceosome, while DEAH hox proteins are required required in
the later stages of recombination and re-digestion (Laking et al., 1998 Silverman et al. 2003, Rocaic et me ander., 2004).
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ABSTRACT

Finger millet (Eleusine coracana L. Gaertn) is a vital minor millet that is considered as ‘nutri-cereal’.
Demand for finger millet is increasing day by day as compared to other minor or small millets, as it is
rich in iron, calcium phosphorous, vitamin A and B and richest source ofcalcium.Use of only chemical
fertilizer through increases yield, also affects the soil health. Integrated nutrient management (INM)
aspect includes judicious use of chemical fertilizer, organic manure and bio-fertilizer and this approach
maintains sustainability. INM in legumes leaves more residual soil nutrient, which can be utilized by
growing low nutrient requiring finger millet. Growth, yield, nutrient uptake and economics of the crop
showed better result on residual soil fertility of previous leguminous crop.

Key words: finger millet, INM, residual nutrient, growth, yield, nutrient uptake, economics

INTRODUCTION

The small millets got enough popularity due to their nutritional qualities during the recent years (Maitra, 2020;
Maitra et al., 2020). Finger millet (Eleusine coracanan L. Gaertn) is the most important small millet in terms of area and
production (Maitra et al., 1998). The crop is considered as the fourth important millet in the world (Gupta et al., 2012).
Finger millet grain (per 100 g) contains 72.0 g carbohydrate, 7.3 g protein, 1.3 g fat, 2.7 g minerals, 18.8 g dietary fibre
and 344 mg calcium (ICAR, 2009). It is the highest source of Ca among all cereals and millets. It is also rich in iron
and phosphorus, as well as a good source of A and B vitamins (Upadhyaya et al., 2006). The people, those who are
involved in hard work, it ensures a good diet for them. Finger millet straw can be a nutritious fodder for cattle. Flour
of finger millet malted grain is used for preparation of cakes, porridge and infant foods. It is a good diet for diabetic
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patients (Sandhya et al., 2017). Finger millet is a commonly cultivated crop in south Asia including India and many
parts of eastern and southern Africa. Globally, finger millet production ranks sixth among cereals, which contributes
about 12% of total millet production (Mundadaet al., 2020). Finger millet production is proportionately higher than
other small millet production (Fig.1). India it is cultivated over an area of 1.0 million hectare with total production of
about 1.76 million tonnes and with productivity of 1747 kg ha? in 2019-20 (Anonymous, 2021). Finger millet is
cultivated mainly in low fertile soil of tropics and subtropics by the Indian farmers. Although it is a less nutrient
requiring crop, but its cultivation under less fertile soil and input reduces the yield potential of the crop (Maitra et al.,
1997, 2020). To enhance productivity and to maintain sustainability, diversification of the cropping system is
required and the applied sources of nutrients should be proportionate to soil biodiversity (Dhiman and Dubey, 2017;
Ramya et al., 2020). That’s why inclusion of leguminous crops in the cropping system can improve productivity in a
sustainable manner (Praharaj and Maitra, 2020). Continuous use of chemical fertilizer has detrimental effects on soil
health, agroecosystem and environment as a whole. Moreover, over-dependence on high energy and fossil fuel
involving chemicals as fertilizers increases cost of cultivation and reduces nutrient recovery (Woods et al., 2010; Ye et
al., 2020). Addition of organics as an input in crop production improves the quality and sustainability of crops (Latha
and Sharanappa, 2014). This article includes how finger millet performs on residual soil nutrient status of preceding
leguminous crops. Further, the article addresses some of the Sustainable Development Goals (SDG) such as SDG 1
(no poverty), SDG 2 (zero hunger), SDG 3and SDG 15 (life on land) (UN, 2021).

Effect of INM on post harvest soil fertility of legumes

Application of organic manures and biofertilizers is beneficial for soil health improvement as well as enrichment of
soil fertility (Palai et al., 2021). Supplementation of 5 t FYMha! along with a RDF of 20:40:40 kg N, P and Kha?)
improved available P, K and organic carbon in soil(Babu et al., 2008). Mohapatra and Dixit (2010) observed that the
treatment RDF (20:40:40 kg of N, P and K ha?) + gypsum @ 250 kg ha! + lime @ 50 % lime requirement (LR) +
Rhizobium recorded better post-harvest soil fertility such as 76.1, -0.7, -8.6, + 36.6, -1.2 and -0.99 kg ha available N, P,
K, Ca, Sand B, respectively. There was positive balance for N and Ca; whereas, slightly negative balance on P, K, S
and B. Application of lime + FYM + 50% NPK on groundnut enhanced the available N, P and K content in post-
harvest soil (Singh et al., 2011). Patra et al. (2011) observed from the nutrient budget that combined application of
inorganic and organic sources of nutrients such as RDF (20-60-60 kg NPK ha) + vermicompost @ 2.5 t hat and RDF
+ phosphocompost @ 2.5 t ha? recorded higher nutrient (N, P and K) balance after harvesting groundnut in sandy
loam soil; whereas, only RDF application showed negative nutrient balance. Use of the treatment NPK + FYM in
groundnut along with the leaf shedding property of the crop improved the soil organic matter status. Sole
application of lime (PMS) or addition of FYM increased the soil pH in acidic soil and FYM also showed buffering
action (Pattanayaket al., 2011). Choudhary et al. (2011) while performed budgeting of nutrient application reported
that maximum soil available N 164.1 kg ha! and P 16.6 kg hatwere obtained from application of 25 kg N + 50kg P20s
+ 40 kg K20 hat along with the biofertilizers, viz., Rhizobium, VAM and PSB; whereas, minimum nutrient availability
was recorded with the application of RDF as NPK (chemical fertilizers) alone. Qureshi and Bashir (2016) reported
that in field pea the treatment 100% RDF (NaPsoK20S20) + 20t FYM ha? + Rhizobium inoculation showed the highest
level of available N (272.32 kg ha?), P (31.64 kg hat), K (271.67 kg ha) and 0.73% OC% and lowest was recorded
with absolute control. Umadeviet al. (2017) recorded that application of 100% RDF through only inorganic fertilizer
in both kharif groundnut showed lesser (155.4 kg N, 27.1 kg P20Os and 151.2 kg K20 ha) nutrient availability in post-
harvest soil, whereas, it was more (176.4 kg N, 33.3 kg P20s and 1724 kg K20 ha?) when 100% N applied through
FYM. Irungbamet al. (2018) found that 50% RDF + 50% N as FYM resulted in higher total N% (0.069) in soil, available
P20s (18.44 kg hal) and OC% (0.73) than 100% RDF and at par.

Residual effect of INM on finger millet production

Growth and yield

One experiment on sorghum-wheat cropping system was conducted by Patidar and Mali (2002) and recorded that
both the treatments, namely, 75% RDF and 100% RDF tested in sorghum resulted in significantly higher number of
grains ear?, grain and straw yields of next wheat crop over the control. Application of 100% RDF to proceeding
soybean crop at New Delhi significantly increased the different growth parameters such as height of plant, tiller
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numbers and dry matter produced, whereas, the yield attributes such as number of ears, weight of ear and test
weight as well as the grain and straw yield of succeeding crop wheat over control and 50% RDF (Shivakumar and
Ahlawat, 2008). Tanwar andShaktawat (2003) conducted an experiment on soybean-wheat cropping system at
Udaipur (Rajasthan) in clay loam soils and found that application of P @ 38.7 kg ha? to soybean significantly
increased grain and straw yield of succeeding crop wheat over P @ 12.9 kg hatand P @ 25.8 kg hal. Bodruzzaman et
al. (2010) also stated that there was residual effect on succeeding crop wheat from FYM treated previous crop rice.
Further, they mentioned that FYM could help in sustaining a long term rice-wheat cropping system. Shuaibuet al.
(2015) studied on residual effect of legume and nitrogenous fertilizer on growth and yield of sorghum and reported
that different growth attributes such as plant height, number of leaves per plant and yield attribute (1000 grain
weight) and grain yield of sorghum was higher in cowpea and soybean residue plot than the fallow land. Riley
(2016) observed that application of inorganic fertilizers gives higher yield in the applied season. But it has very little
residual effect on the succeeding crop. Though organic manures are less efficient in nutrient supplementation than
inorganic fertilizers, on a long term basis organic manures improve residual soil nutrient and crop yield as well as
higher nutrient uptake. Balasubramanian et al., (2016) also proved that residual effect of the treatment 100 % RDN +
FYM @ 12.5 t ha) from the preceding rice crop on growth parameter such as dry matter production (2141 kg ha
Nand grain yield (497 kg hat) of succeeding black gram was significantly higher than the treatment 100 %
recommended dose of fertilizer N (RDN).

Nutrient content and uptake

Patidar and Mali (2002) found that residual effect of 100% RDF applied to the preceding crop sorghum showed
highest N and P accumulation in succeeding wheat and increased by 20.5 and 20.7% over control followed by 75%
RDF application, which increased 14.0 and 10.8% accumulation of N and P respectively. Another field study was
carried out on pigeon pea-wheat cropping system on sandy loam soils at New Delhi and it was observed that
application of maximum level of P (34.3 kg ha?) to pigeon pea resulted in maximum P uptake and also increased N
and P availability to pigeon pea-wheat cropping system facilitating proliferation of root and shoot growth of pigeon
pea(Singh and Ahlawat, 2007). According to Balasubramanian et al. (2016), significantly higher N (36.4 kg ha?), P
(12.8 kg hat) and K (385 kg ha?) uptake were recorded by succeeding black gram in rice-black gram cropping
system as residual effect of the treatment 100 % RDN + FYM @ 12.5 t ha! applied to the preceding rice and the
treatment proved its superiority to 100 % RDN applied to rice.

Nutrient balance

Both N and P balance were higher in FYM treated plot than chemical fertilizers treated plot in lowland rice
ecosystem (Tadesse et al., 2013). Application of FYM @ 7.5 t ha! resulted in higher N balance (21.8 kg ha?) and P
balance (7.1 kg hat). Whereas application of chemical fertilizer, i.e., 120 kg N ha and 100 kg P-Os ha showed lower
N (-5.1 kg ha?) and P (2.9 kg ha?t) balance.Tiwari et al. (2010) also reported the similar findings that chemical
fertilizers showed negative nutrient balance in soil; whereas, FYM showed positive nutrient balance. According to
Dhadge (2009), N balance in post-harvest soil of maize in groundnut-maize cropping sequence was highest in the
treatment 100% N through organic manure, whereas, P and K balance were highest in 25% RDF + 75% N (FYM) +
Rhizobium + PSB.

Interaction effect of residual nutrient and Rhizobium on finger millet

Dubey and Datt (2008) concluded from their study that residual effect of Rhizobium inoculation in French bean
significantly affected the yield of succeeding wheat. The treatment N @ 20 kg ha? + Rhizobium inoculation gave
highest grain yield (12.8 q ha') of wheat and lowest yield of wheat was noted from the untreated plot.Shivakumar
and Ahlawat (2008) found that 100 % RDF application to both the crops (soybean-wheat) resulted in significantly
higher soil available N and P contents after completion of soybean-wheat system over 50 % RDF and control to
soybean only. Tripathi et al. (2009) investigated on the residual effect of INM in sunhemp on succeeding rice crop at
Pratapgarh, Uttar Pradesh and mentioned that integrated use of RDF and biofertilizer on sunhemp didn’t show any
significant effect on grain yield of succeeding rice crop. Residual effect of the treatment 75% NPK + Rhizobium + PSB
gave highest grain yield (27.7 q ha?) of rice. The above treatment also recorded the highest N (72.5 kg ha?), P (12.5
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kg hat) and K uptake (82.5 kg ha?) of rice and it was statistically at par with 100% RDF. Chaudhary et al. (2011)
conducted a trial at Jobner, Jaipur (Rajasthan) to study the impact of INM on fenugreek-fodder pearl millet
cropping system and observed that the residual effect of 100% RDN (inorganic) + Rhizobium inoculation gave
significantly higher fodder productivity of pearl millet (12.30 t hat and 16.46 t ha' at first and second cut,
respectively) over sole application of organic source of nutrient and in combination. Another experiment conducted
at Lahaul and Spiti (Himachal Pradesh) on garden pea-buckwheat cropping system by Sharma et al. (2011) to
investigate both direct and residual effects of integrated nutrient management and noted that residual effect of RDF
provided to garden pea was maximum with 150% RDF and least with 50% RDF. The treatment 150% RDF recorded
maximum grain (2.14 and 2.1 t ha in the first and second year, respectively) and straw yield (2.98 and 2.78 t ha! in
the first and second year, respectively) of buckwheat and it was followed by 100 and 50% RDF.

Effect of INM on economics of legume-cereal cropping system

The Benefit:cost ratio of groundnut-maize cropping sequence was highest (3.01) in 100% RDF and lowest (2.32) in
100% N through organic manure the treatment applied to preceding crop groundnut Dhadge (2009). Further,
Dhadge (2009) mentioned that highest gross return (11176889/-) from the groundnut-maize cropping sequence was
obtained from the treatment 75% RDF + 25% N(FYM) + Rhizobium + PSB and was lowest ([1156556/-) in treatment
comprising of 100% N through organic manure. Dhadge (2009) revealed a trend in the result that gross return was
highest at 75% RDF + 25% N(FYM) + Rhizobium + PSB. Baishyaet al. (2014) also found highest gross return ([180.9 x
103 ha'),net return (1155.7 x 102 ha't) and B:C from the treatment 75% N (inorganic fertilizer) + 25% N (FYM) followed
by 100% N inorganic fertilizer whereas lowest gross return, net return and B:C in 100% N FYM. Dhadge (2009)
recorded that the treatment 75% RDF + 25% N through FYM + Rhizobium + PSB resulted in highest (3.85) B:C ratio
and it was closer to the treatment 100% RDF (3.83). The lowest recorded B:C ratio was 3.22 from 100% N through
FYM.

CONCLUSION

The article clearly mentioned that integrated nutrient management can improve soil fertility and crop productivity.
Inclusion of legumes in the cropping system has a great impact on agricultural sustainability. From the review of
different literature, it is concluded that satisfactory growth and yield of finger millet, a less nutrient requiring crop,
can be obtained by growing under the residual soil fertility of the preceding leguminous crop. This practice has
enough potential increase profitability and agricultural sustainability.
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Fig. 1:Comparison between finger millet with other small millet production
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ABSTRACT

Saracaasoca is well known for its medicinal properties especially in treating gynecological ailments along
with bacterial infestations, blood related diseases, skin disorders etc. The dwindling and scattered
population in wild along with unscientific harvesting of bark for commercial and pharmaceutical
industry has made the species globally vulnerable. Seed, flower, leaves and roots of the plant are
considered therapeutically valuable but bark is highly priced in commerce. The tree has been used by
indigenous communities and mentioned in age old ayurvedic literature as several commercial S. asoca
formulations used for curing different ailments. Ashoka bark is heavily adultered in the market which is
only be reduced by creating quality populations. Lack of existing stands in wild and low survivability of
seeds by predation are the major hindrances behind natural regeneration in forests. So as to develop
conservation strategies of this treasured resource along with in situ and ex situ conservation methods,
people’s awareness programmes should be conducted based on conservation priority sites for
Saracaasoca.

Keywords: Ashoka, Pharmaceutical value, Sustainable, conservation, Livelihood

INTRODUCTION

Saraca asoca (Roxb.), De. wild or Saraca indica is one of the most ancient evergreen tree of India, frequently
known as a “Ashok briksh” or “Ashoka” belonging to family Caesalpinaceae. It is a Sanskrit word which means
“without sorrow” or which that gives no grief. In a reference to this its bark’s reputation for keeping healthy and
youthful and Buddha was said to be born under this tree. Across India, Ashoka tree is believed to be sacred and
apart from Ramayana, Ashoka tree is mentioned in Buddhism and Jainism as well. Charaka Samhita which is
believed to have been composed in 1000 BC describes about Ashoka tree and its medicinal benefits (Kashyup et
al., 2006). Ashoka tree has been mentioned in some of the oldest Indian text apart from Ayurveda. It is considered as
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one of the most legendary and sacred trees of India. Saraca asoca is grown all over India and mainly cultivated in
many gardens for evergreen beautiful foliage. It is distributed all over country, particularly in southern India,
Assam, Odisha and West Bengal as well in central and eastern Himalayas up to 750 m altitude (Patwardhan et al.,
2016; Kulkarni, 2018). Number of individual trees from the forest is rapidly decreased because of non sustainable
harvesting practices and degradation of ecosystems (Manohar et al. 2020). It is placed under globally vulnerable
category according to International Union of Conservation of Nature and Natural resources (IUCN, 2022). The
declining population can only be restored and multiplied through both in situ and ex situ conservation efforts. The
seeds of the species were reported with less germination (Manohar et al 2020). Conservation of this species also
addresses Sustainable Development Goals, viz.,, SDG-3 (Good health and well-being), SDG-8 (Decent work and
Economic Growth), SDG-12 (Responsible consumption and production), SDG-15 (Life on Land).

Distribution

Asoka grows well in moist tropical areas with well-distributed rainfall. It also thrives well in partially shaded
locations. Asoka tree is mainly distributed in Asia and some parts of North America. In Indian subcontinent, West
Bengal, Assam, Odisha, Tamil Nadu, Karnataka, Kerala, Andhra Pradesh, Meghalaya and Maharashtra. Originally it
was distributed in the central areas of the Deccan plateau, as well as the middle section of the Western Ghats
in the western coastal zone of the Indian subcontinent. As a wild tree, the Ashoka is a vulnerable species. Saraca
asoca is also found in countries such as Pakistan, Sri Lanka, Bangladesh as well as in Burma (Saha et al., 2012).

Morphological characteristics

The leaves are paripinnate, alternate, distichous and 7-30 cm long and its petiolule 0.1-0.6 cm long and opposite
leaflets, 4-6 pairs, narrow elliptic-oblong or lanceolate, and its apex acute to acuminate, base acute to rounded
or subcordate, glabrous, midrib raised above and tertiary nerves reticulate (Pradhan et al., 2009). The bark is dark
brown or grey or almost black with warty surface. Stem bark are rough and uneven due to the presence of rounded
or projecting lenticles and channeled, smooth with circular lenticles and transversely ridged. Floral inflorescence
carrydense corymbs, orange colour to red in color with a peculiar fragrance. Fruit is a pod, oblong and apiculate,
four to eight seeded, flat and black coloured, leathery pod. The pod is dehiscent, woody, and tapering at both ends.
Seeds are ellipsoid—-oblong and compressed. Flowering and fruiting occur from July to October(Pradhan et al., 2009).

Nursery Technology

e Seeds are collected in December-January and seedlings are raised in a nursery in March of polybags of 25 cm x
20 cm size. The seeds germinate in about 15 days.

e For land preparation pits of size 45 cm x45 cm x 45 cm are prepared at a spacingof3 mx 3 m.

e Two-month-old seedlings are transplanted in the pits during monsoon season in June/July.

e Ashoka performs better when grown as a mixed crop with perennial trees like coconut, which provide partial
shade to the crop. Intercropping with herbs and medicinal plants can also be done for earlier economic returns.

Medicinal VValue and Phytochemistry

It is a major valuable medicinal tree of traditional Indian Medicine system and its bark is possess variety of chemical,
which is used for women disorder (Begum et al., 2014). Due to its immense medicinal values, the species graining
importance among the plant biotechnologists and pharmacologists in terms of its pharmaceutical importance
(Smitha, 2013; Begum et al., 2014). Ashoka tree has mythological importance and occupies a privileged place in many
Indian folk and socio-cultural traditions. The legendary Indian text, Ramayana has a mention of the Ashoka tree. In
India, Married women are generally known to eat Ashoka flower buds as a ritual to invoke deities for child
protection as well as different gynecological problems (Pradhan et al., 2009). Traditionally it is used for treating
women related problems such as leucorrhoea, menorrhagia, dysfunctional uterine bleeding, and bleeding
hemorrhoids etc. It is believed that the persons suffering from mental disorder are advised to take bath under
the shade of Ashok tree. Generally natives prepared special herbal Mala for mental piece using root pieces of Sita
Ashok. The Ashoka herb is also said to improve the complexion of skin. This herb can be used to obtain relief from
burning sensations on the skin. It also helps to get rid of the toxins from the body. The Ashoka herb is also effective
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in purifying the blood naturally and in preventing skin allergies (Gahlaut et al, 2013; Bhalerao et al., 2014). In many
region of India, traditionally on belief people wear root pieces of Ashoka as herbal rosary for mental
tranquility. Our numbers of ancient scriptures describe the importance of Asoka like in Charaka Samhita (1000 BC),
Susruta(500 BC), Dhanvantari Nighantu (9th century AD), Raj Nighantu, Kayadeva Nighantu etc.

Table 1 shows phytoconstituents seen in different parts of the tree. Many ayurvedic and allopathic drugs are derived
from Ashoka (Table 2.) which shows the necessity to conserve the tree and extended commercialization of the species
(Haridasan et al., 2003).

Pharmacological and Biological activity

Anti-mennorhagic, oxytocic and uterine tonic, Anticancer, Anti-inflammatory, anti-arthritic and cardio-protective
effect, Antibacterial, Antifungal, Anti-nephrolithiatic, Central nervous system depressant and brain tonic,
Antioxidant, anti-diabetic and hypolipidemic, Dermato-protective, Analgesic, Larvicidal, Anti-helminthic, Anti-
mutagenic and genoprotective effect, Antimicrobial activity, Anti-inflammatory activity, Uterine tonic activity, CNS
depressant activity, Anti-diabetic activity, Anthelmintic activity, Analgesic activity, Larvicidal activity, Antiulcer
activity, Anticancer activity, Anti-oxytocic activity ((Varghese et al., 1992, 1993; Bhandary et al., 1995; Ghosh et al.,
1999; Mitra et al., 1999; Mujumdar et al., 2000).

Need of Conservation

Ashoka tree occupies a great position in ancient folklore and related to many spiritual beliefs. It has got a fascinating
history in India. Medicinal and pharmaceutical values of this tree is immense especially in curing women disorders.
As the population has became very scattered and only in forests its very difficult to meet the demand. Thus reducing
the population in the wild. Conservation is the only way to save the species. If not its not too long for the extinction
of this valuable tree. Ex situ and in situ methodologies can be adopted to commercialize this species. In order to
conserve and commercialize the species, information on seed quality, seed requirement, pre-sowing treatment,
germination behavior, seedling vigour, time and duration of seed collection is also important (Rajashekara, 2004;
Ingle and Venugopal, 2009). National Medicinal Plants Board is giving funds for the conservation of this species
through projects (Manohar et al. 2020). Also it can be used to enhance the income of farmers in rural areas as the bark
is fetching good amount of money. This will also generate income. So the conservation through commercialization in
the species is highly recommended.

CONCLUSION

Ashoka is the most ancient tree of India, Ashoka is used in many pharmacological activities like anti-cancer, anti
menorrhagic , anti oxytoxic , anti —-microbial activity and have extend uses in ayurveda , unani and homeopathy.
From a farmers perspective this tree is very promising on a long term goal as presently there are no harmful insects
or pests associated with this. The global scenario is now changing towards the use of nontoxic plant product having
traditional medicine use, development of modern drug from Saraca indica should be emphasized for the control of
various diseases.
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Table.1

Plant Part Phytoconstituent

Flower Oleic, linoleic, palmitic and stearic acidssitosterol,quercetin, kaempferol, quercetin,
apigenin- 7-0-p-D-glucoside, Pelargonidin- 3, 5- diglucoside, cyanidin-3, 5- diglucoside,
palmitic, stearic, linolenic, leucocyanidin and gallic acid.

Bark Procyanidin, epicatechin, 11'- deoxyprocyanidin B, catechin, leucopelargonidin and
leucocyanidin.

Dried bark Glycosides, lyoniside, nudiposide, 5-methoxy- 9-p-xylopyranosyl, isolariciresinol, and
schizandriside, and three flavonoids, epicatechin, epiafzelechin-(43—8)-epicatechin and
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procyanidin B2, together with p-sitosterol glucoside

Seed and pod

Oleic, linoleic, palmitic and stearic acids, catechol,(-) epicatechol and leucocyanidin.

(Dhawan et al., 1977)

Table 2.
Trade name Form Indications recommended for Company
Evecarea S Menstrual disorders Himalaya
Menosana T Menopause-related indications Himalaya
Ovoutoline? Menorrhagia, dysmenorrhea, irregular menstruation,
S&T gia, cy g Zandu
postmenopausal syndrome
Restone? T Premenstrual tension, menopausal syndrome, genitourinary Maharishi
diseases Ayurveda
. . . Arya Vaidya
Menorexb C Menorrhagia, dysmenorrhea, irregular menstruation Yy Y
Pharmacy
Femiplexa C Leucorrhoea Charak
A na Menorrhagia, metrorrhagi rtal and men | .
yapo T enorrhagia, metro aglfa, pubertal and menopausal Alarsin
bleeding,etc.
Shveta . . . . Shree
L rrh menorrh functional uterine bl n .
C eucorrhoea, menorrhagia, dysfunctional uterine bleeding Dhanvantari
. Patanjali
Pradarsudha? S Leucorrhoea, menorrhagia J
Ayurved
Femohills2 C Leucorrhoea, menorrhagia, dysmenorrhea, lower back pain Herbalhills
Menocrampa T Spasmodic and lower back pain, stress and mood swings Solumiks
Ashotone? T Excessive bleeding, stress Solumiks
AsokChurnab P Leucorrhoea, dysmenorrhea, gynecological disorders Hidco
PradarantakC Leucorrhoea, irregular menses, premenstrual syndrome,
P - Lo ) : . Charak
hurnac ovarian cysts, uterine fibroids, dysfunctional uterine blee ding
M2-Tone . . .

Fortes S Excessive bleeding, menstrual flow issues Charak
M2-Tone? T Irregular menses, gynaecological disorders Charak
M rina Irregular men | rrh menorrheal rin

asturi S egular menses, eu.co oea, gys enorrheal, uterine Hamdard

inflammation
. Leucorrhoea, dysmenorrhea, menorrhagia, dysfunctional
Ashokrista? S ] Y . . g. Y Several
uterine bleeding, gynecological disorders

(*Source: Internet. This is not a comprehensive list. 2aAshoka + other herbs, PAshoka only;

formulation; S,Syrup; T, Tablets ; C, Capsules and P, Powder

cAshoka + ayurvedic
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ABSTRACT

Herbicides may have detrimental effect on the soil environment affecting the activity of soil
microorganisms for a long time even in the succeeding crop. Therefore an experiment was conducted in
the wetland dry seasons of 2018-19 and 2019-20 at ICAR — National Rice Research Institute, Cuttack,
Odisha laid out in randomized block design comprising of ten weed management treatments in
transplanted rice in wet season comprising of three herbicide mixtures i.e. flopyrauxifen-benzyl +
cyhalofop-butyl at (25+125) g ha! at 18 daysafter transplanting (DAT) (W), fenoxaprop-p-ethyl +
ethoxysufuron at (50+15) g hat at 18 DAT (W-) andcyhalofop-butyl + penoxsulam at (100+30) g ha! at 18
DAT (Ws); three sequential application of herbicides i.e.bispyribac-sodium at 30 g hat at 9 DAT fb
ethoxysulfuron at 15 g hat at 21 DAT (Wo.), flucetosulfuron at 25 ghat at 9 DAT fbethoxysulfuron at 15 g
hat at 21 DAT (Ws) and cyhalofop-butyl at 100 g hat at 9 DAT fbethoxysulfuron at 15 g hat at 21 DAT
(We); two herbicide checks i.e. bensulfuron-methyl + pretilachlor at(60+600) g hat at 4 DAT (W) and
bispyribac-sodium at 30 g hat at 2 leaf stage of weeds (Ws); one weed free check (Hand weeding at 20, 40
and 60 DAT) (Ws) and one weedy check (Untreated) (W); replicated thrice. After harvest of wet season
rice, toria was sown with resource conservation technologies viz. minimum tillage and rice stubble mulch
in the succeeding dry season and the residual effects of the rice weed management treatments on soil
environment i.e. soil enzymes i.e. FDA hydrolase activity and dehydrogenase activity were studied at 30,
45 and 60 days after sowing of toria. The effects of the preceding season weed management treatments
were found non-significant on the soil environment of toria in the dry season.
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INTRODUCTION

The Rapeseed-mustard occupies 2nd position after groundnut out of the seven edible oilseeds in India which
contributes nearly 29% of production (Shekhawat et al., 2012). Rice-based cropping system is one of the major
cropping systems adopted in India. In Eastern Indian rainfed situation, mostly followed cropping system is rice-
fallow (nearly about 9.73 million ha area)(Kumar et al., 2018) cropping system in which the residual moisture in
the soil is subjected to evaporation loss. A short duration crop can easily be grown in this duration in order to
increase the productivity of the land as well as profit of the farmers. Being a short duration crop (70-80 days), toria
is well suited to be included in the existing rainfed situation as in sequence after cultivation rice. Hence, it’s
cultivated largely in eastern India, including the state of Assam, Bihar, Odisha and West Bengal mainly as winter
crop after harvest of rice (Samant, 2015). Out of the 17 SDGs suggested by UNDP, rice-based cropping system
with resource conservation technologies has potential to fulfill SDG 2 and 3 (FAO, 2021). Among different biotic
stresses, one of the major problems is weed infestation to reduce the crop yield. Therefore timely weed control
must be done in order to check yield loss. Out of different weed control methods, herbicidal weed control has its
great importance due to its cost effectiveness sand efficiency. However, due to herbicide application, there may be
qualitative and quantitative alterations in the soil environment of the crop i.e. soil microbial populations and their
enzymatic activities (Xia et al., 2011). Several literatures reported that recommended doses of herbicides didn’t
have harmful effect on soil environment (Selvamani and Sankaran, 1993)but the non-target organisms including
microorganisms may be affected by some of the herbicides (Latha and Gopal, 2010). Evenit was so reported that,
the growth and activities of the soil microbes may be stimulated by application of some herbicides (Wardle and
Parkinson, 1990).However, information regarding the effects of different herbicides applied in wet season rice, on
soil enzymes in succeeding toria crop is limited.

MATERIALS AND METHODS

The field experiment was conducted at ICAR-National Rice Research Institute, Cuttack, Odisha in wet and dry
seasons of 2018-19 and 209-20. The experiment was laid out in Randomized Block Design with ten weed
management treatments in wet season transplanted rice (TPR) and the residual effects of the same treatments
were studied in the succeeding toria crop in the dry season with three replications. The toria was sown after
harvest of TPR with resource conservation technologies i.e. minimum tillage and wet season rice stubble mulch.
The ten weed management treatments in rice were three herbicide mixtures i.e. flopyrauxifen-benzyl + cyhalofop-
butyl at (25+125) g hat at 18 days after transplanting (DAT) (W1), fenoxaprop-p-ethyl +ethoxysufuron at (50+15) g
hat at 18 DAT (W) and cyhalofop-butyl + penoxsulam at (100+30) g ha! at 18DAT(Ws); three sequential
application of herbicides i.e.bispyribac-sodium at 30gha-lat 9DAT fbe thoxysulfuron at 15 g hat at 21 DAT (W),
flucetosulfuron at 25 g ha! at 9 DAT fbethoxysulfuron at 15 g halat 21 DAT (Ws) and cyhalofop-butyl at 100 g hat
at 9 DAT fhethoxysulfuron at 15 g ha' at 21 DAT (Ws); twoherbicide checks i.e. bensulfuron-methyl + pretilachlor
at (60+600) g hat at 4 DAT (W) and bispyribac-sodiumat 30 g ha? at 2 leaf stage of weeds (Ws); one weed free
check (Hand weeding at 20, 40 and 60 DAT) (Ws) and one weedy check(Untreated)(W1o).

Soil microbial analysis
Soil samples from each plot consisted of composite samples were collected with as ample probe augur (0-15cm) at
30, 45 and at 60 days after sowing (DAS) of dry season toria. Collected soil was thoroughly mixed and composite
samples were prepared.
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Fluoresce indiacetate (FDA)activity
FDA hydrolase activity was measured by the potas siumphosphate buffer method (pH?7.6)followedbyextraction
with chloroform / methanol (2:1 v/v) as described by Adam and Duncan(2001).

Dehydrogenase activity(DHA)

Dehydrogenase activity (DHA) was determined by reduction of triphenyltetrazolium chloride (TTC) (Casida etal.,
1964). Soil samples were treated with CaCOs and TTC and incubated for 24 h at 37°C. The triphenylformazan
(TPF) was extracted from the reaction mixture with methanol and assayed at485 nm.

RESULTS AND DISCUSSION

FDA hydrolase activity

FDA hydrolase activity measures the early detrimental effect of xenobiotics on soil microbial biomass and is
considered as an accurate expression of total microbial activity (Nayak et al., 2007). The FDA hydrolase activities
as influenced by different weed management treatments are presented in Table 1. The weed management
treatments of wet season rice though influenced FDA hydrolase activity in succeeding toria, but there was no
significant difference among the effects of the treatments during both the years of experiments. However, it can be
noticed that the FDA hydrolase activity gradually increased from 30to60DAS and the activity was highest in
bispyribac-sodium (Ws), weed free (Ws) and weedy check (W) treatments. The treatments had no detrimental
effects on FDA hydrolase activity in the succeeding toria.

Dehydrogenase activity(DHA)

Soil DHA is considered as a valuable parameter for assessing the impact of herbicide treatments on the soil
microbial biomass (Sheeja et al., 2015). Data regarding DHA as influenced by different weed management
treatments are presented in Table 2. There was no significant difference observed among the effects of the wet
season rice weed management treatments on DHA in succeeding toria. However the overall DHA increased from
30 to 60 DAS and the rate of increase of the DHA was more in 30-45 DAS than 45-60 DAS in all treatments. The
increase in DHA might be due to decomposition of rice stubbles. The treatments had no detrimental effects on
DHA in the succeeding toria.

CONCLUSION

The herbicide mixtures, sequential application of herbicides and single herbicide used in the experiment were
found to be safe having no harmful effects on soil enzymes i.e. FDA hydrolase activity and dehydrogenase activity
in the soil environment of succeeding toria crop.
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Tablel: Residual effects of wet season rice herbicides on FDA hydrolase activity in succeeding toria

FDA hydrolase Activity (pggsoilh)
Treatments 30DAS 45DAS 60DAS
2018-19 2019-20 |Mean 2018-19 2019-20 |Mean 2018-19 2019-20 [Mean

W1 3.11 3.17 3.14 444 453 4.48 6.06 6.17 6.11
W: 3.10 3.14 3.12 442 449 4.46 6.04 6.11 6.07
Ws 3.07 3.13 3.10 438 448 4.43 5.98 6.09 6.04
Wi 3.15 3.19 3.17 4.49 4.56 4.53 6.13 6.20 6.17
W5 3.02 3.11 3.06 4.30 4.45 4.37 5.87 6.05 5.96
Wi 311 3.16 3.14 444 452 4.48 6.06 6.15 6.10
W7 3.02 3.08 3.05 4.30 4.40 4.35 5.87 5.99 5.93
W 3.26 3.35 3.30 4.64 4.79 4.72 6.34 6.52 6.43
W 335 3.39 3.37 477 4.85 4.81 6.51 6.59 6.55
W10 331 3.36 3.33 471 4.80 4.76 6.44 6.53 6.49
SE m+ 0.13 0.11 0.07 0.19 0.11 0.10 0.26 0.21 0.14
CD(P=0.05) NS NS NS NS NS NS NS NS NS

All the treatments are described in the materials and methods

Table 2: Residual effects of wet season rice herbicides on Dehydrogenase activity (DHA) in succeeding toria

Dehydrogenase activity(DHA)(mgg! soilh?)

Treatments 30DAS 45DAS 60DAS

2018-19 2019-20 Mean | 2018-19 | 2019-20 | Mean 2018-19 | 2019-20 Mean
Wi 133.39 139.31 136.35 | 164.07 171.35 167.71 | 182.74 190.85 186.80
W2 131.58 136.10 133.84 | 161.84 16741 164.62 | 180.26 186.46 183.36
Ws 130.07 134.28 132.17 | 159.98 165.16 16257 | 178.19 183.96 181.08
Wa 135.05 141.04 138.05 | 165.25 172.58 168.91 | 185.02 193.23 189.12
Ws 128.64 133.78 131.21 | 157.40 163.69 16055 | 176.23 183.28 179.75
Ws 132.83 138.19 13551 | 162.53 169.09 165.81 | 181.97 189.32 185.65
Wy 128.96 134.43 131.69 | 157.80 164.48 161.14 | 176.68 184.16 180.42
Ws 139.00 14459 141,79 | 171.72 178.62 17517 | 190.43 198.08 194.26
Ws 143.61 150.22 146.91 | 17741 185.58 18150 | 196.74 205.80 201.27
W10 141.64 147.88 144,76 | 174.99 182.69 178.84 | 194.05 202.60 198.32
SEmz 5.03 524 5.13 6.17 6.43 6.30 6.89 7.17 7.03
CD(P=0.05) NS NS NS NS NS NS NS NS NS

All the treatments are described in the materials and methods
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ABSTRACT

Minor millets are a category of small-grained cereal crops with a short, thin culm and small grains that
have a unique capacity to thrive in difficult situations such as low rainfall, poor soil fertility, and uneven
terrain. They are also more nutrient-dense than traditional grains. Malnutrition is pervasive in many
developing nations; for example, India is one of many countries where child malnutrition is severe.
Minor millets are well-known for their health advantages. All small millets are high in dietary fibre and
can be used as both a preventative and therapeutic meal. The minor millets have substantially higher
content of fiber, protein and minerals compared to fine cereals like rice and wheat. Millets are also gluten
free and easily digestible, making intolerance, stomach ulcers, or excessive cholesterol. Three varieties of
minor millets, proso millet, foxtail millet, and pearl millet, were farmed and exposed to three levels of
salt stress (1.5, 5.5, and 9.5dS/m).Millet eating by women has been reported to aid in the prevention of
gallstones due to its high insoluble fibre content.

Keywords: Minor millet, nutritional value, functional food, abiotic stress tolerance, wider adaptation

INTRODUCTION

Minor millets are a category of small-grained cereal crops with a short, thin culm and small grains that have a unique
capacity to thrive in difficult situations such as low rainfall, poor soil fertility, and uneven terrain (Hrideek
andNampoothiri,2017; Brahmachari et al., 2019).Minor millets have a diverse genetic makeup and require few
cultivation inputs. They are also more nutrient-dense than traditional grains (Banerjee and Maitra, 2020). Millets,
which are grown for both food and fodder, provide food and livelihood stability to millions of people while also
assisting in efficient farming especially for small/marginal farmers and residents of rain-fed/ remote tribal
communities (Reynolds et al.,2015). Minor millets or coarse grains are the primary source of nutrition for tribal
peoples in areas where main cereals such as rice, wheat, and maize are rarely grown due to low yields. Malnutrition
is pervasive in many developing nations; for example, India is one of many countries where child malnutrition is
severe(Pasricha and Biggs,2010). Minor millets are essential food group that has been missing from the food basket in
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recent years. Minor millets are well-known for their health advantages. Cereals are a cheaper source of dietary
calories in the current context, but small millets give higher nutrition with micronutrients such as vitamin B complex,
calcium, iron, and sulphur (Nuss andTanumihardjo,2010). All small millets are high in dietary fibre and can be used
as both a preventative and therapeutic meal. Aside from the nutritional advantages, tiny millets crops can adapt to a
wider range of growth conditions. Despite their high nutritional benefits and resistance to climate change, tiny
millets are becoming less popular around the world (Padulosi et al.,2009; Maitra et al., 2022). Since modernization
forced Indians to convert to wheat and rice, research (NCAER) on minor millets has indicated an exponential drop in
consumption of resilient millets from 32.9 kg in 1960 to 4.2 kg in 2010. To achieve inclusive and fair growth and
development in our country, the second green revolution must focus primarily on nutrition, which was overlooked
in the first green revolution, which was focused on production (Negin et al.,2009). In our country, inner invisible
hunger (micronutrient insufficiency) is a major issue. Eradication of extreme poverty and hunger is the first of the
Millennium Development Goals (MGDs) proposed by the United Nations in the year 2000. India is far away from
achieving this goal(Patwari,2013). Further, cultivation of small millets addresses some of the Sustainable
Development Goals (SDG) such as SDG 1 (no poverty), SDG 2 (zero hunger), SDG 3 (good health and wellbeing) and
SDG 15 (life on land)(UN, 2021).

Reasons for unpopularity of millets

e Lack of technical understanding among farmers and processors about diverse processing methods in contrast to
their own ancient methods of processing are credible factors for millets’ lack of popularity. Adoption and
diversification of new things are cultural challenges (d’Alpoim and Bocinsky.,2018).

e People are unaware of the nutritional significane of small millets, and there is a wide-spread belief that millets
are poor man’s crop (Shanthakumaret al.,2010).

e Consumers’ unwillingness to purchase and condition (Kuo and Nakhata,2019).

Salient features of minor millets

High nutritional value

The minor millets have substantially higher content of fiber, protein and minerals compared to fine cereals like rice
and wheat (Table-1) (Verma and Patel.,2013). Millets like Jowar has protein content of 10.4g, Bajra 11.6g, the 12.5g of
proso millets, 12.3g of foxtail millet, and 11.6 of barnyard millet is equal to wheat’s 11.8g and significantly greater
than rice’s 6.89. In comparison to wheat and rice, finger millet has a lower protein content (7.3g), but it is higher in
mineral matter and calcium. Millets in general have more fibre than fine cereals (Table 1). In compared to wheat 1.2g
and rice 0.2g, tiny millets such as barnyard millet 14.7g, kodo millet 9g, little millet 8.6g, and foxtail millet 8.0g are
the richest in fibre. As a result, millets are now referred to as millets. "Miracle grains/ AdbhutAnaj and nutria-
cereals"(Senthilvel et al.,2008).

Finger millet has 16 times the calcium content of maize, and some believe it could eventually replace rice as a staple
diet, which is especially important to humans due to the availability of key minerals(Hassanet al.,2021).Millets are
also rich in micronutrients (Table-2). Iron and zinc are two essential minerals for human health. To combat its
prevalent malnutrition, researchers should look into increasing the iron content of minor millets grains. Millets are
also gluten free and easily digestible, making intolerance, stomach ulcers, or excessive cholesterol (Badiuet al.,2014).
Despite the fact that has been very little research done in this area, it looks that small millets are a good source of
antioxidants and may have anticarcinogenic qualities. Millets can so help to diversify one’s diet. In all of India and
rural areas, the states of Assam and Bihar had the largest consumption of tiny millets. Ragi has nearly ten times the
calcium of wheat or rice among tiny millets (Verma and Patel.,2013).

Medical Benefits

e Lignans are a type of phytonutrient found in millet that is beneficial to the human body. Under the influence of
interstitial friendly flora, these lignans are transformed to mammalian lignans are transformed to mammalian
lignans, which protest against hormone-dependent malignancies like breast cancer and reduce the risk of heart
disease (Hwanget al.,2015)
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e |If ingested on a daily basis, minor millet is particularly beneficial to postmenopausal women(Canderelliet
al.,2007).

« It has been observed that if children consume whole grains like minor millet it has a reducing effect of wheezing
and asthma on them(Venteret al..,2020).

< Millet eating by women has been reported to aid in the prevention of gallstones due to its high insoluble fibre
content(Attiliet al.,1997).

« Phosphorus is a material that aids in the creation of the mineral matrix of the bone and is also a vital component
of ATP (adenosine triphosphate) in our bodies, as well as significant constituent of nucleic acids, which make up
the genetic code (Wildman and Medeiros,2000).

« According to a recent study, consuming little amounts of millet on a daily basis reduced the chance of developing
type 2 diabetes. This happens because whole grains like minor millet are high in magnesium, which serves as a
co-factor in a variety of biochemical activities in the body and hence aids glucose and insulin secretion (Saikia
and Deka.,2011).

« Magnesium can also help to reduce the number of migraine attacks you have. It is also highly good for patients
who have atherosclerosis or diabetic heart disease (Tangetal.,2018)

Ability to withstand adverse soil and climate

Salinity Tolerance

In the southern Khorasan area in eastern Iran, three varieties of minor millets, proso millet, foxtail millet, and pearl
millet, were farmed and exposed to three levels of salt stress(1.5, 5.5, and 9.5d/m). under both salt stress and normal
conditions, the pearl millet type from Birjand, followed by foxtail millets, demonstrated the highest production
potential. Proso- millet variety from Ghaen, on the other hand, demonctrated increased salt tolerance
(Gehrken,1985).

Drought tolerance and water logging tolerance:
Among the different millets, samai (little millet) also known as thepoor man’s crop is an important dryland capable
of with-standing both drought and water-logging(Choudharyet al.,2019).

Heat Tolerance

Pearl millet another minor millet a versatile crop capable of growing in the dry desert areas due to its drought
hardiness and high temperature tolerance (Bidinger et al.,2004).A lot of heat is available in pearl millet hybrids such
as HHB-67, HHB-68 and HHB-60.

Adaptation to infertile soil conditions:

The root system of foxtail millet is reduced and enhance in response to low nitrogen and phosphate levels in the
soil(Nadeemet al., 2020; Maitra et al., 2020). Despite having a reduced root system when nitrogen levels are low,
foxtail millet increases biomass accumulation and root thickness, presumably for nutrient transfer. The low
phosphate content of foxtail millet shows its internal nitrogen status, which works as a signal regulating nitrogen
transporter expression and hence characterises its inherent relationship with nitrogen nutrition (Nadeem et al.,2020).
Also, lately brown-top millet another minor millet has been recognized recently due to its huge potential and wider
adaptability to grown in a variety of soils and climates and having the quality to tolerate a moderate level of
environmental stress as C4 plants. Being a facultative upland plant, brown-top millet prefers sandy loam soils with a
pH 5-6.5 under full sun but its speciality is that it can be also be grown in the partial shade which ensures wider
choice of adoption even in fruit orchards or in agroforestry system (BGBD,2015).

Among the several little millets, the relevance of brown top millet has lately been recognised, as it has enormous

potential to make a living in resource-poor and vulnerable ecological situations, ensuring economic and nutritional
security as well as small-scale production sustainability (Bénéet al.,2007; Maitra et al., 2020b).
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Incorporation of minor millets in Indian food supply chain

e To feed the population we first need to produce then only we can process minor millets and and enjoy its
nutritional benefits (Salehet et al.,2013). But the scope for enhancement of productivity under irrigated conditions
is limited because of over-exploitation of available resources, but there is ample opportunity for boosting yield in
drylands by adopting suitable crops and cropping systems. The combination of cereal and legume in
intercropping can be a major help to the farmers in subsistence farming targeting livelihood security
(Maitra,2020c). They also have numerous advantages, such as increased crop productivity, increased resource
efficiency, reduced water run-off and soil conservation in erosion-prone areas, prevention of soil nutrient loss,
improved soil health, insurance against crop failure due to unusual weather, and a higher monetary return and
benefit-cost ratio(DeVincentis et al.,2020; Maitra, 2020b; Maitra et al., 2022).

e Snacking is becoming a common practice especially in children and adults therefore an attempt to develop some
healthy snacks like muffin (Benton,2004), cakes and biscuits from processed malted finger millet flour to get the
maximum advantage of their nutrient content in terms of bioavailability. Malting Finger millet malt (FMM) can
be prepared by different methods given by with slight modifications that is by steeping finger millet grains for
18-24 h at room temperature and allowed to sprout for 48-120 h. Grains were dehydrated for 60 mins at 60 °C.
Further rootlets of grains were removed and powdered to obtain flour for later usage. Also, the above process can
be repeated by blanching, pressure cooking or roasting the grains field (Khokhar andApenten,2003).

e After fermenting and cooking the ready-made mix to create idli and dosa, germinated powders of minor millets
were blended and incorporated (Ashworth et al.,1992)with other fundamental traditional components like rice
powder and de-husked black gramme powder in defined proportions. In comparisionto rice-based idli, high
proportions of protein (15-18%), fat (8.5-9.8), and carbohydrate (69-72%) were determined for dosa. In millet-
based meals, processing stages such as decortication, germination, and fermentation also considerably reduced
antinutrients such phytic acids (69%) and tannin(78%) concentration (Krishnamoorthyet al.,2013).

CONCLUSION

Millets are easily accessible and inexpensive. This is primarily due to a lack of awareness and information among the
general public about the various types of food available, particularly little millets. The majority of developing
countries grow millets to suit their food and nutrition needs, whereas affluent countries feed animals with them.
Minerals, vitamins, protein, carbs, and amino acids all abundant in these foods. When compared to cereals, they play
a vital role in sustainability because they consume less water. They can be cultivated with less pesticide and fertiliser
in locations where main crops are not grown. Millets are a rich source of dietary fibre, protein, and minerals that can
be added to people’s daily diets as they have wide health benefits such as preventing diabetes, cardio-vascular
diseases, obesity, gastro-intestinal problems, and cancer, among other things, as the population grows and they
consume fast foods and eat an unbalanced diet. They contain anti-oxidants and provide energy throughout the day
by digesting slowly.
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Table 1: Coarse and fine cereals have different nutritional values (per 100g)

Crop Protein Carbohydrat Fat (q) Crude Mineral Calcium | Phosphoru
@ e (@) Matter (g) | matter(g) (mg) s_(mg)
Sorghum 10.4 72.6 1.9 16 1.6 25 222
Pearl millet 116 67.5 5.0 12 2.3 42 296
Finger millet 7.3 72.0 1.3 36 2.7 344 283
Proso millet 125 704 11 22 19 14 206
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Foxtail millet 123 60.9 43 8.0 33 31 290
Kodo millet 83 659 14 9.0 26 27 188
Little millet 8.7 757 53 86 17 17 220

Barnyard 116 743 58 147 47 14

millet
Wheat 118 712 15 12 15 41 306
Rice 6.8 78.2 05 02 06 10 16
(Source: National Institute of Nutrition, 2007)
Table 2: Micronutrient profile of millets (mg/100g)

Crop Mg Na K Cu Mn Mb Zn Cr Su Cl
Foxtail 81 46 250 140 | 060 | 0070 | 24 | 0030 | 171 37
millet
Proso | 183 | 82 13 | 160 | 060 . 14 | 000 | 157 19
millet
Finger | 57 110 408 047 | 549 | 0102 | 23 0028 | 160 44
millet
Little

. 133 8.1 129 100 | 068 | 0016 | 37 0180 | 149 13
millet

Bamyard | g . . 060 | 096 . 3 | 0090 . .
millet

Kodo 147 46 144 1.60 1.10 ; 0.7 0020 | 136 1
millet

Sorghum | 171 73 131 046 | 078 | 0039 | 16 0.008 54 44

Bajra 137 109 307 1.06 115 | 0069 | 31 0023 | 147 39

(Source: NIN, 2007)
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ABSTRACT

Faulty agricultural practices and heavy tillage lead to a larger loss of soil carbon and an increase in
greenhouse gas emissions, primarily CO2, which has an impact on not just soil productivity but also
atmospheric quality, resulting in "climate change.”" Conservation agriculture (CA) has emerged as a
potential approach for maximizing the use of existing resources while ensuring long-term output. CA-
based management approaches are extremely viable for bringing sustainability to agricultural crop
production by saving inputs, lowering energy usage, and minimizing greenhouse gas emissions.
Multiple ecosystem services, such as supplying, regulating, and sustaining, can be provided by the CA
system. Regulatory services include enhancing carbon status as well as the overall soil health, all of
which contribute to provisioning services in terms of crop and water productivity. Increased soil carbon
sequestration enhances supporting functions, such as soil aggregation, which increases accessible soil
moisture and can help plants grow and develop more effectively. It also improves both above- and
below-ground soil biodiversity. This article examines conservation agriculture as a feasible approach for
ensuring sustained agricultural production and mitigating climate change.

Keywords: Conservation Agriculture, climate change, residue retention, no-till, sustainability,
greenhouse gases

INTRODUCTION

Conservation Agriculture (CA) is a holistic approach since it generates profitable crops while conserving natural
resources. Farmers benefit from CA because it increases water quality, soil fertility, and erosion control, as well as
helping to combat climate change by enhancing the sequestration of carbon (Kassam et al., 2009; Jatet al., 2012). CA
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systems are also tolerant to harsh climatic events, contributing to agricultural system resilience and adaptability to
climate change. As a result, CA becomes a critical component of long-term production intensification that combines
high output with environmental service supply. Although CA is a promising option and can blend in almost every
agro-ecological system, there is still much debate regarding its practicability in small and marginal farmers, where
crop residues compete with soil retention for use as animal feed (Valbuena et al., 2012; Hossain et al., 2021a). There
are also differences in the influence of CA on crop yields across varied locations (Pittelkowet al., 2015; Aryalet al.,
2015; Thierfelder et al. 2015). Farmers in Rajasthan's arid region never consider leaving crop residues (viz.bajra,
sorghum, maize, wheat, and barley) on the soil surface, according to researchers, because the cost of fodder is
significantly higher (600-700 Rs/q). Furthermore, the agriculture here is livestock-based and hence, they are always
drawn to quick rewards. Even if the water level in the Jhunjhunu area of Rajasthan is below the danger level, farmers
are still engaging in improper agricultural methods to satisfy their current desire.CA helps in preventing climate
change via. carbon sequestering in soil (Hobbs and Govaerts, 2010; Lal, 2015; Kar et al., 2021), despite the
experimental evidence being mixed and the matter causing dispute (Neufeldt et al., 2015; Powlson et al., 2014).
Nonetheless, CA is considered a viable option in many regions of the world (Hossain et al., 2021b).Soil regeneration,
input optimization, labour, and profit maximization are all pillars of CA. When CA is practicedit gives positive
outcomes. An organic soil cover prevents erosion, generates a favourable microclimate; provides organic matter,
improves soil fertility and prevents erosion; whereas crop rotation promotes good biodiversity. The United Nations
Food and Agriculture Organization (FAO) defines conservation agriculture as follows:

“CA is a concept for resource-saving agricultural crop production that strives to achieve acceptable profits together
with high and sustained production levels while concurrently conserving the environment. CA is based on
enhancing natural biological processes above and below the ground. Interventions such as mechanical soil tillage are
reduced to an absolute minimum, and the use of external inputs such as agrochemicals and nutrients of mineral or
organic origin are applied at an optimum level and in a way and quantity that does not interfere with, or disrupt, the
biological processes. CA is characterized by three principles which are linked to each other, namely: (1) continuous
minimum mechanical soil disturbance;(2) permanent organic soil cover; and (3) diversified crop rotations in the case
of annual crops or plant associations in case of perennial crops.” Reduced tillage, cover crop management, crop
residue management, and sensible crop rotation are all examples of CA (Wright and Hons 2004; Thierfelder et al.,
2005).

Conservation Agriculture in the World

Conservation tillage was established in the United States in 1935 which was known to be the dust bowl in the 1930s.
The main goal was to keep 30 per cent of the soil covered by crop residue. Direct sowing, crop rotations and residue
retention were used to pioneer minimal tillage in Brazil. In the United States, the first zero-tillage method was
established. In Brazil, it was completely developed and was known as CA. CA is estimated to have spread across 95
million hectares around the world (Derpsch, 2008; Pramanick et al., 2021). The area practicing CA doubled between
1999 and 2005 (45.5 million ha to 95 million ha). Brazil, Argentina, Paraguay, Australia, and Canada are the countries
with the most no-tillage land, followed by the United States, Brazil, Argentina, Canada, Australia, and Paraguay.
Latin America, on the other hand, is entitled to the highest adoption rates and best quality CA systems (permanent
no-tillage): CA systems cover over 60% of total agricultural land in Argentina, Brazil, and Paraguay (Derpsch, 2005).

Purpose of Conservation Agriculture

According to the FAO, CA combines overall natural resource management with external inputs to conserve, improve
and more effecient use of natural resources. CA is sometimes referred to as "resource-efficient” or "resource-effective"
agriculture since it helps to save natural resources while both increasing and maintaining agricultural productivity
(Garcia-Torres et al., 2003). Conservation technologies (RCT) are based on principles of CA which have been found to
increase yield as well as resource use efficiency, all while lowering the impact on the environment (Das et al.,
2021).According to CA, the soil is a living entity that is necessary to preserve life on this planet. Larger yields, lower
production costs, decreased labour, increased farm profits, better production consistency, and hence improved food
security are some of the economic benefits of CA. As a result, CA may be a realistic choice for eliminating hunger
42655



http://www.tnsroindia.org.in

Indian Journal of Natural Sciences % www.tnsroindia.org.in ©1JONS
Vol.13 / Issue 72 / June / 2022 International Bimonthly (Print) ISSN: 0976 — 0997

Santosh Kumar Lenka et al.,

while also ensuring overall sustainability. Conservation agriculture also has an impact onglobal warming. CA has
been demonstrated to aid in soil carbon sequestration as organic carbon can be harvested at a rate of 0.5 t/ha/year in
humid temperate climates (Baker et al., 2007).As a result, CA may be represented as a strategy that aids in climate
change mitigation. Further, the CA addresses some of the Sustainable Development Goals (SDG) such as SDG 1 (no
poverty), SDG 2 (zero hunger), and SDG 15 (life on land) (UN, 2021).

The Principles of CA Conservation

Agriculture highlights the significance of the soil as a living entity that is necessary for the survival of living beings
on this planet. It underlines the importance of safeguarding the top 0-15 ¢cm of soil, which is both active and
vulnerable to erosion and degradation. The principles of (CA) and the acts that will be encouraged are as follows:

Principle 1: Minimum soil disturbance

When the land is neither ploughed nor rotated, this approach argues for minimal soil disturbance. Continuous tillage
degrades soil structure, resulting in a hardpan that hinders water infiltration and proper crop root development. To
lessen the soil crusting due to the impact of rain and subsequent losses caused by it, minimal or no-tillage with
mulching was proposed (Landers, 1999; Roose and Barthes, 2001).This lack of soil disturbance aids in the
preservation of general soil structure, such as aggregate stability and porosity, which allow for water and gas
exchange and provide habitat for a diverse range of soil biota.

Principle 2: Crop rotation

Crop rotation is a technique of sequentially planting two (or more) different crops in the same area. Legumes, deep-
rooted crops, and high-residue crops should all be included in crop rotations. Crop rotation is an agricultural
management technique that has been used for centuries. With the increasing population of beneficial soil biota, the
pest and disease problems can be kept at bay, sensible crop rotations can mitigate pest and disease problems
associated with not tilling the soil. Howard (1996) cited examples of disease management using rotation as well as a
historical look at the cultural control of plant diseases. By increasing microbial variety, which helps keep pathogenic
organisms in control, rotations reduce the likelihood of disease and pest outbreaks produced by pathogens (Leake
2003). In zero-till systems, crop rotation with a varied rooting pattern along with negligible soil disturbance results in
a more extensive network of root channels and macropores. This facilitates water infiltration to larger depths. Crop
rotation also disturbs many weeds' life cycles, resulting in a reduction in overall weed growth. When compared to
monoculture, these benefits result in a yield increase of about 10% for crops grown in rotation.

Principle 3: Maximum soil cover

Above the soil surface, a protective layer should be applied. Plants are either allowed to flourish or are killed, and
their residues are allowed to degrade in soil. This is primarily used to prevent chemical and physical deterioration of
organic matter-rich soils. Plant residues help in capturing rainwater, regulate temperatures by enhancing water
penetration, act as a windbreak, etc. Surface crop cover encourages microbial activity, which is especially beneficial
in tropical and subtropical regions. Kumar and Goh (2000) studied the effects of crop residues and management
strategies on nitrogen dynamics in soil, crop yield as well as overall soil health. Crop residues from farmed crops are
a crucial component in crop production, according to the study, because of their impact on soil activity and soil and
water quality. Soil aggregation and associated labile nutrient pools may be influenced by cover crops, altering soil
and yield (Sainjuet al., 2003; Holeplasset al., 2004).

Principle 4. Use of appropriate fertilizer

The fourth principle for CA is the use of adequate fertilizer (Vanlauwea et al., 2014).The lack of organic resources
makes it difficult for smallholder farmers to embrace CA. Appropriate fertilizer application boosted crop yield and
crop residue availability throughout soil fertility gradients, notably on mid-distance and remote fields, which
account for the majority of small scale farming fields.
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Advantages of Conservation Agriculture

For both farmers and the environment, conservation agriculture is beneficial in many aspects. Numerous people
involved in global food production, on the other hand, are not recognizing it as a better alternative to traditional
practices that have been shown to have detrimental environmental implications. This is primarily due to a shift in
mindset that realizes how higher yields may be obtained with fewer inputs. Despite these challenges, farmers,
researchers, academics, and extensionists around the world are increasingly recognizing conservation agriculture.
Conservation agriculture (CA) is a style of farming that maximizes the amount of land available for food production.

Land

Conservation agriculture improves soil physical properties and protects it from erosion by minimizing soil
disturbance and preserving permanent soil cover. Reduced runoff, which generally contains residual agrochemicals
and soil sediments, is one of the key advantages of conservation tillage (Kukal et al.1991). For example, the lower
runoff associated with zero till plots prevent contamination of water resources(Duiker and Myers, 2005.).When used
in heavily ploughed soil, these agrochemicals travel more freely beyond the vadose zone than when used in less
ploughed soil. Furthermore, CA methods increase soil organic matter (SOM). Hence, arable land is more productive
and sustainable under CA. At the surface, the bulk density of soil managed under conservation agriculture is
considerably low. This is due to the mulch layer over the untilled soils (Beisecker, 1994), which increases the organic
matter which acts as a feed for soil organisms. Furthermore, the bulk density of subsurface soils(25-30 cm soil depth)
is also lower than that of traditionally cultivated soils (Tebrugge and During 1999). The FAO now considers "limiting
in-field traffic" as a component of CA because no-tillage minimizes the traffic of the ground and consequently
compaction. Instead of planting on the flat, field traffic is directed to permanent rails that can be paired with a
permanent bed planting system (Sayre and Hobbs, 2004).

Labour

After permanent soil cover/crop rotations are established, there are fewer weeding and bug issues because no-till
land is not removed before planting. A substantial percentage of the labour savings is due to the no-tillage activities
under CA, which reduces labourduring the crop season.

Water

Conservation agriculture uses less amount of water because of the increased water holding capacity and infiltration
due to crop residue in the soil. Crop residue cover acts as a soil cover and hence helps maintain soil temperature and
reduces evaporation losses, which is particularly beneficial in subtropical and tropical climates. During drought
years, the benefits of conservation agriculture are observed maximum in dry land areas, where the risk of total crop
failure is considerably lowered due to the enhanced efficiency of water. In low-rainfall areas, CA aids in the retention
of water in the higher soil layers (Rasmussen 1999). Direct drilling along with retention of crop residue has been
shown to increase rain infiltration and reduces surface run-off when compared to cultivated soil (Carter and Steed,
1992).

Nutrients

Biochemical decomposition of organic crop wastes near the soil surface improves soil nutrient availability and
recycling, which is also important for feeding soil bacteria. While growing nitrogen-fixing legume species can meet
the nitrogen needs and the additional necessary nutrients can be fulfilled by other chemical and organic sources.
Conservation agriculture, in general, improves soil fertility over time, needing fewer fertilizer inputs to achieve
optimal yields. According to Ismail et al. (1994) and Rahman et al. (1995), exchangeable Ca, Mg, and K were
significantly higher in the surface soil under NT than in ploughed soil. According to Ali et al.(2006), traditional till
plots had the lowest values of soil OM and other primary and secondary nutrients which could be related to topsoil
inversion, which causes subsoil to come to the surface which leads to leaching of nutrients.
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Soil biota

Pests are kept in check by predatory spiders, wasps, nematodes, mites, springtails, helpful microorganisms, as well
as a wide population of beneficial soil critters. Earthworms and other animals also burrow into the soil, forming
microscopic channels that allow water and air to circulate which loosens the soil and allows for better root
penetration. SOC content is the biological quality of soil that is most impacted by tillage (Doran, 1980). The quantity
of organic matter in the soil has a big impact on the activities of soil organisms, which in turn has a big impact on
changes in SOC. Earthworms, an integral component of the soil macrofauna, play a vital role in soil fertility
dynamics by improving infiltration through their burrowing activities. Rasmussen (1999)documented the notion that
tillage practices affect the number of earthworms in a plough less tillage review. Anderson (1987) discovered a much
greater population of earthworms in no-till soil than in ploughed soil during a six-year study. Cooksonet al. (2008)
noticed a drop in fungal population and an increase in bacterial population with increasing tillage activity due to
disruption of fungal mycelium. They also discovered that the microbial community's composition and substrate
consumption changed in no-till soil, with different substrate utilization.

Economic benefits

CA farmers have higher yields (up to 45-48 percent higher) while using fewerinputs leading to higher total farm
earnings. More than any other aspect, the economic benefits of NT have resulted in broad adoption among large and
small-scale farmers all over the world.

Environmental benefits

Conservation agriculture is a set of environmentally friendly technologies. It frees up resources for other uses, such
as conservation for future generations. Because no-till agriculture uses fewer fossil fuels, it emits fewergreenhouse
gases in the atmosphere. When used for ploughing, tractors burn a lot of fossil fuels, which raises expenses while
also generating greenhouse gases (mainly COz) and contributes to global warming (Grace et al. 2003).According to
Gattinger et al. (2014), changes in agriculture and land use, particularly deforestation in tropical areas, contribute to
roughly one-third of global greenhouse gas emissions, with 74 percent originating from developing countries.
According to Tubiello et al. (2013), agriculture direct emissions amounted to 10-12% of greenhouse gas emissions in
2010. Fertilizers and other crop inputs contribute tothe release of CHa4 (20 times more than CO:z as a GHG), as well as
nitrogen oxides (NOx) and ammonia (Yan et al., 2003).Cultural operations and fertilizer input supply to the ever-
increasing global population's demand for food may result in increased emissions of all of these gases, leading to
catastrophic climate change. Pesticide application is reduced under CA, which reduces overall soil, air and water
pollution.

Equity considerations

Conservation agriculture may aid many marginal andsmall farmers to maximize their yields with limited resources.
One of the major challenges to the technique is reaching small scale farmers, availability of specific equipment and
gear, such as no-till planters, etc. This can be addressed by providing equipment in rent for farmers who would not
otherwise be able to afford it. Policies that support the use of CA must also be developed. The system becomes much
more "scale neutral” when a greater number of small farmers have access to CA technologies.

Active role for farmers

CA techniques, like any other technology, are effective only when it is combined with expert management and agro-
ecological factors that influence productivity on a given farm or location. As a result, farmers are urged to test the
approaches and evaluate the results for themselves, rather than simply "adopting" conservation agriculture
technologies. While selecting cover crop species, the farmer must take into account the farm's specific agroecological
circumstances, such as soil type, climate, terrain, seed availability, and the principal role of green manures and crop
wastes. Different crop spacing, use of pesticides, and irrigation demands must all be established according to the
farmer's needs and the resources available.
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Challenges in conservation agriculture

Even in industrialized countries with robust agricultural extension programmes and well-educated farmers, CA
adoption has been slow. This is likely due to farmers' persistent need for quick fixes and immediate rewards,
although full economic benefits of CA can only be realized throughout the medium to long term, once its principles
are well-established throughout the farming sector. Even though CA procedures can give numerous benefits, there
are several significant barriers to their implementation, according to experience.

Change of perspective

Farmers must change their perspective about the traditional ways of preparing the land with a hoe or plough in
favour of biological tillage by earthworms and by plant roots. As a result of the transformation, farmers are
encouraged to regard their farms as an enterprise rather than just subsistence farming.

Appropriate soil type
CA is often difficult in wetlands and soils with inadequate drainage. Increased water infiltration can exacerbate
drainage issues, and heavy mulch might hinder drying and promote disease concerns.

Affordable access to fertilizer and herbicides

When starting CA to enhance crop yields and available crop residues, it may be required to utilize fertilizers as a
supplement to legume residues in some circumstances. Large carbon inputs to the soil, such as mulch, might
encourage bacteria to immobilize nitrogen, making it inaccessible to crops. Hence, nitrogen additions can assist
avoid yield penalties with CA.

Weed control

In smallholder farming systems, weeds constitute a big problem. In the initial years of CA adoption, eliminating
tillage may raise weed pressure, but weeds will diminish with time if well-managed. Herbicides are used to control
weeds in several CA environments.

Delayed yield benefits

While CA can boost yields over time, farmers may have to wait for 3 to 7 years to see results. Farmers must gain
experience with CA over time, and the process of improving soil structure and fertility is slow. Savings in labour or
other costs will most likely be the most immediate benefits. Insecure land tenure, like other long-term sustainability
investments, adds a layer of complexity to CA practice.

Limited crop residues

If crop yields are poor (areas less than 500 m?), there may not be enough residue to implement CA efficiently. A
common barrier to CA usage is the necessity for crop waste as animal feed. In conservation agriculture, it's critical to
keep the soil covered. However, it can be challenging. Farmers can use crop wastes for a variety of things, including
fodder, fencing, roofing, and fuel. The livestock can be allowed to graze on stubble left on the soil. In dryer places,
growing a cover crop is not feasible, therefore the crop wastes are an important source of animal feed.

Land tenure and smallholding

Farmers can practice conservation agriculture on their land for very little money. Due to lesser investment in the
development of technology for small and marginal farmers, only a small percentage of the area of the world under
CA is consistently applied on small farms (Wall and Ekboir, 2002).

Impact of climate change

Climate change has been obvious for decades, as evidenced bythe rise in sea level, increased simulations of
temperature, and increase or decrease in rainfall (IPCC, Fourth Assessment Report, 2007). Similarly, extreme events
such as the increased likelihood of cyclones, increased rainfall intensity, and drought length may occur more
frequently. The model's results also showed rising temperatures and changes in rainfall around the world, with some
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parts experiencing drought and others experiencing floods. Rainfall predicting, on the other hand, is more difficult
than temperature forecasting, which has more certainty in models. Extreme climatic occurrences such as floods,
droughts, etc. have all been simulated in the same way by climate modelers. All of these extreme events have
negative effects on crop yield, however a slight increase in temperature enhances productivity, but beyond 1°C, it
turns negative. COz increases, on the other hand, have a large positive impact on agricultural productivity. Because
agriculture has a greater global influence than anything else, it is critical to reform agriculture to assure yield
sustainability, mitigate climate change, and establish a climate-resilient system.

As a result of this adaptable system, climate change will have minimal effect on agriculture. Meanwhile, promoting
climate-wise agriculture to lower GHGE (Greenhouse Gas Emissions), increase resilience, and reduce wastes while
increasing small and large-scale farmers' output could be beneficial. Plant diseases, as well as insects/pests, are the
main causes of yield decline. Changes in pest/disease patterns and weed life cycles as a result of global climate
change may influence agriculture (Estay et al., 2009). Since the temperature is likely to rise between 0.9 and 3.5
degrees Celsius by 2100, resulting in numerous hot days and nights, changes in rainfall patterns will affect the
impacts of biotic variables (Dukes et al., 2009).As a result, the intensity and frequency of these variables will have a
major impact on agricultural product quality and quantity (Mestre-Sanchis and Feijoo-Bello, 2009).Hence, it is likely
that as a result of climate change, some diseases could become more prevalent while others will become less
prevalent, resulting in a net effect (Coakley et al., 1999).

Conservation agriculture and climatic change

Climate change adaptation has been widely debated and encouraged in recent years as a critical aim for all human
systems, particularly agriculture. Agricultural productivity will be significantly damaged due to climate change,
limiting many regions' ability to make the necessary advances in food security (Lobell et al. 2008). These hazards,
however, may be significantly avoided with planning and careful management of agricultural systems. To prevent
food supply disruptions, deliberate work is needed to establish institutions and systems that can quickly adjust to
changing conditions. By decreasing existing emission sources, CA can help to reduce greenhouse gas (GHG)
emissions in the atmosphere. Overall, there is a scarcity of data on the greenhouse gas (GHG) effects of CA practices,
particularly in developing nations in the tropics and subtropics (Govaerts et al., 2009). Though many researchers
have looked at GHG stocks and fluxes related to CA systems, the data from these studies a wide range of places,
making them difficult to compare or meta-analyze(Nair et al., 2009). Dendooven et al. (2011) investigated the effects
of CA on net global warming potential (GWP), accounting for carbon sequestration, greenhouse gas emissions, fuel
consumption as well as fertilizers and seed production. Tillage had a big impact on the organic C content of the soil
in the 0-60cm layer. In zero tillage with residue retention, the soil organic C content was 118103 kg C ha?, about
40,000 kg C hat greater than in tillage or zero tillage with residue removal. In comparison to tillage or zero tillage
with residue removal, zero tillage with residue retention sequestered approximately 2000 kg hat y- in the soil over
the nearly 20-year trial period (Dendooven et al, 2011).Zero tillage reduced C emissions from farm operations by 74
kg C ha!y!when compared to CT. While the amount of carbon that may be stored in soil is limited, the reduction in
net CO: flow to the atmosphere as a result of reduced fossil-fuel usage can be sustained indefinitely (West and
Marland, 2008).The net GWP for zero tillage with residue retention (40 kg CO2 hat y1), compared to the other
management practices (approximately 2000 kg CO:2 ha?! yt), was near neutral (keeping in mind soil carbon
sequestration, GHG emissions from soil and farm fuel, as well as fertilizer and seed production). N fertilizers are a
substantial direct source of N20O and NOXx emissions in the field, as well as an indirect source due to the use of fossil
fuel energy in fertilizer manufacturing and transportation (Ortiz- Monasterio et al, 2010).Efficient fertilizer
management can assist reduce N20 and NOx emissions in the field while also improving fertilizer efficiency,
minimizing fertilizer use, and reducing missions. Sensor-based nitrogen management is a new method that uses an
optical sensor to assess the canopy's NDVI (Normalized Differential Vegetative Index). This vegetative index, along
with an N rich strip (a well-fertilized portion of the field) and a cropping algorithm, can be used to estimate the
optimal N fertilization rate (Raun et al., 2009).The N fertilizer is administered when the crop is in high demand,
which minimizes the chances of creating ideal conditions for N2O emissions. Conservation agriculture can affect the
recycling of C and N in comparison to conventional systems (Govaerts et al, 2006), hence more research is needed to
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be done on this aspect. Irrigation and other agricultural inputs have a hidden carbon cost (West and Marland,
2002).As previously stated, the destruction of physical soil properties in conventionally tilled beds (CTB) might have
an impact on resource efficiency. Because of the poor infiltration in CTB, irrigation efficiency may suffer. In addition,
in permanent bed systems having residue retention, conservation of water is more due to reduced evaporation
compared to CTB. Further research is needed in CA, to estimate the irrigation water requirement versus traditional
systems. Global warming may be advantageous in some areas but dangerous in others where ideal temperatures
already exist; for example, the rice-wheat mega-environments in the IGP, which account for 15% of global wheat
production, are an example. In the IGP, terminal heat stress affects wheat yield dramatically due to induced
maturity, which can be reduced by using CA (Advance wheat sowing with zero tillage). Climate change will be more
evident in tropical and subtropical regions, which are home to the majority of the world's population and, sadly, the
majority of developing countries. Climate change will impact negatively grain production potential in developing
countries, which might be severe (Fischer et al., 2005).

Climate change is expected to reduce crop yields by at least 20% by 2050 in South Asia and Sub-Saharan Africa (Et
aller and von Braun, 2013; AGRA, 2014; Chattarajet al., 2014), with 40% and 30% chances of crop failure for maize and
wheat, respectively (Et aller and von Braun, 2013; AGRA, 2014; Chattaraj et al., 2014). (Lobell et al., 2008; Thornton et
al., 2011; Cairns et al., 2013).Because of rising CO2 concentrations and temperatures, there is a risk that temperature
region production will grow. If the temperature rises in temperate locations, they can employ the same technology,
crops, and varieties that are currently used in tropical and subtropical regions, but those areas where optimal
temperatures already exist will have nochoice. We cannot predict exactly what will happen if COz concentrations rise
because, in the case of agriculture, most studies related to climate change (increase in temperature) are conducted
under controlled conditions, meaning that only the temperature rises while all other factors remain constant, but this
will never happen in nature. After all, if the temperature rises, many things associated with the temperature will also
change and affect it at the same time. By minimizing tillage and residue burning and increasing nitrogen usage
efficiency, agronomical strategies must seek to reduce greenhouse gas emissions. In the IGP, resource conservation
techniques are becoming more common in R-W cropping systems, saving fuel and labour and hence greatly
lowering CO: emissions. In traditional paddy fields, CHs emissions with 21 times warming potential than that of CO:
are prevalent and important. By switching to an aerobic method of rice cultivation with direct seeding, or a no-till
(NT) rice system, this GHG output can be reduced. In South Asia, direct seeding and NT may be a better
alternative(Grace et al. 2003). The warming potential of N2O is 310 times that of C20, and its emissions are influenced
by inadequate nitrogen management. According to Lal (2005), implementing improved agricultural land
management methods will increase food security as well as fuel emissions at a rate of 0.5 Pg C yrt.Climate change
will have a significant impact on rice-rice, rice-wheat, and maize-based cropping systems, which accounts for almost
80% of total cereals grown in South Asia.

CONCLUSIONS

We will have to produce more with less in the coming decade by increasing the efficiency of natural and applied
resources while minimizing environmental damage. Climate change is rapidly affecting agriculture. Agricultural and
land management strategies such as minimizing GHG emissions from cropping systems, cultivar modifications
remote sensing, increasing input use efficiency, modelling, and managing pests and diseases may be utilized to
ensure crop yield sustainability. In the long run, this will result in improved crop productivity and more efficient
resource utilization. To reduce GHG emissions, reduction in the use of high energy inputs, and enhance production
efficiency, combining conventional and biotechnological technologies may be considered. Mitigation measures with
a synergistic link between crop yield along with climate change should be used to save the future. According to the
statistics, CA can provide a spectrum of advantages in terms of both agriculture and the environment.
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ABSTRACT

Agriculture is the foundation of any country's economy. As a result, it is critical to monitor crop growth
status and forecast crop output regularly. Crop mapping that is precise and sensible, planting area
statistics, and growth status monitoring are all requirements for good agricultural management and
policy-making. Crop yield estimation in various countries is based on traditional data collection
techniques for crop and yield estimation, which include on-the-ground field visits and reports. They are
prone to large errors due to insufficient ground observations, which leads to inaccurate crop yield and
production estimates. A wide range of crop growth dynamic information can be obtained in real-time
using RS. Crop acreage and vyield prediction can be accomplished using RS data alone or by
incorporating RS data into crop growth and development simulation models. At any time, the NDVI is a
reliable indicator of the total green biomass. With the introduction of IRS 1A in 1988, India launched a
national level program called Crop Acreage Production Estimation (CAPE), which carried out area and
production estimation of major crops at the district and state levels. In 2007, the Ministry of Agriculture
launched the "FASAL" program, which was based on the knowledge gained through the CAPE project.
The use of satellite RS and GIS data has proven to be more cost effective, consistent, appropriate, and
faster than traditional ground-based agricultural asset surveys. More research is needed to estimate crop
yields using satellite data. Because of the large spatial variability in soil, rainfall, and management
conditions, crop simulation models do not represent spatial features. With the availability of very high
resolution satellite data with high temporal frequency, novel techniques such as Machine Learning, Al,
and big data analytics, and increased availability of UAV-based observation, satellite remote sensing may
soon play a significant role in crop production estimation.
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INTRODUCTION

Agriculture is the backbone of the Indian economy, accounting for nearly 30% of GDP and employing 70% of the
workforce. Estimating crop production ahead of harvest is extremely useful in farming for purposes such as
implementing appropriate agricultural management and pricing agricultural commodities for export/import (Doi et
al. 2022). Estimating crop production entails calculating the total area under crop and predicting the yield per unit
area. Crop acreage and yield estimation are required because they play an important role in the national economy; in
planning food security for a district/population; in the country in warning decision-makers about potential crop
yield reductions; in allowing timely import and export decisions; and in assisting private companies in planning
supply chain decisions such as production scheduling. The accuracy and speed of crop yield estimation influence
agricultural-economic and yield price policy (Tikkiwal and Khandelwal, 2012; Kosmowvski et al., 2021).

Crop yield estimation in various countries is based on traditional data collection techniques for crop and yield
estimation, which include on-the-ground field visits and reports. These reports are frequently subjective and take
more time and money to complete. They are prone to large errors due to insufficient ground observations, which
leads to inaccurate crop yield and production estimates (Bhattacharyay et al., 2020; Gummadi et al., 2022). Because of
their unique advantages of providing multi-spectral, multi-temporal, and multi-spatial resolutions, remote sensing
techniques have demonstrated their potential in providing information on the characteristics and spatial distribution
of natural resources, including agricultural resources (Lin et al., 2022). Satellite remote sensing data has also proven
to be more cost-effective, reliable, timely, and faster than traditional ground-based agricultural resource surveys.
Remote sensing spectral reflectance data is a manifestation of the integrated effect of weather, soil, cultural practices,
and crop characteristics that can be used to identify and monitor crop growth and estimate crop yield. (Safdary et al.,
2022; Prasanth Kumar et al., 2021; Torre et al., 2021).Further, it addresses some Sustainable Development Goals (SDG)
such as SDG 1 (no poverty), SDG 2 (zero hunger), and SDG 15 (life on land)(UN, 2021).

Methods that are used for crop acreage and yield estimation:

CONVENTIONAL METHODS

Empirical statistical models

These models take crop yield into account for many years, and effective crop yield factors are discovered. An
empirical equation and the coefficients of each factor are used to relate crop yield to the effective parameter. Crop
yield is estimated using these coefficients.

Crop growth models

Crop yield is estimated using crop growth models as a function of the complex interaction of various physiological
processes with the environment. They estimate biomass production potential using a crop growth simulator that
runs daily. Running these methods presents too many challenges, such as requiring too many ground factors, a lack
of data in a correct format, and a high cost.

Crop cutting experiments (CCE)
It is a process used to analyze the overall yield of the village. The values acquiredby this are the base for the
nationwide yield values. Select a 5x5(25 sq.m) area in the fieldto harvest the crop and weigh the produce. Per say
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take the weight obtained as X and the next step goes like X*4000/25. The result obtained is the yield for one acre. A
stratified random sampling technique is used taking block as a primary unit of planning by the agricultural
department of each state. Under PMFBY, each state is required to conduct four CCEs in each gram panchayat for
each crop and submit a yield report within one month of harvest. (Verma et al., 2022).

REMOTE SENSING AND GIS METHODS

Remote sensing (RS) is the science of acquiring information about objects or areas from a range, typically from
aircraft/satellites, whereas GIS is a system designed to capture, store, evaluate, manipulate, manage, and display
various types of geographical data. The remote sensing and GIS methods can overcome all the disadvantages of
conventional methods. Several RS satellites were launched by India, starting from the first RS satellite IRS 1A in 1988
to the latest launch of RISAT 2BR1 on December 11th, 2019. (Ray et al., 2022)

Spectral signature of vegetation

The vegetation has a distinct spectral signature, but the reflectance of different types of vegetation varies. Plants that
have been diseased or stressed can also be identified by their spectral signatures. The spectral reflectance of
vegetation is affected by leaf pigments, cell structure, and water content. Deciduous trees, for example, have higher
near-infrared reflectance than conifers. The reflectance in the visible bands is relatively low because the majority of
light is absorbed by the leaf pigments. Chlorophyll absorbs energy in the blue and red wavelengths and reflects it in
the green wavelengths. This is why healthy vegetation has a green appearance. Because of the cellular structure of
the leaves, specifically the spongy mesophyll, the reflectance of healthy vegetation is much higher in the near-
infrared (NIR) region than in the visible region. Thus, healthy vegetation can be identified simply by its high NIR
reflectance and low visible reflectance. The reflectance in shortwave infrared wavelengths is related to the water
content and structure of the vegetation. Water absorbs more strongly at 1.45, 1.95, and 2.50 m. Outside of these
absorption bands in the SWIR region, the reflectance of leaves generally increases as the leaf's water content
decreases. (Awad, 2019).

Vegetation Indices (VIs) are mixtures of surface reflectance at two or more wavelengths that are designed to
highlight a specific property of vegetation. They are obtained from vegetation's reflectance properties. Each VI is
designed to highlight a different aspect of vegetation. The normalized difference vegetation index (NDVI) is a simple
graphical indicator that can be used to analyze remote sensing measurements, typically but not always from a space
platform, and determine whether or not the target being perceived contains live green vegetation. Other VI's include
the Vegetation Condition Index (VCI), Enhanced Vegetation Index (EVI), Soil Adjusted Vegetation Index (SATVI),
and Temperature Condition Index (TCI), etc. (Sahoo and Manjunath, 2015; Torre et al., 2021; Hassan et al., 2022).

Applications of RS in Agriculture
RS can be applied in agriculture in various ways viz. land monitoring; crop stress detection, pest/disease
identification, and monitoring, soil mapping, drought monitoring, flood mapping; crop area and production forecast.

Yield forecast in India

The Directorate of Economics and Statistics and the Ministry of Agriculture and Farmers Welfare will release yield
forecasts in India. They will release four advance estimates for both Kharif and rabi every year. Another organization
called “National Bulk Handling Corporation”, located in Mumbai also releases crop forecasts for Kharif and rabi.

Yield forecast in China
Crop Watch is China’s leading crop monitoring system. It assesses the national and global crop production using RS
& ground-based indicators. They publish the bulletin every quarter.

Yield forecast in the US

The USDA publishes World Agricultural Supply and Demand Estimates (WASDE) every month. It forecasts crop
supply and demand for major crops.
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Satellite remote sensing for crop and yield estimation

Crop yield estimation with RS began in India in the 1970s, using ISRO and ICAR Color Infrared (CIR) aerial data as
part of the Agricultural Resource Inventory and Survey Experiment (ARISE). With the introduction of IRS 1A in
1988, a nationwide program known as Crop Acreage Output Estimation (CAPE) was established, which estimated
the acreage and production of main crops at the district and state levels. In 2007, the Ministry of Agriculture
developed the "FASAL" initiative, based on the knowledge gathered via the CAPE project to meet the needs of the
Ministry of Agriculture (Kasampalis et al., 2018). RESOURCESAT-2 and 2A with 56m resolution data (AWiFS) collect
data every 2-3 days; LISS Il with 23m resolution collects data every 12-13 days; LISS IV with 5.8m resolution collects
data every 25-26 days are a few examples of high temporal and spatial resolution sensors. Every 25 days, a
microwave (SAR) satellite with a resolution of 24 meters collects data. Because microwaves can penetrate the cloud,
this data was particularly beneficial for rice crop monitoring during the Kharif season, when cloud-free data is
difficult to come by.

RS METHODS FOR ACREAGE ESTIMATION
There are mainly two approaches for crop area estimation

Boundary overlaying approach
In this method. The boundary is superimposed on the satellite data and all pixels inside the boundary are analyzed.
This method is suitable for a block/district

Sample segment

The sample segment includes two steps i.e. Stratification followed by a random selection of sample segments. The
stratification is based on various criteria viz. agro-climatic regions, historical crop production, crop condition as seen
in satellite imageries, etc. Random assortment of sample segments (5.5 x 5.5 km or 7.5 x 7.5 km, 10 x 10 km) with a
sampling fraction of 10 percent. This method is suitable for large areas such as a state or country. Despite abundant
RS and GIS technologies, there are few limitations to the nationwide crop acreage and yield estimation such as small
field sizelarge diversity of crops sown in an area; field to field crop diversity and management practices;
intercropping and mixed cropping, and high cloud coverage during Kharif season. (Doi et al., 2022)

RS METHODS FOR YIELD ESTIMATION
RS methods based on Empirical-statistical models
Spectral indices are determined using satellite photos rather than ground measurements using traditional methods.

RS methods developed based on the water consuming balance model
The crop yield is evaluated as a function of the evaporation fraction taken during the crop growth phases in these
methods. The evaporation fraction is estimated in these sets after the entire growth period is divided into 10 day sets.

RS methods based on crop growth model

It is based on the intricate interplay of several physiological processes with their surroundings. The direct use of a
driving variable calculated from RS information; updating of a model state variable (for example, LAI) generated
from RS data; and calibration of model variables using satellite images have all been highlighted as techniques of
data integration.

Monteith model

The yield is estimated using biomass in this model. The biomass can be determined as a multiplication product of
APAR and LUE whereas the crop yield is determined by multiplying APAR, LUE, and HI. Where ‘HI’ is the Harvest
index and APAR is the absorbed photosynthetically active radiation (Shafian, 2009). Crop growth simulation
modeling uses environmental variables to explain continuous crop growth and estimate crop production.
Automation of Crop Simulation based Yield Forecasting is a new crop yield simulation software developed jointly by
the ICAR and the IASRI. The major goal of this model's development is to improve the agricultural yield estimation
42669



http://www.tnsroindia.org.in

Indian Journal of Natural Sciences % www.tnsroindia.org.in ©1JONS

Vol.13 / Issue 72 / June / 2022 International Bimonthly (Print) ISSN: 0976 — 0997
Guntamukkala Sekhar et al.,

process from data preparation to final forecast. It is developed with a computer programming software called
MATLAB Code and this uses DSSAT (Decision Support System for Agro-technology Transfer). By using this yield
simulation model, the crop parameters (sowing date, anthesis date,LAI, HI) can be extracted automatically for every
district.

Crop acreage and yield estimation related schemes in India

FASAL (Forecasting Agricultural output using Space, Agro-meteorology, and Land-based observations)

It was started in 2006 by the Directorate of Economics & Statistics (DES). With the advancement of technology, now
MNCFC (Mahalanobis National Crop Forecasting Centre) which was inaugurated in 2012 is taking the activities of
FASAL.FASAL's goals are to establish a forecasting relationship between weather and crop growth, development,
and yield; to determine genetic coefficients for popular varieties for use in crop simulation models; to develop yield
forecast models based on multiple correlations and regression techniques, as well as crop growth simulation models;
and to provide yield forecast issues at the mid-season (F2) and pre-harvest stages (F3).Two smartphone applications
were also developed under FASAL viz. Ground truth application and Crop cutting experiment application. The
common features of these two applications were collecting field photographs (640x480) and GPS coordinates.
Ground Truth Application is useful in creating a national geospatial database of crops. Whereas the Crop Cutting
Experiment (CCE) applicationis used to collect data for CCE. The data received from applications reach ISRO’s
Bhuvan Server (Sharmaetal., 2022; Verma et al., 2022).

CHAMAN (Coordinated Programme on Horticulture Assessment and Management using geo Informatics)

A project called CHAMAN has been launched by the DAC&FW, Ministry of Agriculture& Farmer's Welfare, as part
of the Mission for Integrated Development of Horticulture (MIDH). The program's goal is to create and solidify a
scientific approach for estimating horticulture crop area and production. It consists of two major components for
estimating horticulture crop area and production viz. remote sensing technology and sample survey methodology.
The Mahalanobis National Crop Forecast Centre (MNCFC) for the first component and the Indian Agricultural
Statistics Research Institute (IASRI) for the second component were both involved in this effort. Depending on the
crop's spatial extent, satellite data from LISS Ill (23.5 m resolution) or LISS IV will be used. If Indian satellite data is
not available during crop growth, foreign satellite data will be investigated. (Singh et al., 2017; Handique et al., 2022).

ICAR-AIl India Coordinated Research Project on Agro meteorology (ICARAICRPAM)

The Indian Council of Agricultural Research (ICAR) launched the All India Coordinated Research Project on
Agrometeorology (AICRPAM) at the Central Research Institute for Dryland Agriculture (CRIDA), Hyderabad, to
better understand the relationships between weather and crop production systems to generate information on the
appropriate use of inputs, pest and disease management, and developing strategies to manage aberrant weather
conditions for improved crop production. The AICRPAM's goals are to research the agricultural climate with crop
planning and crop production potential in various agroclimatic regions; to establish crop-weather relationships for
the major rainfed and irrigated crops in various agroclimatic regions; to evaluate various crop microclimate
modification techniques for increasing crop water use efficiency and productivity, and to research the effect of
weather on the occurrence and spread of diseases.

AMUL inks a memorandum of understanding with ISRO for fodder acreage estimation

Fodder acreage estimation is a decision-making tool used by dairy investors to monitor and plan fodder
development activities. The availability of feed from arable land, forest, and grazing lands, which are critical inputs
for enhancing milk production and the survival of the bovine population, is closely linked to the development and
growth of dairy animals. The major goals of this MoU were to identify the differences between food and fodder
crops at the village level, as well as to select appropriate sites of present fallows and cultivable wastelands for green
fodder farming at the village level.(Tiwari, 2022).
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Utilization project on rice productivity from SCATSAT-1 DATA

The space-borne scatterometer of SCATSAT-1 will provide global coverage within 2 to 4 days. The SW SAR retrieves
plant parameters (fresh grain weight and grain yield). High temporal and spatial resolution (2km) study
backscattering behavior of rice crop at the heading stage to grain yield. The objectives of this project were: to develop
a grain yield model for rice crops using SCATSAT-1 data; to develop grain yield models for 13 major rice growing
states (Singh et al., 2022).

Crop acreage and yield estimation related schemes in foreign nations

Remote sensing-based Information And Insurance for Crops in Emerging Economies (R1I1CE)

Remote sensing technologies are used by RIICE to map and sense rice growth in Asian countries (India, Cambodia,
Indonesia, Thailand, and Vietnam). The major goal of this program is to lessen rice smallholder farmers'
vulnerability in low-income Asian countries and beyond. Such data assists governments in preparing for potential
food shortages, as well as stakeholders in better managing the risks involved. It is also a crucial alternative for
governments in developing agricultural insurance solutions. Tamil Nadu introduced RIICE technology in 2016 into
its new insurance system, so that now more than one million farmers are insured. The field validation can be
drastically reduced in areas with expertise over time (Yadav, 2016; Holecz et al., 2022).

Group on Earth Observations Global Agricultural Monitoring Initiative (GEOGLAM)

During the French G20 Presidency in 2011, the Group of Twenty (G20) Agriculture Ministers gave GEOGLAM a
policy mandate. This program's major goal is to improve market transparency and food security by producing and
disseminating relevant, timely, and actionable information on agricultural circumstances and production
perspectives at the regional, national, and global levels.(Sobue et al., 2022).

NASA Harvest

NASA and the University of Maryland collaborated on the project. The major goal of this effort is to improve the use
of satellite data in food security and agriculture decision-making at all scales, from farm to global, both in the United
States and around the world.(Becker-Reshef et al., 2022).

Big data analytics, deep learning, Al, lIoT

With the availability of very high resolution satellite data and high temporal frequency, newer techniques such as
Big Data Analytics, Deep Learning, Artificial Intelligence, and the Internet of Things (loT), the accuracy of crop
acreage and yield estimation from RS and GIS techniques can be further improved in the future (Sun and Scanlon,
2019; Colombo-Mendoza et al., 2022)

CONCLUSION

The Indian remote sensing program has included crop production estimation as a crucial component. Crop yield
valuation using satellites still requires additional research. There are several concerns with crop evaluation, such as
the lack of data for the Kharif season and the accuracy of production estimations, particularly for horticulture crops.
Because of the high regional diversity in soil, rainfall, and management conditions, crop simulation models do not
capture spatial aspects. It's possible that satellite remote sensing will soon play a key role in crop production
estimation, thanks to the availability of very high resolution satellite data with high temporal frequency, innovative
techniques such as machine learning, Al, and big data analytics, and the ready availability of UAV-based
observation.
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ABSTRACT

Climate change has the potential to diminish agricultural income by 15 to 25 percent. As climate change
has an impact on food production, both in terms of quality and quantity, climate resilient agriculture has
become a major challenge in meeting the needs of an ever increasing population. Given the poor's
reliance on agriculture and agriculture's vulnerability to climate change, agronomical research should
keep up the pace to create need-based, appropriate technologies to accomplish the sufficiency in food
production. Climate resilient agronomic techniques have the prospective to amend the present situation
and sustain agricultural output on a global, regional and local scale, particularly in a sustainable manner.
Improved access to and use of technology, and increased adaptation of crops to climatic stress can help
India manage to change climate scenarios and achieve sustainable development goals (SDGSs). In this
situation, agronomists are expected to play a significant role in furthering the transition to climate
resilient agriculture and improving food systems from conventional to sustainable, as well as acting as a
link between farmer practices and scientific discoveries.

Keywords: Sustainable, Agronomy, Climate change, Resilient, Crops.

INTRODUCTION

Climate change has a negative influence on agricultural output around the world as temperatures rise and
precipitation falls, especially in India where more than 50 percentof India's population is involved in agriculture
(Chowdhary et al., 2022). Changes in climatic suitability of crop species as a result of global warming, and extreme
weather, such as high temperatures, rainstorms, and floods, reduce crop yields. Furthermore, it results in drier and

42674



http://www.tnsroindia.org.in
mailto:guntamukkala.sekhar@cutm.ac.in

Indian Journal of Natural Sciences % www.tnsroindia.org.in ©1JONS
Vol.13 / Issue 72 / June / 2022 International Bimonthly (Print) ISSN: 0976 — 0997

Guntamukkala Sekhar et al.,

warmer soil, which harms beneficial soil microbes and animal growth, impacting soil health and increasing the
severity of plant diseases, pests, weeds, and other challenges, all of which have a significant impact on crop output
and quality (Yu et al., 2022) The performance of the summer monsoon (June to September), which supplies roughly
75% of the yearly precipitation, is intimately tied to agricultural production in India. Apart from inter-annual
variations in summer monsoon rainfall, many hydro-meteorological phenomena have been discovered to have an
impact on Indian agriculture at various spatial scales (Khan et al., 2022). Droughts and floods that occur during the
same crop-growing season might substantially sabotage our efforts to increase production using present
technologies. Similarly, edaphic restrictions such as low soil organic matter (SOM) and inadequate water and
nutrient retention capacity render rainfed agriculture very fragile and less resilient, necessitating a new perspective
and strategy (Mykonda and He, 2022). Land degradation results in the loss of soil and plants, both of which are
essential for all forms of life on Earth's lithosphere (Chary et al., 2022; Sethi, 2022). The human population grows
every day, putting pressure on the soil to produce more food, fiber, and fuel to feed the rising population. Better and
more climate resilient agronomic practices would not only increase productivity but will also improve soil health
and related ecosystem services (MacMillan et al., 2022). Thus, a scientific approach combined with superior technical
interventions can ensure sustainable agricultural productivity and related services which isthe needof the
hour.Today, sustainable production is the most important requirement for meeting human food needs, with the
Sustainable Development Goals emphasizing the need to feed the hunger, achieve food security, and improve
nutrition for populations while maintaining environmental safety, social fairness, and a farming system that uses
fewer inputs and resources without lowering crop yield (Viana et al., 2022). In this environment, agronomists are
anticipated to play a major role in advancing the transition to sustainable agriculture and improving food systems
from conventional to sustainable, as well as acting as a bridge between farmer practices and scientific advances.

Climate-resilient agriculture technologies

To address climate change challenges and reduce the negative effects of abiotic pressures, anall-inclusive system
biology approach should be used. To resolve the abrupt rising concerns of climate change and abiotic pressures,
science-led development in a holistic system approach with the optimal use of sophisticated research is required
today. To make agroecological conditions more suited and agriculture lucrative, the following technologies could be
considered:

New Traits, Varieties, Crops, and cropping systems for climate resilient agriculture

Choosing the right crops and varieties will not only help you enhance single-crop yield but will also help you
increase cropping intensity. Effective agricultural seasons have been calculated for different regions of the country
based on the analysis of long-term climate data in terms of the probability of monsoon onset, withdrawal, and
occurrence of dry spells. These will be useful in determining which crops are most effective and when they should be
planted. To address the dual concerns of climate change and hunger, the ICAR recently identified 35 novel crop
varieties in India with specific features such as climate resilience and nutrition rich varieties. Among them are
drought tolerant chickpea, wilt and sterility mosaic resistant pigeon pea, early maturing soybean, disease-resistant
rice varieties, bio-fortified wheat, pearl millet, mustard, maize and chickpea, quinoa, buckwheat, winged bean, and
faba bean, as well as bio-fortified wheat, pearl millet, mustard, maize and chickpea, quinoa, buckwheat (PIB, 2021).
Intercropping with suitable base and companion crop combinations, plant population, and nutrient management
will boost production, profitability, and risk minimization (Huss et al., 2022).The adoption of cereal-based farming
systems, particularly rice-wheat cropping systems, has been highly exploitative, putting great pressure on natural
resources beyond their carrying capacity, resulting in the deterioration of not only the crop ecosystem but also the
entire life-supporting system. As a result, the agricultural production system's long-term viability is jeopardized, and
natural resources as a whole are adversely impacted. Crop diversification, as a departure from traditional crops such
as rice-wheat/cereal-cereal based cropping systems and agri-horticultural systems, may aid in increasing profit
generation and also can improve adaptation to multiple abiotic and biotic stresses (Zohry and Ouda, 2022). With
modern agriculture technologies such as rainwater management, crop selection, short-duration varieties, and other
agronomical approaches, more agricultural land can be put under intensive cropping systems such as relay cropping
and double cropping. Rainwater collected in agricultural ponds can also be used to establish a winter crop, allowing
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for double cropping. For the diverse agro-climatic zones of India, several new double cropping systems combining
millets, legumes, and oilseeds have been developed (Singh et al., 2009).

Use of advanced farm machinery

Increased germination and needed plant population, high crop stand, and sustained crop productivity can be
achieved from timely operations. Due to a lack of access to farm machinery, large portions of rainfed regions stay
fallow or are planted late, resulting in low crop output. As a result, better access to agricultural machinery for
sowing, harvesting, and other operations is a key adaptation strategy for dealing with climatic variabilities such as
late monsoon on-set, mid-season, and terminal droughts, as well as for timely seeding of post-rainy crops. The
energy requirements of main agricultural operations in dryland agriculture were calculated, and the best biological
and mechanical energy combinations were found. For varied operations, several efficient low-cost farm implements
were designed which results in a 20-59 percent reduction in operation costs, a 45-64 percent reduction in operation
time, a 31-38 percent reduction in seed and fertilizer savings, and an 18-53 percent increase in dryland crop yield
(Srinivasarao, 2013).

Contingency crop planning

In the event of late-onset monsoon, mid-season, or terminal droughts, contingency crop planning is primarily
targeted at stabilizing crop output. Different weather conditions are covered by contingency planning, such as the
late onset of monsoon, mid-season drought, and terminal drought. Changes in crop/cropping systems, crop
management, soil nutrient, and moisture conservation methods are among the suggested drought-resilience
measures (Yu et al., 2022).

Conservation and harvesting of Rainwater

In arid and semiarid environments, rainwater management entails choosing short-duration, low-water-demanding
crops and saving as much rainwater as possible so that crops do not experience moisture stress during the growing
season. In addition to in-situ conservation, efforts must be taken to transfer excess water into storage facilities, which
can be used as a stand-alone resource or in combination with groundwater to meet important irrigation needs. In
areas with excessive rainfall, the aim is to save as much rainwater as possible while harvesting the surplus water for
life-saving irrigation, agricultural intensification, and maximizing returns from the captured water. Apart from
increasing water availability through various techniques, increasing water-use efficiency should be a priority in
preventing various types of water-related losses. Soil structure and porosity are improved, infiltration and hydraulic
conductivity are increased, and thus soil water storage is increased, allowing crops to tolerate moisture stress. In
most cases, these procedures are more practicable and they can be implemented by an individual farmer with a
lower draught, making them suitable even for a small landholding (Chamiet al., 2022).

Soil health restoration

Existing demographic movements and anticipated worldwide population expansion (approximately 9 billion by
2050) are expected to show a 60% rise in food, feed, and fiber requirements by 2050 (Lancet, 2020). To feed the
increasing population the soils are to be managed sustainably by diverse crop rotations with legumes, as well as
INM, incorporating the addition of farmyard manure, crop residues, brown manuring, soil carbon sequestration,
precision nutrient management, and water conservation practices. Indian soils are deficient not just in NPK, but also
in secondary nutrients (S, Ca, and Mg), as well as micronutrients (B, Zn, Cu, Fe, Mn, and so on) in the majority of the
country. As a result, soil and land protection are critical for food security as well as the supply of a variety of other
ecosystem services (MacMillan et al., 2022). The 2030 outline for sustainable development, which includes seventeen
Sustainable Development Goals, was endorsed by the United Nations General Assembly in 2015. (SDGs). Six
Sustainable Development Goals (SDGs) are directly related to agriculture, i.e. The most direct link between soils,
food production, and healthy living is zero hunger (Goal 2: Ending hunger, ensuring food security and improved
nutrition, and promoting sustainable agriculture). Furthermore, enhancing soil quality is a necessary step toward
attaining other SDGs, such as Goal 1: No Poverty, Goal 3: Maintaining Good Health and Well Being, Goal 6: Safe
Drinking Water and Sanitation, Goal 13 is about climate action, and Goal 15 is about life on land.It is critical to scale
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up technologies that aid in enhancing soil health to achieve the objective of sustainable development (Wag et al.,
2022).

Brown manuring

Brown manuring is commonly done by planting rice and Sesbania spp. together, and after the dhaincha plants reach
a height of approximately 25-30 DAS, a herbicide such as 2,4-D/Bispyribac sodium is used to destroy the Sesbania
plants, depending on the nature of the weeds. Sesbania plants will turn brown after 4 to 5 days after spraying and
then begin to die. It solely affects Sesbania plants, not rice plants. This is referred to as the knocking down effect.
Brown manuring is usually recommended for rice that is directly seeded/aerobic condition to control weeds and to
help overcome the negative effects of early season drought owing to sesbania's smothering impact (Singh et al., 2022;
Rose et al., 2022).

Soil carbon sequestration and nutrient management

Carbon management in the soil is a critical requirement for climate-resilient agriculture. Soil organic carbon and
organic matter are depleting day by day as a result of the continued use of chemical fertilizers. Continuous cropping
reduces organic C levels by 50-70 percent, bringing them closer to the climatic and precipitation-driven equilibrium
values. Organic carbon content in the soil is the master controller of the soil properties such asbiological, physical,
and chemical qualities (Mkonda and He, 2022). To restore soil health and solve global warming challenges, it is
critical to scale up technologies such as biochar, crop residue recycling, agroforestry, and afforestation for enhancing
carbon sequestration. With the conversion of open forests to moderately dense forests and the afforestation of an
additional 5 million hectares, the world's forests will be more densely forested than ever before thereby India has the
potential to trap 3 billion tonnes of CO: equivalent. Reduced tillage, crop rotations, growth of cover crops, contour
farming in hilly areas, proper crop residue management, integrated farming system, organic farming, INM, and
rotation of legume crops are some of the agronomical strategies that improve soil organic carbon levels (Yu et al.,
2022). A lower trend in total factor productivity and compound growth rates of major crops, as well as low nutrient
consumption efficiency, has resulted from the deterioration of soil health. Soil health decrease is mostly caused by a
large nutrient gap between demand and supply. The current level of nutrient usage efficiency is relatively bad in the
case of P (15-20%), N (30-50%), S (8-12%), Zn (2-5%), Fe (1-2%), and Cu (1-2%) due to deterioration in the chemical,
physical, and biological health of the soils (Sarkar et al., 2022).

Nutrient management through Precision agriculture

The delineation and mapping of macro and micronutrient deficits utilizing GIS and GPS methods, as well as
simulation modeling, are being studied to help with nutrient management decisions in significant agroecosystems.
For assuring sustainable agriculture production, soil fertility evaluation, monitoring, and accurate fertilizer
recommendations have assumed precedence. In agriculture, the creation of fortified fertilizers and other controlled
release fertilizers, as well as the efficient usage of organic wastes, indigenous minerals, and industrial by-products,
have all become priorities. Because of the involvement of nanoscience and technology, commercial nano-urea and
other formulations are now available, which will not only improve nutrient usage efficiency but also lower
cultivation costs. Fertilizers, manures, biosolids, and other sources of nutrients are not always utilized efficiently by
crops. Climate change can be mitigated using Site-Specific Nutrient Management (SSNM) and Integrated Nutrient
Management (INM). Furthermore, the use of nitrogenous fertilizer based on LCC and Green seeker has been
extensively documented and is currently being scaled up to boost NUE (Madan et al., 2022).

Water management

Innovative water management technologies such as micro-irrigation, furrow irrigated raised beds, cover-crop
methods, rainwater harvesting structures, greenhouses, reuse of wastewater, and laser land leveling can assist
farmers in decreasing the impact of climate variations. Several technologies based on precise crop water needs
estimation, adoption of scientific water conservation methods, groundwater recharge techniques, proper scheduling
of fertilizer and irrigation, growing less water-demanding crops, adjusting planting may help farmers achieve
satisfactory crop yields, even in years with low rainfall and warmer temperatures (Chamietal., 2022).
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Conservation Agriculture

No-tillage or reduced agriculture often increases the soil carbon uptake and decreased N20O emissions, whereas soil
disturbance stimulates soil carbon losses through accelerated decomposition and erosion. Many crops may now be
produced with minimum tillage (reduced tillage) or no-tillage thanks to advances in weed control technology and
farm automation (no-till). These approaches are becoming more widely used around the world. Furthermore,
reusing crop wastes improves soil carbon, but burning residues increases aerosol and GHG emissions (Singh and
Sinha, 2022).The effectiveness of reduced tillage in increasing the storage of more water is widely acknowledged.
This is especially significant in arid and semi-arid zones, where agricultural residue management is critical for
achieving long-term crop output. In comparison to traditional tillage, conservation agriculture saves about 25%-30%
irrigation water, 3% nitrogen, 50% labor, and 60% fuel costs, in addition to the non-monetary benefits of timely crop
seeding. The savings come from the fact that zero-tillage wheat can be planted just after rice harvest, taking
advantage of residual moisture for germination and potentially avoiding pre-sowing irrigation, as well as the fact
that irrigation water runs faster in untilled soil than it does in tilled soil. ZT combined with crop residue retention on
the soil surface significantly minimizes erosion and improves water-use efficiency when compared to CT (Kruger et
al., 2022).

Integrated Farming System

With changing climatic conditions and diminishing natural resource availability, meeting the diverse needs of a
growing global population, while also maintaining environmental quality, natural resources, and ensuring adequate
profitability to farm families, has emerged as the most difficult challenge. Agriculture's production system must be
sustainable and resilient, with increased productivity, greater income, job creation, risk reduction, resource usage,
conservation, and climate change mitigation and adaptation all being priorities. Spreading risks and creating buffers,
i.e. not putting "all fruits in one basket," is one of the major approaches for drought mitigation and farm resilience.
The farming systems approach is thought to be important and relevant, particularly for small and marginal farmers,
because location-specific IFS will be more resilient and adaptive to climate variability (Choudhury et al., 2022).IFS has
a lot of potential for dealing with these difficulties, especially in high-stress environments. Due to the high risk of
producing arable crops in these pressured areas, farmers have been using a little amount of high-quality inputs,
resulting in poor soil health and crop production. In general, farming methods in regions with rainfall of 500 to 700
mm should be centered on livestock with the promotion of low-water needing grasses, trees, and bushes to meet the
farmers' food, fuel, and timber needs. Crop, horticulture, and livestock based farming systems can all be used in
areas with 700 to 1,100 mm of rainfall, depending on the soil type and marketability criteria. In this location, runoff
collecting is an important part of the watershed-based farming system. IFS module integrating paddy with fisheries
is ideal in locations when rainfall exceeds 1,100 mm. In arid and semiarid environments, for providing nutritional
security, profitability, gainful employment, and environmental security, IFS appears to be a necessary alternative
(Panwar et al., 2018). There is also a pressing need to scale up IFS implementation to the necessary level and realize
its full potential.

CONCLUSION

Aberrant rainfall, an increase in the frequency of droughts, and natural calamities are rendering farmers more
vulnerable. Climate change has an impact on food production, both in terms of quality and quantity where climate
resilient agriculture can provide a way to meet the needs of an ever increasing population. As a result, large scale
adoption of climate resilient agronomic solutions is required to provide climate resilient, sustainable agriculture
output. Given the poor's reliance on agriculture and agriculture's vulnerability to climate change, agronomical
research should keep up the pace to create need-based, appropriate technologies to accomplish the aims of
sustainable development. Further, the article addresses some Sustainable Development Goals (SDG) such as SDG 1
(no poverty), SDG 2 (zero hunger), SDG 3 (good health and wellbeing) and SDG 15 (life on land)(UN, 2021).
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ABSTRACT

Nutritionally rich and medicinally important ethnic plants are valued like never before in this era. Ethnic
knowledge harbors many different plants which are less known to modern science. Food can be
effectively used as medicine if it’s been taken wisely. The global nutraceutical market is growing at a
high pace while in India it is evolving and gaining momentum. Nutraceuticals help to reduce the risk of
various chronic lifestyle-related diseases as it modulates metabolism. It is very relevant in present times
as globalization and economic development has damaged our eating habits thus questioning healthy
living. A systematic key approach is needed as there are many misconceptions and duplicate products
are surrounded by this Industry. For the wellbeing of humankind and to regulate and minimize those
misconceptions it is essential to raise scientific backup and popularization of this idea. People nowadays
embrace living naturally and healthily. Owing to the high acceptability of this term, it is widely used in
marketing varied products. Thus there is a great scope for this newly emerging science along with
incorporating traditional knowledge in research and quality improvement.

Keywords: Environment, Health, Food security, Sustainable Development Goals, Livelihood

INTRODUCTION

Recent years have witnessed sudden progress in the use of plant resources in healthcare. The age-old relationship of
Human beings with plants is inevitable. Plant diversity is very vital for India’s ecological, environmental and
healthcare sector as well. Indigenous people play a key role in the usage of traditional ways of using plants as a
healing remedy for various diseases, culinary purposes, other construction, and craftworks too (Bent and Ko, 2004).
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Plants possess a wide range of secondary metabolites in them which can be carefully utilized by humans for different
applications like Antibiotics, anti mycotics, animal nutrition, cosmetics, food additives, bio repellents, etc.(Juan et al.,
2007). Itis very relevant in present times as globalization and economic development has damaged our eating habits
thus questioning healthy living. Foods with high calorie, carbohydrates, and unsaturated fats have made human
health terrible in the present times. Health is always of paramount importance in any human and people are very
conscious in the verge of Covid-19 and other new diseases.

Back to nature is the only way to combat most of these lifestyle-related diseases/disorders. Ancient time’s people
were using only natural products for nutrition and medical purpose as well. But modernization has destroyed most
of the plant resources and thus such traditional practices. Still, in some places of the world people are relying on
ethnic medicine mostly because of the poor economic status or areas not in reach. The sudden surge in medicinal and
aromatic plants in healthcare is mainly due to the various side effects created by unsafe synthetic pharmacological
agents. People are more concerned about maintaining their health with safer and effective natural products. Going
back to nature is the only way to this. This paper emphasises over sustainable development goals (SDG) viz. SDG-3
(Good health and well-being), SDG-8 (Decent work and Economic Growth), SDG-12 (Responsible consumption and
production), SDG-15 (Life on Land) .

Ethnomedicinal plants and nutraceuticals

These days ethnobotany & ethnomedicinal plants has got wide acceptance in the public. According to International
Union for Conservation of Nature (IUCN) and the World Wildlife Fund (WWF), there are between 50,000 and 80,000
flowering plant species used for medicinal uses. Out of the 60,000 plant species that are listed as threatened for
extinction, approximately 20,000 or even more are from India alone (Kala and Sajwan, 2007). About 60% of the world
population and 80% of the population of developing countries rely on traditional medicine. According to Bhat et al.
(2013), more than 4.5 billion people in the developing world rely on medicinal plants as components of their
healthcare. The highest popularity of medicinal plant in rural areas is due to high cost of allopathic drugs and side
effects (Marwat et al., 2008). Ancient times people were using natural products for nutrition as well as for healthcare.
Still the ethnic people are using medicinal plants for their medical purposes firstly because it is easily available and
secondly because of the poor economic conditions prevailing in such communities. There are so many unknown
sources and uses of plant species among tribal people (Lepcha et al. 2019). The knowledge source is depleting as the
younger generation doesn’t care about such things and they are moving towards cities. Ethnobotany can be defined
as the total natural and traditional relationship and interactions between man and his surrounding plant wealth (Das
and Rahman., 2014). It has been estimated that 5-10% of the existing plant species in India have been surveyed for
biologically active compounds (Singh et al., 2012). Only 25% of the medical drugs are based on plant sources in the
developed countries (Crag et al., 1997).

The daily rigorous life made people focus on ready to eat or readymade things. In the present the aftermath of
lifestyle made them realized the usefulness of dietary supplements, nutritional therapy, phytotherapy and
nutraceuticals. Nutraceuticals (Nutrients + Pharmaceuticals) are nonspecific biological therapies used to promote
wellness, prevent malignant processes and control symptoms. They are categorized as follows based on their
chemical constituents (a) Nutrients (vitamins, minerals, Amino acids, etc.) (b) Ayurvedic Herbs or botanicals and (c)
Dietary supplements (probiotics, prebiotics, antioxidants, enzymes) (Hathcock,2001).

Nutraceuticals origin and development

Dr. Stefen DeFelise coined the term Nutraceutical from “Nutrition and Pharmaceutical” in 1989. He defined
nutraceutical as a food or a part of food that provides medical or health benefits, including the prevention and
treatment of disease. Such products range from isolated nutrients, dietary supplements, and specific diets to
genetically engineered designer food and herbal products. Nutraceuticals refer to natural functional/medical foods or
bioactive phytochemicals that are health-promoting, disease-preventive, curative, functional foods and beverages
containing specific ingredients (vitamins, lipids, proteins, carbohydrates, minerals, or other necessary nutrients) with
health benefits. Dietary supplements provide nutraceuticals in a nonfood matrix (tablet or capsule) at a dosage that
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exceeds the amount present in normal food (Zeise, 1999; Brower,1998). When such nutraceuticals are used for
treatment or prevention of disease, they can be coined as a drug. Vegetables, fruits, whole grains, herbs, nuts, and
seeds contain an abundance of phenolic compounds, terpenoids, sulfur compounds, pigments, and other natural
antioxidants which act as compounds for the treatment of various disease conditions. (Prabu et al.,2012).
Nutraceuticals is a very broad term which includes a variety of substances/compounds ranging from essential
metals, large polymers up to bacteria.

Ethnomedicinal plants derived nutraceuticals

Ethnomedicinal plant bioactives, an important category of nutraceuticals, are commonly used by people who seek
conventional health care. These harbor a wide variety of active phytochemicals including the flavonoids, terpenoids,
lignans, sulfides, polyphenols, carotenoids, coumarins, saponins, plant sterols, uramins and phthalates (Craig, 1999).
Ethnic plants have been used for medicinal purposes throughout history. Their health properties are linked to a
number of chemical constituents, including vitamins, flavonoids, terpenoids, carotenoids, hytoestrogens and
minerals (Calucci et al., 2003; Suhaj 2006).Plants such as basil, lemon balm, marjoram, mint, oregano, rosemary, sage,
savory and thyme, appear to be particularly rich in flavonoids, phenolic acids and terpenoids with high levels of
bioactivity(Table 1). Some other herbs such as chervil, coriander, dill, fennel, lovage and parsley, the second most
important herb family, have been shown to have high levels of flavonoids. Some of the examples are given below:

Role of nutraceuticals in combating various disease

Nutraceuticals have received considerable interest because of their presumed safety and potential nutritional and
therapeutic effects”. The concept of nutraceuticals was stared from the survey in UK., Germany and France which
concluded that diet is rated more highly by consumers than exercise or hereditary factors for achieving good health.
In recent years there is a growing interest in nutraceuticals which provide health benefits and are alternative to
modern medicine. By using nutraceuticals, it may be possible to reduce or eliminate the need for conventional
medications, reducing the chances of any adverse effect. Nutraceuticals often possess unique chemical actions that
are unavailable in pharmaceuticals. The entire world is fighting diseases characteristic of the modern age such as
obesity, osteoporosis, cancer, diabetes, allergies, and dental problems. With a global increase in the prevalence of
obesity, both nutrition and exercise play key roles in its prevention and treatment. Nutrients, herbals and dietary
supplements are major constituents of nutraceuticals which make them instrumental in maintaining health, act
against various disease conditions and thus promote the quality of life. Using food products to promote health and
cure disease is renowned. Currently most of the drug molecules available in the formulations were anciently used in
their crude form(Table 1).

There are multiple different products that fall under the category of nutraceuticals.

1). Dietary Supplements 2).Functional Foods 3).Medicinal plants 4). Pharmaceuticals

From the consumers' point of view nutraceuticals may offer many benefits:

1. May increase the health value of our diet. 2. May help us live longer. 3. May help us to avoid particular medical
conditions. 4. May have a psychological benefit from doing something for one self. 5. May be perceived to be more
"natural” than traditional medicine and less likely to produce unpleasant side effects. 6. May present food for
populations with special needs (e.g. nutrient-dense foods for the elderly).

CONCLUSION

It is observed that very few countries have accepted the terminology of Nutraceuticals and designed regulatory
guidelines. Absence of regulatory guidelines for nutraceuticals may flood the healthcare market with spurious and
inferior quality products. This is high time for the India government to accept and define these new terms of
Nutraceuticals, Functional Foods, and Dietary supplements. The government also has to prepare proper regulatory
guidelines to control the healthcare market and to restrict the entry of spurious and inferior quality nutraceutical
products. A nutraceutical may be beneficial to our health but we are still learning about their benefits and possible
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harmful effects. Government regulatory bodies also face challenges in this new category of health products, which
lies between food and drugs. Health professional, nutritionists and regulatory toxicologist should strategically work
together to plan appropriate regulation to provide ultimate health and therapeutic benefit to mankind.
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Common Name | Scientific Name Constituent Health Benefits
. . . .. .. Anti-inflam , anti rial,
Garlic Allium sativum Alliin and Alicin t .a atory ? tlbac.te a
antigout, nervine tonic
. . . . . . PAF antagonist, memory enhancer,
Maiden Hairtree Ginkgo biloba Ginkolide and bilobalide 9 L. v
antioxidant
. I - N . Stimulant, Chronic bronchitis,
Ginger Zingiber officinale Zingiberene and gingerols hyperglycemia, Throat pain
. . . . . Anti-inflammatory, Antiviral,
Echinacea Echinacea purpurea Alkyl amide and Echinacoside . ry
immunomodulatory
. . . . N Stimulating immune and nervous
Ginseng Panax ginseng Ginsenosides and Panaxinosides g
system
. o L Anti-inflammatory and Anti allergic,
i i rrhizineand L rtin
Liquourice Glycirrhyza glabra Glycirrhizine and Liquirti Expectorant
. . Anti-inflamatory, anti arthritic,
Turmeric Curcuma longa Curcumin . . .
anticancer,and antiseptic
. . - . H lycemi ivity, Antibiotic
Onion Allium cepa Allicinand Allin ypoglyce !c activity t.b
and Anti atherosclerosis
Tranquilizer, migraine and menstrual
Valeriana Valeriana officinalis Valerenic acid and valerate pain, intestinal cramps, bronchial
spam
. . . Dil illaries, anti-inflammato
Aloes Aloe barbadensis Aloins and Alosin : ate:s capriiaries . . Y
emollient, wound healing properties.
. Antimicrobial, astringent,
Hydrastis . . . .
Golden seal - Hydrastine and berberine antihemorrhagic, treatment of
Canadensis - .
mucosal inflammation
Senna Cassia angustifolia sennosides Purgative
. Di ive, Appetizer,treatment of
Bael Aegle marmelos Marmelosin gest . bp
diarrhea, dysentry
o S . Nervine tonic, spasmolytic, Anti-
Brahmy Centella asiatica Asiaticoside and madecosside anxiety

(Pulliainen et al., 2010;Chen et al., 2002;Steiber et al.,2004; Rishi, 2006; Rajasekharan et al.,2008).

42685



http://www.tnsroindia.org.in

Indian Journal of Natural Sciences w www.tnsroindia.org.in ©1JONS

Vol.13 / Issue 72 / June / 2022 International Bimonthly (Print) ISSN: 0976 — 0997

RESEARCH ARTICLE

Effects of Rice Herbicides on Soil Enzyme [-glucosidase and
Microbial Biomass Carbon of Succeeding Toria Sown with Stubble
Mulch and Minimum Tillage

Ashirbachan Mahapatral2&3, Mahesh Chandra Bhambrit, Sanjoy Saha?*, Sushmita Munda2 and Nitish
Tiwarit

1Department of Agronomy, College of Agriculture, Indira Gandhi Krishi Vishwavidyalaya,
Raipur,Chhattisgarh, India

2Crop Production Division, ICAR-National Rice Research Institute, Cuttack, Odisha, India

3Centurion University of Technology and Management, Paralakhemundi, Odisha, India

Received: 09 Mar 2022 Revised: 10 Apr 2022 Accepted: 12 May 2022

*Address for Correspondence

Sanjoy Saha

Crop Production Division,
ICAR-National Rice Research Institute,
Cuttack, Odisha, India

Email: ssahacrri@gmail.com

@ (MEE)| This is an Open Access Journal / article distributed under the terms of the Creative Commons Attribution License
(CC BY-NC-ND 3.0) which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited. All rights reserved.

ABSTRACT

The activity of soil microorganisms in the succeeding crop may be affected by the residual effect of
herbicides used in the preceding crop. Therefore an experiment was done in the wet and dry seasons of
2018-19and 2019-20 at ICAR — National Rice Research Institute, Cuttack, Odisha laid out in randomized
block design comprising of ten weed management treatments in transplanted rice in wet season,
comprising of three herbicidemixtures i.e. flopyrauxifen-benzyl + cyhalofop-butyl at (25+125) g ha! at 18
days after transplanting (DAT)(W.), fenoxaprop-p-ethyl + ethoxysufuron at (50+15) g ha at 18 DAT (W2)
and cyhalofop-butyl + penoxsulamat (100+30) g ha?! at 18 DAT (Ws5); three sequential application of
herbicides i.e. bispyribac-sodium at 30 g halat 9 DAT fbethoxysulfuron at 15 g hat at 21 DAT (W),
flucetosulfuron at 25 g hat at 9 DAT fbethoxysulfuronat 15 g hat at 21 DAT (W5s) and cyhalofop-butyl at
100 g hat at 9 DATfbethoxysulfuron at 15 g ha-at 21DAT (Ws); two herbicide checks i.e. bensulfuron-
methyl + pretilachlor at (60+600) g ha! at 4 DAT (W) andbispyribac-sodium at 30 g ha! at 2 leaf stage of
weeds (Ws); one weed free check (Hand weeding at 20, 40 and60 DAT) (Ws) and one weedy check
(Untreated) (Who); replicated thrice. After harvest of wet season rice, toria was sown with resource
conservation technologies viz. minimum tillage and rice stubble mulch in the succeeding dry season and
the residual effects of the rice weed management treatments on soil enzyme ie. 3-glucosidase and
microbial biomass carbon were studied at 30, 45 and 60 days after sowing of toria. The effects of the
preceding season weed management treatments were found non-significant on the soil environment
oftoria in the dry season.
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INTRODUCTION

Among seven edible oilseed crops cultivated in India, Rapeseed-mustard ranks second contributing28.6% of the
total oilseed production (Shekhawat et al., 2012). Rice-based cropping system is one of the major cropping systems
adopted in India. Rice-fallow is the most followed cropping system in Eastern India rainfed situation accounting
for an area about 9.73 million ha (Kumar et al., 2018). In this area, the residual moisture in the soil is subjected to
loss by evaporation during rabiseason after harvest of rice. A short duration crop can easily be grown in this area
which will not only utilize the available soil moisture efficiently, but also increase the productivity of land as well
as the profit of farmers. Toria, being a short duration crop (70-80 days), is well suited to be included in the existing
rainfed situation as in sequence after cultivation rice. Therefore, it’s cultivated largely in eastern India, including
the state of Assam, Bihar, Odisha and West Bengalmainly aswinter crop after harvest of rice (Samant, 2015). Out of
the 17 SDGs suggested by UNDP, rice-based cropping system with resource conservation technologies has
potential to fulfill SDG 2 and 3 (FAO, 2021).Among different biotic stresses, weed infestation is only responsible to
compromise the yield up to about 40% in crops. In order to check this loss, timely and efficient weed management
is required which can be effectively done by herbicidal weed control in rice. However, due to herbicide
application, there may be qualitative and quantitative alterations in the soil environment of the crop i.e. soil
microbial populations and their enzymatic activities (Xia et al., 2011). Several literatures reported that
recommended doses of herbicides didn’t have harmful effect on soil environment (Selvamani and Sankaran,
1993)but the non-target organisms including microorganisms may be affected by some of the herbicides (Latha
and Gopal, 2010). Evenit was reported that, the growth and activities of the soil microbes may be stimulated by
application of some herbicides (Wardle and Parkinson, 1990). Further more, information regarding the effects of
different herbicides applied in wet season rice, on soil enzymes insucceeding toria crop is limited. Considering the
above mentioned facts, the present experiment was conducted to study residual effect of wet season rice
herbicides on soil environment in succeeding toria.

MATERIALS AND METHODS

The field experimentation was executed at ICAR — National Rice Research Institute, Cuttack, Odisha in wet and dry
seasons of 2018-19 and 209-20. The experiment was laid out in Randomized Block Design with ten weed
management treatments in wet season transplanted rice (TPR) and the residual effects of the same treatments were
studied in the succeeding toria crop in the dry season with three replications. The toria was sown after harvest of TPR
with resource conservation technologies i.e. minimum tillage and wet season rice stubble mulch. The ten weed
management treatments in rice were three herbicide mixtures i.e. flopyrauxifen-benzyl + cyhalofop-butyl at (25+125)
g ha at 18 days after transplanting (DAT) (W), fenoxaprop-p-ethyl +ethoxysufuron at (50+15) g ha! at 18 DAT (W2)
and cyhalofop-butyl + penoxsulam at (100+30) g ha! at 18DAT(Ws); three sequential application of herbicides
i.e.bispyribac-sodiumat30gha-latdDATfbethoxysulfuron at 15 g ha! at 21 DAT (W), flucetosulfuron at 25 g hat at 9
DAT fbethoxysulfuron at 15 g hatat 21 DAT (Ws) and cyhalofop-butyl at 100 g hat at 9 DAT fbethoxysulfuron at 15 g
hatat 21 DAT (Ws); two herbicide checks i.e. bensulfuron-methyl + pretilachlor at (60+600) g hat at 4 DAT (W7) and
bispyribac-sodiumat 30 g hat at 2 leaf stage of weeds (Ws); one weed free check (Hand weeding at 20, 40 and 60
DAT) (Ws) andoneweedycheck(Untreated)(Wo).
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Soil microbial analysis
Soil samples from each plot consisted of composite samples were collected with as ample probe augur (0-15¢cm) at 30,
45 and at 60 days after sowing (DAS) of dry season toria. Collected soil was thoroughly mixed and composite
samples were prepared.

B-Glucosidase activity

B-Glucosidase activity assessment was done by treating soil sample with toluene, modified universal buffer (pH 6.0)
andp-nitrophenyl-B-d-glucoside solution (Eivazi and Tabatabai, 1977). After 1 h of incubation at 37°C, 05 M
CaClzand 0.1 M Tris (hydroxymethyl) amino methane buffer pH 12 was added. The suspension was filtered and the
filtrate was measured at 420nm.

Soil microbial biomass carbon (MBC)

Soil microbial biomass carbon (MBC) was measured by modified chloroform fumigation extraction method(Vance
et al., 1987). 10 g of fresh soil sample was taken and treated with 2 mL ethanol free chloroform and incubated for
24 hrs. In another set, soil was kept in similar condition without treatment of chloroform. After incubation, the lid
of each container was opened to remove the chloroform vapors in which40mLof0.5 M K2SO4 was added and the
content was shaken for at least 1 hr. Then filtration of the suspension was done and the filtrate was measured at
280nm.

RESULTS AND DISCUSSION

B-Glucosidase activity

Generally [-glucosidase is hydrolyzed to serve as energy sources for microorganisms in soil. The 3-glucosidase
activity as influenced by different wet season rice weed management treatments are presented inTable 1. The
treatments did not show significant effects on the B-glucosidase activity of the succeeding toria crop, but the
activity increased gradually from 30 to 60 DAS. The decomposition of rice stubbles and minimumtillage which
facilitates microbial activity might be responsible for the higher activity of 3-glucosidase (Sharmaetal.,2020).The
treatments had no harmful effects on 3-glucosidase activity in the succeeding toria.

Soil microbial biomass carbon (MBC)

MBC is considered to be one of the most responsible soil microbiological parameters for regulation of nutrient
cycling (Singh et al., 2014) and is closely related to the primary output of an ecosystem (Marcel et al.,2008) and soil
health (Sparling, 1997). The data on MBC as influenced by the wet season weed management treatments are
presented in Table 2 which depict that the effect of different weed management treatments of preceding rice crop
didn’t affect the biological property of soil significantly. The rate of increase of MBC from30-45DASwas higher than
th at of 45-60DAS. Thetreatmentshadnoharmfuleffects on MBC in the succeeding toria.

CONCLUSION

The herbicide mixtures, sequential application of herbicides and single herbicide used in the experiment were found
to be safe having no harmful effects on the soil microbial biomass and enzyme i.e. 3-glucosidase in succeeding toria
crop. The resource conservation technologies i.e. minimum tillage and rice stubble mulch may have very good effect
on facilitating the degradation of rice herbicides also on increasing the microbial biomass carbon and (-glucosidase
activity in the succeeding toria in the dry season after harvest of wet season rice.
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Tablel: Residual effects of wet season rice herbicides on p-glucosidase activity in succeeding toria

Treatments B-Glucosidase activity(pgg* soilh?)
30DAS 45DAS 60DAS
2018-19 2019-20 Mean | 2018-19 2019-20 Mean | 2018-19 2019-20 | Mean
W1 55.27 58.21 56.74 73.97 7587 74.92 115.71 118.58 117.15
W: 53.21 55.72 54.46 71.08 7290 71.99 110.48 113.71 112.10
Ws 52.34 54.86 53.60 | 70.46 71.88 7117 | 109.38 112.04 | 110.71
Wi 55.96 58.94 5745 | 75.07 76.73 7590 | 117.44 119.99 118.72
Ws 52.74 55.31 54.02 70.63 7241 7152 110.18 112.92 111.55
Ws 5451 57.19 5585 | 72.92 74.65 73.79 | 113.79 116.58 115.18
Wy 53.18 55.90 54.54 71.61 73.12 72.36 111.87 114.07 112.97
Ws 57.01 59.80 5841 | 76.13 7777 76.95 | 118.78 121.68 120.23
Wos 59.75 61.72 60.73 | 79.19 80.05 79.62 | 124.02 125.42 124.72
W10 58.64 60.21 5943 | 78.04 78.25 78.15 | 122.06 122.48 122.27
SEmz 1.66 172 1.69 221 2.24 222 | 345 3.50 3.47
CD(P=0.05) NS NS NS NS NS NS NS NS NS

All the treatments are described in the materials and methods
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Table2: Residual effects of wet season rice herbicides on microbial biomass carbon (MBC) in succeeding toria

Microbial biomass carbon (MBC)(ugg™?)
Treatments 30DAS 45DAS 60DAS
2018-19 2019-20 Mean | 2018-19 2019-20 | Mean 2018-19 2019-20 |Mean

W1 129.06 133.90 | 131.48 | 153.06 159.03 156.05 | 167.66 17433  [171.00
W 127.65 131.39 12952 | 151.32 155.94 153.63 | 165.72 170.89  |168.31
W3 126.46 129.96 12821 | 149.87 154.19 152.03 | 164.10 168.94  |166.52
Wi 130.36 13526 | 132.81 | 153.99 160.00 156.99 | 169.44 176.19  [172.82
Ws 125.34 129.57 12745 | 147.84 153.03 150.44 | 162.56 168.40  |165.48
Ws 128.62 133.02 | 130.82 | 151.86 157.26 154.56 | 167.06 17313  [170.10
Wiy 125.60 130.07 127.83 | 148.15 153.65 150.90 | 162.91 169.09  |166.00
Wi 133.46 138.03 | 135.75 | 159.06 164.73 161.90 | 173.69 180.00 [176.84
Wo 137.07 142 .45 139.76 | 163.52 170.18 166.85 | 178.63 186.04 |182.34
W10 135.53 140.61 138.07 | 161.62 167.92 164.77 | 176.52 183.53  |180.03
SEm+ 431 4.43 9.45 5.12 5.25 4.29 5.61 5.77 4.70

CD(P=0.05) | NS NS NS | NS NS NS NS NS NS

All the treatments are described in the materials and methods
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ABSTRACT

Micronutrient malnutrition is a very common health issue across the world and more especially in the
developing countries. There are more than two billion human population in world suffer from
malnutrition problem due to micronutrient deficiency. To overcome such problem, fortification of food
as well as diet supplements can be done, but common people with low purchasing capacity will not be
able to avail them. Another option is genetic biofortification, however, it is time consuming to develop
micronutrient rich varieties or hybrids. In this regard, an agronomic biofortification approach can be
adopted which is easy and cheap, and in a reach of the common people. The article focuses of the
technology of agronomic biofortification of cereals.

Keywords: Agronomic biofortification, malnutrition, micronutrients, advantages.

INTRODUCTION

Cereals are staple food in most of the developing low-income countries particularly in Africa and Asia, contributing
as much as 55% of the dietary energy (Dharminder et al., 2021; Midya et al., 2021; Pattanayak et al., 2022) compared
with that of high-income countries where the share is 45% (Fig. 1). About 90% of rice is grown and consumed in
South, South east, and East Asia, where about 62.5% of the world’s total 925 million hungry people reside (FAO,
2010). As many as 79.1% of India’s children between the ages of 3 and 6 years, and 56.2% of married women (15-49
years) are anaemic (Krishnaswamy, 2009).1t is estimated that 60-70% of population in Asia and sub-Saharan Africa is
at risk of low Zn deficiency intake (Gibson, 2006). Then acute lack of micronutrients can lead to severe yet often
invisible health problems, particularly among young children and women; hence, considered as ‘hidden hunger’. In
the article, agronomic biofortification of cereals with micronutrients has been discussed. Further, the article
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addresses some Sustainable Development Goals (SDG) such as SDG 1 (no poverty), SDG 2 (zero hunger), SDG 3
(good health and wellbeing) and SDG 15 (life on land) (UN, 2021).

Measures to Alleviate Hidden Hunger

Hidden hunger can be eased by both direct as well as indirect interventions. Direct (nutrition-specific) measuresare
based on consumption behaviour which includes diversification from existing diets, supplementation of various
essential micronutrients, modification of food habits and fortification of foods. Indirect (nutrition-sensitive) measures
focus the underlying causes of malnutrition and comprise biofortification.

What is biofortification?

Biofortification is the process of increasing the content or/and bioavailability of essential nutrient elements in crops at
the time of plant growth through genetic and/or agronomic pathways (Praharaj et al., 2021).Genetic approach
involving plant breeding (genetic biofortification) and application of essential micronutrients especially Zn and Fe
fertilizers (agronomic biofortification), are two important agricultural tools to improve the grain concentration of Zn
and Fe. Even though genetic engineering opens more doors to increase dramatically the bioavailability of Zn and Fe
in grains, its acceptability by consumers and regulatory bodies is very limited, and genetically modified crop
cultivation and marketing are not likely to be relaxed in the near future. In contrast to genetic engineering,
agronomic biofortification is potentially more sustainable, more economical, and more readily implemented than
other strategies.

What is agronomic biofortification?

Agronomic biofortification unlike of genetic biofortification is achieved through application of essential
micronutrient fertilizers either to the cultivated soil and/or foliar application directly to the crop canopy (Fig. 2).
Agronomic biofortification mainly focuses on starchy staple crops (maize, wheat, rice, sorghum, millet, sweet
potato), as they dominate diets worldwide, particularly among vulnerable groups to essential micronutrient
deficiencies particularly Fe and Zn. Thus, agronomic biofortification provide a plausible means of reaching
malnourished populations with burden of poverty having limited or no access to diversified diets, externally
available supplements, and commercially fortified foods.

Agronomic Biofortification through Soil Application of Fertilizers

Many soils have become deficient in essential micronutrients especially Fe and Zn due to nonjudicious application of
synthetic chemical fertilizers and focusing more on only application of major nutrients particularly N, P and K. Now
these soils also have become non-responsive to NPK due to multiple micronutrient deficiencies. Soil application with
small amounts of (multiple) micronutrients has been suggested as a sustainable strategy to increase both crop yield
as well as nutritional quality of these crops. For soil application, water soluble forms of Zn is preferred and coming
to Fe fertilizers, soil application is not recommended. Shivay and Prasad (2012) from New Delhi, India reported that
on Zn-deficient soils, Zn application (as zinc sulphate heptahydrate or ZSHH) increased both grain yield and Zn
concentration in rice grain. Application of Zn when soil applied also increased Zn harvest index by 2%.

Agronomic Biofortification through Foliar Application of Micronutrients

Foliar pathways are generally more effective in ensuring uptake into the plant because immobilization in the soil is
avoided. From the viewpoint of biofortification, foliar application of essential micronutrients particularly Zn and Fe
has been reported to be beneficial than soil application. Chelated Fe and Zn fertilizers are better for foliar application.

Application of 1.2 kg Zn hat as foliar spray gave similar rice grain yield but significantly increased grain Zn
concentration as compared with application of 5.3 kg Zn ha as soil application. For both soil and foliar application,
Zn harvest index was similar, but agronomic efficiency of Zn was about four times higher with foliar application as
compared to soil application. Also, rate of Zn application was much lower when applied as foliar spray (Shivay et al.,
2010a).
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CONCLUSION

Agronomic biofortification is the simplest and fastest mean for bio fortification of major cereal grains with Fe, Zn, or
other micronutrients in developing countries, where cereals are the staple food. Agronomic biofortification is the
only effective way to reach the poorest of the poor rural masses, who will otherwise, never have money to buy
mineral supplements nor can afford to diversify the components of their diet by incorporating animal products.
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Figure 1: Contribution of cereals to the dietary energy in high-income and low income countries
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Fig. 2: Agronomic biofortification is the process through which micronutrient-containing mineral fertilizer (blue
circles) is applied to the soil and/or plant foliage, with the aim to enhance micronutrient contents in edible part of
various food crops.
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ABSTRACT

Managing climate change sustainably is crucial for survival of forests. The ultimate goal of Sustainable
Development Goals (SDGs) is to end poverty and improve human welfare without imposing significant
costs on earths life supporting systems. The SDGs has a very high potential to be affected by the climate
change mitigation and adaptation efforts. Moreover the strategies that help advance one SDG may result
in negative effect on other SDGs. This interactions and the resulting synergies or trade-offs will
contribute to the outcomes of the efforts. The study enlists various synergistic interactions of SDG 1 and
SDG 10 in climate adaptation.

Keywords: Climate change, mitigation, adaptation, forestry, sustainable development goals

INTRODUCTION

Forests plays an important role in climate change mitigation and adaption by the global carbon cycle in two ways
(Manish et al., 2022; Rai et al., 2021; Shukla et al., 2020). First, they are carbon sink that remove nearly 3 billion tons of
anthropogenic carbon every year, 30% of all CO2 emissions from fossil fuel burning and net deforestation (Canadell
and Raupach, 2008). Second, forests covering 30% of global land area store more than double the amount of carbon
in the atmosphere (Field et al., 2004). The main strategies that can be used to mitigate carbon emissions through
forestry activities are; increasing forested land through reforestation, increasing carbon density of existing forests,
replacing fossil fuels with forest products or other renewable sources of energy, and reducing emissions from
deforestation and forest degradation. However the achievable climate change mitigation by forests is challenged by
the competing land uses such as agriculture, urbanisation, bioenergy, conservation and sociocultural considerations.
The ability of a species to maintain fundamental ecosystem processes under disturbances such as changing climate is
its resistance. Managing the forests to improve its resistance and thus better adapt to varying environments is of
utmost importance considering the ecosystem services provided and their role in the carbon cycle. Considering its
extended time frame, all decisions in forest management will have a different outcome in future climate. The forestry
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sector has significant roles in the national and rural economy, providing jobs and income for forest owners, forest
workers, logging firms, and various forestry-related services and industries (Chakravarty et al., 2020). Also, the
changing climate risks the potential of forests to sequester carbon due to rising temperatures, changing seasonality of
precipitation, and increases in the frequency, severity, or extent of natural disturbance such as drought, wildfire, and
forest pests and pathogens (Miller and Stephenson, 2015) .

Sustainable Development Goals

In September 2015, the United Nations adopted the SDGs. SDGs were the updated form of the Millennium
Development Goals by defining broader and more ambitious development objectives that apply to all countries.
There are 17 SDGs and the 2030 Agenda for Sustainable Development addresses the economic, social, and
environmental sustainability and designs a pathway toward inclusive green growth. Sustainable development is
defined as the development that meets the needs of present and future generations through balancing economic,
social and environmental considerations. Synergies and trade-offs can occur when climate change mitigation and
adaptation by forests through emission reduction interact with the various SDGs. This report will assess the trade-
offs on the SDG 1 (poverty eradication) and SDG 10 (reduced income inequality) and how it is affected by climate
adaptation.

Trade-offs on SDG 1 and SDG 10 and its interactions with climate mitigation

Paris Agreement adopted in December 2015 aims at improving the global response to climate change through a more
bottom-up approach by country driven emission reduction and adaptation plans. It aims at maintaining the global
average temperature rise to below 20C of the pre-industrial times, better climate change adaptation and climate
resilience and mobilizing financial flows to achieve mitigation and adaptation goals (UNFCCC, 2015). In the 2030
Agenda for Sustainable Development the climate change objectives are integrated with the economic and
developmental objectives as they are intertwined in many levels. A study by Campagnolo and Davide, 2019
investigated the synergies and trade-offs between climate mitigation and SDGs through an ex ante assessment. The
results shows that the countries with full implementation of there Nationally Determined Contributions (NDCs) will
slow down poverty reduction. This effect increases with the more stringent the mitigation targets. The effect of
climate mitigation on inequality is very limited as discussed in the study. Eventhough some equity driven pro-poor
results are found with stringent mitigation efforts, it is usually cancelled out by the rise in poverty prevalence in 2030
compared to the baseline scenario. Warming of 1.5 °C will have severe impacts on most nations but the effects will be
disproportionately distributed among countries. The vulnerable populations will be the ones in developing countries
as the ecosystems damage and the food security will be affected. This will result in high food prices, poverty, income
losses, loss of livelihood opportunities, adverse health impacts and even population displacements. The people who
are directly dependent on agriculture, forests or other natural resources and indigenous people will be most affected
in such countries (Shukla et al., 2018). Incorporating indigenous and local knowledge's is significant in climate
adaptation and sustainable development and it will create synergies between poverty alleviation (Lepcha et al.,
2019). and reduced inequality. Sustainable development pathways with high inequality will be associated with
higher challenges in climate mitigation and adaptation.

This will result in poorer outcomes from such efforts and results in more warming which in turn results in increased
poverty. Agriculture adaptation to climate through climate smart agriculture is possible through technology
transfers between developed and developing nations. Such adaptations would result in better productivity even in
warmer climates, or during climate extremes and contribute to food security. Food security and better livelihood
options will reduce the income inequalities between nations. A well adapted agriculture system will contribute to
safe drinking water, heath, biodiversity and equity goals (De Clerck, 2016). Agricultural adaptation measures can
also cause health risks with use of fertilisers and pesticides, introducing new crop mixes can cause income losses,
and might result in culturally inappropriate foods (Carr and Thompson, 2014). Some adaptation measures can be
benefitable for land rich farmers and be detrimental to land poor farmers. This will result in increased income
inequality within the nation. There can also be trade-offs when agricultural adaptation to food security (SDG 1 and
SDG 10) cause negative ecosystem impacts (SDG 15). Coastal adaptations are needed adapt to sea level rises and
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restore coastal ecosystems. Planting mangrove forests in coasts is both a climate mitigation and adaptation strategy
by reducing coastal vulnerability, protecting coastal ecosystems and improving food security. It will enhance the
livelihoods of coastal communities and synergistic outcomes of reduced income inequality and poverty reduction
can be achieved.

CONCLUSION

The report investigates synergies and trade-offs between emission reduction policies and SDGs. Stringent climate
mitigation strategies can create positive and negative non-climate outcomes that affect sustainable development. A
study finds that the NDCs and stringent mitigation plans make it harder for developing nations to reduce poverty.
The global poverty in 2030 is estimated to be 4% higher than the baseline scenario. Climate funds and transfers make
a positive impact, but do not offset total poverty increase. While the income inequality shows reduction with climate
mitigation though limited. Agriculture and coastal adaptations mainly shows synergistic effects on SGD 1 and SDG
10 though it shows trade-offs with other SDGs. Actual implementation of climate adaptation or mitigation without
considering the trade-offs across different SDGs and development pathways will be challenging.
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ABSTRACT

Maize is an important cereal crop after rice. Crop models are used to simulate the effect of different
management practices and climate on crop growth, yield and other yield parameters under varied
climatic conditions. Crop models will be helpful in reducing the time and money in conducting field
experiments which are expensive and time bearing. These result can be used for extrapolate for similar
management practices in different locations. DSSAT CERES maize is used in this study to select best
management practice under different nitrogen and irrigation levels. The results revealed that highest
grain yield (7.35 t/ha) has been observed in Drip irrigation at 1.0 Epan + 100% RDF (NPK fertigation —
MAP, Urea, KNO3 at 8 days interval) compared to fertigation at 1.0 Epan with 100% RDF through
conventional fertilizers (N&K fertigation and P as basal soil application). Simulated water productivity
was highest (1.73 kg m-3) in case of drip irrigation at 1.0 Epan by fertigation 100 % RDF (MAP, urea,
KNOs) which was near with fertigation at 0.75 Epan (1.68 kg m-).This can be due to application of
fertilizers and irrigation through drip irrigation, leading to maintaining of optimum soil moisture
throughout the root zone and efficient fertilizer nutrient uptake. This results states that DSSAT model
can be efficiently used for choosing best management practices by saving irrigation amount and
fertilizers without compromising in the yield.

Keywords: DSSAT model, Fertigation through soluble fertilizers, Drip irrigation, water productivity,
Maize hybrid, Rabi season
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INTRODUCTION

Availability of water for irrigation is decreasing year after year due to competition from other sectors like industry,
domestic and electricity etc. Further, the demand for irrigation is increasing as more cropped area is converted
irrigated area mostly through ground water. The increasing demand for irrigation water leading to emphasis on
adoption of suitable methods of irrigation for increasing the water use efficiency. Proper understanding of the
relation between crop yield and water use is an essential component in improving water productivity. Due to
introduction of high yielding maize hybrids, more area is being cultivated during Rabi under surface irrigation
method. This method of irrigation results in low water use efficiency. Under shortage of water, shift from surface to
drip irrigation is vital to minimize the losses from surface method of irrigation.

Crop models are mathematical representation of the system comprising of interaction between crop management,
climate and soil. Numerous crop models have been designed for varied purposes like yield estimation, effect of
different management practices, varieties and climate change on crop growth and yield. One of the most widely used
crop model is DSSAT (Decision Support System for Agro-technology Transfer) which is developed by Hoogenboom
et al., with an objective of integrating crops with soil, climate and varied management practices(Hoogenboom et al.,
2019). DSSAT model is being utilized in several parts throughout the world under different crop, soil, climate (Liu et
al., 2012, Kisekka et al., 2015, Araya et al., 2017, Yakoub et al., 2017, Kaur and Arora, 2018, Malik and Dechmi, 2019,
Adnan et al., 2020, Zhang et al., 2019) , fertilizer (Liuetal., 2012, Yakoub et al., 2017, Kaur and Arora, 2018, Malik and
Dechmi, 2019) and irrigation levels (Kadiyala et al., 2015; Kisekka et al., 2016; Araya et al., 2017; Kaur and Arora, 2018;
Malik and Dechmi, 2019).

CERES maize is one among the DSSAT crop modules which is being widely used to estimate the crop yield, LAI
(Marek et al., 2017) under varied irrigation and fertilizer terms and will simulate crop growth, yield and development
under daily conditions with varied inputs and management. These crop models helps in reducing the time and
human resources for conducting field experiments and offers an outline for integrating new techniques and
management practices in varied climatic conditions (Tsuji et al., 1998). For validating the model and estimating the
yield of maize for Telangana region of India under different nutrient and irrigation levels on maize during Rabi
season, the data of an experiment was used (Ramulu et al., 2010) in this DSSAT model.

MATERIALS AND METHODS

Experiment details

The experiment conducted at Water Technology Centre, ANGRAU, Rajendranagar, Hyderabad during rabi
(Ramuluet al., 2010) was used for validation of DSSAT model. The soil of the experiment was sandy clay loam in
texture with pH 8.19, EC of 057 ds/m, field capacity 14.82 %, available nitrogen 242 kg h+, available phosphorus 37
kg ha't and available potassium 526 kg ha1. Climatic condition of the site was semi-arid tropical climate.

Treatment details

DEKALAB super 900M maize hybrid was used for cultivation. The treatment combinations include different
irrigation methods (surface and drip), levels (1.0 and 0.75 Epan), fertigation levels (100 and 75 % RDF) and fertilizer
forms (water soluble and straight fertilizers) (Table 1) which were replicated three times. Spacing of 60cm X 20 cm
was maintained all over the field. Fertilizer level of 120:60:50 NPK kg/ha was made through straight fertilizers in
conventional form and in case of drip irrigation water soluble fertilizers 19-19-19 (NPK), Mono Ammonium
Phosphate (12-61-0 NPK) and KNOs (13-0-46 NPK) were used as fertigation at 8 days interval from 12 DAS to 80
DAS. Irrigations were scheduled based on the meteorological data taken from the Agro met observatory,
Rajendranagar. Incase of surface methods, irrigation was scheduled at 6-8 days interval and 3 days in case of drip
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irrigation. All the management practices were followed as per recommendation. Data on growth, yield, yield
attributes and water consumed are presented in table 1.

Model description

DSSAT (Decision support system for Agro Technology transfer) which can be used to simulate for 42 crops. Here
CERES maize (DSSAT 4.7 version) has been used in this study which can simulate nitrogen transformation, crop
growth, grain and straw yield, water use, water productivity and many other parameters at field level under
different management practices on a daily basis. Input parameters required for DSSAT are climate, soil, genotype
and detailed management practices.

Climatic parameters like maximum temperature, minimum temperature rainfall for model were collected from IMD
by giving respective latitude and longitude values. Weather man module which is available in DSSAT is used for
setting climate data. Solar radiation data was collected from NASA power. Soil required data for model were
collected from the field analysis and ISRIC (International Soil Reference and Information Centre). Physical and chemical
parameters were also calculated by using analysed soil samples. Genotype characters of respective cultivars were collected from
the previous studies. Followed management practices were fed in to the model.

RESULTS AND DISCUSSION

Grainyield

Highest grain yield has been observed (7.46 t/ha) in drip irrigation scheduled at 1.0 Epan with 100% RDF by water
soluble fertiliser— MAP, Urea, KNOsaat 8 days interval compared to fertigation at 1.0 Epan with 100% RDF through
conventional fertilizers (N&K fertigation and P as basal soil application). Lowest yield (4.31 t /ha) was observed in
case of fertigation at 0.75 Epan with 75 % RDF fertigation of water soluble fertilizers (N & K fertigation and P as basal
soil application).

In simulated DSSAT model, highest grain yield (7.35 t ha1) was observed in drip irrigation scheduled at 1.0 Epan
with 100% RDF by water soluble fertiliser— MAP, Urea, KNOs applied at 8days interval followed by drip irrigation
at 1.0 Epan + 100% RDF (conventional fertilizers - N & K fertigation at8 days interval & P as basal soil applied). There
is no significance difference between Drip irrigation at 1.0 Epan + 100% RDF (conventional fertilizers - N & K
fertigation at 8 days interval & P as basal soil applied) (6.02 t hat) and Drip irrigation at 1.0 Epan + 75% RDF Drip
irrigation at 1.0 Epan + 75% RDF (NPK fertigation — MAP, Urea, KNOs at 8 days interval)(6.00 tha). Lowest grain
yield was observed in drip irrigation at 0.75 Epan with 75% RDF (Table 1).

Highest grain yield observed with 100 % RDF at 1.0 Epan was due to maintenance of required soil moisture and
increased nutrient dynamics in the root zone and in plants under drip fertigation. The grain yield obtained with
Model and through experiment was of trend similar which indicates that the DSSAT model can be used for yield
estimations in different agro climatic zones.

Water Productivity

Observed water productivity was highest (1.70 kg m-3) in case of drip irrigation at 1.0 Epan by fertigation 100 % RDF
(MAP, urea, KNOs) which was near with fertigation at 0.75 Epan (1.50 kg m=3).DSSAT model simulated results were
on par with the observed values in case of water productivity. Highest water productivity (1.73 kg/m3) was observed
incase of Drip irrigation at 1.0 Epan + 100% RDF (NPK fertigation — MAP, Urea, KNO3 at 8 days interval) (1.0Epan +
100% RDF) followed by treatment eight (0.75 Epan +75 % RDF).

Highest water productivity has been recorded due to application of required irrigation water thus by maintaining
optimum moisture level in the root zone throughout the growing period and efficient use of fertilizer by the
crop.DSSAT model water productivity is slightly higher than that of observed values due to considerable higher
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estimation of yields. Both observed (0.74 kg m-=3)and model simulated (0.80 kg m-=) lowest water productivity has
been observed in case of ridge and furrow irrigation with 100 % RDF because of more usage of water in this
treatment when compared to rest leading to applying more water than required (Table 2).

CONCLUSIONS

The DSSAT model predicted the highest grain yield and water productivity with drip irrigation at 1.0 Epan and
fertigation with 100 % RDF through water soluble fertilisers (MAP, Urea and KNOs) at 8 days interval from 12-80
DAS. This DSSAT model estimation indicate that this model can be used to select suitable management practices
under different climatic conditions by minimising the irrigation amount and increasing nutrient uptake.

REFERENCES

10.

11.

12.

Hoogenboom, G., Porter, C.H., Boote, K.J., Shelia, V., Wilkens, P.W., Singh, U., J. W., White, Asseng, S.,

Lizaso, J.I., Moreno, L.P., Pavan, W., Ogoshi, R., Hunt, L.A., Tsuji, G.Y., Jones, J.W., 2019. The DSSAT crop

modeling ecosystem. In: Boote, K.J. (Ed.), Advances in Crop Modeling fora Sustainable Agriculture. Burleigh

Dodds Science Publishing, Cambridge, United Kingdom, pp. 173-216.

https://doi.org/10.19103/AS.2019.0061.10.

Liu,Y.Y., Dorigo, W.A,, Parinussa, R.M., de Jeu, Ram., Wagner, W., McCabe, M.F., Evans, J.P. and Van Dijk.,

AlJIM., 2012, “Trend-preserving blending of passive and active microwave soil moisture retrievals”.
Remote Sensing of Environment, 123:280-297.

Kisekka, 1., Aguilar, J.P., Rogers, D., Holman, J., O'Brian, D. and Klock, N., 2015. “Assessing deficit irrigation

strategies for corn using simulation”, in 2015 ASABE/IA irrigation symposium: emerging technologies for

sustainable irrigation-a tribute to the career of Terry Howell. Sr. Conference Proceedings. American Society of

Agricultural and Biological Engineers, 1-28

Zhang, D., Wang, H., Li, D., Li, H., Ju, H., Li, R., Batchelor, W. and Li, Y., 2019, “DSSAT-CERES-Wheat = model

to optimize plant density and nitrogen best management practices”, Nutrient Cycling in Agro-ecosystems, 114, 19—

32.

Kadiyala, D.M., Jones, J., Mylavarapu, R & Reddy, M. (2015). Identifying irrigation and nitrogen best

management practices for aerobic rice-maize cropping system for semi-arid tropics using CERES-rice and maize

models. Agricultural Water Management. 149. 10.1016/j.agwat.2014.10.019.

Araya,A., Kisekka, ., Prasanna H., Gowda, P.V. and Vara Prasad.2017. Evaluation of water-limited cropping

systems in a semi-arid climate using DSSAT-CSM, Agricultural Systems, 150:86-98.

Yakoub, A., loveras, J., Biau, A., Lindquist, J.L., and Lizaso, J.I. 2017.Testing and improving the maize models in

DSSAT: Development, growth, yield, and N uptake. Field Crops Research, 212 (95-106).

Payero, J., David, T., Suat, I, Davison, D and James, P. (2008). Effect of irrigation amounts applied with

subsurface drip irrigation on corn evapotranspiration, yield, water use efficiency, and dry matter production in a

semiarid climate. Agricultural Water Management. 95(895-908).

Kaur, R., and Arora, V.K., 2018. Assessing spring maize responses to irrigation and nitrogen regimes in north-

west India using CERES-Maize model, Agricultural Water Management, 209:171-177

Malik,W., and Dechmi, F., 2019. DSSAT modelling for best irrigation management practices assessment under

Mediterranean conditions, Agricultural Water Management, 216 (27-43)

Marek, G.W., Marek, T.H., Xue, Q., Gowda, P.H., Evett, S.R. &Brauer, D.K. 2017. "Simulating Evapotranspiration

and Yield Response of Selected Corn Varieties under Full and Limited Irrigation in the Texas High Plains Using

DSSAT-CERES-Maize.  Trans". Transactions of the ASABE, 60(3): 837-846, ISSN: 2151-0040,

DOI: https://doi.org/10.13031/trans.12048

Adnan, A., Diels, J., Jibrin, J.M., Kamara, A.Y., Shaibu, A.S., Craufurd, A., Menkir, A. 2020.CERES-Maize model

for simulating genotype-by-environment interaction of maize and its stability in the dry and wet savannas of

Nigeria, Field Crops Research, 253.

42701



http://www.tnsroindia.org.in
https://doi.org/10.19103/AS.2019.0061.10.
https://doi.org/10.13031/trans.12048

Indian Journal of Natural Sciences

Vol.13 / Issue 72 / June / 2022

13.

14,

15.

o

Roja et al.,

www.tnsroindia.org.in ©1JONS

International Bimonthly (Print)

ISSN: 0976 — 0997

Liu HL, Yang JY, Drury CF, Reynolds WD, Tan CS, Bai YL, He P, Jin J, Hoogenboom G (2011a) using the
DSSATCERES-Maize model to simulate crop yield and nitrogen cycling in fields under long-term continuous

maize production. Nutrient Cycling in Agroecosystems, 89:313-328

Ramulu, V., M.D.Reddy and A.M.Rao. 2010. Response of rabi maize to irrigation schedules and fertigation

levels. Agricultural Science Digest 30(2):104-106.

Netherlands 1998,400.

Tsuji, G.Y., Hoogenboom, G., Thornton, P.K. (Eds.) (1998). Under-standing options for agricultural production.
Systems Approaches for Sustainable Agricultural Development. Kluwer Academic Publishers, Dordrecht, The

Table 1: influence of different irrigation and nitrogen levels on observed and simulated grain yield of maize

Observed grain . L
Sno Treatments Yield Slmulatedhg :am yield (t
(t ha) a’)
1 Ridges & Furrow irrigation + 100% RDF 5.7 5.89
(NPK conventional soil applied)
Drip irrigation at 1.0 Epan + 100% RDF
2 (conventional fertilizers - N & K fertigation at 6.02 6.03
8 days interval & P as basal soil applied)
Drip irrigation at 1.0 Epan + 100% RDF
3 S . 491 5.34
(NPK fertigation — 19:19:19, MAP, Urea at 8 days interval)
4 Drip irrigation at 1.0 Epan + 100% RDF 746 735
(NPK fertigation — MAP, Urea, KNO3 at 8 days interval)
5 Drip irrigation at 1.0 Epan + 75% RDF 6.00 6.34
(NPK fertigation — MAP, Urea, KNO3 at 8 days interval)
Drip irrigation at 0.75 Epan + 100% RDF
6 (conventional fertilizers - N & K fertigation at 431 461
8 days interval & P as basal soil applied)
7 Drip irrigation at 0.75 Epan + 100% RDF 461 481
(NPK fertigation — MAP, Urea, KNO3 at 8 days interval)
8 Drip irrigation at 0.75 Epan + 75% RDF 5.50 5.40 50.45 550 561
(NPK fertigation — MAP, Urea, KNO3 at 8 days interval)

Table 2: influence of different irrigation and nitrogen levels on observed and simulated water use and water
productivity of maize

Observed Simulated total Observed Water | Simulated water
Treatments total volume volume (m? /ha) Productivity productivity (kg
(m3/ha) (kg m?3) m-3)
Ridges & Furrow irrigation +
100% RDF 7702 7380 0.74 0.80
(NPK conventional soil applied)
Drip irrigation at 1.0 Epan + 100%
RDF
(conventlona! fer.tlllzers -N&K 4371 4240 138 142
fertigation at
8 days interval & P as basal soil
applied)
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Drip irrigation at 1.0 Epan + 100%
RDF
(NPK fertigation — 19:19:19, MAP,
Urea at 8 days interval)

4371 4240

112

1.26

Drip irrigation at 1.0 Epan + 100%
RDF
(NPK fertigation — MAP, Urea,
KNO3 at 8 days interval)

4371 4240

1.70

173

Drip irrigation at 1.0 Epan + 75%
RDF
(NPK fertigation — MAP, Urea,
KNO3 at 8 days interval)

4371 4240

1.37

1.50

Drip irrigation at 0.75 Epan +
100% RDF
(conventional fertilizers - N & K
fertigation at
8 days interval & P as basal soil
applied)

3672 3330

1.18

1.38

Drip irrigation at 0.75 Epan +
100% RDF
(NPK fertigation — MAP, Urea,
KNO3 at 8 days interval)

3672 3330

1.27

144

Drip irrigation at 0.75 Epan + 75%
RDF 5.50 5.40 50.45
(NPK fertigation — MAP, Urea,
KNO3 at 8 days interval)

3672 3330

1.50

1.68
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ABSTRACT

It's possible to look at cloud radio access networks and mobile cloud computing as a whole. In this article
we have discussed ow C-RAN works to constantly improve the efficiency of MCC services on wireless
networks in the coming decade. The fact that channel state knowledge is no longer relevant is an inherent
barrier in such a system. Sub-optimal C-RAN procedures can only be carried out if the CSI delayed is
extended promptly. This may be expressed as the issue of topology configuration and rate allocation
with delayed CSI in a stochastic optimization system. This approach makes the most of MCC resources
while keeping response latency to a minimum for each MCC client. As a result of the probabilistic
optimisation, an optimal path will be found with low measurement costs. Offline and online
architectures are designed using an optimization method. According to the simulation results, cloud
computing will have a significant influence on the architecture and operation of future mobile wireless
networks with the introduction of MCC and C-RAN technologies, and the suggested scheme would
allow significant efficiency increases over present systems.

Keywords: Mobile Networks, Cloud Computing, Information and communication technology, Resource
use efficiency, Sustainable infrastructure.

INTRODUCTION

According to UN SDG (United Nations Sustainable Development Goals), building resilient infrastructure, promoting
sustainable industrialization, and fostering innovation are all goals of SDG 9 [16].
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Cloud computing will have an impact on the construction and management of wireless networks [1]. On the one
hand, a rising number of end-users are using mobile devices to access cloud computing systems, such as
smartphones and tablets, thanks to recent breakthroughs in new wireless technologies and apps [2]. Mobile cloud
computing, which is generally recognised as a mobile computing fascinating paradigm with a significant market [4],
is included in the cloud computing environment. MCC will disseminate the specifications of mobile devices in terms
of processing capability and data storage on efficient cloud computing systems with a modest amount of
computation, storage, and power on mobile devices, bridging the gap between rising computing demands and
mainstream mobile technology [3]. Strong cloud computing systems help both radio access networks and mobile end
users, and they aid in the definition of cloud radio access networks [5]. C-RAN keeps computational resources for
baseband care in a central WLAN Cloud of powerful computer devices, unlike standard cellular networks, which
keep them at each cell site [6]. The transition from dispersed to unified baseband networks will result in significant
cost savings due to centralised administration. The network's efficiency has improved as a result of enhanced
coordinated signal processing techniques [7].

Despite some great research on cloud computing for end users and access networks, the literature has tended to
focus on these two crucial areas separately [8]. Adoption of these two advanced technologies, however, is essential in
order to offer enhanced services in next-generation wireless networks [9], as shown in the next section. The C-RAN
and MCC technologies work together to improve network performance. C-RAN for next-generation wireless
networks in MCC systems has not been properly examined in previous studies. These are the work's distinguishing
features [10]. It is proposed that C-RAN be configured dynamically to improve MCC service efficiency in a holistic
manner. In addition to TCP connections that have crucial requirements on the delay of each user response, MCC
mobile search engine services are also taken into account in addition to C-RAN topology configuration and rate
allocation. This job will enhance MCC users' TCP end-to-end efficiency in cellular networks in the coming decade.
One of the most important problems of C-RAN is that the CSI is unreliable because of delayed information
processing and transfer [11].

For example, the inter-BS interface X2 in LTE-Advanced is designed to have a 20ms delay for control plan
communications, with a normal latency value of 10ms on average. Incomplete CSI is commonly hampered by not
just CRAN but also wireless networks. Because traditional knowledge theory methodology is incapable of resolving
this problem, a stochastic strategy to reducing the impacts of bruises and delays in CSI is used, using well-defined
processes [12]. To produce an ideal strategy, the basic structure of the topology configuration and rate allocation
difficulties is employed. Cloud user response latency has been regarded as one of the most important cloud
computing performance indicators. The delay in response that each MCC user feels as a restriction in implementing
the technique is simulated in order to improve MCC users' QoS [13]. The balance between structural productivity
and fairness is being examined among MCC users. The delayed CSI in C-RAN will be utilised to investigate such a
trade-off. The issue is that in MCC systems, this value is modified to optimise the Jain fairness index. In light of the
evolution of MCC and C-RAN platforms, extensive simulations show that cloud computing can have a significant
impact on the architecture and application of wireless Next Generation networks.

Related Work

This is described with two operating systems [14]. It is essentially made up of C-RAN and cloud computing. In this
study, the problem is tackled using two subsystems. Wireless networking takes place largely at the C-RAN, whereas
cloud data transfer happens within the data centre of the OTT service provider. Remote radio heads (RRHs) and a
wireless cloud baseband (BBU) pool are provided by C-RAN conventional base stations in diverse geographic
locations [6]. Backhaul networks are used to link RRHs to the cellular cloud [15]. Although optical networks can
enable high-bandwidth, low-latency communication between the RRHs and BBU pools, they are not always a
practical solution. Microwave lines and non-line-of-sight wireless connections, on the other hand, will allow for
greater customization while maintaining low latency. Please keep in mind that the cloud implementation for the Wi-
Fi network is unique. The virtual base station pool, for example, is the primary processing and control centre. The
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cellular network cloud is about to become live, which is fantastic. Each antenna in the C-RAN mentioned in this
article has a B-RH, which is referred to as a set B. Many mobile cloud providers need safe data flow across all
platforms from start to end. There is a split-TCP proxy in the wireless network cloud. The split point for TCP traffic
is the split-TCP proxy. In both cloud and traditional cells, this split-TCP proxy is extensively employed. Split-TCP is
another common cloud-computing solution. It ensures that data is sent efficiently.

A client can create a TCP connection through the split TCP proxy next door, and the divided TCP proxy provides for
a durable TCP connection with a large TCP connection window. By providing a partition point between the mobile
broadband hosts, the built TCP proxy addresses the wireless-related difficulty in wireless networks. Each segment is
first recognised locally, then saved and sent across the second TCP channel. The Split-TCP proxy is possible in
system design gateways because user data flows are tunnelled to SAE-GW before being broadcast to the internet on
LTE networks (SAE-GW). The website also shows how smart phones, cloud wireless networking, and OTT service
providers are linked. TCP is transferred from the mobile PC to the backend node of the OTT cloud-based service
provider. The Split-TCP proxy divides the end-to-end link between the mobile user and the server backend into two
halves at the wireless cloud's edge, while maintaining a continuous connection with the backend server. Meanwhile,
the wireless network cloud operates continuously on broadband networks, providing the best possible support for
the top layer. Both the configuration of topology and the distribution of price are difficult undertakings. The
topology configuration keeps track of how RRHs work together. RRH's B and C, for example, collaborate to provide
a bundle that serves both MCC users. The wireless cloud must analyse the data rates that MCC users will utilise after
topology initialization. The signals are processed jointly in a cooperative set to confirm that they are all present.

METHODOLOGY

The suggested architecture is made up of several components, including a desktop, app resources, SaaS, multi factor
authentication, access point, and identity provider. All of the units were linked together. The access point is critical
for keeping the app connected to the client. If the actual channel power of a single consumer u exceeds the assigned
transmission rate in the proposed architecture from Figure 1, the resultant transmission rate is equal to the assigned
rate; otherwise, the resultant transmission rate is equal to the assigned rate. The behaviour of the wireless cloud in
slot t has an effect on the output of a consumer u. When calculating the time it takes to reach C-RAN, this is taken
into account. The CSl is derived from the pilot signals of the RRH. After channel estimate, the CSI will be sent to the
wireless network cloud through backhaul networks. After acquiring CSI in the wireless network cloud, the RRHs
decide how to communicate and what rates MCC users should send. After then, the customer's information is sent.
Consumer signals are transported from the MCC to the RRH and then relayed across backhaul networks, similar to
CSI measurement and propagation.

At the time of decision-making, the available CSI is postponed. The cumulative delay between the actual channel
state and that of observation can be built up at the moment of decision-making. It is possible to map the delay into
the Markov chains in seconds. The d Phase Transformation Probability is obtained by multiplying matrix A by d
times, ad. Given the late steps, the conviction state may be determined, which is based on a large amount of past
activity experience and observation history. A confidence condition bt at slot t is the probability distribution of the
state space. The analogous variable in bt, referred to as b, calculates the likelihood that the state is st at the moment of
slot (st). The confidence is utilised to communicate the state-b aspect of both the bt and the vector bt (st). Time
stamping techniques can be used to calculate the frequency of delays periods d. The finding is just postponed by d
measures in such an inference. Represent the observation as a random Ot vector at timet. Ot=Stdt=d +1,,asa
consequence, a clear connection between present condition and monitoring may be established. If getting the number
of delays proves difficult, Bayesian techniques can be used to derive the belief condition. The observation function
B(=) is first introduced. Assume that the system is found at t = 0 — this is O. The observation B(=) feature depicts the
probability relationship between the observations o - testifies to a state and s - connects to one state in a realistic
manner.
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The new belief can indicate the potential of terminating in a new state st+1, the likelihood of observer ot + 1, and the
observed belief distribution bt if a new observation is made at time t + 1. The new belief can indicate the possibility of
ending in a new state st+1, the likelihood of observer ot + 1, and the observed belief distribution bt. The rule for
shifting one's belief status depending on prior beliefs and current observations about a topic. Split-TCP is a data
transmission protocol that is commonly used in data centres and older cellular networks. MCC applications are
expected to play a critical role in the next generation. In this project, the transport layer protocol split-TCP is
employed. It is based on a widely used TCP paradigm.

Evaluation Of The Proposed System

The proposed method, on the other hand, provides greater reliability than, instance, the current methodology, which
has a delay of 10 experiments, or around 30%. Meanwhile, when CSI is delayed more, the user reaction time
increases, with the present system assuming flawless CSI. The recommended technique will be more efficient if the
reaction time is smaller than the current system in the case of high mobility, given that CSI is optimal, as proven.
When the latency is zero, the system already outperforms the present systems. This is because it expressly includes
the output of split-TCP connections with MCC services in the proposed system. The present techniques, on the other
hand, simply try to improve the physical layer efficiency, which isn't particularly great in MCC. In terms of
performance, the present regime is the least effective of the three when solely considering physical layer
performance. They both show that the existing physical layer performance maximisation approach does not
guarantee improved TCP performance. The results are measured in terms of response time. For a low mobility
scenario, the existing approach respond latency to enhance physical layer output grows as the CSI delay increases.
Close to the currently used technique, which assumes CSI perfection? In the case of high mobility, the proposed
device outperforms the CSI since the CSI latency exceeds two samples.

CONCLUSION AND FUTURE WORK

This article examines cloud RAN and mobile cloud networking in next-generation broadband networks. The
topology design and rate allocation challenges in C-RAN have been investigated in order to increase end-to-end TCP
efficiency for MCC users in next-generation wireless networks. The C-imperfect RAN's CSI conundrum was
suggested as a decision-making tool. The reaction time of each MCC user was set as a limit. The balance of
performance and equity among MCC users was also investigated. According to simulation testing, the suggested
approach has the potential to significantly improve the device efficiency of MCC users. The delayed performance
effect of CSl is crucial in C-RAN, and our suggested technique can reduce this effect, particularly in large delays and
mobility scenarios. Further study on virtualizing the wireless network is ongoing in the given scenario.
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ABSTRACT

Recently an exponential progress of biological datasets generated due to genome projects has been
observed. Bioinformatics computational spectrum has made substantial efforts in genomics research to
drive biological discovery. Advanced computational methods are indispensible for analysis of high
dimensional biological datasets. The speed of computation of such large-scale data requires hardware
accelerators in Biocomputing applications. The execution of such problems can be accelerated by either
designing efficient algorithmic or using high performance computing architectures. Out of several
hardware configurations like Graphics Processing Unit (GPU), ASIC, FPGA and multi-core processors,
FPGAs have emerged as improved reprogrammability computing accelerators that can implement huge
parallelized section of computational algorithms. Several Biocomputing applications with huge data are
being implemented in FPGA reconfigurable computing platforms, In this paper, we present a survey of
real-time implementation of hardware accelerators for Biocomputing applications.

Keywords: Digital signal processing, FPGA, reconfigurable, ASIC, SoC, Bioinformatics, parallel
processing.

INTRODUCTION

Bioinformatics plays significant roles in biomedical applications. The analysis of genomic data helps in
determination of disease prediction and pharmacogenomics. Bioinformatics emphases on data mining and its
applications [1]. Recently an exponential progress of biological datasets generated due to genome projects has been
observed. Bioinformatics computational spectrum has made considerable devotion in genomics research to drive
biological discovery [2]. The software used for data processing of biocomputing applications is very slow because
they run in operating systems environment. Signal processing and computational intelligence methods are
increasingly used in bioinformatics research [3]. Digital signal processing methods are faster to analyse these data. In
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the present trend, architecture implementation of DSP is extended from telecommunication systems, image
processing, video processing applications, multimedia systems and computer networks to implementation of
complex mathematical procedures for Bioinformatics data analysis. Though use of reprogrammable microprocessors
has its own importance; hardware implementation of computational algorithms is essential. Developments in
integrated circuits have provided high-speed digital ICs available in ASICs, FPGAs and SoC to implement the
computational algorithms in hardware [4]. Hence it is encouraging to solve Biocomputing problems by designing
advanced algorithm or implementing in efficient architectures. FPGA has appeared as improved reprogrammability
hardware accelerators that can implement huge parallelized section of computational algorithms [5]. In this paper,
we present a review of real time implementation of hardware accelerators for Biocomputing applications.

Bioinformatics Computational Spectrum

Bioinformatics deals with many computational tools and resources to handle life sciences datasets by
transformed to a quantitative information rich society. It consists of large scale heterogeneous data of
biomacromolecules such as DNA and aminoacid sequence, protein multidimensional structures, gene
expression data and uncovers the hidden information and pattern [6]. Fortunately the DNA and Protein
sequences are digital in nature. These sequences can be represented in numerical sequence by substituting
nucleotide sequence and amino acid sequences by their physicochemical properties. Now these numerical
sequences can be analyzed by computational algorithms. The several computational problems in Bioinformatics
are gene prediction, sequence comparison, protein structure prediction, microarray data analysis, drug discovery
and design, drug toxicity prediction, molecular modelling, molecular docking, molecular dynamics, motif prediction,
metal binding prediction, transmembrane protein analysis etc [7]. Further the protein molecules are available in
structural form. These data can be analysed by many graphical tools and visualisation tools. The various
computational methods used in bioinformatics data analysis are DSP tools such as FFT, digital filter, wavelet
transform, statistical methods such as linear discriminant analysis, factor analysis, PCA, computational intelligence
algorithms like machine learning, particle swarm optimization, genetic algorithms, support vector machine, image
processing etc [8]. Developments in ICs have resulted in high-performance and high-speed digital circuit available in
ASICs, FPGASs and SoC to implement the computational algorithms in s hardware [9]. All these method are subjected
to use in bioinformatics problems and need to be implemented in FPGA reconfigurable architecture. The
computational sectrum of Bioinformatics is shown in figure 1.

FPGA-Based Reconfigurable Architecture for Bioinformatics

Many bioinformatics applications are explored to get benefits of high performance reconfigurable computing
platforms. The rapid growth of Bioinformatics databases has created a challenge of processing speed for traditional
processor. The analysis of these data with the help of computer software degrades the processing speed because they
are running in operating system environment. Hence the operations can be accelerated utilizing the computing
architectures. Such computing architectures include superscalar processors, parallel and pipelined processing
architecture systems and implementations of algorithms in hardware. Advances in integrated circuits have provided
digital circuitries such as FPGAs, ASICs and SoC that enable us for implementing complex algorithms in hardware
and perform high-speed operation [4]. Such huge computation can be addressed by reconfiguring huge parallelized
accelerator to attain improved performance. The high density data-rich biomedical problems are formulated by
computational techniques and its efficient algorithm is implemented in real time hardware architecture. But the most
widely used hardware reprogrammable platform is the FPGA. FPGA has emerged as a high-performance computing
accelerator that is capable of implementing massively computational algorithms [5]. The reprogramability feature of
FPGA allows much algorithm-specific computing architecture to be implemented using the same hardware resource.
This setup provides the developer flexibility in design before going to actual implementation. Several Biocomputing
applications such as algorithms on sequence comparison, multiple sequence alignment, gene predictions etc mapped
in FPGA are presented here.
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Sequence Comparison Algorithms

Various algorithms relating to alignment of sequence are being accelerated in FPGA. Fernandez and co-authors
implemented a design for straight comparison of a running sequence as reference and a fixed sequence of short read
[10]. The Aho-Corasick algorithm [11] and hash table [12] have been adopted in FPGA aligners. The implementing
the BLAST algorithm on FPGA architecture has been an innovative work in mapping bioinformatics tools on FPGAs
[13-16]. Significant work contributed by Muriki et al. [17] and Herbordt et al. [18] towards development of hardware
architecture were fully BLAST compliant, that the entire NCBI BLAST can be mapped on FPGAs.

Multiple Sequence Alignment

The homologous biomolecules of three or more sequences can be studied in multiple sequence alignment that
determines molecular structure and function information. The T-Coffee and MAFFT algorithms have been
implemented on FPGA producing outstanding results [19].

Gene Prediction

Gene prediction is a fundamental aspect in computational molecular biology in which a segment of DNA sequence is
repeatedly checked for presence of gene by framing and sliding the along the large sequence data. The decoding of
information present in genome leads to gene detection problems. The research has done to design and develop and
implement exclusive architectures such as Glimmer algorithm with its advancement denoted as Glimmer HMM. The
Interpolated Markov Models has also been used in prediction of gene [13]. Hidden Markov model (HMM) has been
integrated with Glimmer algorithm resulting in Glimmer-HMM for improvement in gene identification and
designed the required core for Glimmer-HMM implementing the four HMMs of the algorithm on Virtex-5.

RNA and Protein Secondary Structure Prediction

The protein secondary structure prediction based on Predator algorithm has been presented in architecture for
parallel implementation of the two initial steps of the algorithm with protein database stored in internal FPGA
memory and having six parallel computing modules. The architecture was mapped on a Xilinx Virtex-5 with 30 to 50
times faster than general computer. The Zuker algorithm predicts the secondary structure of RNA sequences. A
pipelined architecture in FPGA has been designed, which calculates the matrix coefficients, on a Virtex-5, with the
FPGA utilization almost at 100% [20]. Similarly there are several Biocomputing algorithms implemented in FPGA
based reconfigurable accelerator. K-means algorithm for clustering Microarray gene expression data has been
implemented in FPGA for five k-mean cores on Xilinx Virtex4 XC4VLX25 FPGA and achieved about 51.7x speed-up
in contrast to a software model with speed 206.8x [21]. Molecular Dynamics tool helps for study of properties of
molecular particles and its simulation has been implemented in FPGA accelerator using C-based OpenCL and
achieved over 4.6 times of speed-up compared to microprocessor-based system [22]. AutoDock tool performs
molecular docking for drug identification which is implemented in FPGA-based acceleration and achieved a x10-40
speedup over a 3.2 GHz processor [23].

Comparison and Result Analysis

FPGA reconfigurable architecture is a promising technology widely used in simulation and synthesis of
Bioinformatics algorithms for sequence alignment, multiple sequence alignment, gene prediction , protein structure
prediction etc. Several computational algorithms are being synthesized in FPGA Spartan 3E and Vertex-5 using
Xilinx software. The representative algorithms implemented in FPGA based reconfigurable hardware accelerator for
different Bioinformatics problems are represented in table 1. The speedup achieved for sequence analysis for
different hardware accelerators are represented in table 2.

CONCLUSIONS

It is seen that real time implementation of biocomputing applications in FPGA based high performance
reconfigurable platform is the current trend of computing. In this paper we presented bioinformatics computational
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spectrum requires efficient hardware accelerator computing systems. A comprehensive range of bioinformatics
algorithms has been shown to have improved execution times on FPGA system. We noticed that performance of
FPGA is better than those of other computing systems that can address the future challenges associated with
exponential growth of biological data. However, a substantial design effort remains for system level development to
promote the use of FPGA among the life sciences community.
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Table 1. FPGA based Bioinformatics algorithm.

Bioinformatics Computational Spectrum Computational Algorithms implemented in FPGA
Sequence alignment BLAST, CAST

Multiple sequence alignment T-Coffee, MAFFT

Phylogenetic Tree Construction RAXML

Gene Prediction Glimmer, GlimmerHMM, Digital filter

RNA and Protein Secondary Structure Prediction | Predator, Zuker algorithm

Clustering Microarray Data K-means Algorithm

Molecular Dynamics C-based OpenCL

Molecular Docking Docking algorithm

Table 2: Speedups achieved for sequence analysis for different hardware accelerators

Sequence Alianments Speedup over Serial Implementation
q g FPGA GPU Multicores
PSA 100 70 22000
MSA 13 7 NA
BLAST NA 16 NA
Sequence Alignment Gene Prediction Molecular Modeling Microarray Gene
Expression
Algorithms | Filtering Simulations Clustering
Software level computation

FPGA GPU | ASIC Multicore

Figure 1. Computational Spectrum of bioinformatics algorithms
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ABSTRACT

Diosmin is a citrus flavone glycoside present in different citrus fruits, and the chemical nature of this

flavone is 3'5,7-trinydroxy-4" -methoxy flavone-7-aminoglycoside. This Diosmin is used as an oral
flavonoid drug Micronised Purified Flavonoid Fraction(MPFF) [Daflone 500mg] with the combinations of
Diosmin (90%) and Hesperidin (10%). Also, Diosmin was identified as a venous guarding agent to reduce
chronic venous insufficiencies, varicose veins and haemorrhoids. Nowadays, the pharmaceutical and
chemical industries are isolating the Hesperidin from citrus and converting them into Diosmin. The role
of Hesperidin and Diosmin is very crucial in different chronic diseases like carcinoma, hypertension,
diabetics. With the extensive research, the structure and mode of actions of Hesperidin are revealed as
much, but in Diosmin, there are not enough studies that are not going to understand their roles. Hence
this paper will help to summarise the position and ongoing research knowledge about Diosmin.

Keywords: Diosmin, Daflon, Flavonoids, Citrus fruits, Chronic diseases

INTRODUCTION

The known fruits such as oranges, lemons, limes, grapefruits and mangoes are citrus fruits in the family of Rutaceae.
These fruits’ organoleptic and commercial properties reveal the pharmacological benefits of the citrus fruits field [1].
Citrus fruits are essential sources of Vitamin C, Macronutrients, potassium, magnesium, copper and pantothenic acid
[2]. Secondary metabolites are also known as phytochemicals that are not important for the plant’s survival but vital
in the plant growth that exhibits pharmacological activity. Citrus fruits include several secondary metabolites like
flavonoids, alkaloids, limonoids and phenolic acids. The biological activities of these active compounds help enhance
human health, anti-oxidative, anti-cancer, anti-inflammatory, neuroprotective and cardioprotective properties [3].
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Plant flavonoids are a large group of chemical components that exhibits very similar phenolic compounds.
Flavonoids are derived from the phenylpropanoid metabolism and shikimic acid pathway (Stafford et al., 1990). Due
to their physiological, pharmacological, and health benefits, flavonoids have been recognised as a crucial component
in metabolism. Since 1990 the interest in flavonoids has led to exciting research with 13,000 articles and books
handling various aspects field [4]. Free radical scavenging and antioxidant property of flavonoids decrease the risk of
various chronic diseases [5].

Diosmin is a type of flavonoid, and this flavonoid is obtained from hesperidin dehydrogenation. In 1925 Diosmin
was first discovered in Scrophularia nodosa, and their pharmaceutical action was identified in 1969. Previous reports
suggest that Diosmin is a non-toxic drug for various chronic disorders (i.e. Diabetes). This flavonoid also reveals its
anti-radical, anti-inflammatory and antimutagenic properties [6]. With the help of micronised formulation, Diosmin
is used as a clinical drug. Later the oral administration of Diosmin is adequately hydrolysed by the intestinal
enzymes into diosmetin, aglycone, which is absorbed into the haematopoietic system. The micronisation particles
enhanced the absorption capability of this Diosmin at a diameter <2um. Converted Diosmetins are significantly
degraded into phenolic acids or conjugated glycine derivatives which are majorly excreted in the urine.

Diosmin is used as a vascular protective agent to increase the venous tone, enhance lymphatic circulation, and
prevent microcirculation from inflammation and apoptosis [7]. Diosmin also reduces the expression of endothelial
adhesion molecules, inhibiting the leukocytes migration and activation to the capillary level. The release of
inflammatory factors such as free radicals and prostaglandins are hampered by this action [8]. This review reveals
the use of flavonoids in the health and pharmaceutical industries. Mainly, Diosmin provides several health benefits
and biological activities.

Chemical Nature

Diosmin is a disaccharide component that consists of diosmetin moiety replaced through glycosidic linkage by 6-O-
(alpha-L-rhamnopyranosyl)-beta-D-glucopyranosy! residue at the seven positions. The average molecular weight of
Diosmin is 608.5447 with the chemical formula CzHs201s. Diosmin is an analogue of hesperidin, and a double bond
between C-C in the C- ring atom makes the Diosmin different.

Diosmin is mainly isolated from the citrus plants. It is a glycoflavone, so various nitrogen utilising plants are
producing the Diosmins by shikimic acid pathway. Citrus plants such as limes, grapefruits, oranges, and pineapple
include this compound in higher amounts.

Hesperidin . Diosmin

The natural occurrence of Diosmin is shallow in citrus plants. In recent years pharmaceutical use of Diosmin has
been enhanced extensively; therefore, synthetic methods developed to synthesise Diosmin. The main component of
Diosmin synthesis is Hesperidin because of its structural similarities. By engaging N- Bromosuccinamide, acetyl
hesperidin is brominated by the benzoyl peroxide in the presence of chloroform with a yield of 44%°. Another
research supported that the work of Diosmin is 66%, in the presence of pyridine and iodine at 100°C sodium
hydroxide molecules are treated with Hesperidin. Thanh Nguyen et al. reported the green synthesis of Diosmin [10].
The low availability of Diosmin enhanced several synthesis methods by using Hesperidin.

Pharmacological Effects

In current medical situations, Diosmins are used to treat chronic venous diseases, lymphedema and varicose vein
[11]. The therapeutic action of Diosmin is enhanced by inhibition and metabolism of noradrenaline in the venous
walls. Reduction in noradrenalin levels results in reduced elasticity and membrane permeability [12]. These actions
made this Diosmin anti-inflammatory, antimutagenic and accessible radical scavenging properties by inhibiting the
entry of free radicals. It lowers blood pressure and lipid peroxidases. The availability of nitric oxide was enhanced,
thereby it reducing hypertension in the venous walls.
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Diabetes

Diabetes Mellitus(DM) is a chronic metabolic disorder identified by insufficient insulin secretion or insulin receptors
impairment that enhances hyperglycemia. DM is also caused by deficiencies in the carbohydrate, fat and protein
metabolism field [13]. Polyuria, polydipsia and polyphagia are the classic symptoms of DM developed during the
hyperglycaemia condition [14]. In this regard, § pancreatic cell functions are affected by hyperglycaemia [15]. Macro
and microvascular diseases are developed during the prolonged glucose level increase. Therefore appropriate
medications are needed to control the blood glucose level. At present several hypoglycaemic agents are diploid to
treat DM [16]. Despite benefiting from these drugs, it also reduces specific side effects such as hypertension,
hyperglycemic coma [17]. Hence lesser side effects and cost-effective drugs are needed for the effective treatment of
DM. Nowadays, combination drug therapies are preferred better than single-drug therapy. So herbal medicines are
recommended for combinational drug therapy due to their bioavailability [18]. Diosmin is a glycoflavonoid that
plays a vital role to control these glucose levels. Recent studies suggested that Diosmin have excellent
hyperglycaemic properties with cost-effective treatments [19]. Several reports are available about diosmin’santi
glycemic activity which are listed below.

Hyperglycaemia disturbs the non-enzymatic binding between glucose and proteins, produces advanced glycation
end products (AGEs) [22]. AGEs cause Intracellular oxidation via glycol, which is turned from glucose followed by
one amino one deoxyglucose to 3 deoxyglucose degradation, glyceraldehyde fragmentation. More free radicals are
generated by these reactive products when it reacts with an amino group of intracellular and extracellular protein
[23]. Due to the lone pair, electrons of free radicals can quickly react with DNA, RNA, and proteins of the beta cells,
leading to cell death or apoptosis [24]. These free radicals also enhance the level of several inflammatory cytokines
present in the beta cells. Nuclear factor-kB(NF-kB) is an essential inflammatory cytokine that plays a vital role in DM
pathogenesis. Due to the over expression of NF- kB, it stimulates other cytokines such as IL-6, TNF alpha. Diosmin
significantly inhibits the expression of the NF-kB pathway by downregulating the oxidative stress and pro-
inflammatory cytokines generation [25].

Diosmin as a hepatoprotective agent,

Chronic liver cirrhosis causes a high rate of morbidity and mortality in humans. Due to the bile duct obstruction, the
bile salts are accumulated in the liver stimulate the specific pathway of inflammatory responses leads to liver injury.
Those injuries are the primary cause of liver cirrhosis and failure [26]. Recent researches highlighted that liver injury
is caused by the oxidants/ antioxidants imbalance, stimulation of inflammatory response, hepatic stellate cells (HSC)
activation and depletion of extracellular matrix proteins [27]. The major inflammatory signalling pathway in liver
cirrhosis are P38 Mitogen-Activated Protein Kinase (Pss- MAPK) and NF- kB signalling pathway. NF- kB translocates
into the nucleus and activates many inflammatory genes during the stress conditions like TNF alpha and inducible
nitric oxide synthase (iNOS) [28]. Therefore the hepatoprotective agents needed are increased to reduce inflammation
and oxidative stress. Previous studies reported that Diosmin could downregulate the THF alpha and NF- kB
expressions [29]. In this way, Diosmin inhibits the translocation of NF- kB. Thereby the expression of other genes is
downregulated. Although Diosmin also acts as an antioxidant because of their flavonoid nature, the production of
free radicals is also inhibited.Lahouel et al., revealed that the Diosmin having the capability to inhibit the GSH
depletion in the liver [30].

Role of Diosmin in Neuroprotection,

Recent research suggests that Diosmin can be used to treat various chronic diseases. In this way, Diosmin can be
used to treat neurodegenerative diseases such as Alzheimer’s and Brain injury [31]. The Diosmin maintains
enhanced antioxidants enzyme activity and neuroinflammatory levels, preventing neurodegeneration and cerebral
ischemic [32]. The discharge of sensory signals from hippocampal region neurons is coordinated with a cognitive
process. Due to the accumulation of amyloid precursors and neurofibrillary tangles, these electric signals are
interrupted, leading to neurodegeneration. Recent studies reveal that Diosmin can reduce amyloid-beta oligomers
and the hyperphosphorylation of tau proteins. Flavonoid properties of Diosmin also decrease the neuroinflammation
level and cognitive impairment through JAK/ STAT 3 signalling pathway [33].
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JAK/STAT 3 signalling pathway mainly involves inflammation, cell survival, development, proliferation,
differentiation and development. Diosmin reduces the DNA fragmentation in the cerebral region and enhances the
cell survival rate by up regulating the Bcl-2 protein and down regulating the Bax [34]. Another study exhibited that
Diosmin can reduce the TNF alpha expression in NF- kB signalling pathway [35]. Sharah et al., 2018 demonstrated
that Diosmin might ameliorate cognitive impairment by protecting the cholinergic system [36]. Following table
describes the works carried out in diosmin as a neuroprotective agent.

Anti-ulcerative agent

Modern lifestyle and alcohol consumption increased the risk of gastric mucosal lesions involving gastric ulcer,
gastritis and gastric carcinoma [39]. Gastric mucosal damage is caused by the increased level of myeloperoxidase
(MPO) due to the invasion of gastric tissues by neutrophils [40]. The active neutrophils regulate inflammatory
responses, leading to the NF-kB activation and translocation followed by the activation of inflammatory cytokines.
The primary reason for this activation is free radicals such as reduced glutathione and glutathione peroxidase. In
current situations, several anti-ulcerative drugs are available, but most of them act as proton pump inhibitors and H2
receptor antagonists with adverse side effects [41]. Hence the research was conducted to find out the Diosmin
efficacy against gastric ulcers and found that Diosmin has greater effectiveness than other ulcerative drugs. In this
research, they revealed the Diosmin action against the gastric ulcer. It down-regulates the Nf- kB activation and
proinflammatory cytokines, although it inhibits the myeloperoxidase activation, preventing gastric mucosal damage
[42].

Cardioprotective properties

Cardiovascular diseases are characterised as a heterogeneous group of disorders that damages the blood vessels and
heart. The most important one in cardiovascular diseases is myocardial infarction (Ml). Death of the heart muscle
segment is known as myocardial infarction, which also affects blood flow in the blood vessels. A massive amount of
several free radicals are generated during the myocardial infarction like hydrogen peroxide and hydroxyl radical
[43]. Mitochondria is the central hub of cellular reactive oxygen species (ROS). Oxidative phosphorylation and
energy productions are taking place in the mitochondria. Also, for cardiac muscle contraction, adenosine
triphosphate synthesis, electron transport chain are essential processes in mitochondria. During myocardial
infarction, the above critical methods are limited. Due to the excessive oxidative stress, mitochondrial damage was
caused at the time of the myocardial infarction. Hence mitochondria are the targets for ROS. Previous reports
suggested that antioxidants play a crucial role in various chronic diseases. Thus Diosmin is used to reduce the above
free radicals and act as a cardioprotective agent [44]. Queenthy et al., reported that Diosmin having the ability to
reduce the activity of HMG CoA reductase in hyperlipidemia [45]. Further findings reveals that the Diosmin reduced
the cardiac arthemias by enhancing coronary microvascular function [46] and it also decreases the interleukin-1,
interleukin-6, Tumor necrosis factor alpha(TNF- o), caspase 3 and 9 [47].

CONCLUSION

Among several classes of flavonoids, Diosmin is improving day by day due to their bioavailability and practical
health benefits in neuroinflammation, inflammation in a blood vessel, microbial and cardiovascular diseases.
Depending on its physiochemical and structural properties, Diosmin can target various chronic disorders by alone or
combinational therapy. Due to their poor solubility, absorption and distribution, Diosmin can make any therapeutic
activity and nanotechnology. The molecular weight, structure, solubility, pH sensitivity makes the Diosmin the best
therapeutic agent. Nowadays combinational drug Diosmin (Daflon 500mg) is used for various diseases because of its
higher absorption rate. Recent researches suggest that Diosmin may be capable of making nanodrugs. This review
helps more investigations on Diosmin to explore its new findings with different aspects.
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Fig I Chemical structure of Diosmin
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ABSTRACT

Medical imaging such as x-ray, MRI , PET ( positron emission tomography ) scan is an important
diagnostic tools for various diseases and biochemical studies. Like x-ray which gives a transmitted image
to see the bones PET provides a 2d image to locate the position of various conditions of trauma, cancer,
heart problems and disorders related with brain. Normally a PET scan uses a radioactive active tracer.
Most often injected into the vein within hand or arm. The tracer will mix with the blood stream and flow
to the different parts of the body including the effected part which has a higher levels of metabolic or
biochemical activity, which often pinpoints the location of the disease. The tracers are mostly 8F which
emits beta particles. Those are annihilates and produces photons which are normally detected and the
affected area are pin pointed. The main part of PET scan is the beta source, detection system and the
image reconstruction technique. Here in this paper we have discussed the third point the image
reconstruction method using a Monte Carlo technique.

Keywords: Histogram, 2d map, pseudo random number, efficiency

INTRODUCTION

Positron Emission Tomography (PET) is a imaging technique using nuclear physics into reality. This PET normally
used to study and diagnose the metabolic activity and special type of diseases. This uses a positron emitting
radionuclide normally 8F. The scan can be visualized and also quantitative result can be inferred. The nuclei which
are proton reach normally undergo beta decay to come to stability line. Electron capture is also another mechanism
but PET scan uses the decay of nuclei only through beta not EC. PET scan uses a radioactive element 8F which is a
beta (positron) emitters. Once this radioactive element are mixed with blood through injection they move to different
parts of the body and then the positron are vanish after striking the electron and produces two gamma ray of each
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having energy 511 KeV. This is called annihilation gamma ray. These gamma ray moves in opposite direction and
detected by the gamma camera (gamma detector). Once the two gamma are detected in coincidence a line of positron
source can be reconstruct and accordingly all the image of the samples are crated. Coincidence detection of the
gamma rays means the two gamma ray can be detected by the detector with same time or the time gap between
them is very narrow. The coincidence detection of the back to back gamma ray is the key point of the PET image
reconstruction.

SIMULATION AND RESULT

One of the main part of the PET [1] is the gamma detectors. The detectors are made of crystals which have high
atomic numbers and densities; for example, bismuth germinate (BGO) Two detectors are said to be “in coincidence”
when the events are detected by camera at almost the same time in both detectors. The detectors detects the
coincidence events but this does not provide the image. Image can be constructed from the signals using special
software (image reconstruction software). The image is a basically a 2d heat map which indicates the activity at
different parts. The effects part mostly consume more blood flow from the others showing a high density points in
the 2d map.

The radioactive tracer is normally randomly distributed in the blood flow and specially the emission of gamma
occurs in random direction. So the randomness is the must for any simulation related to PET imaging. We have
adopted Monte carol based simulation which generated the probability of events within the blood vein by using a
sudo random number generators [2-3]. This generates the random number with zero repeating for one million
events. For the simulation purpose a small experimental situation has been considered by taking a vein having
length 30 mm and diameter 10 micrometer. Since the tracer mix with the blood randomly and then flow with the
blood. Two different situation has been considered. Case-1 the random numbers were generated and thrown such
that those which will fall within the vein has been considered for simulation. Bellow figure explains the situations.

Fig.l (@) A 2d map [4] of the events generated by Case-1 (see text for detail). One can see that more events are
concentrated at centers and there are many location where the tracers are very less which is not a good situation for
simulation because it has been assumed that the traces has been mixed with blood randomly and also the emission of
gamma points are random in nature. [b] The same as (a) but for the Case-Il. This provided more uniform distribution
of the tracers inside the vein and also with higher statistics. Fig.1(a) shows the 2d map of this. By considering this
approach only ~10% of the total events are falling within the vein as the solid angle of throw is very high. So a
second method has been adopted. Case-ll - all the random number having random location has been mixed with the
blood within the vein and considered the source of gamma points. Fig.1 (b) shows the case Il which indicates more
uniform distribution of the tracer which provided the higher statistics compared to Case-I.

CONCLUSION

From the above simulation one can see that Case-l can be considered as more closer approximation of practical
operation but not effective one as the non-uniform distribution of the tracer is there and statistics is also less which
makes the PET image not clear. Whereas Case-ll is faster and provided more statistics which makes the image better
as the uniformity in the distribution is there. So we considered this as effective generators for simulations.
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ABSTRACT

Investigation have been carried out experimentally to study the effect of single sphere along with conical
entry on wall-to-liquid mass transfer coefficient in an electrochemical cell with homogeneous flow. The
electrolyte was an equimolar solution of potassium ferricyanide and potassium ferrocyanide of 0.01N
with 0.5 N sodium hydroxide as indifferent electrolyte. The reaction considered was the reduction of
ferricyanide ion. The mass transfer coefficient was computed from the measured limiting current. It was
found that the mass transfer coefficient increased with increasing liquid velocity and sphere diameter.
Fluctuating behaviour of mass transfer coefficient was observed along the axial direction. Significant
influence of the sphere location was observed on mass transfer coefficient. The entire experimental data
on mass transfer coefficient have been correlated in terms of Colburn j-factor and Reynolds number.

Keywords: Mass transfer coefficient, limiting current, turbulent promoter, augmentation.

INTRODUCTION

Vertical cylindrical columns are essential units in every chemical process industry. The inlet connections to these
columns are generally given by conical shells. Hence there is a necessity of understanding the behavior of heat and
mass transfer phenomena in these cylindrical columns with conical inlets. Also to increase heat and mass transfer
rates, passive augmentation techniques are usually employed. Augmentation in these case occurs due to reduction
in the resistance film thickness as an obvious result of modifying the flow path. Appreciable improvement in mass
transfer coefficients were obtained in homogeneous flow in cylindrical conduits in the presence of promoter internals
such as hemispheres[1], angled discs[2], twisted tapes[3], helical tape on a rod [4] and string of discs[5] etc. The
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sphere as a displaced promoter internal was found to be effective in mass transfer rate enhancement and several
investigations have been reported in this direction [6-8]. However, investigations employing a sphere internal or
enhancement of mass transfer rates in cylindrical conduits with conical inlet were found to be scarce [9]. In view of
these observations the present work has been taken up. An electrochemical method has been considered for
obtaining mass transfer coefficients. The liquid phase used was a fluid electrolyte of ferri-ferro redox system.
Reduction of ferricyanide ion is carried out in the present experiment as per the following electrochemical reaction
equation.

[Fe(CN)s]* +e—> [Fe(CN)s]* @)

Mass transfer coefficient is calculated from measured limiting current using the equation

|
k, =——— 2
" nFAC, @

In the present work the effects of flow rate of liquid, location of sphere and sphere diameter on mass transfer
coefficient is investigated. An attempt has been made to develop generalized correlations through empirical
modeling using dimensionless groups involving pertinent dynamic and geometric variables. The ranges of variables
covered are compiled in Table.1.

EXPERIMENTAL

The schematic diagram of the experimental set-up used in the present studies was shown in Fig.1l. The fluid
electrolyte is prepared by adding calculated amounts of the chemicals to the distilled water. The concentrations of
these chemicals in the electrolytes solution is ascertained using standard methods [10]. The electrolyte is taken in
feed tank. Circulation of the electrolyte through the experimental unit was carried out with the help of pump and
regulation of flow rate is made with valves arranged in the piping network. Flow rate is measured using calibrated
rotameter.

The test section was a hollow cylindrical conduit with an inner diameter of 6.73 cm. The height of this section is 60
c¢cm. Point electrodes were provided in such a way that one end of these electrodes was fixed even with the inner
surface of the test section. Electrodes, 16 in number were arranged along the length of the test section at equal
intervals. Each electrode has a diameter of 3.42 mm. The inlet to this test section is of conical shape with bottom
inlet having a diameter of 2.54 cm. The measurement of the limiting current is carried out as per the procedure listed
in detail by Harvind Kumar et al[11].Metered fluid electrolyte is admitted into the conical section at the bottom. A
single sphere mounted on a cylindrical rod essentially acted as a promoter element. This rod was fixed at the topside
of the column structure.

RESULTS AND DISCUSSION

The experimental data obtained in the present investigation have been analyzed graphically in relation to various
dynamic and geometric variables. Fig.2 gives the data of the present study plotted as mass transfer coefficient (kv)
against liquid velocity (Uv) for three cases of homogeneous flow through: (i) a conduit of circular cross section (Plot
A), (ii) a conduit of circular cross section with conical entry (plot B), and (iii) the present experimental data obtained
in a conduit of circular cross section with conical entry in the presence of a sphere on rod at a height of 20 cm (Plot
C). The magnitudes of improvements over homogeneous pipe flow with conical entry with and without sphere
promoter, obtained in the present experiment were shown in plots B and C. Plot A gives the data predicted from Lin
et al [12] for the case of pipe flow with circular cross section. Whereas plot B shows the data obtained in the
cylindrical electrochemical cell with conical entry. These data are found to be in good agreement with that of Ashok
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Kumar[13]. By placing a single sphere on a concentric rod, in the present study, the mass transfer coefficient data
were obtained and plotted as shown in plot C. Plots A and B shows the improvements in mass transfer coefficient
due to conical entry were upto 5 times on lower liquid velocity end and upto 2.5 times on higher liquid velocity end.
The reason for this massive enhancement may be attributed to the generation of swirl flow in the test section. The
swirl caused severe turbulence in the test section leading to reduced thickness of the resistance film. Reduction of
thickness yielded lower values of mass transfer rates. Addition of single sphere on a rod, which acted as turbulent
promoter in the present case resulted in additional turbulence which led to further reduction of the boundary layer
thickness. Therefore, one can expect that higher values of mass transfer coefficient would result in this case. The
experimental data shown in Plot C confirmed the same. A close examination of plots B and C shows that the
improvements in mass transfer coefficient due to turbulence promoter, were upto 2 times on lower liquid velocity
end and upto 1.2 times on higher liquid velocity end. Similarly, plots A and C shows the improvements in mass
transfer coefficient over homogeneous flow, were upto 17 fold on lower liquid velocity end and upto 7 fold higher
liquid velocity end. These observations indicate that the presence of present promoter element is definitely
advantageous as it enhances turbulence resulting in increased mass transfer coefficient

Longitudinal variation

Fig.3 shows the limiting current data obtained in the present experiment in the presence of single sphere depicting
the variation in the longitudinal direction. The liquid velocity maintained was 0.0703 m/s and the sphere diameter
was 4 cm. The sphere was placed even with the plane corresponding to the first electrode. This means, the
maximum diameter of the sphere falls on this plane. One can now expect that the maximum value of limiting
current density would be obtained at the electrode which is arranged even with this plane. Since the sphere is acts as
a bluff body, it can be anticipated that the limiting current would be fluctuating at all other electrodes as one travels
along the axial direction away from the sphere. The trends seen in this figure are as per these expectations.

Effect of longitudinal distance of sphere element

Fig.4 shows the mass transfer coefficient data plotted against axial length for variation of placement of sphere
element. The liquid velocity was maintained at 0.0328 m/s and the diameter of the sphere element is taken as 4 cm.
The placement of the sphere element is varied from 0 cm to 50 cm. In all these cases the maximum diameter of the
sphere is arranged in even with the respective electrode. A close examination of the plots of this figure reveals that
the bottom most electrode has shown highest value of mass transfer coefficient, and all remaining electrodes yielded
more or less uniform value for every case that is considered. Also, for the case of placement of sphere in line with
first electrode, nearly highest value of mass transfer coefficient was realized at each electrode along the longitudinal
direction.

Effect of liquid velocity

Fig.5 shows the mass transfer coefficient plotted against axial distance for varied liquid velocities when sphere dia
was taken as 4 cm and height maintained at 10 cm. It can be seen from the plots of this figure that maximum mass
transfer coefficient could be obtained corresponding to a liquid velocity of 0.178 m/s. In the present case the
contribution to the turbulence is from conical entry, liquid velocity, diameter of sphere and location of the sphere.
When others are fixed, it is only the liquid velocity that varies. As one can understand that the turbulent intensity
varies with increase in liquid velocity. Hence one can anticipate that maximum mass transfer coefficient could be
realized for the highest liquid velocity. The same observation has been seen from the graph also.

Effect of sphere diameter

Fig.6 shows the mass transfer coefficient data plotted against liquid velocity for three different sphere diameters. A
close examination of the plots of this figure reveals that the mass transfer coefficient increased with increase in
sphere diameter. As the sphere diameter increases the flow area available for the liquid would be less and hence the
local liquid velocity would be higher. This leads to the reduction of the resistance film thickness hence higher values
of mass transfer coefficient would be realized with increase in sphere diameter. The same observation could also be
seen from the inset fig. 6a also.
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Correlation
It has been observed from the literature that many investigators have correlated their data in wall-liquid mass
transfer studies in the jo — Nre format of equations. So, the authors also made an effort to correlate the entire data
obtained in the present study in terms of the jo - Nre format and obtained the following equation by regression
analysis:

q 051 H -0.05
jy = 6.022N 0% =2 7t &)

DC H max
Average deviation = 6.742%

Standard deviation = 8.162%

-0.51 0.05
By defining Y, = j, dD—b HL @)

C max
a correlation plot has been drawn between Y1 and Nre and shown in Fig.7.

CONCLUSIONS

The present investigation is carried out to study the influence of conical entry and single sphere insert promoter

element on wall-liquid mass transfer coefficient in an electrochemical cell of circular cross section with conical entry.

The following conclusions were observed from this study:

(i) A maximum of 17 fold augmentation in mass transfer coefficient is obtained in the present experiment with
conical entrance along with single sphere internal, when compared against the plain pipe data.

(if) The mass transfer coefficient exhibited fluctuations along the longitudinal direction.

(iii)Significant variation in mass transfer coefficient is observed with the distance of the sphere placed in the axial
direction.

(iv) Mass transfer coefficient increased with increase in liquid velocity and sphere diameter.

A correlation in jo — Nre format has been obtained which is useful for predicting mass transfer coefficient.

Notation

ko Mass transfer coefficient [m/s]
i Limiting current [mA]
UL Liquid velocity [m/s]
jo Mass transfer factor [-]

db Sphere diameter [m]
Dc Diameter of column [m]

H Longitudinal distance [m]
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Table.1l: Range of variables covered in the present study

S.No. Parameters studied Minimum Maximum
1 Flow rate of liquid (Qwx103), m3/s 0.0328 0.178
2 Diameter of the sphere (ds), mm 0.03 0.05
3 Location of the sphere, (H), cm 0 50.0
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ABSTRACT

Limiting current measurements made at the copper electrodes fixed flush with the inner surface of the
outer cylinder of an electrochemical cell facilitated the computation of the mass transfer coefficients in
the present study. The investigations have been carried out experimentally to study the effect of a single
double cone element along with conical entry on wall-to-liguid mass transfer coefficient in an
electrochemical cell with homogeneous flow. The electrolyte was an equimolar solution of potassium
ferricyanide and potassium ferrocyanide of 0.01 N with 0.5 N sodium hydroxide as indifferent
electrolyte. The reaction considered was the reduction of ferricyanide ion. It was found that the mass
transfer coefficient increased with increasing liquid velocity and double cone diameter. Fluctuating
behavior of mass transfer coefficient was observed along the axial direction. Significant influence of the
double cone location was observed on mass transfer coefficient. The entire experimental data have been
correlated in terms of Coulburn J-factor and Reynolds number.

Keywords: Mass transfer coefficient, limiting current, internal promoter, doublecone.

INTRODUCTION

The crucial units in every chemical process industry are vertical cylindrical columns. Conical shells are normally
employed to give the inlet connections to those cylindrical columns. So, understanding the heat and mass transfer
phenomenon in the cylindrical columns that are using conical inlets is necessary. To increase the heat and mass
transfer rates, the passive augmentation techniques are employed which reduce the resistance film thickness by
modifying the flow path. Magnitudes of improvements in mass transfer coefficients were obtained in homogeneous
flow in the presence of promoter internals and specifically double cone as a displaced promoter internal was found
to be effective in mass transfer rate enhancement and hence several investigations have been reported in this
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direction [1-3]. In all these investigations, the mass transfer between the column wall and the flowing liquid
electrolyte has been measured using limiting current technique. However, the use of immersed double cone element
along with conical entrance to obtain enhancement in mass transfer rates in electrochemical cells was scarcely
investigated. In view of this, an attempt is made to study the effect of an immersed double cone assembly in
homogeneous flow with conical entry. The electrochemical system employed for the present investigation belonged
to the ferricyanide-ferrocyanide redox system in the presence of sodium hydroxide as indifferent electrolyte. The
electrochemical reaction chosen for the present study is the reduction of ferricyanide ion.

The system chosen for the above investigation is:

Reduction of ferricyanide ion: [Fe(CN)s]> +e => [Fe(CN)]* ---(1)

The mass transfer coefficients were evaluated from the following equation:

k =

| =—
nAFC,

An attempt has also been made to develop generalized correlations through empirical modelling using

dimensionless groups involving pertinent dynamic and geometric variables.

. (2)

Experimental

The schematic diagram of the experimental set-up used in the present studies was shown in Fig.1.About 50 liters of
equimolar solution of potassium ferrocyanide and potassium ferricyanide of about 0.01 N and 0.5 N of sodium
hydroxide were prepared from analar grade reagents using distilled water of 5 uS/cm specification and these were
used as the electrolyte. The solution was deaerated using nitrogen prior to recirculation through the test section. The
electrolyte from the storage tank was metered and circulated through the test section. Flow rate has measured using
calibrated rotameter. The entrance section was made of a copper shaped in conical form with a maximum inner
diameter of 6.73 cm which is in contact with test section and minimum diameter of 2.54 cm which is connected to the
pipe inlet. The inlet provided at the bottom of the entrance conical section facilitates the flow of the metered fluid
electrolyte. A single double cone element mounted on a cylindrical rod essentially acted as a promoter element. The
test section, which served as the electrochemical cell, was made of smooth perspex tube of 6.73 cm inner diameter
and 0.6 m height. The inner wall of the test section was provided with copper point electrodes of diameter 3.42 mm.
The point electrodes 16 in number were machined to the size out of 4 mm diameter copper rod. One end of these
electrodes was fixed flush with the surface of the inner wall of the test section while the other end projected outward
served as terminal for connecting the electrodes to the external circuit. The exit section was also of the same diameter
as A and B with its open end into the atmosphere. Open end was provided such that fluid electrolyte from the test
section was drawn from the bottom of the exit section (D). The measurement of limiting current was made in the
lines similar to those reported earlier in the studies on ionic mass transfer [4, 5].

RESULTS AND DISCUSSION

The experimental data obtained in the present investigation have been analyzed graphically in relation to various
dynamic and geometric variables. Fig.2 gives the data of the present study plotted as limiting current density (id)
against liquid velocity (Uv) for three cases: (i) homogeneous flow in circular conduct [5], (Plot A); (ii) homogeneous
liquid flow through empty column with conical entry [6]), (plotB); and (iii) the present experimental data of
homogeneous liquid flow with conical entry in the presence of a double cone on rod at a height of 20 cm, (Plot C).
The magnitudes of improvements over homogeneous circular flow obtained in the present experiment were shown
in plots B and C.Plot A gives the data predicted from Lin et al [5] for the case of pipe flow with circular cross section.
Whereas plot B shows the data obtained in the cylindrical electrochemical cell with conical entry. These data are
found to be in good agreement with that of Ashok Kumar[6]. By placing a single double cone element on a
concentric rod in the present study, the limiting current density data were obtained and plotted as shown in plot C.
Plots A and B shows the improvements in limiting current density, iadue to conical entry were upto 5 times on lower
liquid velocity end and upto 2.5 times on higher liquid velocity end. The reason for this massive enhancement may
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be attributed to the generation of swirl flow in the test section. The swirl caused severe turbulence in the test section
leading to reduced thickness of the resistance film. Reduction of thickness yielded lower values of mass transfer
rates. Addition of single sphere on a rod, which acted as turbulent promoter in the present case resulted in
additional turbulence which led to further reduction of the boundary layer thickness. Therefore, one can expect that
higher values of mass transfer coefficient would result in this case. The experimental data shown in Plot C confirmed
the same. A close examination of plots B and C shows that the improvements in limiting current density, is due to
turbulence promoter, were upto 2 times on lower liquid velocity end and upto 1.2 times on higher liquid velocity
end. Similarly, plots A and C shows the improvements in limiting current density over homogeneous flow, were
upto 17 fold on lower liquid velocity end and upto 7 fold higher liquid velocity end. These observations indicate that
the presence of present promoter element is definitely advantageous as it enhances turbulence resulting in increased
limiting current density, id.

Longitudinal Variation

Fig.3 shows the limiting current data obtained in the present experiment in the presence of single sphere depicting
the variation in the longitudinal direction. The liquid velocity maintained was 0.0703 m/s and the double cone
diameter was 4 cm. The double cone was placed even with the plane corresponding to the first electrode. This
means, the maximum diameter of the double falls on this plane. One can now expect that the maximum value of
limiting current density would be obtained at the electrode which is arranged even with this plane. Since the double
cone acts as an obstruction to flow, it can be anticipated that the limiting current would be fluctuating at all other
electrodes as one travels along the axial direction away from the sphere. The trends seen in this figure are as per
these expectations.

Effect Of Longitudinal Distance Of Double Element
Fig.4 shows the mass transfer data plotted against axial length for variation of placement of double cone element.
The liquid velocity was maintained at 0.0328 m/s and the diameter of the double cone element is taken as 4 cm. The
placement of the double cone element is varied from 0 cm to 50 cm. In all these cases the maximum diameter of the
double cone is arranged in even with the respective electrode. A close examination of the plots of this figure reveals
the following observations:
i Whatever may be the location of the double cone element, the maximum value of mass transfer coefficient
was found to obtain for the location of 0 cm almost at every electrode.
ii. The first electrode has shown highest value of mass transfer coefficient, and all remaining electrodes
yielded more or less uniform value

Effect Of Liquid Velocity

Fig.5 shows the mass transfer coefficient plotted against distance for varied liquid velocities when doublecone dia
was taken as 4 cm and height maintained at 10 cm. It can be seen from the plots of the figure that maximum mass
transfer coefficient could be obtained corresponding to a liquid velocity of 0.178 m/s (38 Ipm). In the present case the
contribution to the turbulence is from conical entry, liquid velocity, diameter of doublecone and height of the
doubelcone. When others are fixed, it is only the liquid velocity that varies. As one can understand that the
turbulent intensity varies with increase in liquid velocity. Hence one can anticipate that maximum mass transfer
coefficient could be realized for the highest liquid velocity. The same observation has been seen from the graph also.

Effect of Doublecone Diameter

Fig.6 shows the mass transfer coefficient data plotted against liquid velocity for three different doublecone
diameters. A close examination of the plots of this figure reveals that the mass transfer coefficient increased with
increase in doublecone diameter. As the doublecone diameter increases the flow area available for the liquid would
be less and hence the local liquid velocity would be higher. This leads to the reduction of the resistance film
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thickness hence higher values of mass transfer coefficient would be realized with increase in doublecone diameter.
The same observation could also be seen from the inset fig. 6a also.

Correlation

It has been observed from the literature that many investigators have correlated their data in wall-liquid mass
transfer studies in the jo — Re format of equations. So, the author also made an effort to correlate the entire data
obtained in the present study in terms of the jo - Re format and obtained the following equation by regression
analysis:

jo = 6.022Re~0665 (%)% (L1) 7% @)

Hmax

Average deviation = 6.742%

Standard deviation = 8.162%

The correlation plot according to equation (3) has been plotted and shown in Fig.7 by plotting Y1 on y-axis and Re on
x-axis. Y1 is defined as

Yl :]’D (Z_i)—O.Sl (H:ax)O.O.S

CONCLUSIONS

The present investigation is carried out to study the influence of conical entry and single doublecone insert promoter

element on wall-liquid mass transfer coefficient in an electrochemical cell with conical entry. The following

conclusions were observed from this study:

(i) A maximum of 17-fold augmentation in mass transfer coefficient is obtained in the present experiment with
conical entrance along with doublecone element, when compared against the plain pipe data.

(i) The mass transfer coefficient exhibited fluctuations along the longitudinal direction.
(iii) Significant variation in mass transfer coefficient is observed with the distance of the doublecone placed in the

axial direction.
(iv) Mass transfer coefficient increased with increase in liquid velocity and doublecone diameter.
(v) A correlation in jo — Re format has been obtained which is useful for predicting mass transfer coefficient.

Nomenclature

A = area of the reacting surface [m?]
Co = concentration of reacting ion (Fe or Fe%) [kmol/m3]
E = applied potential \Y
F = Faraday constant [C]
i = current [A]
i = limiting current [A]
kL = mass transfer coefficient [m/s]
n = number of electrons released or consumed

during the reaction [-]
UL = superficial liquid velocity [m/s]
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ABSTRACT

Traditional education will not be able to match the expectations and needs of a Smart City; it will require
more advanced kinds of education such as active learning, ICT education, and so on. Multiple choice
guestions (MCQs) are useful in educational evaluation and active learning, both of which are crucial
aspects of Smart City education. MCQs are useful for assessing comprehension of well-defined ideas. A
small percentage of a text's sentences include well-defined concepts or information that may be posed as
a multiple-choice question. To prepare multiple choice questions manually or mechanically, these
informative statements must first be discovered. The volume of text data from various sources has
increased dramatically in recent years. This volume of content is a valuable source of information and
expertise that must be neatly summarised for usage. The two automated description approaches are
extraction and abstraction. To recognise the most relevant phrases in a document or document collection,
extractive text summarization uses the idea of sentence salience. The presence of particular significant
words or resemblance to a pseudo-sentence centroid are usually used to determine salience.

Keywords: Automatic question generation, Quality Education, Education for sustainability, Learning
opportunities, Literacy skills

INTRODUCTION

According to UN SDG (United Nations Sustainable Development Goals), since 2000, there has been a gradual
enhancement in universal primary education and also in the literacy rates [19]. People are overwhelmed by the
tremendous amount of knowledge and documents available online, thanks to the Internet's rapid expansion. The
increasing availability of documents has necessitated much study in the field of automated text summarization. "A

42737



http://www.tnsroindia.org.in
mailto:dhawaleswarrao@gmail.com

Indian Journal of Natural Sciences % www.tnsroindia.org.in ©1JONS

Vol.13 / Issue 72 / June / 2022 International Bimonthly (Print) ISSN: 0976 — 0997

Dhawaleswar Rao et al.

text constructed from one or more texts communicating key features in the original text(s), not more than half of the
original text(s), and frequently much less than the original text" [1]. With the expansion of online publication, a large
number of internet users, and the rapid growth of e-government, the necessity for text summary has developed. Due
to the fast growth of information and communication technology, a huge number of electronic documents are now
available online, making it difficult for users to find essential information [13, 11]. Furthermore, the internet has
generated large text collections on a variety of themes. The redundancy of open on-line texts can be explained in this
way. Users may overlook crucial and fascinating articles because they are bored of reading a big volume of texts. As
a result, in this century, a robust book list architecture is now necessary. These strategies will condense nuances into
a more concise, reasonable depiction based on several archives [10, 36, 4, 32]. Plagiarism detection is important in a
variety of applications, including file management, copyright protection, and plagiarism prevention. Current
protocols assume that the contents of files stored on a server may be accessed directly. More practical applications,
such as detecting plagiarised materials across two conferences with sensitive submissions, are limited by this
approach. Plagiarism can take several forms, including duplicating the entire text or sections of it, rewording the
same content in new words, borrowing ideas from others, or referring to erroneous or non-existent sources.

The task of creating a brief and fluent description while keeping the major information and significance of the
material is known as automatic text summary. In recent years, a slew of automated text summarising algorithms
have been created and widely used in a variety of fields. For example, search engines create snippets as document
previews [2]. Other examples are news websites that produce succinct explanations of news concerns in the form of
headlines to encourage searching or extractive knowledge techniques [3, 17]. Automatic text summarization is
problematic because, when we humans summarise a piece of text, we usually read it completely to increase our
understanding before writing an analysis highlighting the major points. Because computers lack human
understanding and the capacity to speak language, automated text evaluation is a tough and time-consuming task.
Automatic text summarization has been a popular topic since the 1950s. The summarization of scientific publications
has been prominent research in recent years.

Related Work

Separating the outlines into extracts and abstracts summarization is possible. The abstract summary formed by
reformulating sentences from the information text is distinctive, as is the removal of phrases from the source text [12,
14]. The summarising method may also be divided into two types: traditional and question-based. Summarization
based on an inquiry yields findings that are typically relevant to client requirements, with a general importance of
the report content introduced as overall document content [28]. To summarise, Goldstein [15] listed a number of
metrics, including construct, kind, purpose, number of summarised documents, document length, user objective,
genre, presentation, source language, and quality. The preprocessing stage in the main technique is to reduce the
dimensionality of the depiction space, and typically includes stop-word removal, case collapsing, and stemming [29].
The concept of a reference summary is important because, when we consider its temperament, the capability of
computerised rundown age methods can be objectively tested using standard data recovery accuracy and review
processes. Extrinsic or exterior plagiarism detection and intrinsic or internal plagiarism detection are the two most
common automated plagiarism detection approaches. Extrinsic plagiarism detection looks for plagiarism in a corpus
connection to one or more source documents. The goal of this work is to leverage the computer's capacity to search a
corpus for similar papers and retrieve documents that may be plagiarised. Intrinsic plagiarism detection examines
occurrences of plagiarism in isolation, looking for potentially suspect materials. We'll discuss the success of several
category-based summaries depending on the elements that determine the type of summarising.

Single Document And Multi-Document

These are the two main types of summarising, which differ depending on the number of records [18, 21, 19, 22, 28].
When a document is too extensive to consider reading through in detail, or when a customer is in a hurry to get a
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quick overview of its contents, a summary of the report in question looks to be really beneficial. As a result, single
record structure is a prominent research topic.

Extractive Summarization And Abstractive Summarization
Extract summaries are constructed by selecting a few key lines from the original material and arranging them in an
extractive outline structure [24, 22, 20, 25, 30]. The length of a representation is determined by the pressure rate. It's a
simple yet effective text summarising technique. Sentences are given some saliency scores in the papers, and then the
most deeply scored sentences are picked to convey the description.

Supervised And Unsupervised

Training data is necessary in a supervised system for extracting important material from documents [26, 23, 31, 22].
Large amounts of tagged or annotated data are used in the learning processes. These structures are explored at the
sentence level as a two-class classification issue, with positive samples referring to sentences in the summary and
negative samples referring to sentences not in the summary. In contrast, unsupervised systems do not require any
training data [22, 33].

Internet Based Summarization

On the internet, users now have access to a wealth of information. Every year, the number of web pages on the
internet doubles. Some search engines, such as Google Quick, Alta Vista, and others, assist users in finding
information, but they provide a list of a significant number of web pages for a single query [27, 34, 30].

E-Mail Based

E-mail summarization is a common type of overview in which e-mail communications are summarised. E-mail has
become a popular method of communication due to its quick delivery and low cost. Emails continue to arrive in the
inbox as a result of the email overload problem, and a significant amount of time is spent reading, processing, and
archiving the incoming emails [37].

METHODOLOGY

Experimental Design

The techniques used to design the system's primary components are now addressed. The system is divided into
numerous modules, each of which employs a variety of methodologies, which are listed below. Long phrases may
be challenging for students to comprehend or memorise. Multiple facts are frequently found in complex and
compound phrases. One FIB or MCQ question, on the other hand, usually deals with a single fact. As a result,
concise statements are preferable from a questioning standpoint as well. As a result, the system breaks down difficult
and convoluted statements into simple ones. Analyzing the dependence parse structure of the sentences is used to
convert them. A text's sentences do not all include a problematic fact. The goal of this stage is to find phrases that
may be used to build questions. These phrases are given a lot of weight. In this arena, names are extremely
important. One or more names appear in the majority of the informative sentences. If a statement contains a name, it
is more likely to contain a fact. As a result, this is the major criterion for sentence selection. However, the presence of
a named thing in a sentence alone does not imply that the statement is suspect. As a result, extra checks are carried
out to ensure successful phrase selection. The mechanism for calculating sentence similarity is depicted in Figure 1 as
a high-level process. For the selection of informative sentences, two alternative methodologies were applied.

Evaluation Of The Proposed Mobile Application

We are now assessing the performance of the proposed learning application's constituent modules. We use the
manual evaluation method for this activity. In the section under "Experimental Setup for System Evaluation," we
discussed the study's evaluation technique. The specifics of the evaluation are discussed in the next section.
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Evaluation Metrics

Based on the type of information, different evaluation metrics were used. The accuracy of term identification is
measured using the F-measure [14]. The harmonic mean of accuracy and recall (Eq. 3) is the F-measure or F1 score.
Precision is the fraction of the relevant terms identified (Eq. 1). The recall is the fraction of relevant terms over the
total amount of relevant terms (Eq. 2) that have been identified. The F-measure was also used to assess the
identification of instrument names and the names of scientists. We use the percentage accuracy for evaluating
scientist-invention and abbreviation-expansion pairs.

. Number of correctly retrieved terms
Precision =

Total number of terms retrieved by the system

Number of correctly retrieved terms

Recall = Total number of available terms in the documents
Fi=2x Prec?s;l.on x Recall

Precision + Recall
A t-test is employed. Gosset is a character in the film Gosset (1908). Various measures have been used to represent
performance shown in Figure 2. The mean score, standard deviation, t-value, and p-value are all examples of these
terms. The t-value is defined as the ratio of the difference between two groups to the difference between groups. A
higher t-value suggests that there is a greater difference between the groups. A lower t-value indicates that the
groups are quite similar. A t-value of x, for example, indicates that the groups are x times as diverse as they are
within each other. The pvalue is the likelihood that the results happened by coincidence. It is expressed as a decimal
number between 0 and 1. A low p-value is a positive sign that the outcome did not happen by coincidence.

CONCLUSION AND FUTURE WORK

We have proposed a computer-assisted learning platform in this work that helps weak students prepare for their
exams effectively. The suggested method identifies dubious sentences, offers a basic and concise description, runs a
trial test, analyzes student replies, and indicates the areas where the student is unsure. These system characteristics
act as a remedial instructor, guiding pupils in a variety of ways.
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ABSTRACT

A positron emission tomography (PET) scan is an imaging test that has a wide application in medical
diagnostics. Diagnosis which are not possible through X-ray and other method can be done through PET
specially to study the biochemical function of different tissues and organs. Normally a PET scan uses a
radioactive active element 18F which is a beta emitter for the process. To study much detail how a PET-
image will be collected it is important to understand the imaging process through simulation which
reduces the cause of exposure to radioactive substance. Since the radioactive is a random process and the
distribution of 18F in blood is random it is important to include the randomness in the simulation. In this
paper a Monte Carlo based technique has been applied for random distribution of radioactive element
and performed the simulation.

Keywords: Random number, pseudo random number, efficiency

INTRODUCTION

Computer is very essential in present days. Since starting from any technological application to medical imaging
computer is the must and also to study the performance and improvement in any imaging devices need’s simulation
through high power computers. People working with computers often speaks about RN (random number). The
(RN) have lot of application starting from the uses in defense signal processing for radar , remote control of signal,
codes encryption etc. This makes the Random numbers is very important for application and also it’s generator.
There are many ways to produce these random numbers. there are midpoint formula and many more to make the
RN but out of many Monte Carlo based simulations uses these pseudo random number generators for many
model predictions and the probability of different outcomes in a process that cannot easily be predicted using
normal numerical methods. A Monte Carlo simulation can be used to tackle a range of problems in virtually every
field such as finance, engineering, supply chain, and science. It is also referred to as a multiple probability
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simulation. Many stochastic process such as radioactivity, jitter of electronic, frequency of oscillator [1-2] uses the
random numbers for the generation of physical Situations. In the present case we have used to simulate the situation
of distribution of 8F in a small blood vein which can be under go PET imaging in later stages.

SIMULATION AND RESULT

A Monte Carlo based model simulation has been done using pseudo random number generators which generates the
random number between 0 and 1 with zero reparation within one million events. There are varieties of RN
generators such as RNG1, RNG2, RNG3&RNG43-4]. We have taken an examples as follows. Let a small vein having
30 mm length and 10 micrometer wide (radius is 5 micrometer) since the PET imaging can also be applicable to Brain
and micro vein and tissues, so we have considered the hard task. we have generated the pseudo random number
between 0-50 mm and picked up the random number which lye within the wall of the veins. For our case we have
generated 3100 events randomly distributed but by picking up randomly which will lye within the wall of the vein
considering the radioactive element mix with the blood randomly and flow. We got a 10% event are within the wall.
The image shown in Figl (a). The events within the vein is very less for a good imaging since the 2d map will require
a good statistics. so we adopted another method, we have thrown 3100 independent events randomly and then we
picked up these considering all are within the wall of the vein . Here in the second case we considered that a
different approach rather than throwing and picking within the wall, we considered that the all 18F has mixed with
the blood randomly and their motion is random . which has been shown on Fig.1(b).The corresponding 1D
histogram has also shown in Fig.2 (a) and Fig.2 (b). One can see from Fig.2& Fig.1 that the throwing event and
picking up is not an efficient way but this is a genuine way which consumes more time and more events will require
for the process. This makes the simulation slower and the image quality will be not good whereas as the 2 method
(random mixing with blood all 18F and flowing randomly ) looks an efficient way as the statistics will be more and
the simulation will be faster.

CONCLUSION

From the above calculation and simulation one can see that the most effective way to do the simulation is the second
mechanics where it has considered that all the 8F has mixed randomly with the blood and flowed. The first
approximation looks more realities i.e. the picking up events which lye within the vein boundary but The second
one is more preferable for computer simulation point of view as it will increase the statistics , make the simulation
faster and the image quality sharper.
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Fig.1 (a): The event (radioactive substance) are distributed randomly including the vein lines. Than the events
which were fall within the vein can have only accepted and reaming were rejected . [b] The opposite of (a). All
the events were generated randomly within the vein and were assumed randomly distributed inside the vein.
One can see the density (18F) is different in both the cases even if it is the same vein.
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Fig.2 (A): The 1d histogram of the events (radioactive substance) which are within the vein but picked up by
method first (see text for detail) which are also picked from Fig.1 (a). [B] The 1d histogram of the events
(radioactive substance) which are within the vein but picked up by method Second (see text for detail) which has
relation with Fig.1 (b). One can see the flat and more events in second distribution compared to first indicates the
uniformity and availability of more 8F. The second approach involving simulations will be much appropriated.
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ABSTRACT

Biodiversity refers to the variety of animals, plants, fungi, and even microbes like bacteria that can cause
up our natural environment. Every one of those species and organisms, like just a complex web, function
together within ecosystems to maintain equilibrium and sustain life. Human civilizations are unable to
thrive in unhealthful surroundings. Fish, meat, crops, timber, and fibres such as cotton and silk are
among the items consumed by people. Living organisms govern the environments on which crops
rely.We are, especially as the human population rises and natural areas are destroyed to make room for
agricultural, residential, and industrial development. Often, forest felling is the first step. Many
individuals feel that biodiversity has intrinsic value, which means that all species have worth and a right
to live regardless as to whether or not they serve humans. Biodiversity guarantees that nature, the
biosphere, and life on earth stay diversified. It is quite environmentally friendly. If life on this planet did
not exist, it would perish. The cornerstone of world food and nutrition security is biodiversity. Given the
fact the millions of species work together to offer us with a diverse range of fruits, vegetables, and animal
products that are important for a healthy, well-balanced nutrition, they are currently in grave danger. In
health care, traditional medicine continues to play an essential role.Plants are harvested for therapeutic
reasons from both wild and cultivated populations. In addition to survival, many communities depend
on natural goods derived from ecosystems for medicinal and cultural purposes. Biodiverse ecosystems
safeguard us against natural calamities like floods and storms, as well as filtering and renewing our
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soils.Biodiversity is really important for the environment.The importance of biodiversity in an
environment is clear. Natural disasters cannot destroy an environment if biodiversity is preserved.

Keywords: Biodiversity, ecosystem, diversity, biosphere, traditional medicines

INTRODUCTION

The variety of ecosystems, natural resources, species, and genes found around the world or in a particular
environment is referred to as biodiversity. It is essential for everyone since it brings benefits that maintain our
economic system running smoothly. It is required for ecological systems such as pollinating, climate management,
flood mitigation, nutrient retention, and food, fuel, fibre, and medicine production (European Environment Agency,
2020)[1] Biodiversity refers to the diversity of animals, plants, fungi, and even microorganisms such as bacteria that
cause up our natural world. Every species and organism in an ecosystem works with each other to keep the balance
and sustain life. Biodiversity supplies everything humans need to survive in the wild, including food, safe drinking
water, medicine, and shelter(Hancock, 2022)[2].Biodiversity, or may be the diversity of life on Earth, is defined as the
variance among living organisms induced by a multitude of factors such as species diversity, species diversity in
species, and ecological diversity. Biodiversity encompasses not just Earth's millions of species, and also genetic
variations and characteristics within species (such as crop varieties), as well as the different kinds of aquatic and
terrestrial environments that human societies depend on, such as coastal regions, forests, wetlands, pastures,
mountain ranges, and deserts. (Convention on Biological Diversity, 2018) [3]. In Geneva, UN biodiversity talks began
to work out a worldwide agreement for greater environmental protection. Almost 200 nations are expected to sign a
global framework this year to conserve nature from human devastation by the middle of the century, with a crucial
goal of protecting 30% of the planet by 2030(Phys.org, 2022) [4].

Loss of Biodiversity

Healthy ecosystems are essential to human cultures. Fish, meat, crops, timber, and fibres such as cotton and silk are
among the items consumed by people. Living organisms govern the environments on which crops rely. Trees and
other plants take in carbon and release oxygen through photosynthesis. They are removing around 27% of what
human industry and agriculture emits in the process (The Economist, 2021)[5].Predicting and managing the effects of
global change on species and ecosystems is a huge adjustment for ecology. Many species' phenology is changing as a
result of climate change across the planet. Recent reductions in farmland biodiversity, mostly due to agricultural
intensification, pose a danger to rural cultural values. Multiple environmental forces, such as temperature change
and water colour, will pose a hazard to aquatic systems in the future. Significant evidence has developed in recent
years indicating arctic and alpine landscapes are undergoing dramatic changes in plant community structure (Lund
University, 2021)[6].

In their daily lives, people rely on biodiversity. People's health is eventually reliant on ecosystems products and
services such as clean water, food, and fuel, which are all essential for human health and productive lifestyles.
Biodiversity loss can have major direct health consequences for humans if ecosystem services are no longer able to
meet social needs. Changing ecosystem services have an indirect effect on livelihoods, earnings, local movement of
people, and political unrest in rare situations (WHO, 2015)[7].Climate change, global warming, increased insect pest
and disease infestation in crops, farmers' exposure to continuous pesticide usage, commodity price volatility, and
crop losses due to natural disasters including drought, floods, and cyclones are all harming farmers' mental health.
(Padhy et al, 2020)[8].

Wild places are removed to make space for agricultural, housing, and industrial development as the human
population expands. Forest felling is often the first step, with 30 million hectares - nearly the size of the United
Kingdom and Ireland - destroyed worldwide in 2016. Other key challenges include poaching and excessive food
hunting. More than 300 animal species are being eaten to extinction, spanning from chimpanzees to large mammals
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to bats. Orcas and dolphins are also victims of pollution, with long-lived commercial contaminants causing
substantial harm. Global commerce has exacerbated the problem: amphibians have seen one of the worst population
declines of any species as a result of a fungal disease spread globally by the pet trade.(Carrington, 2018)[9].Farmers
are experiencing increased levels of stress, anxieties, despair, sleep disturbances, emotional instability, drastic weight
changes, substance misuse, and feelings of failure as a result of changes in environment. (Padhy et al, 2020)[10].

Importance of Biodiversity(Morton and Hill, 2014) [11]

Biodiversity benefits us for a multitude of reasons. Many individuals feel that biodiversity has inherent worth, which
means that every species has significance and a right to live whether or not something benefits humans. In their
biodiversity book, they underline five important values that individuals put on biodiversity

1. Biodiversity helps us in many ways economically as it provides raw materials for consumption and industry.
Biodiversity is vital to the livelihoods of farmers, fishermen, and forest workers.

2. Because it supplies oxygen, clean air and water, plant pollination, insect control, wastewater treatment, and a
number of other functions, biodiversity is essential for ecosystems to function properly.

3. Many recreational activities including as bird viewing, hiking, camping, and fishing, rely on our unique
biodiversity. The tourism business in our country is strongly reliant on biodiversity..

4. Through expressions of identity, morality, and aesthetic appreciation, Australian culture is inextricably linked to
biodiversity. Indigenous Australians have deep religious convictions about plants and animals, which has
ultimately led to deep links with biodiversity and a sense of social responsibility for it.

5. Biodiversity is a vast repository of biological information that enhances our understanding of nature and its
origins.

Nature's diversity, biosphere, richness, and life on Earth are all maintained via biodiversity. It is really beneficial to
the environment. Life on Earth would perish if it didn't exist. Biodiversity is often seen to be helpful and desirable
since it contributes to community stability and higher output (Minni, 2022)[12]

Five ways biodiversity supports economies and enhances wellbeing (Quinney, 2020) [13]

The importance of biodiversity for human health and food security

Biodiversity is the foundation of global nutrition and food security. Regardless of the fact that millions of species
collaborate to offer us with a diverse range of vegetables, fruits, and animal foods that are important for a healthy,
well-balanced diet, they are now becoming increasingly threatened.

Biodiversity assists fight diseases

Human health has been related to higher levels of biodiversity. For starters, plants are essential for the creation of
medications. For example, rainforest plants are used in 25% of modern medications, whereas natural or synthetic
chemicals inspired by nature are used in 70% of cancer therapies. This implies we lose out on a potential new
medication every time a species goes extinct.

Biodiversity helps for business
According to the World Economic Forum's annual Nature Risk Rising Report, more than half of the world's GDP
(%44 trillion) is reliant on nature. The rapid biodiversity loss has put many enterprises in jeopardy.Natural-materials-
based pharmaceuticals are expected to generate $75 billion in annual revenue, while natural marvels like coral reefs
are crucial for food and tourism.

Biodiversity provides livelihoods

Every year, ecological systems are valued $125 trillion to humanity. Three out of every four jobs need the usage of
water, and the agriculture industry employs more than 60% of the world's working poor. Forests provide a source of
income for about 1.6 billion people in the Global South.
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Biodiversity protects us

We are able to exist on this planet because of biodiversity. Biodiverse ecosystems protect us from natural calamities
like floods and storms while also purifying our systems and renewing our soils.Healthy biodiversity provides
natural services such as water resource preservation, soil development and protection, nutrient storage and
recycling, pollutant breakdown and absorption, contribution to climatic stability, ecosystem management, and
restoration from unexpected events(Shah, 2014) [14]. Food, medicinal treatment, decorative flora, future resources,
gene diversity, species variety, and ecological diversity are all given. It offers societal benefits including research,
education, and monitoring, as well as recreational and tourism possibilities and cultural values.In healthcare
coverage, traditional medicine remains to play an essential role. Traditional medicines are used by 60% of the world's
population, and they are widely integrated into public health services in many nations. Medicinal plants are the most
often used therapeutic option in both conventional and complementary medicine all over the world. Plants are
gathered from both wild and cultivated populations for medicinal purposes. In addition to subsistence, many
communities rely on natural goods derived from ecosystem for medicinal and cultural purposes (WHO, 2015)[7].
Sustainable agriculture further enhances biodiversity in the region by providing a natural and healthy habitat for a
range of species to thrive in (Padhy, 2015) [15].

CONCLUSION

Biodiversity indicates the diversity of all living organisms, including plant, animal and bacteria, the genetic data and
ecosystems they produce. Genetic variation, diversity of species and ecological diversity are the three levels of
biodiversity that are commonly examined(Australian museum, 2020) [16].People are putting more strain on the
world than before, consuming and using more things than before, and risk upsetting ecological equilibrium and
wiping off species. (WWF, 2020) [17]. Climate change, according to leading scientists, is causing an increase in
extreme weather occurrences. Global temperatures are rising as a result of climate change.Plants' capacity to get and
utilise moisture is hampered by higher temperatures (Padhy and Pattanayak, 2020) [18]. Healthy ecosystems purify
our waters, cleanse our air, manage our soil, control our climates, reuse nutrients, and provide us with food. They
provide raw materials to the pharmaceutical industry and other industries. They are the foundation of all
civilizations and the source of our economy's vitality (Wilson et al., 2010)[19]. It is required to strengthen resilience
and adaptive capacity to climate hazards and natural disasters in all countries(Envision2030, Goal 13) [20].
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ABSTRACT

Synthesis of a macrocyclic compound is a great challenge in the field of synthetic chemistry. A
macrocyclic tri-toslyte compound (L) was designed and synthesized by using different types of chemical
reactions. NMR, Mass, Uv-Vis spectroscopy confirmed that the synthesized compound was formed in
pure form. The single crystal X-ray diffraction measurements reveal that the compound (L) is macrocyclic
with tri-tosylate group attached to the three nitrogen atoms of the macrocyclic backbone.

Keywords: Synthesis, macrocyclic tri-toslyte compound, NMR, Mass, Uv-Vis, The single crystal X-ray

INTRODUCTION

Last 40 years the synthesis of macrocyclic compounds have been largely used in supramolecular chemistry to
interact the guest molecule and macrocycles. Large number of articles were published to study the new methods for
synthesis and structural properties of macrocyclic compounds. The great challenge for synthesis of macrocyclic
compounds were, multi steps synthesis, low yield, low solubility, difficulties in purifications and different open
chain intermediates. The cyclic compound may contains saturated backbone or unsaturated backbone. Macrocyclic
compounds also contains the aliphatic or aromatic rings with different hetero atoms like nitrogen, oxygen and
Sulphur. Most of the macrocyclic compounds were showing optical active properties, inclusion properties, [1] chiro-
optical properties [2,3] gelation properties. The macrocyclic compounds were very good selective for complexing
with different metal ions [4,5]. The different metal binding macrocyclic compounds were showing good catalytical
properties, [6,7] medicinal properties. Most of the complexes were used for mimic of different biological enzymes. In
this article we have designed a new macrocyclic compound 3, 7, 10 - tritosyl - 3, 7, 10 - triaza -1, 5(2,6)-
dipyridinacycloundecaphane and to explore the synthesis of the compound by standard synthetic methodology. The
synthesized compound is characterized by different spectroscopic techniques. Further the structure of the compound
was confirmed by using single crystal X-ray diffraction.
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METHODOLOGY

All the chemicals and solvents were taken from commercial sources. The chemicals and solvents are purified using
standard laboratory methods. The melting point of the compound was taken using BUCHI M-500 instrument. Uv-
Vis spectra was recorded using Agilent Cary 60 UV-Vis Spectrophotometer. *H and 3C NMR spectra were recorded
on JEOL ECS 400 spectrometers. The crystal structure was evaluated by using Bruker Kappa APEX Il instrument.

RESULTS AND DISCUSSIONS

Compound L involved the Synthesis of (1)(Scheme 1) which was synthesized from commercially available
dipicolinic acid, which was esterified in presence of conc. H:SOsfollowed by reduction in presence of
NaBHsto obtained pyridine-2,6-diyldimethanol by using published procedure,[8,9]. The asymmetric(6-
(bromomethyl)pyridin-2-yl)methanol was then synthesized with aqueous HBr by using the published
literature procedure.l® Further reaction withp- toluene sulphonamide in acetone solvent using K:COs as a
base to form N,N-Bis[[6-(hydroxymethyl)pyridine-2ylJmethyl]-p-tosylamide which was brominating in
presence of PBrs to form compound 1.

Synthesis of 3,7,10-tritosyl-3,7,10-triaza-1,5(2,6)-dipyridinacycloundecaphane

The toluenesulfonyl protected of ethylenediamine(0.65 g, 2.75 mmol) was taken in a 50 ml round bottom flask with
anhydrous K2COs (0.75 g, 5.58mmol) and added 15 ml of dry DMF and heated to 80 °C. Compound 1 (15 g,
2.58mmol) was taken in a 25 ml of conical flask with 10 ml dry DMf and dropwise added in reaction mixture over 1
h.Then the reaction was continued for 12 h at 40 °C. After cooling the total reaction mixture transferred into 50 ml of
water in a beaker. The resulting slurry was collected by vacuum filtration and the pure compound was obtained by
using chromatography techniques (SiOz, CsH12/EtOAC = 3:1) to give the wanted product as white solid (1.25 g, 60%
yield).

Characterization of Compound (1)

The compound was characterized by different spectroscopic techniques, such as NMR, Mass, IR and Uv-Vis. mp 172-
174.5 °C. 'H NMR (Fig. 1) (400 MHz, CDCls, ppm): = 2.48 (s, 9H), 2.89 (s, 4H), 4.20 (s, 4H), 4.40 (s, 4H), 7.08 (d, 2H),
7.34 (m, 4H), 7.40 (m, 6H), 7.68 (d, 4H), 7.78 (d, 2H). 3C NMR (ppm, CDCls): 154.3, 154.3, 1437, 142.9, 136.9, 135.8,
134.9,129.7,129.6, 126.8, 126.6, 121.9, 120.8, 54.7, 53.8, 44.1, 20.7. ESI-MS m/z: calcd for C3s7H40NsOsSs*, 746.21 ([MH]*),
Found: 746.22 ([IMH]+).Uv-Vis spectroscopy (Fig. 2) showed that the highest absorption of the compound was at 262
nm due to presence of aromatic groups.

Crystal structure of Compound L

The crystal structure of L was evaluated by diffraction data from a Bruker Kappa APEX Il Charge-Coupled Device at
110.0 (2) K by using Mo-Ka radiation (A = 0.71073 A) and APEX2 software package. Image was solved with the
software SAINT-Plus and absorption correction was performed using the empirical method implemented in
SADABS [11]. Structure refinement and crystal parameters are given in Table 1. The refinement of structure was
done by using SHELXTL [12] package and anisotropically refined all non-hydrogen atoms. Single crystal of L was
obtained by slow evaporation of the compound in the mixture of MeOH and CHCIs solution. The compound
adopted orthorhombic unit cell which contained four asymmetric unit with a space group of P 21 21 21. From the
crystal structure it was found that the three tosylate rings are tilted in one direction and two pyridine rings are
parallel to each other’s but perpendicular to tosylate groups. The two pyridine nitrogen and three macrocyclic
nitrogen were in planar fashion (Fig. 3). The six tosylate oxygens were also parallel to the pyridine rings.
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CONCLUSIONS

A new macrocyclic tri-tosylate3,7,10-tritosyl-3,7,10-triaza-1,5(2,6)-dipyridinacyclo-undecaphane compound
have been designed and successfully synthesized in pure form by using standard chemical reactions and
methodology. The synthesized compound was characterized by using different spectroscopic techinques
such as NMR, Mass, Uv-Vis and single crystal diffraction. The X-ray diffraction conform that the compound
was in cyclic and crystalize in orthorhombic unit cell with a space group of P 21 21 21. This synthesis paves
the way for design of new macrocyclic compound and their synthesis.
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Table 1. Crystal Data And Structure Refinement Details.

Parameters L

Empirical formula C37H393N506S3

Formula weight 745.91

Temperature (K) 110(2)

Wavelength (A) 0.71073

Crystal system, space gr. Orthorhombic ,P 21 2121
Unit cell dimensions a=10.698(2)A, a=90.0°

b=11.630(3)A, B=90.0°
c=28.634(6),A, y=90.0°

Volume (A3) 3562.7(14)

Z, Calculated density (g/cm3) 4,1.391
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Absorption coefficient (mm-) 0.263

F(000) 1568

Crystal size (mmg) 04x0.3x0.2
Theta range for data collection 2.256 to 28.353°

Limiting indices

-14<h<13, -15<k<15, -36<1<37

Reflections collected / unique

152881 / 8159 [R(int) = 0.1896]

Completeness to theta 99.9 %

Absorption correction Empirical

Refinement method

Full-matrix least-squares on F2

Data / parameters 8159/ 464

Goodness-of-fit on F2 1.021

Final R indices [I>20 ()]

R1=0.0536, wR2 =0.1096

R indices (all data)

R1=0.1161, wR2 = 0.1269

Largest diff. peak and hole (e.A’s)

0.602 and -0.477

3,7,10-tritosyl-3,7,10-triaza-1,5(2,6)-
dipyridinacycloundecaphane (L)

P 82 78 74 T0 66 62 68

1 5.4 50 46 42 38 34 0 26
1 (ppm)

Scheme 1: Synthesis of macrocyclic compound L

Fig. 1. tHNMR spectrum of macrocyclic compound L in
CDCls

0.7

0.6 -

0.5 - Amax=262.733
= A=0.69175
$ 0.4 4
=
.=
£ 03
=
H
= m
< 0.2

0.1+

0.0

T T T
250 275 300 325
Wavelength ()

350

c34 C35

c31

04 03

Fig 2. UV-Vis spectraof L in methanol.

Fig 3. X-ray crystal structural of the macrocyclic
compound L
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ABSTRACT

The purpose of this exploratory research is to present the perceptions towards Digital Marketing in
Odisha. This issue has rarely been addressed by the academicians and researchers in Odisha and
elsewhere. This study used digital marketing parameters to measure the awareness and effectiveness of
digital marketing among marketing professionals in Odisha. 200 marketing professionals in the city of
Bhubaneswar and Cuttack participated in this academic exercise. Data was analyzed in many ways, a)
through descriptive statistics b) summarizing the data using factor analysis. Four major perception
groups were emerged from the analysis i.e., a) Sceptical b) Enthusiast c) Utilitarian and d) Parsimonious.
The result suggests that professionals in Odisha are more skeptical towards digital marketing tools and
concepts. They do not fully understand the benefits of digital marketing in terms of growth and cost
effectiveness. Finally, the limitations of the studies and findings are presented in study.

Keywords: SEO, Google Analytics, META tags, Blogs, Social Media

INTRODUCTION

MDGs to SDGs: (Millennium Development Goals to Strategic Development Goals is the new slogan of UNO( United
Nations Organizations) and therefore transforming the physical world to digital/virtual world of communication,
and accessibility of information for the marginalizes section of worlds’ population is the only way forward.
Inclusiveness — Clear focus on ‘leaving no one behind and reaching the furthest behind first
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Measurability — Clear emphasis on monitoring, evaluation and accountability, and the metrics - high-quality, up-to-
date and reliable data. There are not many studies conducted in Odisha in the area of digital marketing. This concept
is rapidly emerging as a new concept which is aggressively adopted internationally for marketing success. In today’s
time, social media channels such as Face book, Twitter, Google and other social media firms have successfully
transformed the attitudes and perceptions of consumers and in the end helped revolutionized many businesses. This
was done through measurable vast network of customers with trustworthy data with real-time feedback of customer
experiences. It is much more convenient for businesses to conduct surveys online with a purpose to getrelevant
information from targeted groups and analyzing the results based on their responses. Potential customers can look
for reviews and recommendations to make informed decisions about buying a product or using the service. On the
other hand, businesses can use the exercise to take action on relevant feedback from customers in meeting their
needs more accurately. Change is constant and with time new ideas are accepted and adopted. In order to make the
decision to understand the advantage of online marketing, advantages must be highlighted for industry players to
realize its power.

LITERATURE REVIEW

The purpose of doing research in the area of digital marketing is because it seem huge, intimidating and foreign.
Businesses are looking for clearer picture to start but do not know where and how to start doing digital marketing. In
today’s time, social media channels such as Face book, Twitter, Google and other social media firms have
successfully transformed the attitudes and perceptions of consumers and in the end helped revolutionized many
businesses. This was done through measurable vast network of customers with trust worthy data with real-time
feedback of customer experiences. It is much more convenient for businesses to conduct surveys online with a
purpose to getrelevant information from targeted groups and analyzing the results based on their responses.
Potential customers can look for reviews and recommendations to make informed decisions about buying a product
or using the service. On the other hand, businesses can use the exercise to take action on relevant feedback from
customers in meeting their needs more accurately. Digital marketing is the use of technologies to help marketing
activities in order to improve customer knowledge by matching their needs (Chaffey, 2013).Marketing has been
around for a long time. Business owners felt the need to spread the word about their products or services through
newspapers and word of mouth. Digital marketing on the other end is becoming popular because it utilizes mass
media devices like television, radio and the Internet. The most common digital marketing tool used today is Search
Engine Optimization (SEO). Its role is to maximize the way search engines like Google find your website.

Evolution Of Digital Marketing In The World Vis-A-Vi India, Some Facts And Literature

The world of digital media is changing at a phenomenal pace. Its constantly evolving technologies, and the way
people are using them, are transforming not just how we access our information, but how we interact and
communicate with one another on a global scale. It’s also changing the way we choose and buy our products and
services. People are embracing digital technology to communicate in ways that would have been inconceivable just a
few short years ago.

Most of the scholars have defined Marketing as an innovative practice adopted by the business organisations in
order to execute the study of customer in reference with-

What customers want?

How this can be produced?

What will be the sound pricing of this need satisfying bundle?

Which place will be convenient for both seller and buyer?

How the satisfaction is released from the merchandise sold?

Coviello, Milley and Marcolin defines e-Marketing as “Using the internet and other interactive technologies to create and
mediate dialogue between the firm and identified customers”, different researchers have pointed out the Digital Marketing
and expansion of Online Banking Services in different horizons, while at the same time the expansion of both is
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parallel and simultaneous. For the analysis of cost structure related with the Traditional and Electronic expenditure,
we have taken implementation techniques of ABC (Activity Based Costing). The study concludes that the used and
implementation of Digital Marketing provides companies an edge over the expenditure which appears as the
additional revenue for the company. It is also evident from the study that the appropriate decrease in the transaction
cost for companies after electronic channels was relatively higher than that of the traditional channels. Siam (2006)
found the profitability of Jordanian Banks was affected by the Electronic Banking services, the study tried to
investigate the reasons behind provision of Electronic Banking Services through the internet and their impact on
Banking Services as a whole.

Some Facts about Indian Market Economy

People and demographics

= 1,166m people (estimate 2009)

= Urban population: 29%

= Age structure 0-14 years: 31.1% 15-64 years: 63.6% 65 years and over: 5.3%
= Literacy 61% age 15 and over can read and write Male73.4% / female 47.8%
Industry

= High economic growth rate

= Pockets of high development, but large wealth divide

= Telecommunications infrastructure challenges remain

= Strong software industry

= Strong media and entertainments industry

= Strong outsourced services industry

Internet usage

= Internet access growth started accelerating in 2002

= Use data is skewed massively towards specific demographics

= Email has become an important business tool

= The web is proving itself as both an entertainment and business media platform

= There is a strong home-grown content industry, complemented by a strong IT sector

METHODOLOGY

Sampling: The sample comprising marketing professional in Bhubaneswar, ODISHA. Bhubaneswar is the biggest
city in Odisha in terms of business presence and commercial activity which is why it was considered for this study.
Hundreds of managers were surveyed in Bhubaneswar working in different organizations from media, FMCG,
Pharmaceuticals, airlines, automobiles, petrochemicals and education. The final sample size was random 200 in
which 93% are Men and 17% are Women from the city of Bhubaneswar.

Research Instrument: This study uses Wilska’s (2003) instrument to measure perceptions of professional. All
measures adapted use five-point likert scales. Various non-statistical validity checks were made prior to the
questionnaire’s actual implementation.

Firstly; all of these constructs were adopted from earlier studies providing acceptably reliable and valid measures.
Secondly; these measures had acceptable reliability figures mostly stated in terms of Cronbach’s alpha above 0.5.
They have reported a reasonable internal consistency among the items; Cronbach alpha > 0.50 (Wilska, 2003).

Finally these measures were processed in a systematic manner in the earlier stages of the research project. In addition
to these steps, pre-testing of the questionnaire was also performed.

Data Collection: The strategy of using advertising agencies and their clients’ worked reallywell in terms of
guestionnaire administration and provided a suitable environment necessary for target participant’s involvement,
motivation and convenience. All questionnaires were properly filled and 100% response rate was achieved.

Analysis
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The data was analyzed into ways a) descriptive statistics b) factors analysis.

Descriptive Analysis

The result from the study indicates that majority of the participants have a perception that digital marketing is a new
mix for promotion but also have a negative perception that digital marketing can be misleading and is not useful for
word of mouth (WOM) (See Table 1) Perceptions towards digital marketing tools and their effectives, it was found
that mobile phone in terms of SMS and MMS having the highest value followed by online videos, goggle ranking,
website content, YouTube and Facebook. All these tools are considered most important for implementing digital
marketing practices. Surprisingly, In-depth understanding of technical tools of digital marketing such as Webinars,
pay-per-clicks, Google analytics, Blogs and META tags scored low indicating lack of application of thesetools and
their understanding. (See Table 2)

Factor Analysis of Perceptions towards Digital Marketing

The data was analyzed in a number of stages. Firstly, exploratory factor analysis was used to determine the factor
structure of items related to marketing professional perception towards digital marketing. Secondly, summated score
was calculated for resultant digital marketing factors and finally individual differences were measured for marketing
professional mindset factors. Factor analysis was conducted for the digital marketing perception mindset scale using
a multi-step process which includes three steps; (a)extracting the factors; (b) labeling the factors; c) creating
summated scales and examining the descriptive statistics.

Analysis of 12 items related to the digital marketing perception scale, using the maximum

Likelihood method of extraction with direct oblimin rotation, yielded, a four-factor solution, to which various criteria
were then applied for refinement. Initially, the solution was examined to determine whether all the factors satisfied
the Kaiser criterion (eigenvalues (1) and they did. All the items loading on each separate factor were found to cohere
to some degree, and therefore they were included in their respective factors. The above analysisresulted in a final
four-factor solution, comprising 12 items, all with communality values

greater than 0.3. (See Table 3)

Factor 1 was labelled as ‘Sceptical’. This group is more sceptical about the importance and benefits of digital
marketing. They agree up to certain extent that digital marketing is useful tool for promotional but on the other hand
they also think that digital marketing also leads to privacy and misleading of information issues. They have the
highest mean value of 2.54 and standard deviation of 0.74.

Factor 2 was labelled as ‘Enthusiast’. These professionals have been defined as enthusiast with digital marketing
concepts and excited to include them for marketing success. They have a view that digital marketing is useful for
creating marketing opportunities and have a positive outlook. They have the lowest mean value of 1.85 and standard
deviation of 0.39.

Factor 3 was labelled as ‘Utilitarian’. It reflects persons who are most utilitarian in nature and more usage oriented.
They use digital marketing services in their routine matters and it is something for them having important in their
marketing professional job. The analysis shows that they are the keen user of digital marketing and they are keen on
using them as autility in their professional marketing job. They are more concerned about the utility orusefulness of
digital marketing concept and tools. They have the third highest mean value of 1.89 and standard deviation of 0.40.
Factor 4 was labelled as ‘Parsimonious’. It reflects a marketing professional who considers that digital marketing is
important in terms of cost saving but also gives high importance for growth. They have the second highest mean
value of 2.31 and standard deviation 0f0.72.

RESULTS AND FINDINGS OF THE STUDY

The result suggests that professionals in Odisha are more sceptical towards digital marketing tools and concepts.
They do not fully understand the benefits of digital marketing in terms of growth and cost effectiveness.
Parsimonious group is more in favour of cost factors of digital marketing and considers it an important tool for
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growth. This segment of marketing professionals is using the digital marketing strategies and reflects new
knowledge and training of professional in Odisha.

CONCLUSIONS

This survey examined the perception towards digital marketing of marketing professionals in Odisha. Although,
digital marketing tools and concepts are taking over traditional methods of marketing internationally, it is still a new
field for professionals operating in Odisha. According to this survey, professionals are sceptical about the usage and
benefits of digital marketing and have been classified as Sceptical. They do consider it as an important tool for
promotion but at the same time concerned about the issues of privacy and misleading of information of digital
marketing. SMS and MMS are considered as the most important tool for conducting digital marketing which shows
lack of understanding and in-depth usage of digital marketing tools by marketing professionals in Odisha.
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Table 1 Perceptions towards digital marketing

Perceptions M SD

Digital Marketing

...iIsa new avenue for promotion mix. 2.59 .816
.. may provide content not in line with our believes. 2.59 .816
.. can be misleading. 251 .750
.. rewrites contents for privacy issues. 2.50 .750
.. accelerates revenue growth. 231 726
.. has low investment. 231 726
.. provides customer's participation. 1.91 455
.. generates immediate response from customers. 1.91 455
.. attracts attention very quickly 1.86 A26
.. is much more measurable. 1.85 .398
... creates marketing opportunities. 1.85 .398
.. useful for word of mouth (WOM). 1.85 398

Table 2 Perceptions towards digital marketing tools and their effectiveness

Digital Marketing Tools M SD
Mobile Phone - MMS 4.28 450
Mobile Phone - SMS 4.28 450
Online Videos 4.28 450
SEO - Google Rankings 4.28 450
SEO - Keywords Tags 4.28 450
Website Contents 4.28 450
Youtube 4.28 450
Social Media — Facebook 4.03 412
Social Media - linkedIn 4.03 412
Social Media -Twitter 4.03 412
Webinars 2.84 .943
Pay-per-click 2.83 941
Google Analytics 2.31 726
Inlinks 231 726
Blogs 1.85 .398
E-Newsletters 1.85 .398
SEO - Title Tags 1.25 431
SEO - META Tags / descriptions 1.25 431
Table 3 Factorising to find out the most relevant Items
Factors
Items Sceptical Enthusiast Utilitarian Parsimonious
M 2.54 1.85 1.89 231
SD 0.74 0.39 0.40 0.72
Digital marketing
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... is a new avenue for promotion mix. 0.95

. may provide content not in line with
our

believes. 0.95

... rewrites contents for privacy issues. 0.94

.. can be misleading. 0.93

.. iIs much more measurable. 0.95

.. creates marketing opportunities. 0.95

.. useful for word of mouth (WOM). 0.95

.. provides customer's participation.

0.92

. generates immediate response from
customers.

0.92

... attracts attention very quickly

0.72

... has low investment.

0.98

... accelerates revenue growth,

0.98
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ABSTRACT

Good leadership in the 21st century demands a complex and broad set of talents, including the driving
ability for corporate objectives, cooperate with people, establish effective groups, and be technologically
proficient, to name a few. Effective communication, problem-solving abilities, interpersonal skills, human
relations skills, teamwork, good judgment and perseverance, and the capacity to create organizational
capacities are all skills that leaders in the twenty-first century must have. Managers and leaders who
acquire a modern attitude in order to deal with unique challenges are referred to be 21st century leaders.
To overcome these challenges, purposeful trainings may be used to build leadership behaviour, talents,
and attributes. These skills will allow leaders and managers to adopt the leadership style necessary to
address today's leadership challenges. The most effective executives share one trait: they know how to
keep their employees engaged. Members of the team if not engaged with their jobs may leave the firm.
The world now possesses never-before-seen potential and capabilities for improving global human well-
being. Leadership is critical for taking advantage of the opportunities and overcoming the complex
difficulties that humanity faces today. Empathy is just the ability to comprehend and care for others.
Empathetic leadership produces partnerships in which leaders actually understand and care about their
followers' well-being and development. Artificial intelligence, drones, nanotechnology, solar energy,
biotechnology, 3D printing, quantum computing, and other emerging technologies have an influence on
everyone. Managers and executives must be aware of forthcoming developments, grasp their
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ramifications, and consider how these problems might be utilised for themselves if businesses wish to
stay ahead. It helps leaders to make more accurate predictions and create new ideas that consider future
technology.

Keywords: Leadership, teamwork, attitude, empathy, predictions, challenges

INTRODUCTION

A leader's actions and decisions have a considerable impact on how a company works and flourishes. Some
individuals believe that a good leader initiates the best in others and assists them in realising their full potential.
People argue that a successful leader empowers others to achieve their maximum potential (Hosalikar, 2021).
Managers and executives who adopt a modern attitude in order to deal with unique issues are referred to be 21st
century leaders. This approach is focused on leadership behaviours, abilities, and attributes that can be learned and
practised with rigorous research and training. These abilities will enable leaders and managers to develop a
leadership style that is required to meet today's leadership problems (Krauthammer.com, 2022). The most effective
leaders share one trait: they manage to keep their employees motivated. If team members feel disengaged, they
might leave the company (Goleman, 2004). Over the previous two decades, leadership has changed away from
authoritarian to collaborative fostering more teamwork, productivity, innovation, and creativity. The new method of
working has enabled firms to innovate and be more creative, which is critical for gaining a competitive edge (Marsh,
2020). It is necessary to enhance scientific research, upgrade the technological capabilities of industrial sectors in
all countries particularly in developing countries (Envision2030, Goal 9: Industry, Innovation and Infrastructure).

Challenges for the leaders

Atrtificial intelligence, drones, nanotechnology, solar energy, biotechnology, 3D printing, quantum computing, and
other emerging technologies have an influence on everyone. Managers and executives must be aware of forthcoming
developments, grasp their ramifications, and consider how these problems might be utilized for themselves if
businesses wish to stay ahead. It helps leaders to make more accurate predictions and create new ideas that consider
future technology. For example, Elon Musk does not consider what we, or technology, can achieve right now;
instead, he considers the capabilities of these technologies in five years and builds solutions that are matched with
those capabilities (Nopp, 2020). Entrepreneurs must acquire entrepreneurial skills in order to meet the needs of the
twenty-first century. Entrepreneurs, policymakers, administrative agencies, and educational institutions, including
higher education, have a responsibility to assist in the development of skills acquisition by current and aspiring
entrepreneurs (Pattanayak and Padhy, 2020). Today, the globe has never-before-seen potential and abilities for
promoting global human wellbeing and welfare. Leadership is desperately needed to take opportunities and
tackle the multi-faceted difficulties that mankind faces today. These difficulties highlight the pressing need to
project a unified global vision, win international support and multi-stakeholder commitment, improve
institutional performance, and organise global society for successful action (Jacobs et al, 2019).

Strategies

Understanding what is involved, taking stock of where you are, establishing a coalition of the willing, becoming
clear on the need, and planning the strategy are the five leadership movements to get to 21st century management
(Denning, 2020). In their lifetimes, leaders will have an impact on at least 250 individuals (Kehler, 2010). What people
say and do, as well as how they work, have an impact on others. Empathy is just the ability to comprehend and care
for others. It is not necessary for a leader to acquire the feelings of his or her employees or to attempt to please
everyone. It simply implies that while making a choice, you should take into account the sentiments of your
employees as well as other aspects. Empathetic leadership produces partnerships in which leaders actually
understand and care about their followers' well-being and development (Wim, 2011). Personal presence, high levels
of self-awareness, and the capacity to recognise the good and negative consequences of repetitive behaviours are
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nine critical abilities that a 21st century leader must acquire. Clear fundamental principles that govern their actions
and decisions, a clear and compelling vision that others can join, and facilitative abilities to ensure that all voices in
the debate and cooperation are heard and appreciated. Spiritual practise, capacity to perceive and hear others, and a
practical grasp of systems and how change occurs (Gransberry, 2018).

Seven leadership trends in 21st century (Hollon, 2011)

1.Investments in leadership development must be prioritized by organizations.

2.0rganizations must establish and implement a leadership plan as well as a strategy for leadership
development.

3. Leadership skills must be updated.

4.Global leadership is required.

5.Technological savvy is essential for effective leadership.

6. Leadership development is increasingly aimed at all types of leaders.

7. Leadership development should be viewed as a continual process instead of being considered as one-time
event.

The internal leadership challenges to face are remaining humble, having too little confidence, combating fear,
following through, dealing with stress and anxiety, staying motivated, avoiding exhaustion, being sensitive, keeping
your team inspired and motivated, developing, coaching and mentoring your employees, continuing to develop
your own skills, guiding change, making difficult decisions, keeping everyone is on the same page, managing
conflict, delivering bad news (Initiativeone.com, 2020).

Ten evolutionary leadership skills needed in the 21st century (Claremont Lincoln University, 2021)

Authenticity is Valuable.

Consider Holistic Leadership.

Emotional Intelligence should be improved.

Use networking opportunities to find good examples to learn from.
Start with yourself if you're ready to pivot.

Take advantage of remote leadership

Six key skills will make young professionals more effective leaders, ready to drive positive change(Poulsen, 2020)
Self-awareness

Learning mindset

Deep listening

Conflict management

Influencing without authority

Reframing

More importantly, those that believe in something, are willing to participate, and are passionate must be sought out
in order to inspire innovation inside an organisation. Innovation leadership is defined as the ability to stimulate
creative activity in yourself and others during times of creativity, invention, uncertainty, ambiguity, and risk
(Gliddon et al., 2020)..

Authenticity, optimism, and emotional intelligence are essential qualities for success (Masterson, 2020).

Five qualities for leading business in the 21st century (Quist, 2019)

1. Make an effort to connect with your humanity.

2. Maintain your authenticity;

3. Appoint individuals who are better at their jobs than you are.

4. Allow for calculated risk-taking.

5. Do not feel the pressure to know it all

Successful leadership in the twenty-first century demands a complex and broad set of talents, including the ability to
drive for corporate objectives, cooperate with people, establish effective groups, and be technologically savvy, to
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name a few. Leaders in the twenty-first century must also have enhanced cognitive abilities, including effective
communication, problem solving, interpersonal skills, human relations skills, teamwork, decisiveness and
perseverance, and the capacity to create organisational capacities (Sheikh, 2016). Do not fake it until you make it, put
your heart into it, integrity counts, honour your responsibility to serve others, create a culture of inclusion, get the
big picture, satisfy your internal customer, become a coach/mentor, work hard and play hard are ten ways that
leaders can set a tone of integrity and professionalism for business success (Bourgeois, 2019). When leaders are able
to communicate effectively, their message is more likely to be heard. The greatest method to keep a team engaged
and productive is to speak with them on a frequent basis. Leaders should be able to express their feelings and
opinions to others. Whether at a team meeting, by mail, or over the phone, communication should never cease.
Becoming eloquent enough for others to comprehend without being perplexed and having strong listening skills are
examples of effective communication abilities (Agrawal, 2021). The Purposeful Leadership Initiative was established
by the University of Redlands to discover and positively affect today's leadership styles, skills, and methods.
Educational opportunities, research, and community outreach are all part of the new programme (University
Communications Staff, 2018).

CONCLUSION

An effective leader must be able to communicate openly. The first is a willingness to welcome new ideas or change.
Change is an unavoidable aspect of life, and the leader must be willing to embrace it. Life comes to an end when
change comes to an end. Recognizing and adjusting to change is an important component of leadership (Legas,
2015). Digital advancements can help emerging nations overcome global poverty and poverty in rural regions more
quickly (Padhy et al, 2022). Digitalization, the requirement for rapid speed and agility, upstart competitors, and a
more diverse and demanding workforce all demand more from leaders. To flourish in the new digital economy,
organisations must enable leaders to adapt their methods of functioning (Ready et al., 2020).
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ABSTRACT

Stock market is one of the vital indicators for economic development in a country. Different companies
stocks use to trade in the stock market which involves both risk and return. The investors invest in the
stock market with an expected return in the future. The actual returns of different stocks differ from
expected return due to volatility in the stock market. When the volatility of the stock market is high the
risk involves in the investment goes high. There is no fixed return and risk in the stock market. So trading
in stock market is very risky for investors. It requires proper analysis of risk and return. Therefore the
primary objective of this research is risk and returns analysis of major indices of Bombay Stock Exchange.
The risk and return have analyzed by considering the daily closing value of sample indices. The study is
centered on secondary data. The data for the study has been composed from the BSE website over a
period of 10 years from January 1, 2020 to December 31, 2021. For achieving the above objective in
addition to test the hypothesis, various methods like correlation, descriptive statistics and t test have
been employed. This paper fulfills sustainable development goals (SDGs) 8: Decent Work and Economic

Growth. This paper fulfills sustainable development goals (SDGs) 8: Decent Work and Economic Growth.

Keywords: Keywords: Risk, Return, Bombay Stock, Exchange, Correlation, t test.

INTRODUCTION

Stock market is one of the vital indicators for economic development in a country. Different companies stocks use to
trade in the stock market which involves both risk and return. The investors invest in the stock market with an
expected return in the future. The actual returns of different stocks differ from expected return due to volatility in the
stock market. When the volatility of the stock market is high the risk involves in the investment goes high. There is
no fixed return and risk in the stock market. So trading in stock market is very risky for investors. It requires proper
analysis of risk and return. So in the competitive world researchers are also doing the analysis of volatile stock
market. This research will be help for investors to get more return from their investment. Bombay Stock Exchange
(BSE) and National Stock exchange (NSE) are the two most important stock exchanges in Indian stock market
(Patjoshi, 2020).
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LITERATURE REVIEW

Vikkraman and Varadharajan (2009), analysed that return can be maximised by properly analysing the risk. They
have taken beta and other statistical model for the analysis. On the other hand Patjoshi (2011) analysed volatility in
Indian stock market by taking various indices of BSE and NSE. However Nicholas and Nicholas (2011) studied in
European stock market. They tried to find out the deviation of volatility in the crises period. They found that most of
the stocks show negative and statistically insignificant leverage belongings. While Ratna (2013) has analysed the risk
return by considering IT stocks and banking Stocks for the analysis. The result suggested holding the stock for a
longer period of time to get good amount of return. Similarly Setiawan et.al, (2013) have taken Syariah stocks and
orthodoxy stocks for the analysis. They have taken risk and return into consideration. They did not find any
significant relation between risk and weekly return. On the other hand Ansar et.al (2014), have used “A-Y Model”
for their study. They tried to find the performance of bullish and bearish market by analysing risk and return of
different portfolios. While Sharma et.al, (2012) analysed the risk return trade-off between the stocks of South Asia
Stock exchanges. They found that in South Asian countries high returns and rational risk are complicated. Similarly
Shanmugasundram and Benedict (2013) analysed the risk and return of sectoral indices and Nifty. They used t-test
and ANOVA for the study. Again Swarna Lakshmi, (2013) found the volatility pattern in different sectoral indices of
Indian stock market. Autoregressive Conditional Heteroskedasticity (ARCH) an econometric model is used for the
study. Eleven different sectoral indices have been taken for the period of 2008 to 2012. The result shows that the
volatility was very high in reality sector and it was lowest in banking sector for the said period.

Patjoshi and Tanty (2016) analysed the stock market volatility in BSE and NSE of India While Gahan, Mantri, Parida
and Sanyal (2012) analysed the volatility pattern in Indian stock market for both pre and post derivative period. They
have taken daily closing return value of BSE Sensex and NSE Nifty for the period from 1992 to 2012 and 1995 to 2012.
They have calculated volatility by taking the different structure of volatility such as perseverance, irregularity etc. for
both pre and post derivative period. They found that the volatility of post derivative period is lesser than pre
derivative period. They also found that the current news has more influence in the volatility in the post derivative
period than the pre derivative period. Alternatively Patjoshi (2016) investigated the issue and challenges faced by the
Indian Stock Market Similarly Patjoshi (2016) has done the research in Indian stock market. He has taken Sensex and
banking stocks indices to find the risk and return for the analysis. Similarly; Patjoshi and Tanty (2017) scrutinizes the
volatility of 30 companies of BSE SENSEX. They have taken daily return into consideration to find the volatility.
Patjoshi and Mishra (2021) measured the volatility and have taken as initiative to focus on measuring the effect of
volatility in crude oil prices on share prices of major petroleum companies in the Indian stock market.

Likewise, Patjoshi and Tripathy (2020) studied the investment alternatives for the people and their preferences
towards investments of rural investors from the Barang Block, Odisha, India. Similarly, Patjoshi, Nandini and
Tripathy (2020) studied therelationship between Sensex and selected international stock market using different tools
of correlation and regression.While, Patjoshi and Mishra (2021) measure the volatility in crude oil prices and tis
impact of share prices of major petroleum companies in the Indian Stock Market.Patjsohi (2020) studied the risk and
return ofbiotechnology companies share and also the impact of these shares return on Sensex.in Bombay stock
market. Similarly,Patjoshi and Tripathy (2020) studied theawareness of mutual funds and investors perception of
investors towards investment in Indian mutual funds

Objectives of The Study
a. To study the risks and returns comprise of major indices of Bombay Stock Market.

b. Toanalyse the comparative risks & returns of BSE 30 and sample indices of Bombay Stock Market.

Hypothesis of The Study
Ho: There is no significant difference between returns of BSE 30 and major indices of BSE.
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Methodology and Tests Used in the Study

In this major indices of Bombay Stock Market have been used to examine the risk return trade off. The sample
indices are BSE 30, BSE 100, BSE 200 and BSE 500. The risks and returns have examined by using the daily closing
value all the sample indices. The study is based on secondary data. The data for the analysis has taken from the BSE
website over a period of 2 years from January 1, 2020 to December 31, 2021. For satisfying the above objectives and
for testing hypothesis, different methods like correlation, descriptive statistics and t test have been adopted in the
study.

Risk and Return Analysis of Major Indices of Bombay Stock Exchange

Table-1 indicates the results of descriptive statistics of daily market returns of major indices of Bombay Stock
Exchange from January 1, 2020 to December 31, 2021. It has depicted in the table -1 that average daily returns of all
sample indices i.e, BSE 30, BSE 100, BSE, 200 and BSE 500 displayed positive returns. The average daily returns
recorded highest of 0.0835 for BSE 500, however it recorded lowest of 0.0689 for BSE 30. Thus from the above
certainly recommend that average daily return of BSE 30has performed and provided lower return than that of all
other sample indices returns over the study period. In the case of the standard deviation of BSE 30 is uppermost as
compare to all sample indices returns. Therefore BSE 30 involves higher risk than that of all other indices returns,
while BSE 500return involves lower risk among all the sample indices as the standard deviation of BSE 500 recorded
lowest of 1.5082 during the study period. The daily returns have fluctuated between -14.1017 to 8.5947, -13.8806 to
8.1427, -13.8278 to 7.8046 and -13.7891 to 7.4933 for BSE 30, BSE 100, BSE 200, BSE 500 respectively for the study
period. The daily returns distribution of all sample indices are found to be negatively skewed.

Correlation between Major Indices of Bombay Stock Exchange

The Table-2 explains the correlation matrix for daily returns of major indices of Bombay Stock Exchange fromJanuary
1, 2020 to December 31, 2021. Table-2 shows the correlation between average daily return of major indices of Bombay
stock exchange. It can found from above table that the entire sample indices of Bombay Stock Exchange average
daily returns are highly correlated among them.

Analysis of t-Test: Paired of BSE 30 and BSE 100

Table 3 shows the t test result of BSE 30 and BSE 100 from January 1, 2020 to December 31, 2021. The t test results
reflects that BSE 30 has shown lower return as compared to that of the BSE 100; leading to the conclusion that BSE 30
has not performed better and provided lower returns. Conversely, higher variance for BSE 30 daily returns as
compared to BSE 100 daily returns undoubtedly specifies that former involves more risky than the latter. Again, the
correlation value is 0.9936 signifies positive correlation between both the indices. The p-value of 0.3182, which is
more than 0.05, indicates that there is no significant difference in the daily returns of BSE 30 and BSE 100 at 5 percent
level of significance. Consequently here the null hypothesis (there is no significant difference between average daily
returns of BSE 30 and sample indices of BSE) is accepted.

Analysis of t-Test: Paired of BSE 30 and BSE 200

Table 4 shows the t test result of BSE 30 and BSE 200 from January 1, 2020 to December 31, 2021. The t test results
reflects that BSE 30 has shown lower return as compared to that of the BSE 200; leading to the conclusion that BSE 30
has not performed better and provided lower returns. Conversely, higher variance for BSE 30 daily returns as
compared to BSE 200 daily returns undoubtedly specifies that former involves more risky than the latter. Again, the
correlation value is 0.9887 signifies positive correlation between both the indices. The p-value of 1.6479, which is
more than 0.05, indicates that there is no significant difference in the daily returns of BSE 30 and BSE 200 at 5 percent
level of significance. Consequently here the null hypothesis (there is no significant difference between average daily
returns of BSE 30 and sample indices of BSE) is accepted.
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Analysis of t-Test: Paired of BSE 30 and BSE 500

Table 5 shows the t test result of BSE 30 and BSE 500 from January 1, 2020 to December 31, 2021. The t test results
reflects that BSE 30 has shown lower return as compared to that of the BSE 500; leading to the conclusion that BSE 30
has not performed better and provided lower returns. Conversely, higher variance for BSE 30 daily returns as
compared to BSE 500 daily returns undoubtedly specifies that former involves more risky than the latter. Again, the
correlation value is 0.9839 signifies positive correlation between both the indices. The p-value of 0.1361, which is
more than 0.05, indicates that there is no significant difference in the daily returns of BSE 30 and BSE 500 at 5 percent
level of significance. Consequently here the null hypothesis (there is no significant difference between average daily
returns of BSE 30 and sample indices of BSE) is accepted.

CONCLUSION

All the sample indices have displayed positive returns. By comparing different sample indices, it found that BSE 30
has not performed well than that of all sample indices return over the study period. In the circumstance of the
standard deviation of BSE 30 has higher standard deviation as compared to all sample indices. Consequently it
designates that investment in BSE 30 involves higher risk than that of all other indices returns. The average daily
return of BSE 30 is positively correlated with all sample indices’ average daily returns. It has found from the t test
that there is no significant difference between returns of BSE 30 and sample indices; therefore the null hypothesis
(there is no significant difference between returns of BSE 30 and sample indices of BSE) is accepted. This paper
fulfills sustainable development goals (SDGs) 8: Decent Work and Economic Growth. This paper fulfills sustainable
development goals (SDGs) 8: Decent Work and Economic Growth..
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Table-1 Descriptive Statistics of the Daily Returns of Major Indices of Bombay Stock Exchange

Particulars BSE30 | BSE 100 | BSE 200 | BSE 500
Mean 0.0689 0.0729 0.0788 0.0835
Standard Deviation | 1.6089 15519 1.5261 1.5082
Kurtosis 17.4921 | 18.2587 | 18.9073 | 19.3539
Skewness -1.7670 | -1.9599 | -2.0826 | -2.2045
Minimum -14.1017 | -13.8806 | -13.8278 | -13.7891
Maximum 8.5947 8.1427 7.8046 7.4933

Table-2 Correlation of BSE 30 and Different Major Indices of Bombay Stock Exchange

Particulars | BSE 30 | BSE 100 | BSE 200 | BSE 500

BSE 30 1.0000

BSE 100 0.9936 | 1.0000

BSE 200 0.9887 | 0.9989 1.0000

BSE 500 0.9839 | 0.9966 | 0.9992 | 1.0000

Table 3 t-Test: Paired of BSE 30 and BSE 100

Particulars BSE 30 | BSE 100
Mean 0.0689 | 0.0729
Variance 2.5885 | 2.4085
Pearson Correlation | 0.9936

t Stat -0.4730

P(T<=t) one-tail 0.3182

t Critical one-tail 1.6479

P(T<=t) two-tail 0.6364

t Critical two-tail 1.9647
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Table 4 t-Test: Paired of BSE 30 and BSE 200

Particulars BSE 30 | BSE 200
Mean 0.0689 | 0.0788
Variance 2.5885 | 2.3290
Pearson Correlation | 0.9887

t Stat -0.8898

P(T<=t) one-tail 0.1870

t Critical one-tail 1.6479

P(T<=t) two-tail 0.3740

t Critical two-tail 1.9647

Table 5 t-Test: Paired of BSE 30 and BSE 500

Particulars BSE 30 | BSE 500
Mean 0.0689 | 0.0835
Variance 2.5885 | 2.2748
Pearson Correlation | 0.9839
t Stat -1.0993
P(T<=t) one-tail 0.1361
t Critical one-tail 1.6479
P(T<=t) two-tail 02722
t Critical two-tail 1.9647
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ABSTRACT

Many plant species contain a complex mixture of volatile and aromatic compounds which are sources of
various bioactive compounds. These volatile components when extracted are known as essential oils. The
bioactive compounds are known to exhibit a range of activities such as antioxidant, antimicrobial,
antifungal and free radical scavenging properties to name a few. Rosemary essential oil has been studied
for its various medicinal properties. This paper presents a concise review of different activities of
rosemary essential oil.

Keywords: Rosemary, Rosmarinus officinalis L., Essential oil, bioactivity, antioxidant, antifungal,
antibacterial. SDG 3

INTRODUCTION

Originally grown in southern Europe, Rosemary (Rosmarinus officinalis L.) is a spice herb now cultivated worldwide.
Fresh and dried rosemary is commonly used as a spice in cooking and seasoning whereas its essential oil is used as a
flavouring agent in food processing. Rosemary has a long history of different usage in different cultures apart from
culinary applications. Greeks wore rosemary wreaths on head and believed that it increases brain and memory
power. In many European cultures fresh rosemary sprigs are worn in weddings. In middle ages, people burnt
rosemary twigs to cleanse and disinfect the surroundings. Though those traditions were followed without much
scientific reasoning at the time, modern day scientific studies have provided the underlying scientific logic to those
traditions. Analyses and study of rosemary components have revealed that the presence of essential oils and tannins
in fact produce aromatic smoke upon burning which has purifying and disinfectant properties.
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Most common applications of rosemary are found in traditional medicine, aromatherapy, perfumery and flavouring
industries.

Components in rosemary leaves

The major components that are present in rosemary are o-pinene, camphor, 1, 8- cineol, borneol and bornyl acetate
(Figure 1). Apart from these major components, rosemary also contains other terpenoids, sesqui-terpenoids and
volatile phenolic components to a small extent (Figure 2).

Antibacterial properties of rosemary extract

Extracts of rosemary obtained from various extraction methods have been investigated for their biological activities.
It has been found from experimental studies that rosemary extracts exhibit a broad range of biological activities
against bacteria, microbes, fungi and have comparable effects as other phytoextracts. There are various mechanisms
by which the essential oils can inhibit bacterial growth. Hydrophobicity of essential oils can partition the lipids of
bacterial cell wall and makes them permeable. The phenolic compounds present in essential oils change the
permeability of microbial cell wall. P. Kwiatkowski et al. compared the activity of rosemary oil (R. officinalis L.), with
carawayoil (C. carviL.) and fennel oil (F. vulgareMill.) against gram positive bacteria S. aureus (DSMZ 346) and
Gram-negative bacteria E. coli (DSMZ 1576)[1]. In their study, they found that rosemary oil inhibited the growth of S.
aureus bacteria at a concentration of 0.5% (5 mg/g) and inhibited the growth of E. coli. bacteria at a concentration of
2% (20 mg/g). Fennel had shown bacterial growth inhibition at exactly same concentrations whereas caraway oil had
a little better effect which exhibited bacterial growth inhibition of S. aureus bacteria and E. coli. bacteria at
concentrations 1mg/g and 10 mg/g respectively.

Y. Fu et al. investigated the antibacterial activity of rosemary essential oil with the help of AFM (Atomic Force
Microscopy). Rosemary essential oil was found to be effective against Propioni bacterium acnes, an anaerobic gram
negative bacterium with a minimum inhibition concentration of 0.56mg/ml [2]. The cell wall of the bacterium was
reduced drastically within 8 hours of rosemary oil application. A similar study was conducted by Y. Jiang et al.
where effect of rosemary essential oil on three Gram-positive and 3 Gram-negative bacterial strains was monitored
by AFM. The activity of essential oil was compared with activities of isolated major components 1, 8-cineole and a-
pinene and found to have better antibacterial effect than the individual compounds [3]. The study revealed that
superior activity of rosemary essential oil as a whole can be due to the bioactive minor compounds present in it
which make significant contribution towards biological activity of the oil.

Yujie Fu et al. used rosemary essential oil (REO) in combination with clove essential oil (CEO) for enhanced
antibacterial activity[3]. They tested the mixtures of REO and CEO in various ratios against gram positive and gram
negative bacteria. The compositions of the essential oils were essential for antibacterial activity and clove oil was
found to be more potent than rosemary oil for the bacterial strains. Interestingly additive antimicrobial effects could
be seen for combinations of the two essential oils against S. epidermidis, S.aureus, B. subtilis, E. coli, P.vulgaris and P.
aeruginosa. For Candida albicans, a synergistic effect of the combined oil mixture was noticed whereas the effect was
antagonistic for Aspergillus niger. These observations were found for the combination of CEO and REO at ratios 1:5,
1.7 and 1:9. The higher percentage of eugenol in clove oil has been accounted for its antibacterial activity (Table 1).
The research group of M. Viuda-Martos studied the antibacterial activity of rosemary with various other spices such
as thyme, sage, cumin, clove and oregano [4]. At higher concentrations (25%, 50% and 100%) rosemary showed better
and significant activity against S. xylosus, S. carnosus, E. gergoviae, L. curvatus, E. ammigenus, and L. sakei. as compared
to other spices.

0.0. Okoh et al. performed a comparative study of antibacterial activities of rosemary extracts obtained in different
extraction methods. They used hydrodistillation method and microwave assisted solvent free extraction method to
obtain rosemary extracts. It is well documented that essential oils obtained from different extraction methods vary in
their chemical compositions which also change the biological activities. They studied both gram positive and gram
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negative bacteria and found that the essential oil obtained from microwave extraction method in a solvent free
condition had better activity as compared to the oil obtained by hydrodistillation method [5]. The outcome can be
explained from the fact that there are more oxygenated compounds present in the essential oil obtained from
microwave extraction method than the oil obtained by hydro-distillation method. Oxygenated compounds are
known to be responsible for antibacterial activities of essential oils [6]. E.Issabeagloo et al. reported the antibacterial
effect of rosemary essential oil against fourteen clinical isolates of Staphylococcus and Methicillin Resistant S. aureus.
They observed better antibacterial activity of the rosemary essential oil against Gram positive bacteria than Gram-
negative bacteria. They also found out that essential oils having highest amount ofc amphor, borneol, and verbenone
exhibited best antibacterial activity [7].

Essential oils obtained from enzyme assisted extraction of rosemary and Thyme were tested for their antibacterial
activity by K. Hoshniet al..Cellulase and hemicellulase were used for pretreatment of thyme and rosemary and the
yields were improved considerably. For rosemary oil pre-treatment with cellulase increased the yield by 5%, pre-
treatment with hemicellulase increased the yield by 50% and a combination of cellulase/hemicellulase increased the
yield by 20%. [8]. The essential oils were tested for their antibacterial activity against S. agalactiae; S. aureus andE.
feacium (Gram-positive bacteria); E. coli and S. typhimurium(Gram-negative bacteria). The essential oil obtained
from hemicellulase pre-treament was more active towards Gram-negative bacteria. Varied activities of rosemary
essential oil towards different bacteria can be attributed to the variety of components present in it. For example, a
combination of e-pinene and 1, 8-cineole present in rosemary essential oil enhance the effect against S. typhimurium.
whereas camphor does not have any such effect on this particular strain. However, 1, 8-cineole rich essential oil has
been found to have reduced antibacterial activity towards S. aureus. [9].

M. Sienkiewicz et al. studied the antibacterial activity of rosemary essential oilsagainst clinical resistant strains of
Escherichia coli and and gram positive extended-spectrum p-lactamase bacteria and compared with basil essential
oil. The average MIC values were found to be ranging from 18.25 uL/mL to 19.5 pL/mL for many of the bacterial
strains [10] Antibacterial and antioxidant effects of rosemary essential oils were studied byA. M. Ojeda-Sanaagainst
Gram-positive bacteria Staphylococcus aureus(ATCC 25923), E. faecalis(ATCC 29212), and Gram-negative bacteria, E.
coli(ATCC 35218), and Klebsiellapneumonia. Theextracts rich in a-pinene has higher antibacterial activity against S.
aureus(MIC value 10 pL/mL), E. faecalis(MIC value 26pL/mL), and K. pneumoniae(MIC value 20 uL/mL), than the
extract rich in myrcene whereas both a-pinene and myrcene rich extracts were equally effective towards E. coli(MIC
value 14pL/mL) [11].

Another comparative activity study or rosemary oil and clove oil (Syzygiu maromaticum) was performed by B. H.
Abdullah et al. against different strains of multidrug resistant bacteria. The essential oils, obtained by
hydrodistillation method were tested against drug resistant bacterial strains of S. aureus, E.feacalis, A. baumannii
and P. aeruginosa. Both rosemary and clove essential oils showed inhibitory effects against the above organisms,
though clove had higher activity as compared to rosemary essential oils. Consistent with earlier studies of M. Viuda-
Martos, in this study also rosemary was found to be effective at higher concentration (10% v/v).

CONCLUSION

Rosemary has been an essential condiment in various cuisines especially the Mediterranean recipes. Its aromatic
profile has also been exploited in cosmetics, aromatherapy and perfumery as well. However, robust scientific
exploration of rosemary essential oil and its components has gained interest rather recently. Presence of terpenoids
and phenolic compounds in various proportions in the rosemary essential oil has shown interesting bioactive
properties. Due to its significant antibacterial effect, rosemary essential oil can be used as natural antibacterial agent
which can be used as an alternative for synthetic counterparts. Most importantly, it is also effective towards drug
resistant bacterial strains as well. As shown in various studies, different components have different effects on the
bacterial growth inhibition of different strains of bacteria, it will be interesting to see if the essential oils can be
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enriched with particular components to produce tailor-made antibacterial agents and replace the existing artificial
antibacterial agents as a natural and safer alternative which in turn will provide a sustainable way for good health
and overall well-being.
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Table 1: Compositions of CEO and REO

Clove essential oil (CEO) Rosemary essential oil (REO)
eugenol (68.52%), | 1, 8-cineole (27.23%)
[]-caryophyllene (19.00%) | o-pinene (19.43%)
2-methoxy-4-[2-propenyl] | (10.15%) | camphor (14.26%)
phenol acetate camphene (11.52%)
- caryophyllene | (2.41%)
bornyl acetate (1.13%).
borneol (3.17%)
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Figure 1. Major components in rosemary and their percentages
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Figure 2: Minor components in rosemary
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ABSTRACT

Cloud computing is defying a champion among the foremost hard problems i: e information. Users are
interacting with the cloud thus high traffic on cloud servers exist. In addition, of that for improving the
availability and scalability of cloud data, the replicas are maintained on the server. These replicas are the
duplicate of actual data, by which the storage overhead of the cloud servers increased. For the issue of
security, privacy and data storage a new lightweight model is implemented. In this model, the text files
are used for experimentation. The information encoded by Tiger hash generation algorithm and 3-DES
algorithm. That information is additionally utilized with the hash generation algorithm utilizing the
SHAL algorithm. Presently a specific block of information is checked by the access information in the
binary hash tree if the information exists then information is copy and need not transfer generally, the
information is transferred to the server. The framework is actualized utilizing JAVA innovation in nearby
measuring the framework execution. The results show the strategies implemented playing out a
beneficial operation on contrasting and the customary system.

Keywords: Cloud Storage, Cryptographic Data, Data Deduplication.

INTRODUCTION

Now a day the cloud becomes an essential mechanism for any organization. Cloud computing includes cloud storage
model which managed, maintained and backed up data. It has many focal points in like manner the record, which is
secured in the cloud that can be gotten to at whatever point from wherever, however, we should have the web get to.
Cloud storage can be characterized as "store information online in the cloud". It gives the facility of unwavering
quality, openness, fast deployment etc [14]. Private, public and hybrid are three models in cloud-based storage.
Public cloud storage profit offers multi-tenant storage. Private storage service is a dedicated & protected. The
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firewall also exists over there. Private cloud and public cloud storage service together make a hybrid cloud.
Whenever the data is stored by a user, multiple replicas created at several places i.e. the same file stored at the
several places by the different users it increases storage complexity. Data deduplication procedure assumes an
unmistakable part in cloud computing. This is the technique which removes the duplicate data in the cloud. Jin li, et
al., [12] proposed a convergent encryption technique and data encrypted before outsourcing. They used duplicate
check tokens; those are created by the private cloud server with keys. Every file attached a unique file token. Nimgire
Reshma, et al., [2] proposed hybrid cloud architecture design duplicate checks in which duplicate check document
tokens are created with the private key by the private cloud server. S. A. Telkar & Dr. M z Shaikh [3] developed a
prototype, which performs client-side deduplication for security, storing & sharing data using the hybrid cloud.

Related Work

Triple DES (Triple data encryption standard) and RSA(Rivest-Shamir-Adleman) [17]

Triple DES is a symmetric block cipher and uses 56, 112 or 168 bits key length and 64 bits block size. In three-DES,
the three-instance iteration is implemented to boom the encryption level and average time. It gets a secret 168-bit
key, which is isolated into three 56 bit keys. RSA is an asymmetric block cipher and uses 2600 bits key length. It
consumes more time. Asymmetric algorithms like RSA etc are slower than that of symmetric algorithms. It is the
least secure algorithm as compared to 3des.

Comparison of MD5 and SHA/SHA-1 [18]

Problem and Solution

Managing data securely is of prior importance in cloud computing. The security includes the cryptography
techniques to implement with the data on the cloud. Therefore, for the feature of accessibility and data availability
i.e. anytime anywhere we can access the data providing a new solution which must be provided by the cloud. In this
experimental work fig. 1, the text data is considered for work. The user selects a text file from their local file system
for uploading to the cloud storage in which user select file is input to the implemented system. The text files are not
always found in a similar size. Thus, some we extract the features from the text file. Firstly the input text file is read
by the system separately to make and compute features from the files. Additionally, the original data is kept separate
for further process. The content of the file is used in next process. After reading the contents of the input file special
characters (“,”, “.”, “;”, “@”, “!) From the file are removing and then stop words (this, that, is, am, are and others)
are removed from the content. In this context first, the frequency of each word in the file is computed. For computing
the frequency of the word the following formula is used.

total occurrence of the word
total words

Word frequency =

After computing the word’s frequency the entire data or content remaining is sorted according to the computed
frequency. Additionally, on those words are selected which are having a higher frequency for identifying the domain
information. For making the regular size of data in this system or experiment is 50 features are selected. It is assumed
that some amount of data and their features are existing on the server. Therefore the current file based features are
compared with the existing list of features for domain identification. After identifying the domain of data it is
considered the file is treated as the domain. Thus, it is labeled with the domain name as their domain indexing. After
labeling of the file is encrypted for storing on the server. The original file which is provided as input to the system is
encrypted in this phase. During the encryption process first, the hash key is generated using the tiger hash
generation algorithm. That produces 512 bits of key block but the 3DES is not accepting such length of key thus the
last bits of the tiger hash algorithm is discarded. Remaining 168 bits are used with the 3DES algorithm to encrypt the
file. The encrypted file is used in next phase of the process. The encrypted file is used in this phase than the data is
split in a fixed size of blocks. In this experiment, the 512 bits of data block is considered. That is not fixed it depends
on the designer to create their own size. Each block of the file is not utilized with this phase of data processing. Here
the individual block is treated with the SHAL to generate the hash for the block data. The tree uses binary manner for
mounting each block of data. Each block of data is mounted on the tree using the binary manner. Additionally,
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before constructing the tree, the block hashes are compared with the existing binary tree leaf nodes for finding the
duplicate data. If the data is found the in any leaf node the tree is not constructed further and only a mapping for
that file is created. After validating the file availability the file is stored in the server space and for searching the
similar files on the storage the tree is used for making fast access of data.

EXPERIMENTAL RESULT AND DISCUSSION

Time Complexity

Time consumption is the amount of time required to learn the given patterns from the storage using the selected
algorithm. Fig. 2, initially, data size is small then the performance is linear thereafter time complexity is gaining high
whenever we increase the input data file. Proposed approach consumes less time while traditional RSA taking more
to process the algorithm

Space Complexity
The comparative memory consumption of both the algorithms namely Base method of RSA technique versus
implemented method using triple DES of data security is given in fig 3.

Conclusion and Future Work

The projected work is meant to produce a secure information deduplication over encrypted cloud information for
user information privacy. In this research work, we developed a privacy-preserving model to secure data
deduplication for enhancing security for cloud data storage. These generated results of the Privacy preserving
system and their performance parameters demonstrate the proposed technique is secure and efficient for a public
cloud. It is secure and adaptable for different cloud storage services. The proposed work of privacy preserving for
cloud data storage which is ensured to secure data deduplication in a secure access is implemented successfully.
Additionally, the system performance with the cryptography implementation of the system is also acquired
adaptable performance. Therefore, in the future, the proposed work considering this scheme can be further enhanced
by uploading very large data and can do compression on those data. Also, enhance the Quality of Service (QoS).
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ABSTRACT

The kinetic study of oxidation of loperamidewithpotassium dichromate in acid medium using UV Visible
Spectrophotometer was investigated in temperature range of 298K to 318K. The observed reaction rate
was first order with respect to loperamide and potassium dichromate. The rate was found to be not
depending on concentration of sulphuric acid. The reaction product is found to be loperamide N-oxide
and stoichiometry was recorded as one mole of potassium dichromate is required for oxidizing three
moles of loperamide. On the basis of results obtained appropriate mechanism was proposed and
enthalpy, entropy and Gibbs free energy calculated.

Keywords: Aquous, Kinetics, Mechanism, Oxidation, Pharmaceuticals

INTRODUCTION

In many countries including India, there is increased availability and affordability of medical treatment which led to
an increased production and consumption of different classes of pharmaceuticals. Nowadays, a number of
pharmaceuticals have been reported to be potentially toxic substances which are found in more concentrations in the
environment and consumption of medical treatment. [1][2] The pharmaceuticals are removed from the aqueous
system through physical processes and biological processes. The efficiency of the removal of pharmaceuticals varies,
depending upon the treatment process involved. A number of studies have confirmed conventional biological
methods not being effective enough to provide for the complete removal of residual pharmaceuticals in wastewaters
[31[41[51[6][7]- The chemical oxidation using different oxidizing agents is another process which gives satisfactory
removal of pharmaceuticals from aqueous systems. In this study loperamideis oxidized using potassium dichromate
in acid medium in the temperature range of 298K to 318K using UV Visible Spectrophotometerthrough kinetic and
mechanistic approach. Loperamide is a pharmaceutical compound generally used to treat diarrhea. It slows

42783



http://www.tnsroindia.org.in
mailto:sdyusufchem@gmail.com

Indian Journal of Natural Sciences % www.tnsroindia.org.in ©1JONS

Vol.13 / Issue 72 / June / 2022 International Bimonthly (Print) ISSN: 0976 — 0997
Syed

intestinal motality and affects water and electrolyte movement through the bowel and inhibits peristaltic activity by
a direct effect on circular and longitudinal muscles of the intestinal wall. It prolongs the transit time of intestinal
contents, reduces fecal volume, increases fecal viscosity and bulk density, and diminishes loss of fluid and
electrolytes. It is a medicine used to treat effectively number of types of diarrhea. It includes control of acute
nonspecific diarrhea, mild traveller’s diarrhea, irritable bowel syndrome, chronic diarrhea due to bowel resection
and chronic diarrhea secondary to inflammatory bowel disease.

MATERIALS & METHODS

All the chemicals are of analytical grade of purity supplied by local company. The stock solution of potassium
dichromate was obtained by dissolving a known weight of it in double distilled water. The standard solution of
loperamide was freshly prepared with double distilled water. The oxidation of loperamide by potassium dichromate
was followed under pseudo-first order conditions where concentration of loperamide was excess over concentration
of dichromate at 298K [8]. The reaction was initiated by mixing the required quantities of solutions of substrate and
reagents with sulphuric acid. The unreacted dichromate was analyzed spectrophotometrically.

Stoichiometry and Product Analysis

Different reaction mixtures containing different concentrations of loperamide with excess concentrations of
potassium dichromate in sulphuric acid were kept for 4-5 days for completion of reaction. The unreacted potassium
dichromate was determined spectrophotometrically at 520nm. The stoichiometry of the reaction was found that one
mole of potassium dichromate is consumed for oxidation of three moles of loperamide. Hence following equation is
confirmed.

K2Cr207 + 4H2S04 + 3C2H33CIN202 - 3 C2H33CIN203 + K2SO4 + (Cr2SOs)s + 4H20

The reaction product was confirmed by using reaction mixture containing 0.1 mol dm=?, 0.2 mol dm= potassium
dichromate and 0.1 mol dm-3sulphuricacid. The reaction mixture was allowed to stand for 4-5 days for completion of
the reaction. The reaction mixture was extracted with ether. The ether layer was neutralized using sodium
bicarbonate and washed with distilled water. The ether layer was evaporated and dried to get product. The product
was identified as loperamide N-oxide (C2sHssCIN20s). It is confirmed by spot tests [9].

RESULTS & DISCUSSIONS

To study the effect of concentration change of loperamide, potassium dichromate and sulphuric acid on oxidation at
room temperature using UV-Visible spectrophotometer different concentrations of these substances were used and
results were analyzed to calculate kinetic parameters.

Effect Of Loperamide Concentration

In this study the concentration of loperamide was varied from 1x102 to 6 x 102mol dm- keeping all other conditions
constant. Figure 1 represents plot of concentration of loperamide versus koss. The rate constant was found to be
increasing with increase in concentration of loperamide with other conditions remaining constant indicating first
order rate of the reaction[10].

Effect Of Oxidant Concentration

Concentration of oxidant i.e. potassium dichromate was varied from 1x103 to 6x10*mol dm= keeping all other
conditions constant. The koss values showed a sharp increase with the increase in concentration of potassium
dichromate. The plot of log concentration of potassium dichromate versus log Kobs gives a straight line indicating first
order dependence of the rate of the reaction on concentration of potassium dichromate.
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Effect Of Temperature

Variation of temperature change on the rate of oxidation of loperamide was studied by conducting kinetic runs at
different temperatures ranging from 298K, 303K, 308K, 313K and 318K keeping all other experimental conditions
constant i.e. [LPM], [PD] and [H*]. The result shows increase in rate of reaction with the increase in temperature.
From the linear Arrhenius plots of logk versus 1/T activation parameters were calculated and tabulated in table 4.

Effect of acid concentration

The oxidation of loperamide with potassium dichromate was studied with different concentrations of sulphuricacid
keeping all other conditions of the reaction constant. There is no significant change in the rate constant with
increasing sulphuric acid concentrations i.e. rate of the reaction is not depending on concentration of acid.

Free radical test
In the reaction mixture aqueous solution of acrylonitrile was added. It does not show initiation of polymerization
reaction including non-involvement of free radical in the reaction sequences [11][12].

Effect of salts added

Different salts were added to study the effect of salt on the rate of oxidation of lopermide with potassium
dichromate. Sodium chloride (NacCl), potassium chloride (KCI), potassium bromide (KBr) and magnesium chloride
(MgCl) these salts were added to the oxidation reaction at 298K. It is found that the added salt has no effect on the
rate of oxidation of loperamide and so there is no interaction of charged species during the reaction.

Mechanism of the oxidation of Loperamide:

K2Cr207 + 4H2S04 + 3C2H33CIN202 - 3 C2H33CIN203 + K2SO4 + (Cr2SOs)s + 4H20

K2Cr207 + 4H2S04 + 3LPMN - 3LPMN-0O + KzSO4 + (CrzSOa)s + 4H20

Cr207 + H20 - 2HCrO+ (Cr VI) (Step-1)

C29H3:sCINO:2N + O=CrOs2 - C2sHsCINO2N->0O—CrOs2(Complex Intermediate) (Stepll)

(Chromate Ester CE)

C2sHxzCINO2N->0—CrOs2 5> C2H3sCINO2N->O + CrOs? (Cr IV) (Step-llI)

(Loperamide N-Oxide)

Scheme- 1
The probable rate equation for the above reaction mechanism can be expressed as follows
d d
- - [Cr207?] =- ----[CrO+?] = k2 [CE]
dt dt
k1l k2
LPM + PD s CE - LPMN-O
k-1
We can apply steady state approximation to CE
d[CE]
------- =0=ki[LPM] [PD] - k1 [CE] - k2 [CE]

dt
k1
[CE] = - [LPM] [PD]
ki + k2
The overall rate is the rate of formation of LPMN->0O
d[LPMN-0] ki k2
] R = k2 [CE] = ---------- [LPM] [PD]
dtk: + ke

Since k-1is much smaller than kz, k1<< k2 neglecting k-1 in the above equation, rate equation is reduced to
Rate = ka[LPM] [PD]
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CONCLUSION

The most reasonable reaction mechanism which is suggested in scheme-1 has a fast intermediate formation between
the substrate and the kinetically active chromate. It gets decomposed in the rate determining step to give rise to the
final product. The kinetic study of oxidation of loperamide with potassium dichromate shows that loperamide
undergoes oxidation in acid medium in which the nitrogen of piperidine part of the loperamidemolecule which is
sterically less hindered undergoes oxidation to yield loperamideN-oxide as the main product. The rate of the
reaction is first order with respect to substrate and oxidant but it is not depending on the concentration of acid.In the
reaction the chromium(V1) exists in acid media as chromic acid H2CrOsa. It is indicated in the first step in scheme-
1[13] [14]. The negative value of entropy of activation indicates formation of rigid transition state. It can be
concluded from kinetic data the overall mechanistic sequence described is consistent with product and scheme-1.
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Table 1. [LPM] mol dm-3and Kobs
[LPM] mol dm-3 0.01 0.02 0.03 0.04 0.05 0.06
Kobs X 10451 5.0 55 6.1 6.6 6.9 73
Table 2: [PDF] mol dm-3and Kobs
[PD] mol dm?3 0.001 0.002 0.003 0.004 0.005 0.006
Kobs X 104 s 49 5.4 58 6.3 6.9 75
Table 3. log kobs at different temperatures
Temperature K 298 303 308 313 318
Kobs X 104 s 51 5.6 6.2 6.8 7.3
Table 4: Activation Parameters
Activation Parameters Ea AH AS AG
14.106 kJmol- 11.503 kimol- -270.81 JK-'mol- 96.28 kJmol-!
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Figure 1: Plot of log(Kkos) vs log[lpm]

Figure 2: Plot of log(Kobs) vs log[pd]
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ABSTRACT

The sun's fluctuating strength and weather conditions still have an impact on solar power. A significant
voltage difference will also have a negative impact on loads and the power grid. The Super-Lift Luo-
Converter (SLLC) has a high voltage transfer gain, as well as other advantages like as improved
efficiency, a simple structure, and low cost. The output voltage of a Double Loop Controllers (DLCs) can
be made to track a reference value very precisely. As a result, a solar panel power system is constructed
in this article with help of a Negative Output Boost Converter (NOBC) with feedback-loop control to
achieve the appropriate DC output voltage. A NOBC is one topology of SLLC. Here, DLCs consists of
Fuzzy Logic Controller (FLC)/Proportional Integral (PI) control act as outer loop control for output
voltage regulation whereas Proportional (P) is perform as inner loop current controller for regulating the
inductor of the NOBC at different irradiation. To ensure that the produced system satisfied the design
criteria under various operating situations, a MATLAB/Simulink simulation was used. The final output
voltage was found to be stable, indicating that the proposed solar panel system could successfully
improve output voltage stability.

Keywords: DC-DC Conversion, Luo Converters, Double Loop Controllers, Fuzzy Logic Controllers,
Proportional Integral Controller, Proportional Controller.
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INTRODUCTION

The usage of renewable energy has become a hot topic in most countries throughout the world due to the rapid
depletion of fossil energy resources and environmental concerns [1][2]. Solar and wind energy have previously been
produced and put to use on a significant scale in a range of applications [3]. As a result, the focus of this study isona
solar panel system investigation. Solar panels, despite being one of the most popular renewable energy sources, have
a significant drawback. That is, a solar panel's output is unsteady as a result of fluctuating sunshine and weather
conditions, resulting in varying output voltage [4]. Unstable voltage is unacceptable, whether for loads or the
electrical grid. To fix this problem, you'll need a good and dependable control module. Furthermore, to reach the
needed high output voltage, DC-DC converters are widely utilised in solar panel systems. As a result, in a solar
panel system, a DC-DC converter with closed-loop control is a good choice for producing a stable output DC voltage
at a desired voltage level [5]. Fundamental converters, such as the Boost and Buck converters, on the other hand,
cannot be employed in high-power applications and have significant disadvantages. Conversion techniques have
advanced rapidly in recent years, and there are numerous DC-DC converter topologies available. The most common
of them is the Super-Lift Luo Converter (SLLC), which has a very high voltage transfer gain. In this article, Negative
Output Boost Converter (NOBC) is selected for study [9]. A NOBC is one of the topology of SLLC. The classical
linear controllers design for various DC-DC converters was reported [6-7]. However, the classical controllers are not
able to regulate the output of the same converter during large irradiation of solar panels. Therefore, non-linear
controller is best choice for these issues. Fuzzy Logic Controller (FLC) is a kind of non-linear controller [8]. The fuzzy
rules are framed based on converters performance without mathematical modelling which is one the merit of FLC.
The goal of this study is to use the MATLAB/Simulink software platform to develop a solar-panel power system that
uses the NOBC in conjunction with Double Loop Controllers (DLCs) to achieve the necessary output voltage and
inductor current at varied sun irradiation. Here FLC is used as outer voltage loop, while P controller is applied as
inner current loop for NOBC with solar system as input.

Design of Solar System Fed NOBC
After all of the blocks were pre-prepared, the system was completely designed for simulation. The system includes
four major components, as shown in Fig. 1:

Solar Cell Modeling

A solar panel, a NOBC, a load, and DLCs. Each component is described in detail in the sections below.

Fig. 2 shows the modelling of PV cell. The output of the current source is proportional to the amount of light falling
on the cell (photo current (lpv, cell)). As a result, the modelling process for this solar cell will be designed using the (1)

q*V
I =15 cere = laiode = Vpvcer = locere | €XP 2 KT ) 1 @)

Where,

IpV’CELL , is the current generated by the incident light.

'diode , is the Shockley diode equation. lo.cELL (A) is the reverse saturation or leakage current of the diode [A].
g is the electron charge [1.60217646 x 10-19 C].
K is the Boltzmann constant [1.3806503 x10-23 J/K]. T [K] is the temperature of the p-n junction.
a is the diode ideality constant which lies between 1 and 2 for mono crystalline silicon. According to Equation (1),
the elementary PV does not represent the I-V characteristic of real-time PV arrays. Practical modules, which are
made up of many connected PV cells, necessitate the addition of additional parameters Rs and Rp, which are then
substituted in (1) and expressed as (2)
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p

According to equation, the light-generated current of the module depends linearly on solar irradiation and is also
influenced by temperature (3)

G
Ipv=(lpv’n+K|AT)G— ©)

n

Where Ki is the Isc temperature coefficient, G is the irradiance (W/m2), and Gn is the irradiance under typical
operating conditions. The temperature dependence of diode saturation current lo can be expressed as (4)

3 *E
I, = lon(T—"J ex|ﬁ{q “[i-lﬂ @)
T a*K\T, T

Operation NOBC

The NOBC powver circuit diagram is shown in Fig. 3(a). Source voltage Vin, capacitor C1, input inductor L1, power
switch (n-channel MOSFET) Q, freewheeling diodes D1, and load resistance R are the components. The NOBC power
switch Q may be controlled to provide efficient voltage step-up capability. All of the components are assumed to be
in perfect working order, and the NOBC runs in CCM mode. To study the operation of the NOBC circuit, it can be
divided into two stages: switch-on and switch-off. Figures 3 (b) and (c) show the NOBC's two operation intervals [9].
When the Q is turned on in stage 1, the Vin charges the capacitor C1, increasing the current via the inductor iL1. The
corresponding circuit of NOBC in stage 1 operation is shown in Fig. 1(b) (b). In stage 2, when Q is turned off, iL1 falls
with a voltage of -. (VC1 -Vin). The currentiL1 is carried by the freewheeling diode D1. The corresponding circuit of
NOBC in stage 2 operation is shown in Fig.1 (c) [9]. The voltage transfer gain is

Vo_ 1 _
VvV, 1-d

®)

Modeling of NOBC
The inductor current iL1 and the capacitor voltage VC1 (= Vo) are the state variables of NOBC, respectively x1 and
X2. The state space equation can be engraved as when the Q is in the ON position (Fig. 3 (b)).

diy Vi,
dt
L1 Switch ON (6)
dV01 — Vc1 _ Vin
d CR RC,
In the same way, when the Q is turned off (Fig.3 (c)), the state space equation can be written as
diy Vi Vo
dt
L_1 L1 Switch OFF (7)
dVi, :|£+ Vi Va
dt C, RC, RC,
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With state variables iL1 and VC1, the state-space average modelling of the analogous circuit of NOBC is given by

1-d 1

| .
L1 i
C|=F 1| + 4 Vin ®
1-d 1 V 1-2d
VCl - - = C1
C, RG RC,
\7Vhere_d is switch's switching duty cycle.
0 _1Qd 1
A= , B= Ll )
1-d 1 1-2d
C; RC, RC,

Where, A and B are averaged system state space matrices.
Tables 1. show the specifications of the designed system.

Design of Effective DLCS

The input voltage from the solar panel varies since the amount of sunshine varies and the weather is unpredictable.
The solar panel's rated voltage is 12 volts, although it can range from 12 volts minus 20% to 12 volts plus 20%. A
closed-loop control for the NOBC is required to achieve a consistent output DC voltage. DLCs are an excellent
solution to achieve the criteria while also providing a quick dynamic response [9]. For inner current loop control, a
proportional (P) controller is employed, and for outer voltage loop control, a proportional-integral (PI) controller and
FLC are used to make the output voltage closely track a reference value. To generate the PWM wave that will be
used to control the IGBT, the triangular wave comparison method is used. As a result, the duty cycle d of the NOBC
is controlled. d does not need to be pre-set because this is an automatic control. The DLCs' block schematics are
illustrated in Fig.4.

Design of Pl Controller

In NOBC, a P/PI controller is chosen to provide better output voltage regulation. The DC output voltage is sensed
and compared to the reference Output voltage to generate an error signal. The P/PI controllers use this error signal to
keep the output voltage constant and reduce the steady-state error. The proportional gain (Kp) and integral times (Ti)
of the P/PI controllers are obtained using the Zeigler — Nichols tuning method [10-11].

NOBC Transfer Function (T.F) model is,
-334.3 s + 8.433e7
s* +667.7 s+ 2.093e7

The characteristics equation with proportional control (K) of (10) is expressed

(10)

S2+ (666.72 -333.33K)s + (K8.33 e7+2.0833¢e7)=0 (11)
The routh array of equation (11) is

$2:1K8.33 e7+2.083¢”

St:666.72 -333.33K

S0: K8.333 e7+2.0833¢”
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The range of K for stability from this routh array is K8.33 e7 +2.093e7> 0, K=-0.34, (667.7-334.3K) > 0, K> 2,0 K2. As a
result, the ultimate critical gain Kcr = 2. When K=2, the imaginary roots since the S1 row are both 0. The
corresponding auxiliary equation is as follows:

S+ (16.66+2.0833) =0 (12)

as well as their corresponding roots =13527.7 rad/sec and Pcr=2*pi =84954.26 The NOBC reaches the expected steady
state with few oscillations after tuning the controller with this method, with the ultimate gain for stability being
Kcr=0.0211 and the corresponding ultimate period being Pcr=0.001222s.The values of Kp=Kcr/2=0.013205 and
Ti=Pcr/.2=0.001333s are determined using this method.

Design of FLC

The FLC main purpose is to control the output voltage of the NOBC, and it is also placed outside of the control loop
[8]. The FLC's entering (inputs) and leaving (outputs) parameters are depicted in Figs. 5 (a), (b) and (c). The
NOBC output voltage error (€) and its corresponding change in output voltage error (ce) are fed into the FLC, and
the output (0) is produced i rer. For feasibility, the statistical ranges of the FLC's e, ce, and o can be identical, as shown
in Figs. 5 (a), (b) and (c), and their corresponding fuzzy sets are [NB, NM, NS, Z, PS, PM, PB], where PS (positive
small), PM (positive medium), PB (positive big), NB (negative big), NS (negative small), and Z (zero), respectively.
As e and ce, trapezoidal membership functions are used (refer Fig.3). The FLC rules are written with this converter
behaviour in mind. This design contains 49 rules, which are catalogued in Table 2. Following that, the weighted
average method (one of the defuzzification methods) is used to complete the FLC design. Fig. 6 depicts the three-
dimensional surface view of FLCs such as e, ce, and o.

Simulation Study

The simulation analysis of the NOBC with DLCs is discussed in this section. The parameters of the same model
utilised in this study are listed in Table I. Figs 7(a)-7(d) show MATLAB/Simulink models of NOBC with DLCs. The
simulated Vo, IL1, and Vin of NOBC with P cum PI control when the input voltage step is changed from 12V to 18V
and 12V to 06V are shown in Figs. 8 and 9. These findings clearly show that during Vin changes, Vo of NOBC with
controller produced peak overshoots of -8V and a settling time of 0.04 s. The output current and input current or PV
current, of the NOBC with P cum PI control during line fluctuation from 12V to 18V is shown in Fig. 10. The
simulated results were found to be quite close to the theoretical values recoded in Table I. For load resistance
adjustments from 50 ohm to 30 ohm and 50 ohm to 70 ohm, Fig. 11 shows the simulated V. and lo of NOBC with P
cum PI control. These findings clearly show that during load changes, Vo of NOBC with controller produced peak
overshoots of -6V and a settling time of 0.04 s. The simulated Vo and Vin of NOBC with P cum FLC for input voltage
steps of 12V to 18V and 12V to 06V are shown in Fig. 12. In the input voltage changes, these findings clearly show
that Vo of NOBC with controller has zero peak overshoots and null settling time. For load resistance changes from 50
ohm to 30 ohm and 50 ochm to 70 ohm, Fig. 13 shows the simulated Vo and lo of NOBC with P cum FLC. In the input
voltage changes, these findings clearly show that Vo of NOBC with controller has zero peak overshoots and null
settling time. For an input voltage change from 12 V to 06 V, Fig.14 shows the simulated efficiency, input power, and
output power of NOBC with P cum FLC and P cum PI control. These findings show that NOBC with P cum FLC has
96.6 percent efficiency over P cum PI control, which has 96.06 percent efficiency. Table 3 shows the time domain
specs of NOBC with controllers. The developed FLC cum PI control has superior performance when compared to the
P cum PI control, as shown in the Table 3.

CONCLUSION

This paper looked into the use of NOBC in a solar panel system. This study's utilisation of the NOBC with P cum
FLC/PI controller was a highlight. The author sought to fix the issue of the solar panel's changing output voltage, as
indicated at the introduction. To achieve their goal, the authors designed a solar panel system that used a NOBC
with a DLCs to convert the voltage from the solar panel into the required more voltage and stabilize the Vo. All of
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the design requirements were met, indicating that the design was successful, according to the simulation findings.
The author also noticed that the inductance and capacitance values used in the simulation had a significant impact
on the results. If L1 is set too high or C1 is set too low for the NOBC, it will take longer to maintain a constant output
voltage. This design has a lot of application potential. Solar energy, first and foremost, has become a worldwide
hotspot. As a result, it is inextricably related to the expanding renewable energy trend. Second, while solar power
has a bright future, it does have some disadvantages. The design presented in this study can assist in obtaining a
stable Vo from a solar panel system, allowing solar energy to be more effectively utilised. It also has a number of new
features, such as NOBC and closed-loop control. As a result, some industrial companies may see this concept and use
it for their solar panel farm applications.
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Table 1 Specifications of the NOBC

Parameters name Symbol | Value
Input Voltage (PV voltage) VIN 12V
Output Voltage Vo -36V
Inductor L1 100pH
Capacitors Cl,Co | 30uF
Nominal switching frequency f 100kHz
Load resistance R 50Q
Output power Po 25.922W
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Input power Pin 28.236W
Average input current lin 2.2833A
Efficiency n 94.62%
Average output current lo -0.72 A
Duty ratio d 0.75
Peak to Peak Inductor Current Ripple AiLl 25% of lin
Peak to Peak Output Capacitor Ripple Voltage AVO -0.12v

Table 2 Fuzzy Rule Base Table Of NOBC

NB NM NS Z PS PM PB

NB NB PB NB PB NM PS PS
NM PM PS PM NB NS Z PS
NS PM PM PM PS PS PS PM
Z NB NM NS PS PS PM PB

PS NM NS Z NS NS NM NB
PM NS Z PS PM PM PS PS
PB Z PS NM NB PB PB PB

Output (0): NB=-1; NM=-0.65356; NS=-0.33334; Z=0; PB=1; PM 0.65356; PS= 0.33334.
Table 3: Simulated Numerical Time Domain Specifications Analysis Of NOBC with DLCS

Startup-Region Line Variations Load Variations
Mp | Ts(s) R=50Qto 30Q R=50Q2 to 70Q2
Vin=12Vto 18V Vin=12V to 6V
Mp TS(S) Mp TS(S)
Mp TS(S) Mp TS(S)
PcumFLC 0 0 0 0 0 0 0 0 0 0
P cumPlcontrol |0 0.04 -8v 0.04 -8v 0.04 -6v 0.04 -6v 0.04
Solar PV Panel
Current
Feedback

Y

NOBC (SLLC)

Y

Voltage
Feedback

Fig 1: Design of solar system fed NOBC
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(2)

Fig 2: Equivalent circuit model of PV cell

Fig 3: The power circuit of NOBC,(a) Topology,

&)
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Q
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Fig 3: The power circuit of NOBC, (b) Equivalent circuit during stage 1 operation, (c)Equivalent circuit during
stage 2 operation
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Fig 4: Design structure of DLCs for NOBC with solar

Fig 5: Membership’s functions of FLC, (a) error (e)

system as input source
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Fig 5: Membership’s functions of FLC, (b) change in error (ce), and (c) output (0)
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Fig 7: MATLAB/Simulink models of NOBC with DLCs,
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Fig 7. MATLAB/Simulink models of NOBC with
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Fig 7: MATLAB/Simulink models of NOBC with DLCs,
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Fig 8: Simulated Vo responses of NOBC with DLCs (P cum PI control) (b) for input voltage change from 12V to
06V
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Fig 9: Simulated Vo and Iu responses of NOBC with DLC (P cum PI control), (a) for input voltage
changes from 12V to 18V, (b) for input voltage change from 12Vto6V
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Fig 11: Simulated Vo responses of NOBC with DLCs (P cum Pl control), (a) for load resistance changes from 50
ohm to 30 ohm, (b) for load resistance changes from 50 ohm to 70 ohm
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Fig 12: Simulated Vo responses of NOBC with DLCs (P cum FLC), (a) for input voltage changes from 12V to 18V,
(b) for input voltage change from 12V to 6V
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Fig 13: Simulated Vo responses of NOBC with DLCs (P cum FLC), (a) for load resistance changes from 50 ohm to
30 ohm, (b) for load resistance changes from 50 ohm to 70 ohm
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Fig 14: Simulated efficiency, input power and output power response of NOBC for input voltage change from
12V to 06 VV with DLCs, (a). (P cum FLC) and (b).(P cum P1 control)
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ABSTRACT

The pandemic situation changed the education systems in terms of online and the schools, colleges, and
other educational institutions are shifting to online education. The perception of education changed due
to the lockdown. Moreover, while schools resume, the workspace will be reduced to encourage social
distancing. Thus, the digital education sector has a bright future ahead. The main benefit of online
education is that it can be scaled effortlessly. Indian government permits universities to provide an
online education degree which reshapes the education system worldwide. By 2026, the Indian market for
online education is expected to be worth S$ 8.6 billion. The rapid emergence of online education in India
is due to the widespread accessibility of the internet. The usage of the internet in India has increased by
128 million between 2019 and 2020. For the very first time, rural India exceeds the number of urban in
terms of internet users.

Keywords: Emotional Intelligence, Stress, Engineering College

INTRODUCTION

Covid-19 is a contagious disease that has just recently been found. This kind of disease spreads from person to
person primarily through respiratory droplets when people are in close proximity to one another. As a result, the
closer distance can cause a covid-19 infection. This is because the World Health Organization (WHO) has taken
precautions to decrease the risk of infection, such as avoiding crowded places, residing at home, and keeping a safe
distance from others. Since March 2020, the covid-19 pandemic has impacted the global educational system, notably
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the complete teaching sectors, resulting in mass quarantines around the world. This approach has evolved into a
solution for maintaining the continuity of teaching and learning while also providing psychological protection. As a
result, students no longer receive face-to-face instruction but instead have access to a variety of teaching modalities
used by universities. This research is based on engineering college student’s perception of online teaching methods.
Because of the necessity to provide a suitable learning environment for students, universities, schools, and colleges
have begun to implement online teaching systems that combine internet access with traditional teaching methods.

REVIEW OF LITERATURE

The review of the research literature allows better awareness for both empirical and theoretical aspects which is
necessary for the study. According to Hodges et al. (2020), teachers of all sorts of experiences must create and
conduct their classes from home, with all the logistical challenges that entail technological obstacles that imply, and
often without sufficient technical assistance. Lokanath Mishraa and Tussah Gupta (2020), the authors suggested that
their study of online teaching methods reveals various forms of online teaching modes used throughout the COVID-
19. The intention of this investigation is to find out how students and teachers feel about online teaching and
learning lecture. Pravat Kumar Jena (2020), the authors reveal that the government of India has taken measures to
encourage online learning throughout the Covid-19, as well as numerous online platforms used by educational
institutions throughout the session. Some of the advantages and drawback of online teaching highlights the
recommendations for improvement. Anggrainingsih.R et al (2020), the authors have come up with the most effective
influential factors from both the learner and instructor viewpoints. Instructors' point of view along with course
quality, technical support is an important thriving component. Lack of engagement is one of the determining success
elements from the perspective of students.

Thurmond et al (2019), in this study diversified methods are used to assess the effectiveness of online teaching
conducted through the various methods and process of learners are to be corrected or get improved their skills
towards achieve better performance. According to Stephanie J. Blackmon and Claire Major (2018), the purpose of this
study was to investigate what problems students faced when taking online courses. This is done to improve
perseverance and retention. The goal of this research 