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Abstract: Aims: The present work considers the Sulphate import ABC transporter protein (cysA)
as a potential drug target for the identification of inhibitors for the protein.

Background: The ABC (ATP binding cassette) transporters play a crucial role in the survival and
virulence of Mycobacterium tuberculosis by the acquisition of micronutrients from host tissue.

Objectives: The 3D structural features of the cysA protein are built. Molecular scaffolds are identi-
fied by implementing active site identification, ADME properties, Virtual Screening, and a few
other computational techniques.

Methods: The theoretical model of cysA is predicted using homology modeling protocols, and the
structure  is  validated by various  validation methods.  The prediction of  partial  dimer  formation
through protein-protein docking methods gave insight into the conformational changes taking place
in the cysA protein. The natural substrate ATP is docked with cysA protein that confirms the ATP
binding site. To find the drug-like compounds, virtual screening studies were carried out around
the active site by several ligand databases.

Results: The findings demonstrate the significance of residues SER41, GLY42, ARG50, GLN85,
HIS86, LYS91, ARG142, and ASP161 in drug-target interactions. The docking studies of existing
TB drugs against cysA were also performed. The result analysis shows that none of the existing
drugs inhibits the ATP active site, which confirms cysA as a promising drug target. Using in-silico
methods, the ADME parameters of a few chosen ligand molecules are predicted and contrasted
with the ADME characteristics of the available TB medications.

Conclusion: The results revealed the values of ADME parameters of selected ligand molecules are
more  permissible  than  existing  TB  drugs,  which  emphasizes  the  drug-like  activity  of  ligand
molecules by inhibition of cysA proteins. The structural data, active site information, and selected
ligand molecules help in the identification of new therapeutic scaffolds for Tuberculosis.

Keywords: cysA protein, docking, ADME prediction, Mycobacterium tuberculosis, in silico studies, ABC transporters.

1. INTRODUCTION
Tuberculosis (TB) is a bacteria-caused infectious illness

that  affects  the  lungs  (pulmonary  tuberculosis)  and  other
parts of the body  (extra-pulmonary TB)  and  is  one  of  the
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Molecular  Modeling  Research  Laboratory,  Osmania  University,  Hyder-
abad, Telangana, 500007, India and Department of Chemistry, University
College of Science, Saifabad, Osmania University, Hyderabad, Telangana,
500004, India; E-mails: mvasavi@osmania.ac.in;
vasavimalkhed@gmail.com; mvasavi2003@gmail.com

leading causes of death worldwide [1]. Koch described My-
cobacterium tuberculosis (Mtb) as a microbiological cause
of Tuberculosis for the first time on March 24th, 1882. It has
been one-twenty years now since the discovery, and despite
the availability of efficacious treatment 1.4 million people
die of TB yearly [2]. Mtb is an intracellular pathogen that re-
lies on micronutrients to survive and thrive in its host [3]. It
has co-evolved with the host to counteract the host's nutritio-
nal immunity. It has evolved into a complex technique for
obtaining necessary nutrients from the host system. One pop-
ular way to get nutrients from the host cell is through AT-
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P-binding  cassette  (ABC)  transporters  [4,  5].  The  sul-
phate/thiosulphate import ATP-binding protein, also known
as the sulphate-transporting ATPase, is a component of the
ABC transporter complex cysAWTP that is involved in sul-
fate/thiosulfate transportation across the cell membrane and
is  in  charge  of  coupling  energy  to  the  transport  system.
Prokaryotic  transporters  consist  of  two  copies  of  nu-
cleotide-binding  domains  (NBD)  and  hydrophobic  mem-
brane-spanning  domains  (MSD),  as  seen  in  Fig.  (1)  [6].
cysA is a nucleotide-binding domain encoded by cysA1 and
exists as a homodimer partially. The ATP attaches to cysA,
generates ADP, and provides energy that allows sulphur to
pass across the membrane. Translation initiation and Redox
balancing are two biological processes that require sulfur in
the host system [4]. Since cysA is involved in the acquisi-
tion of sulphur and the creation of L-cysteine, methionine,
mycothiol, and other co-factors, it is recognized as a possi-
ble therapeutic target. This transporter's mutations affect the
persistence  and  proliferation  of  bacteria  in  infected
macrophages. Compared to the wild-type strain, strains with
cysA mutations have been reported to be incapable of captur-
ing  sulphur  and  to  be  more  sensitive  to  a  wide  range  of
antibiotics [7]. There are currently no inhibitors known for
Mtb's cysA protein. In the present study, homology model-
ing protocols and insilico techniques were used to create a
theoretical (3D) model of cysA to find competitive inhibi-
tors for the ATP binding region of the protein.

2. MATERIALS AND METHODS
Identification  of  novel  drug  targets,  modeling,  valida-

tion, and screening of lead compounds all involve complex
procedures  combining  different  fields  of  study  and  are
thought to be time-consuming with interdisciplinary nature
of work. But several computational techniques have short-
ened and decreased the price of the drug development pro-
cess  [8].  The  research  presented  here  considers  cysA as  a
possible TB drug target.  Experimental  approaches such as
X-ray, as well as NMR methods, are yet to reveal the three-
-dimensional structure of cysA. The theoretical structure of
the target protein is elucidated using computational method-
ology. The amino acid sequence of cysA (P9WQM1) from
Mycobacterium tuberculosis was acquired from the UniProt
data bank [9]. The primary structure includes various physic-
ochemical  properties  predicted  from the  EXPACY server.
The  template  search  of  cysA  protein  was  analysed  by
BLAST  [10],  Jpred3  [11],  and  Phyre2  [12]  server  tools
which rely on fold recognition, sequence similarity, and e--
value respectively.

2.1. Alignment and Model Generation
The  first  stage  in  homology  modeling  is  pairwise  se-

quence alignment between the target protein, whose struc-
ture has to be established, and the template protein, whose
structure is already known. Pairwise alignment is used to an-
ticipate  secondary  and  tertiary  structure,  define  the  target
protein's  homology,  and  aid  in  molecular  evolutionary
study.

For  pairwise  alignment  in  the  current  study,  the  Clus-
talW server tool is utilised. It  has a GONNET weight ma-
trix, a gap open penalty of 10, and a gap extension penalty
of 0.1.  The similarity score,  which should be > 30% for a
successful  homology model,  was used to  illustrate  the de-
gree  of  evolutionary  separation  between  the  template  and
the target protein [13, 14].

“Functional characterization of protein can be facilitated
by its three-dimensional structure. In the absence of an ex-
perimentally determined structure, one can generate a theo-
retical model of a target protein by applying comparative ho-
mology modeling techniques. One such tool which produces
theoretical models of proteins is MODELLER 9.10v which
builds  the  theoretical  models  by  considering  homolo-
gy-derived  restraints  and  stereo  chemically  derived  res-
traints”  [15-17].

The alignment file and 3D coordinated files were given
as  input  for  MODELLER  9.10v,  producing  a  prescribed
number of models as output. The model with the lowest mod-
eller  objective  function  was  selected  for  model  validation
[18].

The three-dimensional  model  generation of  cysA from
the primary amino acid sequence is also generated from Al-
phaFold2, a machine-learning approach developed by consid-
ering physical and biological knowledge of protein structure
and multiple  sequence alignments  [19,  20].  AlphaFold2 is
the first computational technique that predicts protein struc-
tures with atomic accuracy even if the homologous structure
is not available [21]. The predicted structures of cysA from
MODELLER 9.10v and AlphaFold2 were validated for bet-
ter stereochemical quality.

2.2.  Energy  Minimization,  Molecular  Dynamics,  and
Validation

The 3D structure  algorithms will  produce  a  raw target
structure, which is structurally incomplete and energetically
unfavourable.  Protein  preparation  is  handled  by  the
Schrödinger suit's protein preparation wizard, which fills in
missing atoms,  removes water  molecules  that  aren't  in  the
vicinity of co-crystallized ligands, adds hydrogens, and as-
signs bond order [22]. “The generated 3D structure of target
protein may have deficiencies in incorrect secondary struc-
ture orientations, loop side-chain packing, and poor stereo-
chemical properties. This requires further refinement of 3D
structure” [23]. The generated 3D model of cysA is subject-
ed to locPREFFMD (local REFinement via Molecular Dy-
namics  simulations)  which  is  an  application  of  The  PR-
EFFMD (Protein REFinement via Molecular Dynamics sim-
ulations) web server is a tool used to improve the computa-
tional efficiency of the target protein [24, 25]. The target pro-
tein was also subjected to the Schrödinger suit's Impref mod-
ule, which employs the OPLS force field [26, 27]. The mini-
mization would come to an end when the RMSD value hit a
maximum of 0.30 Å [28]. The validation of the experimental
structure was performed by various validation tools such as
the  PDBsum server  [29-31]  and  ProSA (Protein  Structure
Analysis) [32, 33]. The Ramachandran contour plot and spe-
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Fig. (1). Biochemical pathway of cysA protein. The cysA protein, which is an NBD of the sulphate/thiosulphate ABC transporter protein
complex, participates in the energy coupling process with the addition of ATP. To synthesise numerous bio compounds necessary for persis-
tence and pathogenicity, the activation of cysA makes it easier to get sulphur. The presence of ligands discovered through investigations
based on structure-based drug designing results in the prevention of sulphur acquisition. (A higher resolution / colour version of this figure is
available in the electronic copy of the article).

cifics of a protein's secondary structure are presented on the
PDBsum server. During the stereo-chemical study of the pro-
tein, the Ramachandran plot,  a graph of the torsion angles
phi versus psi, is utilised to look for any abnormalities in the
3D model.

Local  model  attributes  and  overall  fold  quality  are  as-
sessed using the ProSA server tools. The local quality of the
target protein is assessed using an energy profile diagram,
which is a graph of the knowledge-based energy and the ami-
no  acid  sequence  position.  The  average  residual  energy's
negative value denotes good local quality. The overall fold
quality of the target protein is assessed using a graph of the
number  of  residues  versus  the  Z-  score  [32].  The  graph's
light blue dots indicate X-ray crystallographic structures that
were deposited in the PDB, whereas the graph's  dark blue
dots show the Z- score for NMR-determined structures.  A
protein is considered to have outstanding overall model qual-
ity if its Z-score is within the range of experimentally vali-
dated structures.

2.3. Prediction of the Active Site by in silico Methods
Understanding the biological activity of proteins necessi-

tates  the  discovery  of  the  active  site.  The  discovery  and
study of a potential binding pocket in proteins is critical for
structure-based drug design. The interpretation of possible
binding sites will aid in the development of pocket-specific
pharmacological  targets.  The  CASTp  server  [34,  35],  and
SiteMap [36] modules were utilized to find plausible bind-
ing locations. The ATP-binding region of the cysA protein
is considered a potential binding site based on literature ref-
erences.

2.4.  Docking of Natural Substrate ATP with cysA Pro-
tein

The docking of ATP against cysA was performed to con-
firm the potential binding site. The PatchDock web server is
employed to dock ATP against the target protein which is a
geometry-based docking algorithm. To eliminate duplicate
solutions, the PatchDock approach uses the Connolly dot sur-
face  representations  of  molecules,  a  scoring  system  that
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takes  geometry  fit  and  solvation  energy  into  account,  and
RMSD (Root Mean Square Deviation) clustering [37, 38].
Additional docking interaction analysis is done on the data.

2.5.  Dimerisation  of  cysA  Protein  through  in  silico
Methods

Mycobacterium tuberculosis importers and exporters are
members  of  the  ABC  transporter  superfamily  [39].  Two
transmembrane  domains  (TMDs),  two  nucleotide-binding
domains (NMDs), and one substrate-binding domain (SBD)
make up the procaryotic importer complex [40]. cysA is a
nucleotide-binding domain of the sulphur import ABC trans-
porter complex cysAWTP, which is an importer of sulphur.
NMDs consist of a high degree of sequence similarity and
identity,  suggesting  that  their  structure  and  functions  are
conserved [41]. cysA is a nucleotide-binding domain of sul-
phur import ABC transporter complex which belongs to the
ABC transporter superfamily [42]. “When two molecules of
ATP are attached, two nucleotide-binding domains (NBDs)
dimerise  in  a  head-to-tail  orientation  and  uncouple  when
ATP is hydrolysed” [43]. A substrate-binding cavity is ori-
ented to the outside of the cell membrane as a result of the
energy gained by ATP-dependent association and dissocia-
tion  at  the  NBDs  being  transported  to  the  TMDs  through
coupling helices [40]. The SymmDock online server is em-
ployed  for  the  prediction  of  symmetric  complexes  and
achieves the dimerization of the cysA protein [37, 44]. The
cysA dimer is created and then further examined for orienta-
tion, putative conserved domains, and protein-protein inter-
face  using  the  cysA  monomer  in  PDB  format  as  an  input
file.

2.6. Docking and Virtual Screening
When  cysA  is  decoupled  from  ATP,  it  exists  as  a

monomer, and inhibiting at least one ATP binding site can
prevent the creation of a dimer [45]. Based on the aforemen-
tioned elements the monomeric form of cysA is assessed for
docking and virtual screening. A total of 35,000 ligands are
collected from multiple ligand databases before docking and
virtual screening. “An assigning bond ordering and bond an-
gles were done using the protein preparation wizard of the
Schrödinger  suite,  and  then  the  energy was  reduced using
the OPLS_ 2003 force field” [46]. The receptor grid genera-
tion tool from Schrödinger suit is used to construct a grid by
centralising the active site residues (ATP binding pocket) of
the cysA protein. The Schrödinger suite’s Glide (Grid-based
ligand docking with energetics) [47, 48] is used for virtual
screening and docking of cysA protein against libraries of
drug-like  molecules.  The  virtual  screening  procedure  of
Schrödinger  software consists  of  three degrees of  docking
precision: High Throughput Virtual Screening (HTVS) [49],
Standard  Precision  (SP),  and  Extra  Precision  (XP)  [50].
Large  drug-like  chemical  libraries  are  filtered  by  HTVS,
which lowers them to 10%. These molecules were then put
via  XP  and  SP  to  find  trustworthy  substances  with  good
docking accuracy. Based on the docking score, docking ener-
gy, and visual inspection of a particular pose, the best ligand

molecules were selected [51]. Additionally, the target pro-
tein cysA was docked against present TB therapeutics.

2.7. MM/GBSA Calculations
Finding a novel pharmacological molecule that interacts

with a macromolecular receptor is the aim of structure-based
drug design. The parameter “ΔGBind” denotes the degree of
affinity  between  the  ligand  and  the  molecular  receptor
[52-54].  The  conventional  techniques  for  figuring  out
“ΔGBind” are costly and time-consuming. However, “the end--
point free energy technique known as molecular mechanics
generalized Born Surface Area (MM/GBSA), established by
Kollman et al. has been widely used in structure-based drug
design” [55-57]. The precision and computational efficiency
are well-balanced by the MM/GBSA algorithm. The PRIME
MM/GBSA module of the Schrödinger suite is used to evalu-
ate the relative binding affinities of the ligands to the cysA
protein complexes [58]. The protein-ligand complexes that
were found during virtual screening in the XP mode are sub-
jected to MM/GBSA calculations. The following equation is
used to calculate the relative binding free energy ΔGBind.

ΔGBind = GRL – GR – GL

In the above equation, GRL stands for Gibbs free energy
of receptor-ligand complex, GR stands for the free energy of
receptors, and GL stands for the free energy of ligand.

2.8. ADME Prediction
Virtual screening approaches based on molecular dock-

ing will predict the efficacy or potency of lead compounds,
whereas ADME metrics will determine the clinical success
of medications in clinical trials by concurrently addressing
many  pharmacokinetic  features,  completely  integrated
ADME  prediction  tools  readily  reject  inappropriate  com-
pounds, which reduces the number of synthesis evaluation
cycles and costly late-stage failures [59]. The Schrödinger
suite's QikProp module is used to estimate ADME parame-
ters [60]. QikProp performs Monte Carlo statistical mechan-
ics simulations on organic molecules in periodic boxes of ex-
plicit  water  molecules  while  taking  into  account  the  atom
type, charges, rotor counts, volume, and surface area of the
sample  molecules.  This  is  done  using  the  BOSS  program
and the OPLS-AA force field. Following this, QikProp incor-
porates this data into regression equations together with the
physical descriptors created using the aforementioned meth-
ods. As a result, it is possible to predict a molecule's pharma-
cologically significant features with precision. As a result,
pharmacologically important properties of a molecule will
be anticipated with accuracy.

3. RESULTS AND DISCUSSION

3.1. Generation and Validation of 3D Structure of cysA
Protein

Sulphate/thiosulphate  import  ATP-binding  protein
(cysA), a 353 amino acid chain-length protein, is a possible
therapeutic target for TB. The three-dimensional structure of
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cysA protein is generated by taking the reference of homolo-
gous template 3D31 (PDB ID) which is obtained from tem-
plate search tools such as PSI-BLAST, Jpred4, and Phyre.
(Table 1, Fig. 2).

To find a homologous sequence for the cysA protein, the
Position-Specific  Iterative  Basic  Local  Alignment  search
tool (PSI-BLAST) is utilised, which employs a Position-Spe-
cific Scoring Matrix (PSSM) [61]. Based on the low e-value
[62], the PSI-BLAST tool identified 3D31-A as a homolo-
gous template with the closest identity to the target.

The Jpred3 method uses several sequence alignment pro-
files to find template proteins with homologous secondary
structures. Jpred3 uses the JNet algorithm to predict the se-
condary  structure  components  (helices,  sheets,  and  loops)
that  are  most  similar  to  the  proteins  in  the  Protein  Data
Bank. The Jpred3 server tool created a secondary structural
model that is compatible with the template 3D31.

The Phyre2 server program searches for templates with
related fold topologies. The degree of conservation between
the sequence and the structure is measured statistically using
e-value and percentage confidence. Phyre2 web server pre-
dicts  homology  between  the  template  (3D31)  and  target
(cysA),  showing  80%  of  confidence  and  40%  of  identity
which indicates the observed protein and the backbone mod-
el are so close; it was the most plausible template.

The Phyre2 server employs the Hidden Markov model to
calculate  the  percentage  of  confidence  and  percentage  of
identity. The cysA's 3D structure is developed using the tem-

plate 3D31, which covers the high identity value and query
coverage. a similar protocol was employed by the following
scientist [63, 64]. A 34.88 identification score is displayed
for template 3D31-A (Fig. 3).

The cysA sequence and the 3D31 template are perfectly
aligned which is a required condition for generating a pre-
cise and reliable 3D structure. The MODELLER 9.10v pro-
gram was used to create the three-dimensional structure of
the  cysA protein  for  which  the  FASTA sequence  of  cysA
protein, alignment file, and PDB format file of the template
was given as input. A count of twenty models was generated
as output and the best model is selected based on the lowest
value of the modeller objective function.

For 3D structure prediction using the AlphaFold2 algo-
rithm, the primary amino acid sequence of cysA in FASTA
format is given as input, and five 3D structures ranking from
1-5  were  predicted  as  output.  Out  of  five  predicted  struc-
tures the first one is selected [65].

The two structures predicted from two different methods
were compared through the Ramachandran plot by Procheck
for prioritization. According to the Ramachandran contour
graph provided by the Procheck website, 90% of amino acid
residues in the most favourable zone are most likely to have
acceptable  stereochemical  quality.  The  structure  predicted
from MODELLER 9.10v has a total of 353 amino acid resi-
dues, out of which 91.7% are in the most favourable region
whereas the structure predicted from AlphaFold2 has 87.4%
amino acid residues in the most favoured region (Fig. 4).

Table 1. Identification of template for cysA protein.

S. No. Template Search Tool E- value/% of Confidence % of Identity PDB Code of Protein
1 BLAST 1e-61 34.39 3D31

2 Jpred3 2e-48 - 3D31

3 Phyre 80% 40 3D31
Note: The template 3D31 is identified for homology modeling of cysA protein by using template search tools BLAST, Jpred3, and Phyre2 servers

Fig. (2). cysA protein putative conserved areas. The conserved motifs are shown in visual form by BLAST conserved domain analysis. Out
of 353 amino acids, the BLAST findings infer that 1-190 is the catalytic region of the protein, which contains an ATP binding site and Walk-
er residues are 37-45. Q-loop sequences from 80-83 and Walker-B sequences from 155-160 are required for energy coupling reactions involv-
ing ATP binding. The regulatory region spans 191-353 amino acids. (A higher resolution / colour version of this figure is available in the
electronic copy of the article).
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Fig. (3). Sequence alignments of cysA with the template protein chain A 3D31. The alignment file obtained from CLUSTALW shows the tar-
get sequence on top and template sequence 3D31 as the second row. The conserved residues, highly similar residues, similar residues, and
non-similar residues are shown in green, blue, cyan, and pink colours respectively. (A higher resolution / colour version of this figure is avail-
able in the electronic copy of the article).

Fig. (4). The Ramachandran contour plot from the PROCHECK web server. The stereochemical quality of a protein's secondary structure is
shown by the RC plot. The most favoured region is shown by the red colour, the yellow field denotes an area that is additionally permitted, a
bright yellow field suggests a region that is liberally allowed, and the white field indicates a zone that is in the most unfavoured zone. (a) Ra-
machandran plot of predicted 3D structure from MODELLER indicates 91.1 percent residues in the most favoured region, 8.3% in the addi-
tional permitted region, 0.7 percent in the liberally allowed zone, and 0% percent residues in the unfavoured zone indicating cysA is having
good stereochemical quality. (b) Ramachandran plot of Predicted 3D structure from AlfaFold2 algorithm indicates 87.4 percent residues in
the most favoured region, 10 percent in the additionally permitted region, percent in the liberally allowed zone, and percent residues in the un-
favoured zone indicate moderate stereochemical quality. (A higher resolution / colour version of this figure is available in the electronic
copy of the article).

Further, the extent of similarity between the two struc-
tures is depicted by calculating the RMSD value for which

structure  from  AlphaFold2  is  superimposed  on  structure
from MODELLER 9.10v using Pymol which produced an
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RMSD value of 1.8 Å. The RMSD value of identical struc-
tures  is  0  and  for  non-identical  structures  >0,  with  an  in-
crease in value extent of dissimilarity increases. The RMSD
value of 1.8 Å signifies both structures were 90% identical
[66]. The proteins also may have many conformational subs-
tates, so it is difficult to assess one of the above two predict-
ed 3D structures as reliable [67, 68]. However, the superim-
position of the two structures (Fig. 5) also suggests that they
were almost identical up to 239 residues, except for Gly42,
Ser43, Pro109, Ala111, and Ala231, which constitutes the
catalytic region of cysA and to be targeted for docking and
virtual screening. As the difference in folding begins at 240
residues both the structures were reliable. The present study
requires a theoretical model for docking and virtual screen-
ing tests for the discovery of leads against the target protein
cysA,  predicted  model  from MODELLER 9.10v  is  priori-
tised due to its superior stereochemical quality [69].

Fig. (5). The superimposition of predicted 3D conformations from
MODELLER  and  AlphaFold2.  The  conformations  from  MOD-
ELLER 9.10v is shown in magenta and the conformation from Al-
phaFold2 is shown in light grey. The non-superimposed part of Al-
phaFold is shown in blue colour. (A higher resolution / colour ver-
sion of this figure is available in the electronic copy of the article).

The selected model is further improved by subjecting it
to  the  protein  preparation  wizard  of  the  Schrödinger  suit.
Molecular  dynamics  was  performed using  locPREFMD,  a
web server tool, which substantially improved the model's fi-
delity (Table 2).  The findings demonstrate that after using
molecular  dynamics,  the  stability  properties  of  the  cysA

structure greatly improved. To boost stereo chemical quali-
ty, structural modifications were made and energy is refined.

Several methods are used to validate the cysA protein fol-
lowing  a  successful  model  development.  The  ProSA  web
server  depicts  two types of  graphs,  (i)  number of  residues
versus Z-score; which shows overall model quality. (ii) se-
quence position versus  energy; shows local model quality.
The cysA protein has a Z-score of -7.23, indicating its total
energy is within the range of its native form. The location of
the Z-score is shown in Fig. (6a). The plot of residue ener-
gies demonstrates that, except for a few peaks, the majority
of residue energies are mainly negative, indicating good lo-
cal quality (Fig. 6b). a similar protocol is adopted by the fol-
lowing scientists [70].

3.2. Secondary Structure of cysA Protein
PDBsum, an online site that provides structural informa-

tion in visual form, performed the secondary structure analy-
sis of the cysA protein (29-31). (Figs. 7a and b). The find-
ings reveal that cysA has a three-dimensional structure com-
posed of eleven helices, twenty beta strands, and four beta
sheets (Table 3) additionally, the cysA protein has thirteen
helix-helix interactions that increase the structure's stability
[71] (Table 4).

3.3. Identification of Active Site
cysA is a nucleotide-binding domain of sulfate importer

that is regulated by complexing with ATP; hence, the ATP
binding site is the focus of this research. To determine the
possible cysA binding site area, computational tools such as
CASTp and SiteMap are employed. Using both the molecu-
lar surface model and solvent-accessible surface model the
CASTp server tool analyses the binding pockets of the target
protein. The data reveal that the cysA has two hydrophobic
pockets: pocket-1 from CASTp which includes amino acid
residues Arg50, Ala53, Leu55, Pro75, Gln76, Lys78, Gly79,
Ile80,  Gly81,  Phe82,  Val83,  Phe84,  Tyr87,  Ala88,  Phe90,
Phe101, Gly102, Ile105, Arg146, Arg149, Ala150, Val153
and the Site map data suggest that the area between Arg36
to Asp165 has a significant hydrophobic pocket, which also
matches with conserved domains of the ABC transporter su-
perfamily (Table 5) (Fig. 8).

3.4. Docking of ATP with cysA Protein
ATP is the natural substrate of cysA protein which in-

volves an energy coupling reaction for the transportation of
sulphate  across  the  membrane.  The  ATP  binding  regions
such  as  WalkerA  (P-loop),  and  LSGGQ  motifs  are
conserved and results from CASTp, and the Site map also
show the same binding sites. The docking of ATP to cysA
was performed with the PatchDock server and shows interac-
tions of the phosphate chain of ATP at residues Gly39 and
Ser42 (Fig. 9).

3.5. Partial Dimeric Form of cysA Protein
The ABC transporters consist of two transmembrane do-

mains  (TMDs)  and  nucleotide-binding  domains  (NBDs),
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Table 2. List of Parameters stabilized after Molecular dynamics for cysA protein.

S.No. Parameter Checked Initial Value Refined Value Goal
1 Phi-psi backbone favoured region 87.000 89.000 > 90%

2 Phi-psi backbone allowed region 11.400 10.000

3 Phi-psi backbone general region 1.300 1.000 < 1%

4 Phi-psi backbone unfavored region 0.300 0.000 < 0.2%

5 Chi1-chi2 side chain disallowed region 0.035 0.038 < 0.2%

6 G-factor covalent bonds -0.090 0.150 > -0.5

7 G-factor overall interactions -0.260 -0.150 > -0.5

8 Favourable main chain bond lengths 100.000 100.000 100%

9 Favourable main chain angles 90.000 93.900 100%

10 Side chain ring planarity 93.100 96.100 100%
Note: The molecular dynamics analysis using the locPREFMED server further stabilises the cysA protein's structure following energy minimization. The results demonstrate that
cysA’s dynamically stabilised structure has the most stable conformation

Fig. (6). (a) ProSA-I plot showing the number of residues versus Z-score. The figure shows the overall model quality of protein. The graph
depicts the overall protein model quality. The resulting protein structure is compared to the X-ray and NMR structures of known proteins
(which are available in PDB). The Z-score of structures determined by NMR and X-ray are shown by dark blue and light blue areas respec-
tively. The overall quality of cysA protein is shown by a black dot in the NMR area, which has a Z-score of -7.23. (b) ProSA-II plot of se-
quence position vs. knowledge-based energy. The above plot shows the local model quality of protein in terms of ProSA energies of the ami-
no-acid residues. The amino acid residues with negative ProSA energies are more reliable, indicated by a dark green line. The most of ami-
no-acid residues of the cysA protein are with negative energies representing appreciable local model quality. (A higher resolution / colour
version of this figure is available in the electronic copy of the article).

which work together to actively transport a variety of chemi-
cals  across  the  cell  membrane.  They  are  essential  compo-
nents of the plasma membrane. The inward opening of the
TMD dimer and the external attack on the substrate rely on
the formation of the NBD dimer.  The connection between
the  two  NBD  monomers  is  established  by  the  binding  of
ATP molecules. The NBD dimer interface is created by the
interaction  of  WalkerA,  WalkerB,  H-loop,  and  Q-loop  of
one  NBD,  and  D-loop,  a  characteristic  motif  of  another
NBD [43]. In the present work as cysA is an NBD, predic-
tion  of  dimeric  form  is  achieved  through  the  SymmDock

web tool,  the PDB file,  and a text  document of  conserved
motifs was given as input files. The top 50 solutions were re-
trieved  and  analyzed  for  the  hallmark  posing  of  two
monomers as mentioned in the literature. The selected dimer
displays the head-to-tail orientation of chains, and the inter-
face shares  the conserved domains of  both monomers  and
proposes the site at which ATPs can sandwich (Fig. 10). The
non-bonding interactions between cysA1 and cysA2 involv-
ing the residues from WalkerA, WalkerB, and Q-Site sup-
port the homo-dimeric structure of the selected pose (Table
6).
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Table 3. Secondary structural information of cysA protein.

Helices
Number Start End Sheet No. of Residues Edge Sequence

1. Ala6 Tyr16 A 11 No AIVVADATKRY

2. Ala21 Pro30 A 10 Yes ALDHVDFVVP

3. Leu34 Leu38 B 5 No LTALL

4. Thr60 Ile65 A 6 No TGTITI

5. Arg68 Asp69 A 2 Yes RD

6. Gly81 Val83 B 3 Yes GFV

7. Val157 Asp161 B 5 No VLLLD

8. Thr189 Thr194 B 6 No TTVLVT

9. Arg206 Leu210 B 5 No RIAVL

10. Ile215 Gly219 B 5 Yes IEQVG

11. Ser241 Pro250 C 10 No STLNGSLVRP

12. Arg254 Thr258 C 5 No RVGRT

13. Met261 Ala265 C 5 Yes MAVAA

14. Gly274 Val279 C 6 No GVLRAV

15. Val284 Gly287 D 4 Yes VVLG

16. Ala297 Arg309 D 13 No AATGGAFTAQITR

17. Ala312 Arg318 D 7 No AEALALR

18. Thr322 Thr328 D 7 Yes TVYVRAT

19. Ser338 Ala343 D 6 No SGVDDA

20. Lys349 Ser352 C 4 Yes KVTS

Beta Strands

Number Starting Residue Ending Residue Number of Resi-
dues Length Sequence

1 Ser43 Ala53 11 16.63 SGKSTLLRTIA

2 Pro75 Arg78 4 6.42 PQRR

3 Val95 Arg106 12 19.46 VRDNVAFGLKIR

4 Lys114 Val124 11 17.14 KAKVDNLLQVV

5 Ser127 Ser131 5 8.87 SGFQS

6 Gly139 Ala152 14 21.51 GGQRQRMALARALA

7 Ala169 Glu185 17 25.54 AKVREELRAWLRRLHDE

8 Gln197 Val203 7 10.48 QAEALDV

9 Pro221 Asp226 6 9.00 PTDVYD

10 Ala231 Leu237 7 10.08 AFVMSFL

11 Asp281 Val283 3 4.5 DRV

Beta Sheets
Sheet No. of Strands Type Barrel

A 4 Antiparallel No

B 6 Mixed No

C 5 Antiparallel No

D 5 Antiparallel No
Note: The three-dimensional structure of cysA protein comprises 20 helices, 11 beta strands, and 4 sheets.

3.6. Docking and Virtual Screening
The  cysA  protein  exists  as  a  dimer  but  inhibiting  any

one of the ATP binding motifs can stop the formation of a
dimer. At the centroid of the cysA protein's ATP-binding re-
gion,  a  grid  with  dimensions  of  80x80x80 Å was  created.
About 35000 drug-like compounds were retrieved from sev-
eral ligand database libraries, and preparation and optimiza-
tion  were  carried  out  using  default  parameters  in  the

Schrödinger suite's LigPrep module. The least energetic sta-
ble  conformers  were  kept,  resulting  in  a  total  of  79,710
molecular  structures.  When  the  created  ligands  were
screened in the HTVS mode of the virtual screening process,
the top 10% (7,971) of hits yielded 1,767 compounds for SP.
The top 10% of SP molecules were docked using the ligand
XP  docking  mechanism.  The  outcome  of  the  three-tire
screening was 79 docked complexes.  The attributes of  the
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protein-ligand complexes like Glide score and Glide energy
were used to screen the compounds. All of the ligands from
M1  to  M25  interact  with  the  target  protein  at  residues
ARG-50, HIS-86, LYS-91, and ARG-142, which are close
to the active site (Tables 7 and 8), according to the screening
results (Table 5), but docking interactions with current TB
medications were not seen in the cysA protein's active site re-
gion  (Fig.  11).  The  aforementioned  findings  indicate  that
cysA is a suitable therapeutic target because none of the avai-
lable TB drugs can prevent Sulphur absorption.

3.7. Binding Free Energy Calculations
Docking and scoring, which foretell the ligand binding

process  and  then  estimate  its  binding  affinity,  are  the  two
most often used computational approaches in drug design.
These methods are useful but not particularly accurate; they

can be used to predict binding modes and identify binders
from  non-binders,  but  they  often  cannot  tell  apart  ligands
with affinities that differ by less than one order of magni-
tude, or by 6 kJ/mol ΔGBind [54]. The ΔGBind values of each of
the  twenty-five  ligand  molecules  that  individually  com-
plexed  with  the  cysA  protein  were  calculated  using  the
Prime MM/GBSA module of Schrödinger suit. The PRIME
MM/GBSA ΔGBind values range from -42.1699 to -21.1337
and are tabulated (Table 7). The ligands M3, M5, M6, M9,
.M10,  M11,  M13,  M14,  M17,  M20,  M21,  M23,  M24 and
M25 showed a rise in ΔGBind scores which indicates thermo-
dynamically feasibility of ligand-protein complex formation
and complementarity of a protein-ligand complex. Here, we
report that the binding free energies are comparable and that
they strongly agree with the Glide XP results (WalkerA) con-
firming the active site (Fig. 9).

Fig. (7). (a) Two-dimensional structure of cysA protein. The 2D structure of cysA is generated using the PDBsum web server and results in-
clude 11 helices, 20 beta-strands, and 4 beta sheets. (b) The homology-modelled structure of cysA protein. The modeller tool is used to build
the three-dimensional structure of cysA protein with helices, beta strands, and loops shown in red, yellow, and green respectively. (A higher
resolution / colour version of this figure is available in the electronic copy of the article).

Table 4. Interactions present in cysA protein (Helix-helix interactions).

Serial Number Interaction between Helices Distance Number of Interacting Residues
1 H1-H2 7.9 4

2 H3-H4 10.8 4

3 H3-H5 4.9 4

4 H3-H6 8.0 7

5 H4-H5 6.9 4

6 H4-H6 9.1 7

7 H4-H7 10.4 3

8 H5-H6 10.3 1

9 H6-H7 10.4 7

10 H7-H8 11.2 3

11 H8-H9 7.5 4

12 H8-H10 10.6 2

13 H9-H10 8.7 3
Note: cysA protein shows 13 helix-helix interactions which give stability to the molecule.
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Table 5. Active site of cysA protein.

S. No. Active Site Prediction Tool Site No. Volume Amino Acid Residues
1 CASTp 1 358.607 50, 53,55, 75, 76, 78, 79, 80, 81, 82, 83, 84, 87, 88,90, 101, 102, 105, 106, 146, 149, 150, 153.

2 Site Map 3 103 36, 37, 38, 45, 160, 161, 162, 163, 164, 165.

3 Q-Site 2 168 163,164,166,167,168
Note: The active site of cysA protein is predicted from CASTp and Site Map and Q-Site server tool.

Fig. (8). Active site of cysA protein. The significant amino acid residues of hydrophobic pockets were shown in spheres. The active site de-
duced from CASTp and Site Map was shown in light pink and light blue colors respectively. (A higher resolution / colour version of this fig-
ure is available in the electronic copy of the article).

Fig. (9). Docking of ATP with cysA protein. ATP is a natural substrate for the cysA protein which plays a major role in transportation. The
docking is performed by the Patch dock server, and the above figures justify that ATP is docked in conserved motifs of cysA protein. (A high-
er resolution / colour version of this figure is available in the electronic copy of the article).
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Fig. (10). Dimeric form of cysA protein. Formation of the dimer is achieved through the SymmDock server. The figure shows the WalkerA,
and WalkerB sequence of cysA1 and Q-site of cysA2 form active site of ATP and also shows the head-to-tail arrangement of NBDs (nu-
cleotide-binding domains). (A higher resolution / colour version of this figure is available in the electronic copy of the article).

Table 6. Interactions present between two cysA proteins.

S. No. cysA1 cysA2 H-bond
Distance in Ǻ cysA1 cysA2 C-H bond

Distance in Ǻ
1 ARG15 GLN136 2.35835 SER41 GLY165 3.74704

2 SER43 ALA166 0.99491 HIS86 ASP161 3.05445

3 GLN85 HIS86 3.09998 GLY165 SER41 3.74674

4 GLN85 HIS86 2.18933 ASP161 HIS86 3.05416

5 THR328 ASP311 1.14755 GLY140 PHE19 2.6558

6 GLN136 ARG15 2.35788 PHE19 GLY140 2.65641

7 ALA166 SER43 0.99496 - - -
8 HIS86 GLN85 3.09975 - - -
9 HIS86 GLN85 2.18976 - - -
10 ASP311 THR328 1.14736 - - -

3.8. ADME Prediction
The  ADME  parameters  of  the  M1–M25  ligands  are

shown in (Table 9). Lipinski’s rule of five [72, 73] and Jor-
gensen's rule of three [74] applied to all ligand molecules.
The  ADME  parameter  values  within  the  acceptable  range
are  displayed in  green,  while  those  beyond the  acceptable
range are displayed in brown. Except for the QPlog HERG
values of M5, M8, M13, and M18, which are on the border-
line,  and  the  values  of  M2,  M4,  M10,  M11,  M14,  M15,
M23, and M25, which are not permissible, all the parame-
ters of the twenty-five ligand molecules are within the ac-

ceptable range. As demonstrated in (Table 9), other charac-
teristics  include  the  proportion  of  human  oral  absorption,
donor hydrogen bond descriptor values, and the number of
acceptor hydrogen bonds that are within allowed limits. Ex-
isting TB medicines' ADME qualities were also predicted by
subjecting them to the QikProp module of the Schrödinger
suit and comparing them to M1-M25 compounds (Table 10).
The  fact  that  lead  compounds  have  better  permissible
ADME parameter values than current TB medicines implies
that they may have drug-like characteristics. Similar proce-
dures were adopted by the following scientists [75].
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Fig. (11). The current TB drugs were docked with target protein cysA. (A higher resolution / colour version of this figure is available in the
electronic copy of the article).

Table 7. List of most compatible ligands with cysA protein and their interactions.

S.No. Structure of the Molecule Mol.
Weight Interactions Glide

Score
Glide En-

ergy

Prime MMGB-
SA ΔG Bind,

kcal/mol

Free Ener-
gy of Lig-

and

M1 453.7

M1:H33 -HIS86
M1:O19-ARG50
M1:O1-HIS86

M1:O23-LYS91
M1:O26-LYS91

-7.96 -35.79 -39.2204 -65.712

M2 381.38

M2:O12-ARG50
M2:O11-HIS86
M2:O17-LYS91
M2:O14-LYS91

-7.93 -38.11 -39.1805 -64.730

M3 453.48

M3:O8-ARG50
M3:O14-ARG50
M3:O8-ARG50
M3:O12-HIS86
M3:O15-LYS91
M3:O24-:LYS91

-7.56 -33.32 -36.9094 -16.035

M4 324.29

M4:O16-ARG50
M4:O16-ARG50
M4:O14-LYS91
M4:O17-LYS91

-7.46 -25.86 -21.8638 -22.231

(Table �) Contd…. 
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S.No. Structure of the Molecule Mol.
Weight Interactions Glide

Score
Glide En-

ergy

Prime MMGB-
SA ΔG Bind,

kcal/mol

Free Ener-
gy of Lig-

and

M5 402.33

M5:O17-ARG50
M5:O19-LYS91

M5:O18-ARG142
M5:O18-ARG142

-7.46 -29.64 -38.3989 -16.006

M6 326.30

M6:O13-ARG50
M6:O13-ARG50
M6:O14-LYS91
M6:O17-LYS91

-7.40 -26.42 -23.2133 -22.805

M7 325.25
M7:O16-ARG50
M7:O17-HIS86
M7:O24-LYS91

-7.18 -32.29 -29.5319 -149.02

M8 403.36

M8:O16-ARG50
M8:O18-HIS86
M8:O20-LYS91
M8:O25-LYS91

-7.06 -32.43 -36.7109 -58.809

M9 289.69

M9:H25 - ASP161
M9:O13-ARG50
M9:O10-ARG50
M9:O9-HIS86

-7.40 -26.42 -31.6050 -18.804

M10 341.27

M10:H33 - ASP161
M10:H34 - ALA89
M10:O12-ARG50
M10:O11-HIS86

-7.02 -38.69 -39.2478 -27.981

M11 363.36
M11:O17-ARG50
M11:O18-LYS91

-6.93 -33.05 -36.2104 -11.143

M12 315.73
M12:O8- LYS91
M12:O12-LYS91

-6.92 -22.49 -24.2701 -44.863

(Table �) Contd…. 
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S.No. Structure of the Molecule Mol.
Weight Interactions Glide

Score
Glide En-

ergy

Prime MMGB-
SA ΔG Bind,

kcal/mol

Free Ener-
gy of Lig-

and

M13 261.27

M13:H24 - HIS86
M13:H26 - ASP161

M13:N1-ARG50
M13:O15-ARG50 M13:O12-

HIS86

-6.87 -33.64 -36.1010 -24.872

M14 286.30

M14:O7-LYS91
M14:O13-LYS91

M14:O12-ARG142
M14:O12- ARG142

-6.82 -21.64 -21.1337 -10.420

M15 324.25
M15:O17-ARG50
M15:O16-HIS86
M15:O19-LYS91

-6.82 -25.92 -26.3119 -149.26

M16 452.78
M16:O19-ARG50
M16:O23-LYS91
M16:O26-LYS91

-6.79 -32.37 -37.5481 -79.535

M17 481.89
M17:H38 - PHE82
M17:O12-ARG50
M17:O11-HIS86

-6.76 -36.55 -37.2164 -8.6936

M18 394.38
M18:O19-ARG50 M18:O22-

LYS91
M18:O27-LYS91

-6.78 -32.64 -39.9458 -52.281

M19 313.30

M19:H30 - ASP161
M19:O12- ARG50
M19:O18-GLN85
M19:O16-GLN85
M19:O14-HIS86

-6.76 -31.71 -29.8125 -43.499

M20 434.42
M20:H35 - ASP161
M20:N15-GLN85
M20:O28-LYS91

-6.73 -39.31 -36.9168 16.543

M21 333.37
M21:H34 -HIS86
M21:O13-ARG50
M21:O17-HIS86

-6.67 -30.75 -36.9280 -27.662

(Table �) Contd…. 
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S.No. Structure of the Molecule Mol.
Weight Interactions Glide

Score
Glide En-

ergy

Prime MMGB-
SA ΔG Bind,

kcal/mol

Free Ener-
gy of Lig-

and

M22 350.41
M22:N1-GLY42
M22:N2- ARG50
M22:O16- GLN85

-6.65 -35.40 -42.1699 49.015

M23 397.34

M23:H34 - ASP161
M23:H35 - SER41
M23:O21-GLY42
M23:O18-GLN85
M23:O19-HIS86

-6.63 -38.73 -25.2787 -8.7954

M24 324.35

M24:H25 - ASP161
M24:O12-ARG50
M24:O16-ARG50
M24:O15-GLN85

-6.62 -31.53 -33.1252 -13.048

M25 387.75

M25:O20-ARG50
M25:O19-HIS86

M25:O21- LYS91
M25:O26-LYS91

-6.61 -36.24 -39.0749 -29.109

Note: The table shows the results of docking and virtual screening against active-site of cysA protein and ligands are listed based on descending values of Glide score. The interact-
ing atoms of the ligand with the target protein cysA were encircled.

Table 8. 2D and 3D representation of docking interactions of cysA protein with ligands

(Table �) Contd…. 
 

�����
�������

 ��!���"!"�
���#�

$%���

��"��&�

'(�&

��!"&��

$%���
 ��!

���
��

���
��

���
��

	
�
��

�	
�� ���

��

�	
��

��
	
�

���
��

��
���

��
���

���
���

��
��

��
���

� �

�


�
�

	
�

	

� �

�

���
��

���
��

���
������

��
�	
��

��
	
� ���

���

��
���

��
���

��
��

�

��

�

�

��

�

For perso
nal priva

te use only 

Not be distr
ibuted or uploaded to anyone or anyw

here 

 

For perso
nal priva

te use only 

Not be distr
ibuted or uploaded to anyone or anyw

here 

 

For perso
nal priva

te use only 

Not be distr
ibuted or uploaded to anyone or anyw

here 

 

For perso
nal priva

te use only 

Not be distr
ibuted or uploaded to anyone or anyw

here 

 

For perso
nal priva

te use only 

Not be distr
ibuted or uploaded to anyone or anyw

here 

 

For perso
nal priva

te use only 

Not be distr
ibuted or uploaded to anyone or anyw

here 

 

For perso
nal priva

te use only 

Not be distr
ibuted or uploaded to anyone or anyw

here 

 

For perso
nal priva

te use only 

Not be distr
ibuted or uploaded to anyone or anyw

here 

 

For perso
nal priva

te use only 

Not be distr
ibuted or uploaded to anyone or anyw

here 

 

For perso
nal priva

te use only 

Not be distr
ibuted or uploaded to anyone or anyw

here



Structure Elucidation and Identification of Novel Lead Molecules Current Protein & Peptide Science, 2023, Vol. 24, No. 7   605

S.No. Interactions (3D) Interactions (2D)

M4

M5

Note: The docking interactions of cysA protein with ligands were shown in three-dimensional (3D) and two-dimensional (2D) forms. Interactions were shown with pink dotted lines
and distances were also mentioned in Angstrom (Å) units.

Table 9. ADME properties of the screened ligands from virtual screening studies.

Molecule Mol weight CNS Donor
HB

Accept
HB

QPlog
Po/w

QPlog
HERG

QPlog
BB

%Human
Oral Absorp-

tion
Rule of Five Rule of Three

M1 453.78 0 0 5.5 6.804 -7.72 -0.977 100 1 1

M 2 381.38 -2 1 6.25 3.594 -3.954 -1.265 83.35 0 0

M 3 453.48 1 1 4 6.058 -6.6 -0.185 100 1 1

M 4 324.29 -2 1 7 2.033 -3.837 -1.135 70.37 0 0

M 5 402.33 -1 2 5.5 3.114 -4.996 -0.947 88.238 0 1

M 6 326.30 -2 1 7.4 1.929 -6.279 -1.412 83.392 0 0

M 7 325.25 2 0 6.5 1.785 -5.101 0.654 86.351 0 0

M 8 403.36 -2 1 8.5 2.284 -4.443 -1.912 62.882 0 1

M 9 289.69 2 0 5.5 2.005 -5.301 0.665 91.118 0 0

M 10 341.27 -2 1 8.5 1.642 -2.707 -1.045 73.714 0 0

M 11 363.36 -1 2 10.5 1.196 -4.278 -0.569 89.501 0 0

M 12 315.73 0 0 5.5 2.354 -5.079 -0.114 96.402 0 0

M 13 261.27 0 1 5.2 2.024 -4.575 -0.389 95.819 0 0

M 14 286.30 0 1 6 0.975 -2.843 -0.454 77.518 0 0

M 15 324.25 -2 1 8.5 1.138 -2.994 -1.51 62.158 0 0

M 16 452.78 1 1 9.7 1.314 -6.077 -0.263 69.585 0 0

M 17 481.89 -2 3 7.75 3.854 -6.81 -1.359 82.373 1 1

M 18 394.38 -2 2 7.2 0.362 -4.645 -1.377 43.659 0 1

M 19 313.30 -2 0 4.5 2.046 -5.587 -1.271 77.143 0 0

M 20 434.42 1 2 8 3.085 -6.767 -0.617 80.146 0 1

M 21 338.38 -2 1 8 1.514 -5.073 -1.206 82.655 0 0

M 22 350.41 1 1 8 1.825 -5.521 -0.517 80.45 0 0

(Table �) Contd…. 
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Molecule Mol weight CNS Donor
HB

Accept
HB

QPlog
Po/w

QPlog
HERG

QPlog
BB

%Human
Oral Absorp-

tion
Rule of Five Rule of Three

M 23 397.34 -2 2 8.75 2.469 -2.725 -2.205 51.429 0 1

M 24 324.35 -2 1 8 1.686 -5.085 -1.031 84.567 0 0

M 25 387.75 -2 1 6.25 3.321 -3.514 1.082 80.796 0 0

Permissible range Non-permissible range
Note: The ADME properties for the ligand molecules obtained from virtual screening are studied by using the QikProp module of the Schrödinger suit. The permissible ranges are as
follows: predicted Central nervous system (CNS): –2 (inactive) +2 (active); Molecular weight (Mol wt): (range130–725); the number of hydrogen bond donors (DHB): (range
0.0–6.0); the number of hydrogen bond acceptors (AHB): (2.0–20.0); predicted octanol/water partition coefficient (QPlogPo/w), (range –2.0 to 6.5); QPlogHERG-Predicted IC50 val-
ue for blockage of HERG K+ channels (below -5.0); predicted brain–blood barrier partition coefficient (QPlogBB): (range –3.0 to 1.2); predicted human oral absorption (% HOA):
>80%high, <25% low; the number of violations of Jorgensen’s rule of three (ROT) (maximum 3); the number of violations of Lipinski’s rule of five (ROF) (maximum 4).

Table 10. ADME properties of current TB therapeutics obtained using the QikProp module.

Drug name MW CNS Number of
DHB

Number of
AHB

Qplog
Po/w

QP log
HERG

Qplog
BB

%
HOA

ROF
violation

ROT
violations

Streptomycin 581.57 -2 16 25.25 -5.819 -5.393 -5.075 0 3 2

Kanamycin 484.50 -2 15 22.7 -7.333 -7.875 -4.433 0 2 2

Ciprofloxacin 331.34 -1 1 6 0.284 -3.445 -0.719 48.132 0 1

Ofloxocin 361.37 0 0 7.25 -0.372 -3.273 -0.46 48.736 0 1

4-amino salicylic acid 153.17 -2 2.5 2.75 0.339 -1.583 -1.256 54.282 0 0

Pyrazine carboxamide 123.11 -1 2 5 -0.65 -3.25 -0.747 66.85 0 0

Ethionamide 166.24 1 2 3 1.33 -3.786 0.023 94.091 0 0

Linezolid 337.35 -1 1 8.7 0.481 -2.858 -0.432 79.259 0 0

Isoniazide 137.14 -1 3 4.5 -0.647 -3.582 -0.846 66.773 0 0

Bedaquiline 555.5 1 1 3.75 7.779 -7.884 0.321 100 2 1

Ethambutol 204.31 0 4 6.4 -0.34 -5.302 -0.352 55.28 0 0

L-cycloserine 102.09 -1 3 5.2 -1.948 -2.978 -0.401 45.99 0 0

Delamanid 534.49 -2 0 6 6.326 -7.114 -1.093 87.791 2 1

Rifampicin 822.95 -2 6 20.35 2.945 -5.683 -2.19 39.205 3 1

3.9. Prioritisation of Ligands
The ATP binding site of targeted protein cysA is highly

conserved and ideal for the docking of small molecules. The
25 ligand molecules that were acquired through the XP dock-
ing  are  further  examined  by  taking  into  account  variables
such as the glide scoring function, ΔGBind, ADME parame-
ters,  complementarity  between  hydrophilic  and  hydropho-
bic, and visual examination [76, 77]. The ligands that have a
common structural motif are categorised into several class-
es.  Class-I  ligands with a  barbiturate  moiety as  a  pharma-
cophore  include  M1,  M2,  M7,  M8,  M15,  M16,  M18,  and
M25, whereas M17 ligands with thio-barbiturate as a phar-
macophore moiety are also included. M4, M6, and M12 are
class-II ligands that include the benzofuran moiety as a phar-
macophore  unit.  M5,  M9,  M19,  and  M21  ligands  with  di
aryl  amide  as  the  pharmacophore  moiety  are  included  in
Class-III. M23 and M24 ligands with nitro benzylidene and
methoxy benzylidene as pharmacophore units are included
in class IV. The ligands M3, M10, M11, M13, M14, M20,
and  M22  have  pyrrole,  isoindoline,  benzothiophene,  qui-
nolone,  benzoate,  thiazolidine,  and di  imidazole as  substi-
tutes that operate as pharmacophores to demonstrate interac-
tions with the cysA protein.

From class-I, D17, class-II, D6, class-III, D9, and D21,
from class-IV, D24 show interactions in the active site re-

gion, the most desirable ADME features, polar and non-po-
lar complementarity,  and an increase in G Bind values.  In
the area of persistent TB drug development, the ligands pre-
viously  prioritised  above  may  be  taken  into  consideration
for additional topological and physicochemical refinement.

CONCLUSION
The 353-amino-acid cysA protein is being studied as a

potential target for Mtb drug development. Comparative ho-
mology modeling techniques were used to assess the theoret-
ical structure. 11 helices, 20 beta-strands, and 4 sheets make
up the produced model. Standard techniques were used to es-
timate the cysA protein's binding site. The goal of the virtual
screening research was to find ligands that can function as ef-
fective inhibitors of the cysA protein. The results of virtual
screening show that the ligands preferentially form hydro-
gen bonds with the amino acid residues ARG-50, HIS-86,
LYS-91, and ARG-142 in the binding cavity. Prioritized li-
gands can act as cysA protein inhibitors to stop the acquisi-
tion of sulphur from host tissue.

LIST OF ABBREVIATIONS

TB = Tuberculosis

Mtb = Mycobacterium tuberculosis
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ABC = ATP-binding Cassette

NBD = Nucleotide-binding Domains

TMD = Trans-membrane Domains
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Promoting Technology-Enabled Higher Education  
in the Light of National Education Policy 2020

Dr. Sandeep Patil* 

National Education Policy (NEP) 2020 has envisioned complete paradigm shift in Indian 
higher education. NEP 2020 has advocated robust use of Information and Communication 
Technology (ICT) in higher education. It has proposed various measures to transform Indian 
higher education to be ICT-enabled. There are various policy related, economic, social, as well as 
professional threats and challenges in this process. The effective implementation and integration 
of ICT in Indian higher education requires ongoing research, policy support, infrastructure 
development, and collaboration among stakeholders of higher education to harness the utmost 
prospective of ICT in education.

This paper discusses the emerging scenario of ICT in higher education, insights from NEP 
2020 on ICT integration in higher education. major challenges along with measures to overcome 
these challenges and transform Indian higher education ICT-enabled one.

Keywords: Information and Communication Technology, National Education Policy 2020, 
Learner centered education, e-Learning.

AbstrAct

INTRODUCTION
Education has evolved in 21st century particularly due to evolution of grey revolution of Information 

and Communication Technology (ICT). The emerging technological innovations have made distinct 
influence on the education system. Paperless learning, online learning, virtual learning, mobile 
learning, web based learning, blended learning, etc. are few of the examples of it. Indian education 
has witnessed gradual transformation due to ICT evolution. Recent trends and technologies in 
ICT are getting equipped in education immediately. We had witnessed complete online education 
in pandemic times across India. e-content, Open Educational Resources, Massive Open Online 
Courses, Learning Management Systems as well as Artificial Intelligence are enabling the education 
to be more and more learner centric and constructivist in nature.

The teacher is no more a sole authority of knowledge; rather he/ she is a facilitator of students’ 
learning in modern times. ICT tools and technologies support this paradigm shift in education. The 
teacher can utilize the technology for creating conducive learning environment for the learners 
to learn by themselves. ICT media, tools and technologies offer immense opportunities for the 
learners to learn by themselves. That is why ICT is seen as one of the most influential drives 
of education according to National Education Policy 2020 (NEP 2020). NEP 2020 is anticipated 
to bring positive and enduring impact on the higher education system of the country (Kurien & 
Chandramana, 2022).
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EMERGING SCENARIO OF ICT IN EDUCATION
The rising state of Information and Communication Technology (ICT) in education is slowly but 

surely renovating the teaching-learning process. The learner is at the center of the entire educational 
process in the light of ICT. The major reforms in education are having ICT as their foundation. The 
recent trends and developments in ICT are shaping the emerging scenario of education. Online 
learning and blended learning have emerged as the path of education in recent times. COVID-19 
pandemic times have accelerated the espousal of online learning, with a momentous shift towards 
audio-video conferencing, virtual classrooms, massive open online courses and learning management 
systems, as well as online content delivery. Blended learning is becoming more relevant in the post-
COVID era combining face-to-face classroom interactions with online learning.

Massive Open Online Courses (MOOCs) have emerged as one of the most influential and 
popular faces of modern education. MOOCs have promoted open and online education all across 
the global community. MOOCs have opened new avenues of education to the educationally deprived 
section of the society. MOOCs have also offered an opportunity for the global learning community 
for networking and collaboration. Millions of the learners across the world are getting benefitted 
by MOOCs. In fact many of them are getting their degrees through MOOCs. Digital Content and 
Open Educational Resources (OER) are of the supreme importance in contemporary scenario. The 
accessibility of digital content and OER is rapidly expanding across the globe, offering access to a 
variety of quality learning resources to the learners and educators. These include textual content, 
audio-visual content, interactive modules, and simulations along with complete courses. This is 
promoting curricular flexibility, universalization of learning. Use of digital content and OER encourages 
personalized learning and it is rapidly getting momentum. The mobile devices like smart phones and 
tablets widely used in education. The learners are able to access online courses, LMS, MOOCs and 
educational content by using mobile devices. It provides them the opportunity to collaborate with 
peers, offer assignments and quizzes as well as learn anytime anywhere.

Gamification of learning has enabled the learners to learn through edutainment viz. education 
through entertainment, Gamification of learning and immersive Technologies are providing huge 
impact on the interest of the learners in the educational process making the evaluation process 
enjoyable and stress free. The gamification techniques include game-based learning and educational 
apps which engage the learners through interactive and immersive learning experiences. Cutting-
edge technologies like Virtual Reality (VR), Augmented Reality (AR), as well as Mixed Reality (MR) 
are getting incorporated into the educational settings to create immersive learning environments. 
This is making the abstract content more and more realistic and ensuring the meaningful learning 
experiences.

Colleges and universities nowadays are making use of data analytics to achieve the insights 
into learner performance, behavior, and engagement. Data Analytics and Learning Analytics: are of 
high demand in higher education these days to make educational process more accountable and 
performance based. Learning analytics can help to identify the learners at-risk, to personalize the 
learning process, and improve learning outcomes.

Artificial Intelligence (AI) is at the door step of education system.AI is sure to transform the 
education like never before. AI-powered technologies like Intelligent Tutoring Systems as well as 
Chatbots, present personalized learning experiences to the learners customized according to the 
individual needs of the learners. Artificial Intelligence (AI) and Adaptive Learning are making education 
increasingly performance based and ensuring the achievement of desired learning outcomes. Adaptive 
learning platforms amend the content and pace the process based upon the performance of the 
learner and learning preferences provided by him/ her.
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Cyber security is one of the major areas worked upon in education. Data privacy is of paramount 
significance these days with the amplified use of digital tools and platforms. Educational institutions 
are employing robust security measures, such as data encryption, secure authentication, as well as 
compliance with privacy regulations.

The rising scenario of ICT in higher education offers immense opportunities for personalized 
learning. This emerging scenario also promotes amplified access to learning resources, networking 
and collaboration, and superior engagement. Conversely, the challenges such as ensuring equitable 
access to technology, addressing the digital divide, along with effective integration of ICT and pedagogy.

SCOPE FOR ICT IN HIGHER EDUCATION IN THE LIGHT OF NEP 2020
National Education Policy (NEP) 2020 is the policy for the development of modern India 

through education. It aspires for the complete rejuvenation of the contemporary education system. 
NEP 2020 recognizes the significant role of Information and Communication Technology (ICT) in the 
transformation and empowerment of Indian higher education. NEP 2020 emphasizes the integration 
of ICT in higher education to augment the quality and accessibility of higher education. Technology 
will be part of education planning, teaching, learning, assessment, teacher, school, and student 
training (Kurien & Chandramana, 2022).

Following are some of the key areas where ICT can play significant role in higher education 
according to NEP 2020:

1. Digital Infrastructure: NEP 2020 has emphasized the development of robust digital 
infrastructure to facilitate online learning, virtual classrooms, and e-content delivery. It will 
involve assurance of high-speed internet connectivity, accessibility of digital devices, and 
access to online learning resources for learners and teachers as well.

2. Blended Learning Approach: The adoption of blended learning approach has been 
encouraged by NEP 2020 which combines online and offline modes of teaching-learning. 
ICT tools and technologies, LMS, and e-content can be efficiently utilized to promote blended 
learning. This will offer flexibility in learning and personalized learning experiences to the 
learners.

3. Virtual Laboratories and Simulations: The substance of virtual classrooms and simulations 
is highlighted by NEP 2020 through emphasis upon providing hands-on learning experiences 
in higher education. Virtual laboratories, simulations, along with the Virtual Reality (VR) 
tools can be used to provide practical learning prospects in science, engineering, as well 
as pharmacy and medicine.

4. Online Courses and MOOCs: NEP 2020 has promoted utilizing online courses and Massive 
Open Online Courses (MOOCs) in higher education to expand its access. ICT platforms and 
e-learning portals can be used to provide a wide range of online courses. This will enable 
reaching out to the learners around the world while catering to their specific learning needs.

5. Data Analytics and Learning Management Systems: The use of data analytics and 
learning management systems (LMS) has been advocated through NEP 2020 so as to 
track the learner performance, to identify learning gaps, and provide customized feedback. 
Data analytics and LMS need to be utilized more and more in higher education with apt 
implementation so as to enable data-driven decision-making and enhance the effectiveness 
of learning experience.

6. Networking, Collaboration and Research: NEP 2020 has promoted networking, collaboration 
and research activities in Indian higher education. ICT tools and technologies can facilitate 
networking, virtual collaborations among the educators, researchers, and the learners all 
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over the world so as to enable creation as well as sharing of knowledge and promote 
interdisciplinary research in higher education.

7. Professional Development of Teachers: The need for continuous professional development 
of teachers has been accentuated by NEP 2020. ICT can be used in this perspective 
to offer virtual training programs, webinars, and online workshops, etc., endowing the 
academia with the updating of knowledge and upgradation of necessary professional skills 
and competencies. Relevant digital skills and pedagogical approaches can also be trained 
upon so for the efficient integration of technology in the pedagogical practices.

8. Quality Assurance and Accreditation in Higher Education: NEP 2020 has laid emphasis 
upon the establishment of a vigorous quality assurance framework for Indian higher education. 
ICT will be in a crucial role in streamlining the processes, digital documentation, as well as 
online assessments. It will ensure transparency, efficiency, and consistency in accreditation 
and quality assessment procedures.

CHALLENGES IN PROMOTING ICT IN HIGHER EDUCATION
NEP 2020 has visualized a decisive role of ICT in transforming Indian higher education. But 

there are several challenges ahead in integrating technology in higher education. Some of the major 
challenges are as follows;

1. Oppose to Change: It has been a general trend of our society and particularly educational 
community to resist to change. We are showing reluctance to change the traditional teaching 
methodologies. This resistance to change and adopt technology in higher education is the 
single most biggest challenge in Indian higher education. Many educators are hesitant 
towards adoption of new technologies which leads to a sluggish pace of integration and 
utilization of ICT in teaching-learning process.

2. Digital Divide: Digital divide is one of the major concerns in the integration of ICT in higher 
education. It means unavailability of equal access of technology infrastructure, facilities 
and internet connectivity to all. Majority of the students particularly from rural, tribal and 
marginalized communities are unable to use technology for education. This is primarily 
due to economic disparity. Digital divide has become the one of biggest hurdles in the 
transformation of Indian higher education.

3. Digital Infrastructure and Connectivity: Scarcity of digital infrastructure and internet 
connectivity is visible in many places across the country. This is visible particularly in rural 
as well as tribal regions. This has posed serious challenges in ICT implementation in higher 
education. It includes poor bandwidth, frequent power cut, and infrastructure constraints. 
This badly affects the effective delivery of e-content, online courses and access to digital 
resources.

4. Accessible and Affordable Devices: This is a big challenge in Indian scenario in particular 
where the digital devices for using ICT are far beyond the reach of the common man. The 
laptops, smart phones, tablets, etc. are not affordable to those who belong to economically 
deprived background. Ensuring access to suitable and affordable digital devices for active 
participation in ICT-enabled education remains a challenge even today.

5. Quality Concern and Relevance of e-Content: The overall quality and relevance of 
e-content remains a big challenge. There is no formal framework, check or guideline in 
preparing the digital content. We need to ensure updated, localized, and contextually 
relevant e-resources which will be available in various vernacular Indian languages across 
all disciplines.
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6. Pedagogical Adaptation: The effective Integration of ICT into pedagogical practices 
demands a shift in instructional strategies and approaches. We need to adapt relevant 
pedagogical methods for efficient utilization of ICT tools and e-resources. This will enable 
critical thinking, collaboration, active learning, and innovation among the learners. But it is 
a big challenge ahead in front of teaching community till now.

7. Fresh Evaluation System: The effective implementation and integration of technology in 
Indina higher education requires effective adoption of a fresh evaluation system which will be 
based on ICT. We need to design, develop and deliver e-assessments and evaluate learning 
outcomes of the learners in higher education in an online or blended learning environment. 
This is quite challenging till now with teachers not prepared for it and the educational scenario 
not suitable for it. The authenticity and integrity of assessment, qualitative evaluation through 
ICT and providing meaningful feedback create distinct challenges in Indian scenario.

8. Privacy and Security: Cyber security is a prime concern in the present era. It is a critical 
concern in promoting ICT-enabled higher education. The data privacy is a big challenge in 
higher education also. The promotion of cyber security among the educators, learners, as 
well as other stakeholders of higher education is a decisive challenge as well as necessary 
step. The development and execution of vigorous cyber security measures and promotion of 
cyber ethics along with responsible use of technology are essential challenges to address 
in Indian higher education.

9. Policy Support and Funding: Prompt policy support and ample funding are the obligatory 
to deal with the challenges of optimizing ICT in higher education. We need to prioritize 
the policies which promote the development of digital infrastructure, training programs for 
educators, as well as investment in ICT-enabled education system are pivotal in this regard.

10. Teacher Readiness and Autonomy: Many of the teachers in higher education are lacking 
in terms of in the indispensable digital literacy as well as technology skills. Majority of the 
higher education faculty lack techno-pedagogical competence for the effective integration of 
technology along with pedagogy for the achievement of desired learning outcomes through 
the efficient ICT-enabled teaching-learning process. Teachers do not even have the enough 
autonomy to innovate, experiment and use ICT in teaching-learning process.

 These are some of the major challenges in effective and ample adoption and integration of 
technology in Indian higher education. We need to have a systemic approach with Government 
support, sufficient investment and free hand for the academia to deal with these challenges. 
We need to have collaborative efforts from the Government, policy makers, educators and 
other stakeholders to overcome these challenges. We need to adopt to visionary, futuristic 
and locally relevant strategies to move ahead. This is quite possible and NEP 2020 has 
paved way in this direction. The new education policy hasa commendable vision, however, 
its effectiveness will be determined by how well it is implemented. This is why we need 
collaborative efforts to implement NEP 2020 in higher education for making it ICT-enabled 
(Nawale & Nawale, 2022).

CONCLUSION
National Education Policy 2020 offers immense avenues of adoption and integration of ICT 

in Indian higher education. There are various challenges from economic, technological, social, and 
professional perspectives in this process. Effective implementation of NEP 2020 in Indian higher 
education needs overcoming these challenges. If we all show commitment and willingness to transform 
the higher education, then it is quite possible. Effective leveraging of ICT in higher education will 
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promote quantitative and qualitative development of it. It will also promote experimentation and 
innovation in Indian higher education. This will lead to a quality assured and technology driven Indian 
higher education which will be globally competitive and future ready.
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Operations Research and Data Mining
Dr. Rajendra D. Badhe* 

With the rapid development of databases in many businesses today, data has become an 
important way of analyzing data. Social research projects have contributed greatly to this field, 
especially by developing and solving big data optimization problems alone, and some research 
work can also be solved using data mining. This article introduces the intersection of operations 
research and data mining. The main purpose of this article is to show the interaction between 
the two fields, to give some detailed examples of the main research areas and to provide an 
overview of other areas of interest in the field. Therefore, this article explores the different 
optimization methods available for data mining, as well as the data mining process itself and 
how operations research methods can be used in almost every step of the process. Finally, the 
article explores some applications related to electronic service management, namely customer 
relationship management and identity.

Keywords: Data mining, operation research.

AbstrAct

INTRODUCTION
In recent years, the field of data mining has attracted the attention of academia and industry. 

What triggers this interest is the fact that data collection and storage is easier and cheaper, so the 
data in today's business world is often huge. This is especially true in Web-based systems, so it is not 
surprising that data mining is particularly important in e-services- related fields. These large datasets 
often contain a lot of valuable information that cannot be turned into knowledge through traditional 
analysis. In particular, valuable information is often hidden and unthinkable, and logicbased processes 
such as online analysis (OLAP) and statistical methods in general often overlook this information. 
Therefore, inductive methods should be used to learn directly from data without preconceived notions 
to reveal hidden patterns and knowledge.

We use the term "data mining" to refer to any type of automated or semi_automated process 
of extracting previously unknown and potentially familiar information and patterns from large data 
sets. This process consists of several steps such as integrating data from multiple databases, 
initializing models using data preprocessing and learning algorithms. This model is used to analyze 
and implement actions in the business. Data is always heavily used in statistics and machine learning, 
but there are many problems in data that can be formulated as a good problem (Freed and Glover, 
1986; Mangasarian, 1997; Bradley et al., 1999; Padmanabhan and Tuzhilin, 2003).

All data mining starts with a dataset called a training set, which contains examples describing 
the observation of certain variables or features. These examples are used to examine the target 
concept or model, and different inductive learning algorithms are used depending on the nature of 
the concept. The most common concepts explored in the data are only classification, data integration, 
and common policy discovery, detailed in Chapter 3. In classification, training data is labeled, for 
example, each sample is defined as one of two or more classes, and an inductive learning algorithm 
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is used to generate models different from class values. The model can be used to identify new states 
based on such features.The main goal is usually to make the classification as accurate as possible, 
but the correct model is not necessarily useful or comprehensive, other criteria such as simplicity 
and novelty are also important. Data clustering and association discovery has no class property, so 
data is anonymous. For both methods, the schema is learned as one of the two dimensions of the 
data (ie attribute dimension and sample). Specifically, data grouping determines which data belongs 
to groups or groups, while an organization rule discovers relationships between attributes.

The research community has played an important role in the field of data mining, 
especially for the development and analysis of data mining algorithms. Early programs included 
classification (Mangasarian, 1965) and clustering (Vinod, 1969; Rao, 1971) using mathematical 
programming, and the growth of data mining has recently spurred growth in this field (Bradley 
et al., 1999; Padmanabhan and Tuzhilin, 2003). Mathematical techniques are currently available 
for many types of data mining problems, including feature selection, classification, and data 
classification. Metaheuristic methods are also introduced to solve data mining problems. 
For example, character selection is done by simulated annealing (Debuse and Rayward-Smith, 
1997), genetic algorithms (Yang and Honavar, 1998), and nested partitioning methods (Olafsson and 
Yang, 2004). However, the intersection of OR and data mining is not limited to the design process, 
and in many OR applications, data can only play an important role. Whether traditional fields such 
as production scheduling (Li and Olafsson, 2005) or emerging fields such as customer management 
(Padmanabhan and Tuzhilin, 2003) and identity (Murthi and Sarkar, 2003), large amounts of information 
are generated and both data mining and traditional OR tools are better used to solve problems.

In this article, we conduct an analysis of operations research and data mining, focusing on the 
two intersections mentioned above. The discussion of the use of data mining techniques focuses 
solely on designing and solving big data mining problems as optimization problems. We do this 
using various optimization methods, including metaheuristic and mathematical programmingThe 
application portion of the survey focuses on specific applications, both related to eservices: customer 
relationship management and identity. This article is not intended to be a comprehensive review, as 
the breadth of the topic would require a longer article. In addition, many excellent studies already 
exist on specific data mining concepts such as featur selection, clustering, and support vector 
machines. On the other hand, it is the main purpose of  this paper to explain the intersections of 
OR and data mining projects, to give some detailed examples of the studies that we believe create 
a good synergy, to provide information for other important projects in this field, and finally to make 
some suggestions for future research in this field.

OPTIMIZATION METHODS FOR DATA MINING
A key intersection of data mining and operations research is in the use of optimization 

algorithms, either directly applied as data mining algorithms, or used to tune parameters of other 
algorithms. The literature in this area goes back to the seminal work of Mangasarian (1965) where 
the problem of separating two classes of points was formulated as a linear program. This has 
continued to be an active research area ever since this time and the interest has grown rapidly 
over the past few years

THE DATA MINING PROCESS
As described in the introduction, data mining involves using an inductive algorithm to learn 

previously unknown patterns from a large database. But before the learning algorithm can be applied 
a great deal of data preprocessing must usually be performed. Some authors distinguish this from 
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the inductive learning by referring to the whole process as knowledge discovery and reserve the 
term data mining for only the inductive learning part of the process. As stated earlier, however, we 
refer to the 

APPLICATIONS IN THE MANAGEMENT OF ELECTRONIC SERVICES
Many of the most important applications of data mining come in areas related to management 

of electronic services. In such applications, automatic data collection and storage is often cheap 
and straightforward, which generates large databases to which data mining can be applied. In this 
section we consider two such applications areas, namely customer relationship management and 
personalization. We choose these applications because of their importance and the usefulness of 
data mining for their

CONCLUSIONS
As explained in this paper, the OR community has been instrumental in the development of 

data mining over the past few years. The contribution of optimization in data mining touches almost 
every stage of the data mining process, from data visualization and preprocessing to inductive 
learning and selecting the best model after learning. Also data mining can be helpful in many OR 
application areas and can be used in a complementary way to…
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Exploring the Path of Building a Case Library
for New Liberal Arts Courses in Universities  

from an Evidence-based Perspective
Zhaoyi Li* and Chengfei Wei**

 The construction of a case library for new liberal arts courses in universities faces practical 
difficulties such as unclear target positioning, lack of technical means, and incomplete evaluation 
mechanisms. The core of evidence-based theory lies in finding the most scientific data and 
evidence to solve the problem of service recipients. Building a case library for new liberal arts 
courses in universities from an evidence-based perspective is necessary for top-level driving, 
technical support, and practical needs. Exploring the path of building a case library for new 
liberal arts courses in universities from an evidence-based perspective requires paying attention 
to three aspects: Guided by evidence-based concepts, clarifying the goals of building a case 
library for new liberal arts courses; Based on evidence-based methods, create a case library for 
new liberal arts courses; With Evidence-based practice as a reference, establish the evaluation 
criteria of the new liberal arts curriculum case database system.

Keywords: Evidence-based; New liberal arts; Course case library; Institutions of higher 
learning.

AbstrAct

INTRODUCTION
The new liberal arts is a concept proposed by Hiram College in order to combine new technology 

with “traditional” liberal arts, aiming at integrating modern information technology into social science 
education, providing college students with multiple ways to acquire knowledge, expand knowledge 
and cultivate and enhance innovative thinking. Currently, the construction of new liberal arts courses 
has become a hot topic in the field of higher education in recent years. On the one hand, universities 
continue to improve the teaching of humanities-related courses; On the other hand, it effectively 
integrates high-quality teaching resources on the basis of the existing professional curriculum teaching 
and uses intelligent technology to open emerging interdisciplinary and interdisciplinary courses and 
practical teaching courses. In addition, various universities are actively promoting the construction 
of the new liberal arts curriculum system, and the case library of the new liberal arts curriculum is 
an important link and necessary path in actively promoting the construction of the new liberal arts 
curriculum system.

There have been a lot of studies in the academic community on the construction of case libraries 
for new liberal arts courses in universities. Based on the characteristics of different majors, such as 
medicine, history, and chemistry courses teaching case libraries, a new case library construction 
plan that is in line with the development of this major has been proposed. However, there is relatively 



Exploring the Path of Building a Case Library  11

little research on building a course case library based on scientific concepts and methods to deepen 
the concept of new liberal arts construction. Therefore, this article proposes that building a course 
case library based on an evidence-based perspective has both theoretical and practical significance.

THE REALISTIC DILEMMA FACED BY THE CONSTRUCTION OF CASE 
LIBRARY FOR NEW LIBERAL ARTS COURSES IN UNIVERSITIES

The construction of a case library for new liberal arts courses is an effective support for the 
smooth implementation of the new liberal arts course system. It is not only a main tool to help teach 
various types of new liberal arts courses, including general courses, basic courses, and professional 
courses, but also a supportive tool to optimize the demand side of the university discipline system 
and promote the construction and innovation of the education and teaching system. Although the 
construction of the new liberal arts curriculum system in various universities has made good progress, 
the construction of the new liberal arts curriculum case library is facing many practical difficulties.

The Targeted Positioning of the Construction of the new Liberal Arts Course 
Case Library is not Clear

The “novelty” of the new liberal arts lies in emphasizing “the cross-listing of some advanced 
courses in one major with another major (the same course will meet the ‘professional needs’ of two 
different majors)”; “Teachers integrate mobile technology into the curriculum.”[1] In other words, the 
new liberal arts education integrates emerging technologies based on the separation of “traditional” 
disciplines and a knowledge system that emphasizes the characteristics of liberal arts, adding 
content elements related to other disciplines and majors, and endowing liberal arts education with 
stronger practicality.

Due to the fact that the construction of new liberal arts courses is a new teaching task and 
goal integrated into the general, basic, and professional courses offered by each secondary college, 
the construction of case libraries needs to rely on each secondary college. At present, there is a 
problem of unclear positioning of the construction goals of various secondary colleges. Firstly, some 
secondary colleges believe that the construction of new liberal arts courses is only a new form of 
disciplinary and educational system development. As a highly specialized college, it should focus on 
teaching professional theoretical and practical knowledge, which leads to an excessive emphasis on 
the knowledge system of disciplinary separation and professional characteristics. However, a single 
knowledge transfer cannot meet the needs of students. To put it further, even if new technologies 
and other related disciplines are integrated, there is still a simple stacking of technology integration 
with other related disciplines and professional case selection. Secondly, there is a lack of high-level 
positioning, cognitive biases, and a lack of clear teaching objectives to formulate, implement, lay out, 
and promote the construction of new liberal arts courses. It is believed that there is currently no need 
to invest too much manpower, material resources, and financial resources in building a new liberal 
arts course case library. Thirdly, the positioning of professional course teachers in the construction 
of new liberal arts courses is not accurate, and their understanding is not deep enough. There is a 
phenomenon of selecting new cases (including related content of other disciplines) and previous 
professional cases being “two skins”. The construction of the case library for new liberal arts courses 
should not only consider the integration of new technologies but also consider the selection of new 
cases that align with the professional knowledge imparted. At present, it is inevitable that there is 
a phenomenon of “hard integration” among professional course teachers, which means that the 
integrated cases cannot meet the actual needs of students.
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The Construction Methods of the new Liberal Arts Course Case Library Lack 
Technical Expertise

The construction of a case library for new liberal arts courses requires the selection of appropriate 
methods, but the current construction methods lack technical expertise. Firstly, the case library of the 
new liberal arts curriculum is mainly based on various disciplines in various universities, mostly for 
internal use, resulting in limited resource sharing of the case library. In fact, as early as the beginning 
of the 21st century, various disciplines, especially liberal arts majors, have begun to build course case 
libraries to assist teaching. For example, the construction of news and communication professional 
case libraries has been explored and gained in various countries around the world. In 2007, the 
Columbia University Graduate School of Journalism began to implement the plan and declared that 
“Knight’s Case study is a new exploration of the School of Journalism”. In 2011, it was renamed 
the Case Consortium of Columbia, As the most comprehensive, professional, and internationally 
influential case library platform currently available. The School of Journalism of Renmin University 
of China began to explore the construction of a professional case library in 2005, and then Central 
China Normal University began to build a professional case library, which is also a pioneer in the 
world. But the problem is that most of the construction of case libraries for liberal arts courses is 
based on universities, and resources are not interconnected between schools. Teachers and students 
from other universities are unable to view and use relevant course case libraries without permission, 
resulting in low resource utilization and conversion rates of case libraries, which cannot be opened 
for use by subject teachers, students, and researchers from various universities around the world. 
This phenomenon gradually extends to the construction process of the new liberal arts curriculum 
case library. Each university only builds on a small scale, without timely communication with other 
universities regarding the construction concept and implementation plan. It is also difficult to adjust 
and modify according to the suggestions and opinions of scholars and experts, which is likely to 
lead to the problem of dividing disciplines into different disciplines and “building a closed door” in 
the construction of the new liberal arts curriculum case library.

The second is that scientific methods have not yet been found to obtain the best case studies 
for the course. With the continuous development of technology and the development concept of new 
liberal arts construction, it is necessary to break the traditional mode of relying on the manual collection 
of cases. The traditional method not only requires more professional course teachers to invest in 
it, resulting in a longer construction cycle, but also has the problem of unscientific case collection, 
selection, and analysis. Therefore, how to select suitable methods in the continuous development 
of technology is currently an urgent problem to be solved. Some colleges and universities use the 
big data screening method, focusing on selecting “relevance” cases without considering “causality”. 
Although the dilemma faced by traditional methods is alleviated to some extent, it cannot completely 
solve the fundamental problem. For example, in a massive number of cases, it is inevitable that 
inaccurate or non-compliant course cases may appear, and once these cases are selected in the case 
library, they cannot be accurately used in the later stage. It is even possible that professional course 
teachers may choose cases with inaccurate analysis during course teaching due to unfamiliarity with 
other related subject content, which greatly reduces student participation and teaching effectiveness.

The Evaluation Mechanism for the Construction of the New Liberal Arts 
Course Case Library is not Sound

From the construction of the new liberal arts course case library, it can be seen that the second-
level colleges of various universities have not formed a unified outline and specific requirements, 
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which makes it difficult to establish a standardized evaluation mechanism for the construction of the 
new liberal arts course case library, leading to the lack of unified storage standards for selected cases. 
Firstly, the selection of some cases is relatively vague and arbitrary. On the one hand, professional 
course teachers have a good understanding of the system and content of the professional knowledge 
they impart and develop outlines and plans before teaching. The classroom design is relatively 
formed. After the reform of the new liberal arts curriculum system, it is relatively unclear how to select 
cases that are coupled with the curriculum. On the other hand, due to the lack of understanding of 
new technologies or interdisciplinary content among professional course teachers, the selection of 
cases is highly likely to lack relevant elements of new technologies or interdisciplinary content, and 
the selected cases cannot reach a consensus with the teaching objectives of professional courses, 
resulting in a more arbitrary selection of cases.

Secondly, it is difficult to accurately analyze cases of new liberal arts courses. Building a case 
library for new liberal arts courses does not include all cases related to new technologies or other 
disciplines that match professional knowledge, but rather requires evaluation and analysis of the 
selected cases. However, at present, professional course teachers lack new media literacy and 
interdisciplinary thinking ability, excessive evaluation and analysis of professional knowledge, and 
inadequate analysis of new technologies and interdisciplinary content, failing to explore connotation 
and master precise teaching methods. This is likely to lead to the uniform selection and analysis of 
teaching cases, and the homogenization and simplification of course case libraries directly affect 
the breadth and depth of case library construction. Given the vague and arbitrary selection of cases, 
fragmented new technological elements, and interdisciplinary content integration, it is difficult to 
accurately analyze cases, which can easily lead to formalized and labeled construction and weaken 
the overall effectiveness of the new liberal arts course case library construction.

THE NECESSITY OF CONSTRUCTING A CASE LIBRARY FOR NEW LIBERAL 
ARTS COURSES FROM AN EVIDENCE-BASED PERSPECTIVE

The term “evidence-based” originates from evidence-based medicine, and means “to use the 
best available research evidence carefully, accurately and wisely to determine patient treatment 
measures.” [2] Its core idea is to continuously search for massive and diverse clinical experience 
data, providing information explanations and references for clinical diagnosis and treatment, clinical 
research, and health decision-making in the form of written and electronic publications. Thus, the 
evidence-based approach involves finding the most scientific data and evidence to address the 
issues of service recipients.

In the 1990s, the field of social sciences gradually used the ideas and methods of evidence-
based medicine for reference, “through the perfect combination of research object group will, the 
best evidence and research methods, to profoundly reveal and explain the regularity and scientific 
problems in the field of social sciences, and then promote the development of scientific decision-
making and Evidence-based practice as an emerging interdisciplinary.”[3] It can be said that based on 
evidence-based practice and intelligent technology, a more intelligent, accurate, and convenient case 
library of new liberal arts courses will be built to meet the practical needs of researchers, educators, 
and educational objects. Moreover, with the introduction of the evidence-based research method 
of “scientific research evidence trend” into the construction of new liberal arts course case libraries, 
alleviating the problems of “hard integration” and “superficial” of course cases, it will undoubtedly 
be beneficial to improve the scientificity and accuracy of new liberal arts course case libraries in 
universities. In a certain sense, it is necessary to build a case library for new liberal arts courses in 
universities from an evidence-based perspective in three aspects.
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Building a Case Library for New Liberal Arts Courses from an Evidence-Based 
Perspective has a Top-Level Drive

New liberal arts education needs to break down disciplinary and professional barriers, and 
building a new liberal arts curriculum case library can cross-disciplinary, professional, and curriculum 
boundaries, allowing obscure and difficult-to-understand professional knowledge of various disciplines 
to be imparted to students through case studies to broaden their academic horizons. Therefore, 
building a course case library based on an evidence-based perspective can better serve the teaching 
practice of new liberal arts courses.

At the same time, the case library of new liberal arts courses is developed through technological 
empowerment to improve the quality of construction. Based on an evidence-based perspective and 
driven by top-level construction, the case library will supplement and deepen the exploration path of 
various disciplines and professional courses in universities. The construction of new liberal arts has 
shifted from the disciplinary barriers of traditional liberal arts teaching to the organic integration of new 
technologies and interdisciplinary courses. Based on an evidence-based perspective, corresponding 
case library construction plans can be tailored to the characteristics of each college and major, 
avoiding a “one size fits all” approach. It is no longer just a simple supplement to the case library 
content by professional course teachers, but an effective construction of new liberal arts course case 
libraries based on science and technology. To some extent, the problem of vague and arbitrary case 
selection by professional course teachers in the past will be solved, and the scientific construction 
of the course case library will also drive the comprehensive innovation and development of the new 
liberal arts education system.

Building a Case Library for new Liberal Arts Courses from an Evidence-Based 
Perspective has Technical Support

The evidence-based theory is applicable to various types of education, especially in highly 
specialized higher education, as university teachers and students pay more attention to the selection 
of methods and methods in teaching and research. The construction of a scientific case library 
also enables teachers to guide students to transform the knowledge and skills they have learned 
into internal morality and literacy based on the teaching of professional courses and focuses on 
cultivating students to use scientific means to achieve personal development. It can be said that 
evidence-based theory is highly consistent with the construction of case libraries for new liberal arts 
courses in universities. Building a case library for new liberal arts courses in universities from an 
evidence-based perspective is an inevitable and scientific choice. The focus of constructing a case 
library for new liberal arts courses in universities is on technical support. As a scientific research 
category, evidence-based theory maximizes the lack of external validity of traditional empirical 
research and improves research validity by collecting, evaluating, and selecting the best evidence, 
thus increasing the stability and replicability of social science discoveries. Therefore, evidence 
collection, integration, evaluation, and selection are the necessary paths for the scientific, objective, 
and practical transformation of situational social problem research. They are important optimizations 
of traditional statistical analysis methods, basic prerequisites for promoting the application of social 
sciences, important measures to improve research reliability and validity, and also the fundamental 
core of the construction of the new liberal arts curriculum case library.[4] Specifically, the internet is 
filled with various cases, some of which are just simple cases without specific analysis, and even 
the analysis may be “second-hand materials” with varying quality. If we search for corresponding 
course cases based on the teaching objectives of each class, it is inevitable that there is a problem 



Exploring the Path of Building a Case Library  15

of “looking for a needle in a haystack”, and it is not necessarily accurate to find suitable cases in a 
short period of time. Building a course case library based on an evidence-based perspective can 
quickly select cases that meet the characteristics and knowledge content of the college and major 
from a large number of cases, reducing the difficulty and poor selection of cases, making case 
collection and selection more scientific and precise, and providing support for scientific teaching. 
Moreover, the use of scientific research methods can help transform the best cases into knowledge 
resources in the case library of new liberal arts courses in universities, ensuring the accuracy and 
rationality of the construction direction, and further promoting the high-level development of various 
disciplines and majors.

There is a Practical Need to Build a Case Library for New Liberal Arts Courses 
Based on an Evidence-Based Perspective

The purpose of constructing a case library for new liberal arts courses is to meet practical needs. 
Based on an evidence-based perspective, it not only improves the teaching ability of professional 
course teachers but also provides guidance for cultivating versatile talents. On the one hand, reform 
and innovation in the field of education cannot be separated from the construction and improvement 
of the teaching staff. An excellent university teacher should be the “four guides” for students, “the 
guide for students to hone their character, the guide for students to learn knowledge, innovate their 
thinking, and contribute to their motherland. Due to the fact that the evidence-based approach is a new 
perspective, building a case library for new liberal arts courses in universities from this perspective 
requires consideration of teachers’ learning and mastery of multi-dimensional goals such as case 
resource management, method and technology mastery, and service mode analysis. Therefore, 
professional course teachers must constantly learn in order to better build a case library for new 
liberal arts courses and select appropriate course cases from the case library, thereby improving 
course teaching capabilities.

On the other hand, building a case library based on an evidence-based perspective focuses on 
cultivating the learning ability, technical ability, application ability, decision-making ability, and other 
aspects of the target audience. It requires the target audience to be proficient in relevant technologies 
and operational skills, master multi-disciplinary knowledge, break their professional limitations, expand 
their research fields, and provide guidance for cultivating versatile talents. At the same time, building a 
case library for new liberal arts courses from an evidence-based perspective meets the personalized 
needs of university students. For students, besides studying in the classroom, it is essential to 
quickly and accurately find their target cases in the new liberal arts course case library after class. 
Building a case library for new liberal arts courses from an evidence-based perspective facilitates 
students to quickly and accurately search, saving search time and providing more enjoyable and 
exclusive services. In other words, starting from the actual needs of students, constantly updating 
and constructing the case library of new liberal arts courses, shifting from passive giving to active 
demand, ultimately enabling all trainees to incorporate the ideal of precise learning into reality.

THE IMPLEMENTATION PATH OF BUILDING A CASE LIBRARY FOR NEW 
LIBERAL ARTS COURSES FROM AN EVIDENCE-BASED PERSPECTIVE

The task of constructing a case library for new liberal arts courses is arduous. On the surface, 
the construction of a case library is to serve teaching, but in reality, it is to improve the systematic 
mechanism of the new liberal arts education system and talent cultivation system. Compared to the 
construction of traditional course case libraries, starting from an evidence-based perspective not only 
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means more scientific and practical decision-making and planning, but also means more convenient, 
precise, and efficient course careers and practical revolution. With the support and empowerment of 
various intelligent technology in the information age, the evidence-based perspective is constantly 
improving, and it will also promote the scientific, intelligent, and dynamic leap of course case library 
construction.

It can be seen that building a course case library based on an evidence-based perspective 
is not only a concept and approach for the construction of new humanities but also includes 
promotion strategies and practical paths. The following three construction links must be highly 
valued.

GUIDED BY EVIDENCE-BASED CONCEPTS, CLARIFY THE CONSTRUCTION 
GOALS OF THE NEW LIBERAL ARTS COURSE CASE LIBRARY

The evidence-based concept emphasizes the comprehensive application of high-quality 
evidence. Currently, various structured data, semi-structured data, and unstructured data provide 
rich data support for scientific research, and scientific quantitative research has also ushered in 
a development climax. However, transforming ubiquitous data into evidence that can be used 
under evidence-based concepts requires scientific processes such as peer review, system 
evaluation, and guideline authentication. It is necessary to promote data in four aspects: evidence 
production, evidence synthesis, evidence evaluation, and evidence application the conversion 
of evidence at different stages ultimately forms a closed-loop evidence ecosystem system, 
thereby achieving the comprehensive application of high-quality evidence in the scientific field.
[5] Guided by the evidence-based concept, the aim is to compare complex course cases to data 
and use this concept to guide the transformation of general and complex course cases into 
high-quality and optimal course cases, which can be invested in the case library to create a 
scientific course ideological and political case library. It can be said that the evidence-based 
concept will empower the construction of the new liberal arts course case library to gain higher 
“scientific” recognition and build a rigorous and precise course case library that organically 
integrates disciplines and majors.

The first is to clarify the service targets for the construction of the new liberal arts course case 
library. The evidence-based concept lies in providing scientific and satisfactory information services 
to service recipients. The main body of higher education is teachers and students, therefore, the 
construction of a new liberal arts curriculum case library based on evidence-based concepts should 
target the actual needs of teachers and students. When formulating top-level designs, universities 
will focus on serving both teachers and students as a whole. Each college and major will further 
plan from the organizational system, construction logic, and policy support, integrate resources, 
and coordinate development.

The second is to clarify the concept of collaborative education among teachers in various 
disciplines and majors. In the construction process of the new liberal arts curriculum case library, 
it is inevitable that teachers of a single discipline or professional course will encounter unfamiliar 
fields. It is necessary to strengthen communication with teachers of other disciplines and majors 
to accurately analyze interdisciplinary and interdisciplinary elements in curriculum cases. This will 
play a huge role in promoting the construction of the case library.

The third is to clarify the personalized needs of students. The construction of the new liberal 
arts course case library is not only to provide convenient information services for professional course 
teachers but also to meet the personalized needs of educational objects in the new era. Based on the 
evidence-based concept, use scientific means to comprehensively grasp the needs of educational 
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objects for courses, accurately analyze which course cases educational objects are interested in 
according to data such as click-through rate and length of stay on the page, and accurately implement 
educational programs in future teaching. Students can also rely on new technologies to extend their 
learning time and enrich their learning resources.

BASED ON EVIDENCE-BASED METHODS, CREATE A CASE LIBRARY FOR 
NEW LIBERAL ARTS COURSES

The construction concept of the new liberal arts course case library can be likened to the 
knowledge service platform of China National Knowledge Infrastructure (CNKI), where evidence at 
all levels can be queried and used by service objects. This not only saves time and cost in collecting 
evidence but also accurately meets the different needs of service objects.

The first is to establish a scientifically oriented case selection standard. Meta-analysis and 
systematic evaluation in evidence-based research methods are fundamental components of the 
scientific process by synthesizing the original scientific research results to achieve a comprehensive 
understanding and problem-solving and determining the sources of changes in research results.[6] 

Intended to obtain higher-level scientific evidence. The prerequisite for forming a systematic evaluation 
standard for the case library of new liberal arts courses is to comprehensively and accurately select 
course cases, analyze the selected course cases using techniques such as meta-analysis and 
systematic evaluation, and obtain more scientific cases. Specifically, cases can be classified according 
to different colleges and majors, and classified and graded according to evidence-based methods. 
For example, they can be divided into general course cases (where students can quickly identify 
valuable content), special course cases (including interdisciplinary and interdisciplinary content 
that requires professional course teachers to analyze and explain in conjunction with the course), 
etc., optimizing the structure of case types and forming a strong driving force for the development 
of professional course databases. Based on the position of each chapter in the entire semester’s 
curriculum, determine the number of course cases for each chapter, such as 3-5 cases for key 
chapters and 1-2 cases for basic chapters.

The second is to establish a curriculum-oriented case analysis standard. The analysis of course 
cases should be based on the course arrangement, rather than solely focusing on the value of the 
case itself. Therefore, selecting professional course teachers to analyze course cases can provide 
a better understanding, of course, teaching objectives, teaching plans, teaching requirements, etc. 
Specifically, for general course cases, provide a point-by-point analysis, with at least 500 words 
or more. For influential special course cases, combined with professional characteristics, different 
types of analysis such as text, animation, and audio and video are selected to avoid the monotony 
and dryness of text analysis. If the course case has already been analyzed and the content cannot 
be directly used, it should be organized and summarized, indicating the source of citation, to avoid 
infringing on the copyright of others.

WITH EVIDENCE-BASED PRACTICE AS A REFERENCE, ESTABLISH A 
SYSTEMATIC EVALUATION STANDARD FOR THE CASE BASE OF NEW 
LIBERAL ARTS COURSES

The construction of the new liberal arts curriculum case base needs to form a systematic 
evaluation standard for the case base operation mode, referring to as the evidence-based practice 
mode, that is, dynamic research methods and rigorous method design, to ensure the standardization 
of process research and the authenticity of research results to the greatest extent. This is undoubtedly 
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an important means to improve the quality of the new liberal arts course case library, consolidate the 
teaching quality of the course, and enhance the adaptability of high-level talent cultivation.

The first is to dynamically update the case library of traditional courses in various majors. 
Although it is the construction of a new case library for liberal arts courses, the traditional case 
library also needs to be updated together. For example, journalism, communication studies, law, 
finance, and other majors with obvious professionalism and practicality have established case 
bases that conform to their own disciplinary development. Therefore, the evaluation criteria for case 
bases of these professional courses should be updated and improved according to professional 
characteristics, teachers’ and students’ needs, and a disciplinary team should be formed to re-
evaluate cases in the case base, remove “outdated” cases, and add and update cases in a timely 
and regular manner. To a certain extent, it can provide systematic evaluation standards support 
for the precise selection of new liberal arts course cases and the scientific construction of case 
libraries in various majors.

The second is to establish a standard for the operation system of the new liberal arts course 
case library. Adhering to the concept of dynamism, on the one hand, maintains the dynamism of 
course case selection and analysis. In the future construction and practice of the new liberal arts 
course case library, it is still necessary to maintain real-time and effective supplementation and 
update of the case library. Because any effective case selection and analysis can be completed 
not only through a single construction task, but also by continuously removing redundant content 
and supplementing new content to meet the needs of the times, keeping the entire case library in a 
dynamic and sufficient state, to ensure that the cases in the database are the latest and best cases, 
and better serve and practice professional course teachers and students. On the other hand, maintain 
the dynamism of method usage. Actively use cloud computing, big data analysis, intelligent algorithms, 
and other emerging technologies to comprehensively mine the massive curriculum case resource 
pool, deeply explore the relevance of discrete case sets, and boost the accuracy and effectiveness 
of evidence-based, so as to avoid professional course teachers’ preference for simple subjective 
experience when selecting cases, and thus improve the accuracy and scientificity of the construction 
of the new liberal arts curriculum case database. In addition, establish a feedback mechanism and 
reward policy for the case library of new liberal arts courses. Establish a feedback pool to collect 
and summarize the suggestions and opinions of teachers, students, and researchers from various 
universities on the use of the new liberal arts course case library, and regularly organize discipline 
professional teams to analyze it and propose improvement plans. At the same time, evaluate the 
case library of the new liberal arts curriculum and promptly delete inappropriate case selection and 
analysis. Reward professional course teachers or teams with outstanding case signatures, and 
continuously optimize and innovate the case library of new liberal arts courses.

CONCLUSION
The construction of a case library for new liberal arts courses is an important measure for 

building a new liberal arts curriculum, and also a practical exploration for creating a high-end 
communication platform for scientific and technological information. Building a new case library for 
humanities courses from an evidence-based perspective, utilizing intelligent technology and precise 
methods to scientifically approach the problem threshold of traditional humanities, striving to break 
down disciplinary and professional barriers, reforming traditional teaching systems, and creating 
a course case library that intersects and integrates different fields. This is of great significance 
for the reform of academic paradigms, optimization of teaching content, and innovation in talent 
cultivation.
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The aim of this paper is to analyse the global trends and new scenarios of higher education 
in India from the view points of some critical issues. In the era of knowledge-driven economy 
and learning societies, both formal and informal education is playing an increasingly vital role 
in promoting economic solidarity, social cohesion, Individual growth, sustainable development, 
and a culture of peace and world citizenship it has opened up new challenges and opportunities 
for higher education institutions-whether public, private, or hybrid. Just a few years ago, we 
could not have Imagined a university without classrooms, or a library without books. Nor could 
we imagine a university existing 10,000 miles away from its students. Nor could we imagine 
technocrats rather than faculty and academic staff managing sensitive Information and knowledge 
'online'. Yet all of this is true today. India, even after 75 years of its independence, is far away 
from the goal of universal literacy. However on a positive note, India is engaged in the use of 
Higher Education' as a powerful tool to build a knowledge-based information society of the 21st 
Century. There has been considerable improvement in the Higher Education, scenario in both 
quantitative and qualitative terms. India has to rise to the occasion urgently and reorient its 
higher education system tube vibrant, competitive, meaningful and purposeful, besides there 
is absolutely no substitute to quality of higher education, although the country has been facing 
for a long time with the serious problem of meeting the quantity needs of our society.

Keywords: Global trends, higher education, culture, economy, knowledge, society, 
development.

AbstrAct

INTRODUCTION
The Higher Education' (HE) system in India has grown in a remarkable way. mainly in the post-

independence period, to become one of the largest organisation of its kind in the world. There has 
been considerable improvement in the Higher Education, scenario of India in both quantitative and 
qualitative terms. Higher Education, in India is seen as one of the ways to upward social mobility. 
However, the system has many issues of concern at present, like financing and management 
including access, equity and relevance, re-orientation of programmers by laying importance on health 
consciousness, values and ethics and quality of higher education together with the assessment of 
institutions and their accreditation. These issues are significant for the country, as it is now engaged 
in the use of higher education as a powerful tool to build a knowledge-based information society of 
the 21st Century.

There is, indeed, a multitude of interconnected issues that India faces in ve higher education 
system; in a summary diagnostic, one of the more thorough recent analyses of the situation and 
particularly perceptive describes both the scope and the seriousness of the challenge.
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Even after 75 years after Indian independence, we are far away from the goal of universal 
literacy. There are number of schools in the country, but they don't have proper basic infrastructure. 
But on a positive note, Indian professionals are considered among the best in the world are in great 
demand. This signifies the inherent strength of Indian education system. In technical education, 
the IIT,s, and in management, the IIM,s have already marked their names among the top higher 
educational institutions of the world. Moreover the Jawaharlal Nehru University (JNU). New Delhi, 
Delhi University (DU), Delhi and South Asian University (SAU), New Delhi, are also regarded as good 
higher educational institutions for doing postgraduate courses and research in science, humanities 
and social sciences. As a result, students from various parts of the world are coming today for higher 
education in India.

OBJECTIVES OF THE STUDY
The present paper is an effort, to identify and discuss a number of critical issues, of quantity 

and quality of Higher Education in India and studying abroad form its core. It is meant to be a modest 
contribution to assessing. Higher Education, against the background of the current scenario and the 
possibilities of meeting the challenges.

METHODOLOGY OF THE STUDY
The paper is an outcome of a review of a substantial number of secondary sources and personal 

experiences and observations on the current scenario and challenges of higher education in India.

CURRENT INDIAN HIGHER EDUCATION SCENARIO
While many reasons can be cited for the current scenario, these all boil down to decades 

of feudally managed, colonially modelled institutions run with inadequate funding and excessive 
political and bureaucratic interference. India should try to become "knowledge economy" to promote 
inclusive growth. The three major areas to be focused to ensure that Indian Higher Education system 
is sustainable and meets global standards are.

•	 Quality	of	Education	– in terms of infrastructure, teacher accreditation, etc.
•	 Affordability	of	Education – ensuring poor and deserving students are not denied of 

education.
•	 Ethics	in	Education – avoiding over – commercialization of education system.

ACADEMIC STANDARDS AND NEED OF WORLD-CLASS QUALITY HIGHER 
EDUCATION- QUANTITY AND QUALITY (Q N Q)

Most observers agree that Indian higher education, the significant and impressive developments 
of the past few decades5 not-withstanding, faces major challenges in both quantitative and qualitative 
terms.

In any nation education is the basic necessity for the socio-economic development of the 
individuals and the society. In reality about 25 percent of the universities are having world class 
education. So, improved standard of education as first priority should be offered to the majority 
by the government authorities with sincere political will. Also, privatisation of higher education is 
absolutely necessary in a vast c country like India as government alone is helpless to do so. Indian 
government is not giving priority to the development of standard higher education. It should aspire 
for the international form of higher education system. To achieve that goal, it should adopt uniform 
international syllabus in its educational institutions.
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In the way to compete globally in the 21st century, Indian Higher Education, system should adopt 
certain benchmarking techniques for improving instruction models and administrative procedures 
in universities/ colleges to move forward. India needs a thorough study and evaluation of models 
implemented elsewhere and work out strategies to adopt such models in education system. India 
is yet to establish world class research facilities, recruiting profound academicians in universities/ 
colleges/ research institutions, etc. to sustain and forge lead in economic development. It is important 
to understand that countries like China, Singapore, South Korea, etc. are moving fast in investing 
in education system. Therefore, it is imperative that our educational institutions are equipped with 
the desired quality and standards which are essentials for transforming the younger workforce 
into productive ones. Needless to reiterate that in the higher education system focus on use of 
technology for effective learning by students also need to be encouraged to have cutting edge over 
the competitors in the globalised world.

MAKING HIGHER EDUCATION AFFORDABLE
In India, Higher Education' should be made affordable to all deserving students. The fee 

structure in all kinds of higher education institutes should be economical. Today, in India the ambition 
of undergo higher and technical education is becoming a dream due to the huge amount of fees 
charged by the money minded private colleges.

INDIA’S HIGHER EDUCATION SYSTEM FACES CHALLENGES ON
Three Fronts
Expansion

•	 India,s GER of 16% was much below the world average of 27%, as well as that of other 
emerging countries such as China 26% and Brazil (36%) in 2010.

Excellence
•	 Faculty	 Shortage:	 There is 40% and 35% shortage of faculty in state and central 

universities, respectively.
•	 Accredited	Institutions:	62% of universities and 90% of colleges were average or below 

average in 2010, on the basis of their NAAC accreditation.
•	 Low	Citation	Impact: India,s relative citation impact is half the world average.

Equity
There is wide disparity in the GER of Higher Education across states and the Gross Attendance 

Ratio (GAR) in urban and rural areas, and gender-and community-wise

INDIAN HIGHER EDUCATION-ROAD AHEAD
India,s HE system can be projected to be more transparent and inclusive by the end of Twelfth 

Plan period, provided the Government is able to create an enabling regulatory environment and put 
in place healthy implementation, monitoring and quality assurance mechanisms. The Ernst & Young 
LLP is a Limited Liability Partnership, registered under the Limited Liability Partnership Act, 2008 in 
India suggests the following strategies to be adopted:

•	 Merit-based	Students	Financing:	This should ensure admissions to meritorious students 
independent of financial background.
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•	 Internationalisation	of	Education: This would entail aligning different aspects of education 
(curriculum, faculty, etc) to international standards.

•	 Enabling	 a	Research	 Environment: This would involve creating adequate means of 
research funding and practical application of research.

•	 High	Quality	Faculty: The need of the hour is to create a conducive environment and 
provide incentives to attract and retain high quality faculty.

•	 Improved	Technology	for	Education	Delivery: Leveraging technology for enhancing the 
teaching- learning experience will ensure better outcomes.

•	 Employability: Making education-industry relevant and practical would be the right way 
to ensure a highly employable talent pool.

CONCLUSION
The new challenge before the country at the beginning of the twenty first century is to become 

a developed society by the year 2020, which requires that not only a vibrant economy driven by 
knowledge has to be ushered in soon, but also a new society where justice and human values prevail 
has to be created. Moreover, challenges in higher education are no longer only nation centric. They 
have already attained global dimensions, particularly after trade in services has been brought under 
the purview of the WTO regime, with the explosive growth of knowledge in the past century and with 
the development of handy tools of information and communication technologies as well as of other 
scientific innovations, competition has become a hallmark of growth all over the World. As a result, 
knowledge is not only going to be the driver of Indian economy, but also, it is going to permeate into 
all the strata of Indian society for a better quality of life and living conditions. Therefore, India has 
to rise to the occasion urgently and reorient its higher education system to be vibrant, competitive, 
meaningful and purposeful; besides, there is absolutely no substitute to quality of higher education, 
although the country has been faced for a long time with the serious problem of meeting the quantity 
needs of our society. It is, therefore, essential that a careful balancing of the two is given priority to 
meet the twin requirements of the society in the foreseeable future.
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Magic World of Harry Potter by J. K Rowling
Rakesh Kumar Mahato* 

The literary world changed in 1997 with the release of a book that was about a boy aged 
11, who lost his parents when he was a little over a year old, and at 11 years of age, finds out 
he is a wizard. In 1997, the world met Harry Potter, the boy who lived and went on to live in 
millions of hearts. J.K. Rowling, the author of Harry Potter went on to write 7 books in this series 
and became a globally loved and read writer. This paper aims to discuss one of the key factors 
that make Harry Potter and the Philosopher’s Stone, the first book of the series, a favorite for 
kids and adults alike. The paper traces the elements of Magic Realism in Harry Potter and deep 
dives into the significance and use of this narrative strategy to show various important lessons 
of life and add an element of magical realism to the books.

Keywords: Magic Realism, Harry Potter and the Philosopher’s Stone, Reality and Literature, 
Magic and Reality.

AbstrAct

INTRODUCTION
The world of Harry Potter is all about latches on the cupboard, pots, and pans up until the 

day he finds out that he is a wizard. What follows is a series of events that can easily be clubbed 
together under the term that describes them best - Magic Realism.

“Magic realism, chiefly Latin-American narrative strategy that is characterized by the matter-
of fact inclusion of fantastic or mythical elements into seemingly realistic fiction.” (The Editors of 
Encyclopedia Britannica)

To put this simply would mean to see how using this strategy, authors can blur the lines 
between reality and fantasy, making the readers aware of a new reality that is full of fantastic 
elements.

In the modern world of fiction, this narrative strategy is used and mastered by none other than 
J.K Rowling, the author of The Harry Potter series. With her words and a story about a boy who 
finds out he is a wizard, she has created a world that every child wants to be a part of and every 
adult understands the delicacies of. The elements of magic realism make it all the more appealing 
as they make the impossible seem possible, and allow the readers to set aside their notions of what 
is right and what is real, only to accept that in these books, reality can look completely different and 
then go on to accept it for what it is.

UNDERSTANDING MAGIC REALISM
In no world has J.K. Rowling introduced the concept/narrative strategy of magic realism. In 

fact, Magic Realism is a way of storytelling that has been around ever since the 1940s. Classified 
by its style of combining elements of reality and fiction, this method often uses instances that involve 
dreams and visions, fantastic creatures, and talking objects, which all work together to create a new, 
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alternate reality. This way, the limits of what we humans call reality are pushed, and the readers are 
expected to allow this thought of a new, fantastic reality, take its place.

“Within a work of magical realism, the world is still grounded in the real world, but fantastical 
elements are considered normal in this world. Like fairy tales, magical realism novels and short 
stories blur the line between fantasy and reality.” (Staff)

In 1925, historian Franz Roh coined the term ‘Magic Realism’. The term was used to describe 
a visual arts movement emerging throughout Europe (Roh). According to Roh, magic realism was a 
movement to mark a return to realism and a reaction to expressionism’s abstract style. It is crucial 
to understand that magic realism and fantasy are two very different concepts. Magic realism does 
not involve superheroes or people with some superpowers in an otherwise

regular world. However, when elements of fantasy meet mythological creatures like elves, 
dwarves, goblins, etc, this sort of writing can be categorized as magic realism. (Santosh) Homi 
Bhabha, a writer who has worked with the narrative strategy of magic realism, describes it as “the 
literary language of the emergent postcolonial world” (Bhabha). There are 5 characteristics of magic 
realism:

1. an element of magic is there
2. there is a fantasy world
3. the reader may be confused between two opposite events
4. there are multiple worlds
5. there is a disruption of space, time, and identity. (Santosh)
When a writer or author implements these characteristics into their work, they are said to create 

a work of magic realism.

USE OF MAGIC REALISM BY J.K. ROWLING
The Harry Potter books have been widely popular and have turned into a huge commercial 

market for fans. From movies to merchandise, there are endless ways in which J.K Rowling’s story 
has taken shape and reached almost every corner of the world. But what are these elements that 
fascinate the readers and viewers of this story so much? They are the bits of magic that people 
wished existed in real life. They are the bits of magic realism in her stories.

J.K. Rowling has used real-life experiences and examples, emotions and instances, and
fused them together with elements of magic to convey a deeper and more layered meaning to 

the text. In fact, elements of magic are so organically woven into the narrative of the story that the 
reader expects them and is hardly caught off guard.

If the 5 characteristics of magic realism as listed by Santosh are considered, the Harry Potter 
series does have all required elements of Magic Realism. These can be traced in the way in which 
repetition, mythology, verbal magic, and metamorphosis are used by the author.

MAGIC REALISM IN HARRY POTTER AND THE PHILOSOPHER’S STONE
The world is aware of how it all started for J.K Rowling - from a train to Manchester to King’s 

Cross Station in London, she was inspired by the idea to write the book. Some years later
in 1993, she was based in Edinburg where she went on to finish writing the first book in the 

series, Harry Potter and the Philosopher’s Stone.
Harry Potter and the Philosopher’s Stone is the story of a boy named Harry, who is an orphan. 

Living with his aunt and uncle in London, Harry has a life that can be described as abusive. He lives 
and sleeps in a cupboard under the stairs, he is given old clothes to wear, and also expected to 
do chores although he is just a child His life turns around when he receives a letter from a school 
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- Hogwarts. This school of witchcraft and wizardry has offered him a place and soon, he is off to 
Hogwarts, learning all about his parent’s death and the world he belongs to from people in the 
wizarding world. At school, he learns magic and meets two of his best friends - Ron and Hermione. 
His story is that of mischief and learning, doing the right thing, and fighting the Dark Lord, all 
the while being a first-year student of 11 at Hogwarts. Lily James Potter, Harry’s mother, died to 
protect him from Lord Voldemort. Her love creates a protective shield around Harry which makes 
it impossible for Lord Voldemort to even touch him. During his school year, Harry, tagged along by 
Ron and Hermione, comes across the Philosopher’s Stone - a magical stone that works to keep the 
person who uses it immortal. Voldemort, weak and half-alive after attacking Harry all these years 
ago, comes face to face with him in search of this stone. The story ends on a note of optimism as 
Harry understands the complexities of being himself and starts to grasp the biggest magic that was 
ever-present in this world - love.

Here, one of the main narrative tools used is that of magic, and by extension, magic realism. 
From being a part of a muggle family (the people who have no magical abilities) to finding out that 
he is a wizard at 11, Harry’s character struggles with his constantly changing reality. However, as a 
child, he is fascinated when he sets foot in Diagon Alley, the market where he goes with Hagrid to 
buy school supplies like his wand, books, robes, and much more.

Along with Harry, the reader comes across all the magical things existing in his world. The 
book specifically mentions that Diagon Alley is located in London. Here, we see wands that allow 
all witches and wizards to perform magic using spells, brooms that can fly, books that can talk, 
pots and pans that stir on their own, and so on. Harry enters this world that is vividly different from 
anything he has known so far and here; it feels like almost anything is possible. This is also the 
part where Harry realizes the existence of other magical creatures like Goblins and their special 
powers. At Gringotts Bank, he withdraws money from his inheritance and goes on to King’s Cross 
station from where he must board his train. But he has to board this train from Platform No. 9 ¾. 
Now, normally, train stations have platforms that are numbered 1, 2, 3, 4, and so on. Having such 
a platform number assigned to his train is indeed a surprise. With the help of Mrs. Weasley, Harry 
runs at the wall between platforms 9 and 10, successfully reaching the platform from which his 
Hogwarts journey begins.

When Harry enters the Hogwarts express, he has a chance to make friends with Ron. He comes 
across Chocolate Frogs where there are magical portraits of different wizards. Harry opens one and 
gets a card with Dumbledore on it. Similar to the muggle world, kids in the wizarding world collect 
these chocolate frog cards. The only difference is that the people in the portraits of the Chocolate 
Frog cards appear and disappear at will.

When Harry reaches the school, he comes across the Sorting Hat. Here, there are simple 
elements that one can witness at first - it is a hat that sorts kids into different houses. However, 
when put into actual practice, the Sorting Hat is full of magic - it not only speaks but also has the 
ability to ensure that it reads your talents, wishes, and desires to make sure you end up at the right 
place, the right house that will help you become the best version of yourself by placing you with 
like-minded people. However, here is the place where magic realism meets the real world - even 
with the magical powers of the sorting hat, it listens to the person and their desire, allowing them to 
choose a path in life that they envision themselves on.

When Harry sits down to eat, he sees how the food “magically” appears in front of him and 
plates refill on their own. When climbing up to the Gryffindor common room, there is a Fat Lady who 
guards the doors and needs a password to allow them to enter. Later, Harry attends classes where 
they teach him charms that help channel the magic through the wands and spells they can use to 
life things and soar them high up in the air, turn water into flavored drinks, and so on.
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Such instances where the real, non-magical world overlaps with the magical one create for us a 
story where one bleeds into the other as the reader is confronted with the idea of having the magical 
world as a part of the non-magical world. So much so that eventually, their separate existence is 
something that a reader cannot comprehend.

Throughout the books, such elements of magic realism turn this story into a layered, fun, and 
fantastic entity. Some images are striking - the chocolate frogs, moving pictures, the magical ceiling 
of the Great Hall, staircases that keep changing their position, portraits that talk, ghosts that talk 
and glide the halls of Hogwarts, spells that turn things from one to another, people possessing the 
power to turn into animals, and so on.

These elements, when imagined and visualized, create a world so fascinating, so intriguing, that the 
overall appeal of the book increases multifold. With the use of this narrative strategy, the author blends the 
elements of magic realism to give us a reality we wish we were a part of as it offers endless possibilities.

THE POPULARITY OF HARRY POTTER AND THE PHILOSOPHER’S STONE
When the first Harry Potter book was published by Bloomsbury, it became an international 

sensation. Not only was the book translated into multiple languages across the world but it was 
enjoyed by kids and adults alike. Over the years, all the Harry Potter books have had the same, 
if not more vehement, response from the audience. The question, then, is what contributes to the 
popularity of the books? One can argue that the novels are about things that will never happen in 
reality, like people flying around in the air on brooms.

However, this very possibility of a world that has magic so closely present makes these books 
appealing to kids as well as adults. Elements of magic and magic realism offer a chance for the 
author to share some important experiences and life lessons to a generation that got interested 
in the boy with a scar on his forehead and no parents. These books lead Harry into situations that 
teach values of friendship, strength, love, loyalty, loss, grief, and so much more.

As a literary text that started out as a children’s book, the Harry Potter series soon became 
the preferred choice of readers who have forever preferred something new, something layered, and 
something fantastic, all of which was a major part of Harry Potter.

Traces of Magic Realism in Harry Potter and the Philosopher’s Stone Looking at the 
actual book, there are many instances where we come across the use of magic realism. Here are 
some that stand out:

“Umbrella swishing down through the air to point at Dudley. There was a flash of violet light, 
a sound like a fire cracker, Dudley was dancing on the spot with his hands clasped over his fat 
bottom, howling in pain. Harry saw a curly pig’s tail poking through a hole in his trousers.” (Rowling) 
“Hermione rolled up the sleeves of her gown, flicked her wand and said “wingardiun leviosa”. Their 
feather rose off the desk and hovered about four feet above their heads.” (Rowling)

“At that moment Neville toppled in to the common room, how he had managed to climb 
through the portrait hole was anyone’s guess because his legs had been stuck together with what 
they recognized at once as the leg locker curse. He must have had to bunny hop all the way up 
to Gryffindor tower. Everyone fell about laughing except Hermione who leapt up and performed a 
counter curse.” (Rowling)

One can argue that the elements of magic realism add a new layer to the story which would 
otherwise lack a central feature. These descriptions from the book Harry Potter and the Philosopher’s 
Stone go on to show how language, characters, imagination, time, words, and the narrative technique 
all come together to give us a combination of reality and magic, which is what every reader of the 
Harry Potter series loves so much.
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THE SIGNIFICANCE OF MAGIC REALISM
An argument can be made that the use of magic realism in the Harry Potter books is just a 

technique and nothing more. However, in their essay titled ‘More Than Moving Images: The Visual 
Culture of Harry Potter’, Tolonda Henderson and Amy M. Von Lintel mention how these elements 
of magic have a deeper significance.

“During Harry’s first ride on the Hogwarts Express, he quickly discovers the magic of images 
in the wizarding world. When examining a Chocolate Frog card that features professor Dumbledore, 
Harry registers surprise at the sudden disappearance of the headmaster’s image from the frame. (SS, 
p. 103) Ron responds to Harry’s obvious confusion by noting that Harry shouldn’t expect Dumbledore 
to hang around all day. Harry then summarizes for Ron - and all of Rowling’s readers - one key 
difference between the Muggle and wizard realms: people “just stay put” in Muggle pictures. Ron’s 
shock in learning about this immobility, which he qualifies as ‘weird’, underscores the expectation 
that wizarding images are magically animate.

Unlike our “motion pictures”, the movement in wizarding pictures is not based on the visual 
illusion of motion. What we experience as moving pictures are in fact still photographs projected in 
rapid sequence onto a screen, a technology descended from the Cinemetograohy invented by the 
French brothers Lumiere in 1895. Rowling’s magical images are, in contrast, animate in broader and 
less illusionary ways: they are not only visually mobile, but they are also independently responsive to 
the thoughts and actions of the wizarding viewers, often acting as narrative characters themselves.” 
(Henderson and Von Lintel)

The idea of playing with time, and eventually with death as a consequence, is very prominent 
when one observes how characters live and exist in pictures. The use of such a narrative technique 
offers the readers the opening of one of the strongest human desires - to live beyond one’s years.

And yet, the story of Harry Potter and the Philosopher’s Stone ends with Nicholas Flamel 
letting go of the stone that was keeping him alive. Is it not, then, a glimpse at how human beings 
are chasing the things that will never bring them true happiness?

Such an in-depth, layered message comes in the form of a Philosopher’s Stone that gives 
immortality to the person who possesses it. The elements of magic realism then slip into this narrative 
as devices to add meaning and layer to the story and drive the point home with an added layer of 
significance as compared to simply stating a fact.

These elements are also used to add humor to the story and make light of situations that are 
otherwise scary and quite heavy to read. There are various instances in the books where Harry

is mocked by the people in various portraits, adding to the laughing bits in the novel.
The significance of such elements, when placed in the form of magic realism, increases the 

way in which the text is perceived and understood by people of all age groups, over all these years 
and in the coming years too.

CONCLUSION
To sum up, magic realism can be simply understood as an intriguing combination of reality 

and magical fantasy. Harry Potter opens the doors to a world of witchcraft and wizardry where life 
takes on a new meaning and magic becomes an everyday affair. However, for readers, it is a world 
where events happen with magic and reality holds a slightly different meaning.

The world has accepted and loved the phenomenon of having a magical side, the possibility of 
living in a world where magic exists and is a part of every single activity organically, is an achievement 
that Rowling has under her belt as she managed to create something that blends together a world 
of magical reality through magic realism.
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The Portrayal of Public and Private Women  
in Kamasutra and Manusmriti
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INTRODUCTION
This paper is focused on how the women of different class and caste have been portrayed in 

law books like Manusmriti and Kamasutra. However Literature has been said to be the reflection 
of society of its time, the study of law books become important to understand how in the texts it 
was presented that how a particular section of people were suppose to live and behave. In this 
paper I have focused on just one such section of society, which focuses on the women coming from 
different social background and I have divided the paper in few section to present my argument. 
The first section itself deals with how the public women are different from household women, what 
kind of laws were made for women in public sphere and women in private sphere? If these laws 
were actually followed in society ? How they women were treated by others in society and if they 
had any economic independence or not?

Firstly, let us just look how these texts have described women from different social background. 
If we talk about Kamasutra, it is a text which was written between second and fourth century 
AD in North India. The composer of Kamasutra has been known as Vatsyayana, But texts like 
Kamasutra which were written in long span of time must be composed not by single but multiple 
writers. Kamasutra has been seen in connection with Dharmashastra of Manu and Arthashartra 
of Kautilya and probably was written during same span of time. The composition of these three 
embodies a confrontation with Dharma (ethical norm), Kama (desire) and Arth (means of livelihood) 
which is considered three important dimensions of a man’s life. Kamasutra is divided into seven 
sections. In first section the general practices and precepts (sadhāran) have been discussed; in 
second section the heterosexual intercourse (samprayogik) is discussed, in the third section it is 
discussed that how to obtain a Bride (kanyasamprayuktā), in fourth, duties of a wife is described 
(Bharyādhikārika), in fifth, the relation of wives with other men is described, in sixth courtesans 
(vasika) are discussed and in the last section, the secret formulae (Aupanikshadika) designed to 
ensure success in sexual activities for both men and women. The text talks about women of largely 
two social backgrounds, one the wives of Nāyak (The Protagonist) and the other are courtesans. 
The Kamasutra focuses on sexuality of men and women both, but here vatsyayana also talks about 
how women’s sexuality should be regulated and governed by other considerations. Meanwhile in 
Manusmriti too, has similar pattern of ideology inbuilt in the text. Manusmriti is largely directed to 
twice born men and to tell what he should do and what mistakes he should avoid. Manusmriti also 
talks about what kind of women a twice born should marry. In this way Manusmriti gives a detailed 
description of household women and their duties towards the house and her husband. So let us 
see in detail how different sections of women were portrayed in these texts. Women have more 
often been imagined against the imaging, the prerogative of imaging women, through writing or 
arts has by and large been a male enterprise, literary or traditional representation of women have 
tended to locate them within bi polarities the public women, the prostitutes vis–a–vis the private 
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women, the virtuous housewife. Women in male representations are therefore ‘frozen’ into ‘icons’ 
either ‘good’ or bad.

HOUSEHOLD WOMEN
It has been suggested in Manusmriti that how one should keep control on the women in the 

house. Kamasutra and Manusmriti both talks about the household women and both suggests men 
to control their wife. Manusmriti or Manav Dharmshastra is believed to be the first ancient legal 
text of Hinduism written by Manu. It presents itself as discourse given by Manu on issues such as 
laws, duties, conducts and virtues etc. it talks about how a women should not be independent to 
take decision and have any financial independency. Although Manu talks about Streeddhan, but 
the definition of Streedhan is limited to the ornaments she have been given on different occasions 
by her family members and by other relatives. Manu says that women of the family should not be 
left alone and she should not be independent. In fact Manu gives description on how an ideal wife 
should be and in what family a twice born men should marry. It has been written that a twice born 
should not marry in a family who is negligent about rites, who is deficient in male issues, who does 
not have any Vedic learning, the women should be physically fit too, she should not have hairy body, 
she should not be prone to diseases like hemorrhoids, tuberculosis, dyspepsia, epilepsy, leukoderma 
and leprosy. This all suggests how the ideal condition in marriage should be. It is not sufficient if 
the woman is suitable to the groom, but her family should meet all the conditions and expectations. 
Even one should not marry the ones who have no brother or her father is unknown. if there is less 
men in her family, that also be considered as an issue, since the more guarded and controlled she 
is in her parent’s home, the more it is easier to control her after the marriage. A twice born man is 
also expected to get married with a girl who is physically fit. She should not have red hair or extra 
limb, she should not be sickly, she should not have too much or too less hair on her body, she 
should not be blabbermouth or jaundiced looking, she should not be named after constellation, a 
tree, a river, mountains, or a bird, or a very low caste, snake, a servant or has a frightening name. 
These rules are only applied on women, there is no descriptions of how should a woman marry an 
ideal men but it is written that a women of equal class is recommended. We notice that Manu gives 
proper details of what kind of marriage is acceptable in society. According to him it is acceptable 
that a man of higher Varna marries a women of lower Varna but the men of lowest Varna man can 
only marry a women of his Varna but not higher than his Varna, marry a women It is written that a 
Shudra man can marry a Shudra women, a Vaishya can marry a Shudra women and a women of 
his own Varna, a kshatriya can marry Shudra women and Vaishya women and women of his own 
Varna, Brahmin can marry all three varna women for lust and marry women of his Varna. It is said 
that when a twice born marry a low caste wife, they quickly reduce their family and children to the 
rank of a Shudra. We hear of types of marriages like Brahma where the father marries his daughter 
to the groom who has completed his Brahmcharya and now has become well versed in Vedas and 
has good conducts. There isw no need of dowry in such kind of marriages, all which is important is 
the Kanyadan. In Divine marriage, when the father could not find a suitable groom for his daughter 
he marries her off along with the ornaments to the priest, the ornaments are considered as the 
sacrificial fee of the priest she is marrying to. In the third form of marriage, the Seer marriage, here 
the family of the bride would marry her off to an old sage because they fail to marry her according 
to the Brahma marriage rituals, here the family of bride would take two cows from the sage in return 
of their daughter. In Prajapata marriage, the bride and groom are married by exchanging some 
Sanskrit Mantras. This type of marriage is very similar to the Brahmcharya marriage but here there 
bride’s father give her away as a gift not to the groom but his family. In Demonic marriage, the groom 
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offers dowry to the father in exchange of his daughter. This is considered demonic because the 
giving daughter in exchange for goods is similar to selling her off. In Gandhara marriage, Fiendish 
marriage is where a man forces himself on the woman when she is unconscious, drunk or drugged, 
In Ghoulish marriage, groom forcefully abducts the bride from her home against her will and her 
family’s will. The mention of marriages in law books suggests that women were put in such situation 
where they were sold, abducted and forcefully married. Even though these types of marriages were 
not encouraged they were accepted in the society. Although Kamasutra mentions that father should 
not accept bride price.

IDEALIZATION OF HOUSEHOLD WOMEN
Vijayaramaswamy in his book “walking naked” talks about how women are expected to be in 

certain way, if they are any different from pre conceived notion of womanhood then they set bad 
example in society. He believes that the nature of women makes her determine her character in 
society and defines if she is acceptable or not in that society and the women who did not subscribe 
to the role models, these were considered dangerous and deviant. He believes that this concept of 
dangerous women mostly was associated to widows, prostitutes and saints, mostly the women who 
had no male owner to look after her. He suggests how the idea of piousness is being associated with 
womanhood and everything which outside the stereotypical nature women is considered wrong. It is 
argued that a woman as the virtuous, selfless, nurturing mother, wife and daughter attains salvation. 
He particularly talks about how women were connected more with the humility and surrender of 
ego which marks the path of salvation. In texts, smritis and saṁhitās women were glorified like this 
and were put on the pedestal as a self sacrificing mother, chaste women and obedient wife and 
daughter, whenever the women shows her individual interest she becomes the problem for society. 
An ideal household woman was expected to be in house and she should also not to be seen in 
public too much. He also talks about how the female spirituality has been portrayed in texts. It 
was largely connected to the loyalty of women with her husband. In Hindu religion, women whose 
husband dies is bound to be remain loyal to her him even after his death. Vijayaramaswamy argues 
how the household women considered pious, but the piousness had some norms which women 
were expected to follow. He argues a pious housewife worships her husband as god while a saint 
worships god as her husband. Spirituality has been associated with women in very unique ways. 
It is considered that the “feminine” has a very spiritual realm, and devotion itself is portrayed in 
form of “virah”, meanwhile the separation of the women from her beloved is considered important 
aspect of spirituality and womanhood too, since women were expected to grief whole life when his 
husband dies and were expected to be loyal to him after his death even. It appears that if “feminity” 
and female qualities are to be perceived purely in terms of male generated epistemology, then a 
women seen as a crafty seductress, has to be shunned by male spiritual aspirants. Certain ideas 
were formed about what an ideal women should be and women were then imagined in terms of 
these ideas and accordingly turned into icons of ‘pativratya’ i.e. devoted wifehood. This leads not 
only to a multiplicity of interpretations of female representations within patriarchal structures but 
also to transmutation and transformations of images themselves. The focus of research then is 
on the very dynamic process by which women become iconize in Indian history, myths, fiction 
and the art and the shatter of many of these representation as icons turn women, changeable 
and ever changing. It is also said that the female of the house should not grieve, because if they 
grieve they can bring bad luck and the house can be ruined. A woman is considered to represent 
‘prakriti’ or the creative force and as such she becomes the allegorical representation of patience, 
endurance and care.Within the Hindu religious and scriptural tradition, the imaging of women has 
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been primalrily and male enterprise although in a patriarchal set up, women have provided active 
agency in the whole process. The Dharma shastras, smritis, puranas represent the high tradition 
brahmanical sanskritic texts within Hinduism. Vijaramaswamy argues that these texts were authored 
by the Brahmin males for the benefit of Brahmins and the ruling classes. They provided women with 
astrictive and prescriptive roles. In the texts women are not imaged as they are but as they “imaged” 
to be by the brahmanical male elites and women become iconize into what they should be, again in 
male epistemological view. The imaging of women of the society apart from brahmanical point view 
is difficult to see. We don’t get to see many female authors, that makes it difficult to observe how 
women were portrayed in their view and what are the other perspectives. We don’t know much lower 
Varna authors too, Kamasutra and Manusmriti both were written by Higher Varna men of the society 
who are qualified to make judgments and laws for society and their laws were largely accepted. The 
canonical texts describe women as beautiful, sensuous, timid, weak, and fickle and she should be 
protected, guarded and controlled by men good women should be modest, self effacing and self 
sacrificing. According to Manu a women should submit to the authority of her father in her youth. A 
women who lives independently or remained unmarried would be a social aberration. The iconzation 
of women by Brahmanical high tradition texts led Indian women to swing between two bipolarities 
– chaste housewife v/s prostitutes. We have already talked about housewives. Now let us move 
to the portrayal of Public women in texts. Women can’t have their own personality but they were 
expected to be like their husbands, when a wife unites with her husband she takes on the qualities 
he has. He even gives the example of Akshmala, a women of the lowest birth when she united with 
Vashishtha and also Sarngi with Mandpala they became worthy of great respect.

Public Women and Courtesans
Kamasutra talks in detail about courtesans. According to Bhattacharji, Courtesans could be 

considered as the highest ranked prostitutes, we notice the earliest mention of prostitutes was 
in Rgveda, and after that between the 8th and 5th BCE. As it was earlier stated that Kamasutra 
is directed towards the Nagaraka (citizen) who was seen as the Nayaka or actor but in the sixth 
section the protagonist becomes the courtesans and the issue here turns towards profit instead of 
Kama. It is clearly visible here, that the motive of kamasutra was not limited to show a section of 
society that how they can get the highest pleasure, Kamasutra was taking into account the other 
important aspects of life of an individual, that too was not just limited to Men of a patriarchal society 
but the women. It was suggested how a courtesans should extract as much money as she can 
from her customers. In this way we see how the view of the author towards household women and 
public women differentiate. For household women, he describes how an ideal woman should be 
whereas for courtesans he focuses more on financial concerns of her. Courtesans are advised to 
observe the semblance of wifehood, to get the maximum wealth from her sexual partners. Kumkum 
Roy described it as the distinction between the prostitute and the wife is the former’s recognized 
access to income and control over the expenditure whereas the wife is suppose to be dependent 
on her husband and the male member of her family for her expenses. In that context vatsayayana 
says that a when a courtesans is able to realize much money everyday, she should not confine 
herself to a single lover, but if she can obtain great gain from a single lover, she may resort to 
him alone and live like a wife and if the she is intending to leave one particular lover and take up 
with another one, she should try to get as much money as can from him. It was also suggested 
that courtesans should have a good public relations. She should form friendships with the guards 
and offices of royal house that would help her to gain more customers and help in other aspects 
too. We The courtesans were suppose to have multiple partners and this was not just accepted 
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in the text but was encouraged too, while for household women, they were suppose to be loyal to 
one men even after he dies and she has to be under the control of the other male of the family. 
After her husband is dead, she may voluntarily emaciate her body by eating pure flowers, roots, 
and fruits, but she should never mention the name of another men, and it was suggested that she 
should remain patient, controlled and celibate until her death. Meanwhile if the woman dies before 
her husband the twice born should marry a new wife. Manusmriti also talks about the guarded 
woman and unguarded women. The texts sees the guarded women more pious and any kind of 
crimes committed against her deserves more severe punishment that the punishments given to 
those who commit crime against unguarded women. According to Munusmriti when a shudra has 
sex with guarded women or a woman of a twice born, he loses a limb and all his possessions 
and if she was guarded women, he will lose his everything. However a vaiśya is imprisoned for a 
year and all his property is confiscated, and the kṣatriya is fined with 1000 and his head is shaved 
using urine. Even those Brahmins who have forcible sex with guarded Brahmin women should 
be fined with one thousand and if it was with the consent then he will be fined with 500. About 
guarded women Manu has written that men should keep their women guarded against even the 
slightest evil inclination.

Private Women - “Good Women” v/s the Public Women – “Bad Women”
Texts like Kamasutra and Manusmriti talks about Public women in detail. We have noticed 

the mention of courtesans several times by Vatsyayan in Kamasutra. He addresses to the 
courtesans and gives his advices for better monetary gains from her clients. Sukumari Bhattacharji 
argues that the earliest mention of the prostitutes was in Rgveda, after that between 8th and 
5th BC vast literature, we hear of women of easy virtue, and mention of wife’s illicit love affairs. 
There is mention of women who were either could not find suitable husbands, because of early 
widowhood, unsatisfactory married life or if they had been abducted or forcibly enjoyed and denied 
an honorable position in society; or had been given away as gifts in religious or secular events 
– such a women were forced to take up prostitution as a profession and when they did so, they 
found themselves in a unique position. Of course in such situation they were not quite accepted 
in the society and were seen in different gaze. They constituted the only section of women who 
had to be their own bread winners and guardians. The other entire maiden - daughters, sisters, 
wives, widows and maidservants were words of men, fathers, brothers, husbands, masters or 
sons. Bhattachargi argues that all prostitution did not offer the same kind of economic security. 
In the profession of courtesans too, there were different hierarchy of courtesans. Some were 
enjoying all the leisure coming from their clients and had their own servants and helpers. But 
it was different with others, like a raped woman had little chance of an honorable marriage and 
social rehabilitation reduced to prostitution; she had to accept whatever came her way. It seems 
such women did not enjoy much respect in society nor they were getting much income in their 
profession. Such women were more prone to be the victims of crimes since the punishment for 
crime against unguarded women were minimal. Not just law books other kind of literature also 
mentions such instances showing crimes happening against public women. For instance, in 
the Sanskrit drama Mricchakatika which was written around written in 5th CE by Shudrak it was 
shown how a villain named Shakara follows and threatens tries to the Protagonist courtesan 
Vasantsena. Later too, the antagonist in the story tries to commit crime against her. It is also 
written in Manusmriti that If a men forcibly enjoyed ganikas was fined with 12 panas, but in times 
of crisis half of her monthly income could be forfeited to the state. She could also employed as 
a spy. Vatsyayan also mentions the rupajiva, another name of mistress of one individual men 
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is avaruddha. The mistress of one individual man was named avaruddha. Chief courtesans of 
prosperous cities and towns maintained their own train of singers and dancing girls, royal courts 
also patronized such singers and dancers. The ganikardasi was female slave of ganikas who 
could also become independent. While Kulata was a married women who left home to become 
a public women and vandhaki was housewife turned whores. Prostitutes especially ganikas are 
the most accomplished among them, they offered men something which by early centuries had 
become rare among women of gentry accomplishment. The series of neat equation deprived the 
women of education, dooming her to household chores, service of her husband and in –laws. 
We have seen that ganikas, Rupajiva and vandhika had to pay taxes to state but a careful study 
leads to the conclusion that almost all categories had actual/ potential obligation for paying 
taxes. Regarding her customers too, vatsyayana says the ideal one is young, rich without having 
to earn his wealth, proud, a minister to the king, one who can afford to disregard his elder’s 
commands preferably an only son of a rich father. The courtesans is advised not to stick to one 
visitor who she has offered from many. She should oblige him who can afford. She should leave 
the impoverished lover and never invest in one from whom is no hope of return. When she has 
sqeezed her customers dry, she should leave him. The prostitute could own ornaments, money, 
her fees, servants, maidservants who could be concubines.

Property Rights of Women
We have no way of knowing when prostitution arose as recognizable profession. Courtesans 

plied their trade and attracted money from travelers, merchants, soldiers and men of various 
trades. These courtesans were trained in many arts and if they were young and pretty they 
could amass fortunes. But evidently only the exceptionally beautiful, young and accomplished 
among them were so fortunate. Since entertainment was their primary function they had to 
provide, song dance, music and various other kinds of pleasures. But it appears that the concept 
of individual ownership was not prevalent in early age. In Dharmashastra or Smritis we come 
across a distinct codification of rules relating to ownership inheritance and partition. We notice 
that the codes of Manu are first systematic exposition of all these. Manu talks about six fold 
concept of stridhana. The women have no right to inherit the paternal property but it only should 
happen through male line. Manu includes gifts from husband during love making, Sulka what 
is given to her as the bridal price, anvadheya (what is given after marriage). Manu’s concept of 
Putrika i.e. son hood ascribed to daughter by sonless father. But he is completely silent about 
the rights of widows. But the case of public women was different. We hear about the courtesans 
particularly. Vatsyayan completely encourages the courtesans to have financial gains over their 
love affairs and other priorities.

SOCIAL STATUS OF PUBLIC WOMEN AND PRIVATE WOMEN
It is important discuss vastly how these women were seen society and what social status 

they had. Vatsyayana and Manu both through their writing suggest how one can have a control 
over his wife. Vatsayayana indeed says that women should be well versed in sixty four arts (64 
yogini) he still does not want that women should enjoy independency, he in fact talks about 
adultery and luring someone else’s wife. Meanwhile Manu sees women’s value according to her 
caste. He suggests that the rite of taking had should only be followed in equal class. But when 
the women is marrying an upper class man, a kshatriya bride should take hold of an arrow, a 
Vaishya bride should hold a good, and a shudra bride should hold the hem of her garment. Girl 
child were not appreciated in the family. We have noticed Manu suggests certain ways to get 
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girl child. He suggests that if one needs a boy then he should have sex on even nights. He says 
when a men is dominant in sexual union then a boy born, if the woman is dominant then a girl 
born and if both are dominant then a hermaphrodite or a twin boy and girl will be born. Manusmriti 
completely disregards the concept of purchasing wives. He says that a learned mn should never 
accept slightest bride price for his daughter. If he accepts the bride price he becomes a trafficker 
of his own offspring. When he or any other relative lives off a women’s wealth those will descend 
the downward course. In fact see’s marriage too was not accepted to Manu, he says that even 
taking cows and bull constitute the bride price. He says that when women’s relatives don’t take 
any kind of bride price for themselves it is not constituted as sale but a token of benevolence. 
He says it is the way of giving respect to the bride. On several occasion Manu has talked about 
giving respect to women. He says it is important for men of the family to respect women if they 
want abundance of good fortunes. If a woman is revered they get fortunes but they are not, then 
no rites can bring any good luck for them. If a man wants to become prosperous he should honor 
his women on joyful occasions and festive days with gifts of adornments, clothes and food. But 
as it was mentioned Manu also suggest husband that they should treat their wife according to 
their Varna status. Manu says that families get ruin when the husband only has kids from shudra 
women. He also suggests that a twice born man should marry a wife who belongs to same class 
as his, and comes from a prominent family. But Vatsyayana also says that only a good man 
deserves a good girl and if she has too many options she should choose the best among them. 
To a women a men who is obedient, and master of himself but who is not good looking and poor 
has greater value than the man who is rich but has too many wives. He also suggests that a 
man who is low of position, who is fallen from social status, who is much given to travelling does 
not deserve to be married. He should not marry when he has too many wives already. It is also 
said by Manu that if he has a wife of equal class she should be the supreme among other wives 
and she should never try to replace her with new wife of equal class. Kamasutra talks about 
the harem of king too, vatsyayana believes that a man who marries too many wives should be 
fair to all of them. Women of harem should not be allowed to go out alone, neither any women 
outside the harem can enter in it. He talks about the superior wife too. When man brings the 
second wife after marriage first wife should her own position to her voluntarily. She should take 
care of her and teaches her how to keep their husband happy. Women were supposed to be 
respected because of her sufferings, because she bears kids, and the work she does in home. 
Women were not expected to acquire knowledge in every circumstance. We hear that married 
women could acquire knowledge with the permission of their husband; others had to learn it from 
trustworthy people. Women could not be taught by men versed in the Sanskrit sutra version of 
the texts. Kamsutra and Manusmriti both do not discourage the learning of women, but it is not 
appreciated too. If a woman wants to acquire knowledge for that too, she has to be dependent 
on her husband or others, there no other independence way for her. There is no mention of 
knowledge of lower class and public women. These texts are silent about those too. If we talk 
about prostitutes we know that there were ranks in the prostitutes occasionally a prostitute was 
married. Vatsyayana lay down a provision whereby Vaishya could be given in marriage to one 
who could provide special musical assistance to the establishment. Kamasutra, says she should 
always be decked out with jewellery and without attached to her client.
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lapkj % vo/kkj.kk vkSj izfØ;k

MkW- vkjk/kuk lDlSuk* 

izLrkouk

vaxzsth ds dE;wfuds'ku Hkk"kk ds vFkZ ds :i esa lapkj 'kCn izpfyr gS] ftldk vFkZ lapj.k] ¼;kuh 

,d LFkku ls nwljs LFkku rd tkuk½] lEizs"k.k] vknku&iznku] vfHkO;fDRk dkS'ky vkfnA lkekU;r% 

lEizs"k.k ;k lapkj dk vFkZ gS fdlh tkudkjh] Hkko ;k fopkj dks nwljs rd igq¡pkuk vkSj nwljs ds 

Hkko ;k fopkj dh tkudkjh ikukA blds fy, ,d vkSj 'kCn dk iz;ksx fd;k tk ldrk gS & ijLij 

ckrphr] ;k foe'kZ 

lapkj dh izfØ;k tfVy gksrh gSA lapkj dks lgh :i esa le>us ds fy, mldh izfØ;k o mlds 

Lo:i dks le>uk vko';d gSA 

lapkj ds fcuk dksbZ Kku lEHko ugha gS] lapkj izfØ;k dk v/;;u ,d ,slh nqfu;k ds njokts [kksyrk 

gS ftlesa 'kCnksa] ladsrksa vkSj fopkjksa ds ijLij fj'rksa vkSj lk>siu dh izfØ;k ds ckjs esa ckr dh tkrh gS] 

lapkj dh ;g izfØ;k vyx&vyx laLd`fr;ksa eas vyx&vyx rjhds ls pyrh gSA

lapkj

lkekU; rkSj ij ge lapkj 'kCn dk iz;ksx djrs gh mldk vFkZ le>rs gSa & oDRkk ;k izs"kd }kjk 

lans'k Hkstuk vkSj Jksrk ;k izs"; }kjk lwpuk,¡ xzg.k djukA ;g mYys[kuh; gS fd lapkj dk lEcU/k lekt 

ls gS vkSj lekt esa lapkj ds leqfpr lalk/kuksa ds vkus ls igys ls gh lapkj ds fofo/k ek/;e vfLrRo 

esa vkrs jgs gSA lapkj dk 'kkfCnd vFkZ gS QSyko&foLrkj] fdlh ckr dks vkxs c<+kuk] pykuk] QSykukA 

vkSj tulapkj dk vk'k; gS & tu&tu esa Hkkoksa dh] fopkjksa dh vfHkO;fDRk djuk vkSj Hkkoksa vkSj fopkjksa 

dks le>ukA 

bl rjg dE;wfuds'ku &lapkj dk vFkZ gS &

1- fopkjksa] Hkkoukvksa] lwpukvksa dk vknku&iznku djuk

2- vkilh le> c<+kuk vkSj

3- tkuuk vFkok cks/k djukA

bl :i esa lapkj ds vUrxZr lkspuk] cksyuk] lquuk] ns[kuk] Ik<uk] fy[kuk] ijLij O;ogkj] 

fopkj foe'kZ] lEHkk"k.k] okn&fookn lc vk tkrk gSA vkilh ckrphr] VsfyQksfud lEizs"k.k] i=kpkj] 

;g lc Hkh lapkj ds vUrxZr vk tkrk gSA ;g lapkj euq"; rks djrk gh gS] lalkj ds leLr vU; izk.
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kh fdlh u fdlh :i esa lapkj djrs gSA izk; ns[kk tk;s rks gekjs ikyrw i'kq viuh [kq'kh] viuh ihM+k] 

Lusg] Øks/k & vius gko&Hkko vkSj ps"Vkvksa }kjk O;Dr djrs gSaA tkfgj gS fd euq";srj izk.kh Hkh viuh 

HkkokuqHkwfr;ksa dks fdlh u fdlh rjhds ls vfHkO;DRk djrs gSaA gk¡] ckSf)d {kerk vf/kd gksus ds dkj.k 

ekuo us lapkj ds csgrj rjhds [kkst fy, gSA lapkj dsoy Hkkoksa ;k fopkjksa dh vfHkO;fDRk dk ek/;e 

ek= ugha gS] blds }kjk vius lekt] vius ns'k esa ?kV jgh ?kVukvksa dh gh tkudkjh gesa ugha feyrh 

vfirq fo'oeap ij D;k dqN ?kV jgk gS] bldh Hkh tkudkjh feyrh gSA gekjs lkekftd ifjn`'; esa 

xr dqN n'kdksa ls cgqr cnyko vk, gSaA fo'o dk ,d?kzqoh; gks tkuk] Hkwe.Myhdj.k dh izfØ;k dh 

'kq#vkr] vkSj dEI;wVj ØkfUr dk izHkko&iqjtksj :i esa fn[kkbZ nsus yxk gS rks gesa ;g Hkh eglwl gksus 

yxk gS fd fo'o bfrgkl es chloha 'krkCnh dh dqN egRoiw.kZ ?kVukvksa ;Fkk & mifuos'kokn dk [kkRek] 

:lh ØkfUr] nks&nks fo'o;q)] Qklhokn dk mn;] xka/khokn dk mn;] oSKkfud vkSj rduhdh izxfr] 

ekDlZoknh fopkj/kkjk dk QSyko] lksfo;r la?k dk fo?kVu vkfn us gekjs lekt&lkfgR;&Hkk"kk&fpUru 

lc ij cgqr izHkko Mkyk gS vkSj gekjh lksp] gekjh dk;Z'kSyh dks vkewy ifjofrZr dj fn;k gS] ge ,d 

laLd`fr] ,d Hkk"kk dk ukjk yxkus yxs gSa] ,sls esa lapkj 'kSyh] lapkj O;oLFkk esa tks vHkwriwoZ ifjorZu 

gq, gSa] og gesa gSjr esa Mky nsrs gSaA

,d le; gesa lwpuk bdV~Bk djus ds fy, le;] 'kfDr] Je dkQh O;; djuk iM+rk Fkk vkSj vkt 

lpZ batu ds lgkjs ls iwjs fo'o dh tkudkjh gekjh maxfy;ksa esa gSA QSDl] bZ&esy] VsyhdkWUQzsfUlax }kjk] 

n`';&JO; ek/;eksa }kjk ge cM+h vklkuh ls viuh bfPNr tkudkjh ik ysrs gSA vktdy VsyhQksfud 

lk{kkRdkj csgn izpyu esa gSaA blls u dsoy lk{kkRdkj ysus ;k nsus okys ds le; dh cpr gksrh gS] 

iSls] dkxt vkfn dh Hkh cpr gksrh gSA dgus dk vk'k; gS fd gekjh lapkj iz.kkyh vR;Ur fodflr 

vkSj OkSKkfud gSA bl iz.kkyh ds fodkl esa ge ekSf[kd lapkj] fyf[kr lapkj] eqnz.k dyk ds ek/;e ls 

lapkj] VsyhxzkfQd iz.kkyh dks ikj djrs gq, lapkj ds vR;k/kqfud lalk/kuksa ls lEIkUu ik¡posa pj.k esa 

gSA bZ&esy] VsyhdkWUQzsfUlax] Qslcqd] OgkVl,si] fV~oVj] lks'ky usVofdaZx] CykWx vkfn 'kCn bl ifjizs{; 

esa vkt cgqr izpfyr gks x, gSA bl lalk/kuksa ds }kjk vkt lalkj ds {ks= esa ØkfUr mifLFkr gks xbZ gS 

vkSj ge lapkjiz.kkyh ¼Communicating Animal½ cu x, gSA vius fcy ge bUVjusV }kjk tek dj ldrs 

gSa] gokbZ tgkt vkSj jsyos ds fVdV cqd djk ldrs gSa] bZ&isij ds :i esa lekpkji= i<+ ldrs gSa] 

iwjs fo'o ds lekpkj tku ldrs gSa] [kjhnkjh dj ldrs gSa] bZ&esy] OgkVl,si }kjk i= Hkst ldrs gS] 

vkys[k Hkst ldrs gS] CykWx }kjk viuh vfHkO;fDRk dh {kerk dks izLrqr dj ldrs gSa] Qslcqd] fV~oVj 

vkfn }kjk vius fopkjksa dks lcds lkFk ckaV ldrs gSa vkSj dkxt dh cpr dj ldrs gSa] jktLo dh 

Hkh cpr dj ldrs gSA 

lapkj dh izfØ;k

Lakpkj ,d O;fDRk ls nwljs rd vFkZiw.kZ lans'k izsf"kr djus okyh izfØ;k gSA ;g izfØ;k tfVy vkSj 

oSKkfud gSA ;fn lalkj lE;d :Ik ls ugha gksrk rks lans'k Bhd&Bhd #i ls Jksrk&oDRkk rd ugha igqap 
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ldrkA oLrqr% lapkj izfØ;k esa ck/kk gksus ij vusd izdkj dh xyrQgfe;k¡] Øks/k] uSjk';] bZ";kZ] }s"k vkfn 

mRiUu gks tkrs gSA fygktk lalkj lalk/kuksa dk l'kDRk gksuk cgqr t:jh gSA ;fn lapkj lqpk# :i esa 

gksxk rks Jksrk mls Bhd ls xzg.k djsxk] mldk lE;d mRRkj nsxkA 

lEizs"kd vkSj lEizs"; dk vkilh rkyesy Bhd gksxk] le; dh cpr gksxh vkSj lwpuk,¡ vf/kdkf/kd 

,d= gksxhA lapkj lqpk# :i ls gks] blds fy, oDRkk dks vius fopkjksa dks Li"Vr% rFkk foLrkjiwoZd 

vfHkO;DRk djuk pkfg, rkfd og Jksrk ds le{k ,d Li"V fp= [khap ldsA dgus dk rkRi;Z gS fd lapkj 

izfØ;k dk vFkZ gS ,d O;fDRk ls nwljs O;fDRk rd vFkZiw.kZ lans'k dk lEizs"k.kA dksyafc;k bUlkbDyksihfM;k 

vkWo dE;qfuds'ku] esa lapkj ds fo"k; esa dgk x;k gS & “The transfer ofthoughts and massage as contrasted 

with transportation of goods and persons” Li"Vr% lEizs"k.k dh izfØ;k tfVy vkSj oSKkfud gSA 

izs"kd vkSj izs";oDrk vkSj Jksrk esa ijLij rkyesy lEizs"k.k ds fy, vR;ko';d gSA blds fy, t:jh 

gS fd oDRkk dk lans'k Li"V gks] Jksrk ml lans'k dks xzg.k djus ds fy, rRij gks] ;ksX; gks] lans'k ds 

ek/;e Bhd&Bkd gksa] vkSj lkFk&lkFk le;] ifjfLFkfr] LFkku lc vuq:i gksaaA LkEizs"kd dk lans'k izHkko'kkyh 

gksus ij fuf'pr :i ls Jksrk rd igq¡psxk] vkSj lans'k rc izHkko'kkyh gksrk gS] tc oDRkk dk mÌs'; LIk"V 

gks] og viuh ckr eu ls dg jgk gksA 

ik'pkR; fopkjd vjLrq dk dguk Fkk fd fdlh Hkh ukV~; izLrqfr esa laxBu=; dk gksuk vR;ko';d 

gS vU;Fkk lEizs"k.k esa ck/kk gksxhA ;g laXkBu=; lapkj ds Js"B :i dks gh O;Dr djrk gSA vkS ;g 

lHkh lEHko gS tc oDRkk&Jksrk esa ijLij rkyesy gks] oDRkk dh d.B/ofu] mldk vfHkizsr] ns'k] dky] 

okrkoj.k@ifjfLFkfr & lHkh esa ijLij lfUuf/k gksA oDRkk D;k dg jgk gS \ D;k dguk pkgrk gS \ 

mldh d.B/ofu dSlh gS \ fdl LFkku ij og viuh ckr dg jgk gS \ ns'k dkSu lk gS \ le; D;k 

gS \ Jksrk dh eu%fLFkfr D;k gSa \ mldk ckSf)d Lrj D;k gS\ ;g lc ckrsa LkEizs"k.k dks lQy ;k 

vlQy cukrh gSA 

lapkj dh izfØ;k OkSKkfud Hkh gS vkSj tfVy HkhA vesfjdh fo}ku iflaZx ds vuqlkj & ekuo lapkj 

dks izrhdkRed fØ;k }kjk vFkksaZ ds dk;ZO;kikj dh lfiZy ;k dq.Myhnkj izfØ;k }kjk ifjHkkf"kr dj ldrs 

gSA blesa fyf[kr] ekSf[kd ;k 'kCnsrj lans'k Hkstus vkSj izkIr djus ls tqM+s lHkh rRo 'kkfey gSA tks ekuo 

lapkj ds Lo:i dks fuEu oSKkfud rjhdks ls Li"V djrs gS &

1- lfiZy izfØ;k ¼Spiraling Process½ %& lapkj dh okLrfod izfØ;k lfiZy gSA bl ckr dks ge 

,sls Hkh le> ldrs gSa & izs"kd vkSj izs"; ,d gh Lrj ij lapkj fØ;k vkjEHk ugha djrs A 

lans'k dk fodkl vyx&vyx gksrk gSA lans'k ;fn O;o/kku jfgr gksxk rks vf/kdkf/kd lQy 

gksxkA O;o/kku gksus ij lapkj esa #dkoV vk ldrh gSA lapkj izfØ;k xR;kRed izd`fr dh 

gSA bl izfØ;k esa tks lans'k Hkstk tkrk gS og lans'k ikus okys ds ikl lh/ks ugha igq¡prk 

vfirq ?kqekonkj rjhdsa ls igq¡prk gSA lans'k igqapus ds ckns lans'k ikys okys dh izfrfØ;k 

gksrh gS ftls QhMcSd dgk tkrk gSA lapkj dh izfØ;k rHkh iwjh gksrh gS tc QhMcSd feyrk 

gSA 
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2- dk;ZO;kikj ¼Transaction½ %& dk;ZO;kikj lapkj dk csgn egRoiw.kZ midj.k gSA lapkj nksrjQk 

O;kikj gSA oDRkk lans'k nsrk gS] Jksrk lqurk gSA nsuk vkSj lquuk & nksuksa gh leku :Ik ls egRo 

j[krs gSA ;g lans'k lkFkZd gksrk gSA nwljs 'kCnksa esa dg ldrs gS fd lapkj dk dk;Z vFkksZn~nhiu 

¼Stimulatind menaing½ djuk gSA 

3- vFkZ ¼Meaning½ %& oDrk tSls gh fdlh 'kCn dk mPpkj.k djrk gS] ge rqjUr mldk vFkZ xzg.k 

dj ysrs gSA lapkj ds dk;ZO;kikj ls vk'k; gS vFkZ dk LFkkukUrj.kA lapkj dk dk;Z O;kikj og 

vFkZiz.kkyh gh gS] tks le;] LFkku] dky] ifjfLFkfr] ifjos'k vkfn ds vk/kkj ij fu/kkZfjr gksrk gSA 

ge jkr 'kCn dk mPpkj.k djrs gSA ;g 'kCn mPpfjr gksus ds lkFk ,d lkekU; vFkZ crkrk gS 

& fnu dh lekfIrA eryc fd vFkZ gekjs efLr"d esa jgrs gSaA 

4- izrhdkRed fØ;k ;k O;ogkj ¼Symbolic Action½ %& ;g lapkj dk pkSFks ?kVd gSA Hkk"kk dh ,d ifjHkk"kk 

gS & izrhdksa dh O;oLFkk gSA izR;sd 'kCn ds fy, ,d izrhd fu/kkZfjr gSA oLrqr % lapkj dh okLrfod 

izfØ;k izrhdkRed fØ;k gS ;s izrhd okfpd] fyf[kr vkSj ladsrkRed gks ldrs gSA euq"; ,d efLr"d 

ls nwljs efLr"d rd vklkuh ls vFkZ dk lh/kk LFkkukUrj.k ugha dj ldrkA bl LFkkukUrj.k ds fy, 

og izrhdksa dk lgkjk ysrk gSA izrhdksa ds }kjk og viuh ckr vPNh rjg ls lEizsf"kr dj ldrk gSA 

lkfgR; izrhdksa dk lè)re iz;ksx djus ds dkj.k lEizs"k.k dh ǹf"V ls loksZaRd̀"V gksrk gSA ge izd̀fr 

ds fofHkUu miknkuksa ls izHkkfor gksrs gS\ mudk o.kZu djrs gS tSls & ns[kks] 'kke fdruh vPNh yx 

jgh gSA lw;Z if'pe fn'kk esa gSA vkdk'k mldh ykfyek ls yky gks x;k gSA 

5- lans'k izs"k.k rFkk xzg.k djus ls tqM+s lHkh rRo ¼Sending and Recieving½ %& lans'k Hkstuk vkSj 

xzg.k djuk& ;s nksuksa dk;Z lapkj ds fy, vko';d gSA lans'k Hkstus ds lkFk lapkj dh izfØ;k 

iwjh ugha gks tkrh] lans'k ikus okyk lans'k xzg.k djds ml ij viuh izfrfØ;k djrk gS] rHkh 

;g izfØ;k iwjh gks ikrh gSA 

6- fyf[kr] ekSf[kd ,oa 'kCnsrj lans'k ¼Written, Oral and non-verbal messages½ %& lapkj ds bl ?kVd 

esa LkHkh izdkj ds fyf[kr] ekSf[kd] ;k ladsrkRed lans'k vk tkrs gSA lans'k Hkstus okyk igys ,d 

ekufld izrhd fufeZr djrk gS] rnqijkUr mu ekufld izrhdksa dks ckg~; lans'k izrhdksa ds :i 

esa ifjofrZr djds izkIrdrkZ rd Hkstrk gSA izkIrdrkZ dk ltx efLr"d bu ckg~; izrhdksa dks 

xzg.k djrk gS vkSj fQj mldk ekufld izrhd fufeZr gks tkrk gSA bl rjg lans'k Hkstus vkSj 

xzg.k djus dh fLFkfr ls oDRkk dk vfHkizsr Jksrk rd igq¡p tkrk gSA la{ksi esa dgk tk ldrk 

gS fd &

• lapkj dk vFkZ gS vius Hkko] fopkj] lans'k] Kku] lwpuk dks nwljksa rd igq¡pkuk

• vius vuqHkoksa dk ijLij vknku&iznku djuk

• lapkj dh izfØ;k lfiZy gSA blesa lans'k ikus okys dh izfrfØ;k vko';d gSA

• lapkj izfØ;k dsoy 'kCnksa ds vknku&iznku ls lEHko ugha gSA 'kCnksa ds lkFk oDRkk&Jksrk ds 

gko&Hkko] vax lapkyu vkfn Hkh lapkj izfØ;k esa lgk;d gksrs gSA 
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ekuo lapkj ds ikap Lrj gSa & vUr% oS;fDrd] vUrjoS;fDRkd] e/;lapkj] O;fDRk ls lewg lapkj 

vkSj tu lapkjA 

lapkj dk egRo 

lapkj ds fcuk thou thus dh dYiuk gh ugha dh tk ldrh gSA ge lHkh ,d ek/;e ds tfj;s vius 

nSfud thou ds vuqHko dks lk>k djrs gS] ;g gekjh vfHkO;fDRk] gekjs gkoHkko] gekjs cksyus ds rjhds 

vkfn ds ckjs esa crkrk gSA fdlh Hkh lekt esa jgus okys yksxksa ds jgu&lgu] [kku&iku] vkpkj&O;ogkj 

vyx&vyx gksrs gSA izR;sd O;fDr dh viuh fo'ks"krk,a vkSj [kkfe;ka gksrh gSA lapkj dh Js"Brk bl ckr 

ij fuHkZj djrh gS fd O;fDRk vius lans'k dSls Hkstrk gSA mlds lans'k dh xq.kork ds vk/kkj ij gh mlds 

O;fDRkRo dh igpku gksrh gSA 

lapkj ds ck/kd rRo tks oDRkk vkSj Jksrk dh lkekftd fLFkfr;ka] mudk Hkkf"kd Kku] mudh 'kkjhfjd 

vU;euLdrk] lkaLd`frd oSfHkU; lapkj esa ck/kd gks ldrs gSA oDRkk dk vk'k; dqN gks] Jksrk fdlh vU; 

lUnHkZ esa mls xzg.k dj jgk gks] oDRkk dks Jksrk ls QhMcSd ugha fey jgk gks] lans'k izs"k.k ds detksj 

lalk/kuksa dk pquko fd;k x;k gks] rks lapkj esa fuf'pr :i esa ck/kk gksrh gSA Js"B lEizs"k.k ds fy, ;g 

/;ku j[kuk pkfg, fd lapkj esa ck/kd rRo u vka,A lapkj ds fcuk O;kikj ds {ks= esa fodkl ugha gks 

ldrk] turk vkSj ljdkj ds chp esa lEidZ ugha gks ldrk] lkfgR; l`tu ugha gks ldrk] lekt lsok 

dk dk;Z lqpk# :i ls ugha gks ldrkA lapkj ds ckf/kr gksus ij thou ds leLr fØ;kdyki Hkh ckf/kr 

gks tkrs gSA vr% lapkj dh vifjgk;Zrk Lor% fl) gSA 

vaxzsth ds dE;qfuds'ku ds i;kZ; ds :i esa O;og`r lapkj@lEizs"k.k dk gekjs thou esa fo'ks"k egRo 

gSA lapkj dk lEcU/k lekt ls gS vkSj lekt ds vfLrRo esa vkus ds lkFk&lkFk lapkj ds lalk/kuksa dk Hkh 

fodkl gksuk vkjEHk gks x;k FkkA vkjEHk esa vax lapkyu }kjk] gko&Hkko }kjk] fofHkUu izdkj dh eq[kkd`fr;ksa 

}kjk ladsrksa }kjk lEizs"k.k dh 'kq#vkr gqbZ] fQj lapkj ds ekSf[kd] fyf[kr] eqfnzr vkSj bysDVªksfud ek/;eksa 

dk fodkl gqvkA vkt rks ge lkbcj Lisl ls tqM+s gq, gSA 

euq"; vkSj euq";srj izk.kh Hkh fujUrj lapkj esa layXu gSA bl izdkj lapkj dh izfØ;k OkSKkfud vkSj 

tfVy gSA bl izfØ;k dks iflaZax us lfiZy izfØ;k dgk gSA bl izfØ;k dks le>us ds fy, ekuo lapkj ds ikap 

Lrjksa& vUr% oS;fDrd] vUrjoS;fDRkd] e/;lapkj] O;fDRk ls lewg lapkj vkSj tu lapkj dks le>uk t:jh gSA

lapkj dk egRo ge lc tkurs gSA lapkj vck/k gks] Li"V gks] lans'k ikus okys rd lans'k nsus 

okys dk lans'k Li"Vr% vkSj Bhd Bhd izsf"kr gks tk; & blds fy, t:jh gS fd lapkj ds lalk/ku 

leqi;qDRk gksA ;g lgh gS fd lapkj vkt ekuo thou dk ,d vfHkUu vax gks x;k gSA rduhd dk 

i{k blls vR;f/kd egRoiw.kZ vkSj izHkko'kkyh gks x;k gSA fdlh Hkh O;fDRk esa tulapkj dk fo'ks"kK 

cuus ds fy, dqN xq.k tUetkr gksrs gSA ysfdu tulapkj ds oSKkfud v/;;u vkSj bl fo"k; 

dks le>us dk iz;kl djds dksbZ Hkh O;fDRk Lo;a dh tulapkj dh dyk esa vkSj vf/kd fu[kkj yk 

ldrk gSA 
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n- ,f'k;k&dsfUnzr Hkkjr&vesfjdh lEcU/k % j.kuhfrd ,oa vkfFkZd vk;ke

lquhy dqekj frokjh* vkSj izks- uoZns'oj ik.Ms;**

izLrkouk

foKku ,oa rduhdh fodkl ds dkj.k fo'o ds vf/kdka'k jk"Vª HkkSxksfyd –f"Vdks.k ls vyx jgrs gq, Hkh 

,d&nwljs ls vR;f/kd fudVrk gks x;h gSA orZeku ifjos'k esa fdlh Hkh jk"Vª }kjk viuh lqj{kk ds fy, fd;s 

x;s ç;kl dk çHkko nwljs jk"Vªksa ds Åij ugha iM+k jg ldrkA jk"Vª dh lqj{kk eq[; :i ls jktuSfrd] vkfFkZd] 

lkekftd] lkaL—frd rFkk HkkSxksfyd dkjdksa fl)kUrksa ,oa fgrksa dk lewg gksrh gS] ftlds ek/;e ls jk"Vª viuh 

lqj{kk fu/kkZfjr djrs gSaA çR;sd jk"Vª dh lqj{kk ds nks igyw gksrs gSa] çFke vkUrfjd lqj{kk ,oa f}rh; okº; 

lqj{kkA buesa ls ;fn dksbZ Hkh igyw çHkkfor gksrk gS] rks nwljk mlls vyx ugha jg ldrkA bldk lcls lVhd 

mnkgj.k okYVj fyieSu dh ifjHkk"kk gS& Þfdlh jk"Vª dh lqj{kk rHkh le>h tkrh gS] tc mls vius mfpr 

fgrksa dks ;q) fuokj.k ds fy, cfynku ugha djuk iM+rk] ;fn mls pqukSrh nh x;h gks rks og ;q) ds }kjk 

mls cuk;s j[kus ds ;ksX; gksrk gSAß lHkh jk"Vªksa dh lqj{kk uhfr ds y{;ksa ds fu/kkZj.k esa çeq[k LFkku j[krh gSA

nf{k.k ,f'k;kbZ ns'kksa ds lqj{kk dk ç'u tfVy çrhr gksrk gS] Lo;a vkil esa ,d&nwljs iM+ksfl;ksa dks 

vfo'oluh; –f"V ls ns[krs gS] rFkk dbZ çdkj dh leL;kvks dks ysdj my>sa gq, jgrs gSaA Hkkjr nf{k.k 

,f'k;k esa ,d 'kfä'kkyh jk"Vª ds :i esa mHkj t:j jgk gS] ysfdu bldh lqj{kk dks pkjksa rjQ ls mÙkj esa 

phu o usiky] nf{k.k esa Jhyadk] iwoZ esa ckaXykns'k rFkk if'pe esa viuk vfo'oluh; iM+kslh jk"Vª ikfdLrku 

ls [krjk cuk gqvk gS] ftlds mnkgj.k&1947] 1965] 1971 ds Hkkjr&ikd ;q)] 1962 ds Hkkjr&phu ;q)] 

1999 ds dkjfxy la?k"kZ rFkk fyês ¼LTTE½ o Jhyadk ds e/; 'kfä&LFkkiuk dks ysdj Hkkjrh; lqj{kk dks 

[krjs mRiUu gksrs jgs gSaA ;gh ugha le;&le; ij usiky dh rjQ ls Hkkjr dks /kefd;ka feyrh jgrh gSa] 

D;ksafd vesfjdk tSlh egk'kfä nf{k.k&,f'k;k esa Lo;a viuk opZLo LFkkfir djus ds vFkd ç;kl esa gS] ;gh 

dkj.k gS fd gekjs iM+ksfl;ksa dks çR;{k o vçR;{k :i ls lSU; lktks&lkeku dh vkiwfrZ djrk vk jgk gSA 

vesfjdk vkSj Hkkjr feydj lEiw.kZ nf{k.k ,f'k;k esa igy lk>k djsaxsA vesfjdk Hkkjr dh bl lfØ;rk ls 

phu dks çHkkfor dj jgk gS] ;gh dkj.k gS fd phu us csgn vkØked çfrmÙkj nsuk çkjEHk dj fn;k gSA

nf{k.k ,f'k;k dk Hkw&lkefjd ifjos'k

nf{k.k ,f'k;k dk {ks=h; xBu dbZ jk"Vª jkT;ksa ls feydj ,d Hkw&Hkkx dks lanfHkZr djrk gS] tks 

,d lehiLFk Hkwxksy] ,sfrgkfld laca/k] Hkk"kk] laL—fr igpku rFkk {ks=h; lg;ksx ra= esa ca/ks gq, gSa] rFkk 
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bu {ks=ksa ds vfLrRo dks çHkkfor ugha djrs gSaA vUrjjk"Vªh; lEcU/k vFkZO;oLFkk] lsuk] dkuwu] i;kZoj.k 

bR;kfn fo"k;ksa ij muds vkilh O;ogkj ds Lrj ij vk/kkfjr gksrs gSaA nks ;k mlls vf/kd ns'kksa ds chp 

j.kuhfrd] vkfFkZd] jktuhfrd ikjLifjd vkSj cgqvk;keh lEcU/k gks ldrs gSaA nf{k.k ,f'k;k ds {ks= esa 

Hkkjr dh çeq[k Hkwfedk gS] vkSj Hkw&jktuhfr bl {ks= ds ns'kksa ds chp vkilh lEcU/kksa dks fu/kkZfjr djrh 

gSA Hkwfe] vofLFkfr {ks= ,oa vU; HkkSxksfyd dkjdksa us jktuhfrd fu.kZ;ksa  dks O;kid :i ls çHkkfor 

djrs gSaA Hkkjr ds iM+kslh ns'kksa dh vofLFkfr rFkk mudh lSU; ,oa lkaL—frd 'kfä dks le> us ds ckn] 

lHkh ns'kksa ds lkFk vPNs lEcU/k cuk, tkus dh vko';drk le>k tk ldrk gSA bfrgkl crkrk gS fd 

;g iwjk {ks= Hkkjr ds çHkko esa Fkk tSls& orZeku ikfdLrku vkSj ckaXykns'k Hkkjr ds gh vax FksA blh 

çdkj nf{k.k ,f'k;k {ks= ds vU; ns'k tSls& usiky] HkwVku] Jhyadk] ekynho dHkh u dHkh Hkkjr ds çHkko 

esa jgs gSaA nf{k.k ,f'k;kbZ {ks= esa 8 ns'k vkrs gSa] ftlesa vQxkfuLrku] ckaXykns'k] HkwVku] E;kaekj] usiky] 

ikfdLrku] Jhyadk vkSj ekynho ds lkFk Hkkjr dh lkeqfæd lhek,a Li'kZ djrh gSA phu dh cgqr cM+h 

lhek Hkkjr ls yxrh gS] ijUrq Hkw&jktuhfrd] ,sfrgkfld vkSj lkaL—frd –f"V ls phu dks nf{k.k ,f'k;k 

dk Hkkx ugha ekuk tkrk gSaA

Hkkjr ds ikl lk¶V ikoj ds vusd lalk/ku gS] tks viuh lkekftd] jktuhfrd vkSj lkaL—frd 

rkdr dks fons'kksa esa fofHkUu ek/;eksa ds }kjk çR;{k vkSj vçR;{k :i ls fn[krk jgk gS] ftldk ç;ksx djds 

nwljs ns'kksa ls lSU; 'kfä dk ç;ksx fd, fcuk eupkgk dk;Z djok;k tk ldrk gSA o"kZ 2015 esa usiky esa 

vk, HkwdEi esa Hkkjrh; ok;q lsuk us Advance Light Helicoptere MI-17 rFkk vU; tgktksa dks jkgr lkexzh 

igqapkus rFkk cpko dk;ksaZ esa lgk;rk nsus ds fy, ç;ksx fd;k rFkk vQxkfuLrku dks ekuoh; lgk;rk 

vkSj dbZ iquZfuekZ.k esa lg;ksx nsus okyk lcls cM+k {ks=h; ns'k Hkkjr gSA blh çdkj pØokr ls ihfMr 

Jhyadk gks ;k ckaXykns'k Hkkjr ljdkj us viuh lk¶V vkSj gkMZ ikoj dk ç;ksx djds çk—frd vkink esa 

Qals yksxksa dks cpkus dk dke fd;kA Jhyadk ds x`g ;q) ds le;^ Hkkjr us “kkfUr lsuk Hksth rFkk 'kj.

kkfFkZ;ksa dks vkokl nsus ds fy, 50 gtkj ?kjksa dk fuekZ.k fd;kA foKku vkSj çkS|ksfxdh ds {ks= esa Hkkjr 

dh miyfC/k;k¡ vU; ns'kksa ds eqdkcys cgqr vf/kd gSA Hkkjr dks vius pUæ;ku vfHk;ku esa dkQh lQyrk 

feyh gSA Hkkjrh; vUrfj{k vuqla/kku laxBu dks iwjs fo'o esa ljkgk tkrk gS] rFkk Hkkjr ds i{k esa vUrfj{k 

vuqla/kku ls lEcfU/kr vusd lQyrk,a ntZ dh gSA Hkkjr dh lk¶V ikoj dsoy Hkkjr dh fons'k uhfr 

cukus esa lgk;rk djrh gS] vfirq vU; ns'kksa dh Hkh Hkkjr ds çfr uhfr cukus esa lgk;rk djrh gSaA vU; 

ns'kksa dh jktuhfrd bdkbZ;ksa ds O;ogkj vFkok fgrksa dks çHkkfor djus ds fy, lSU; vkSj vkfFkZd lk/kuksa 

dk ç;ksx djuk gkMZ ikoj dgykrk gSA gkMZ ikoj çk;% vkØked gksrk gS] vkSj rc lcls çHkko'kkyh gksrh 

gS] tc bls fdlh jktuhfrd bdkbZ }kjk detksj ns'k ij ç;ksx fd;k tkrk gSA Hkkjr us dbZ yM+kbZ;k¡ 

lQyrkiwoZd thrh gS vkSj dbZ lSU; dk;Zokfg;ka Hkh dh gSA 1961 esa vkijs'k ^fot;^ ds vUrxZr Hkkjr us 

xksok] neu vkSj }hi dks iqrZxky ds 'kklu ls eqä djok;k FkkA 1965 esa ikfdLrku ds lkFk ;q) esa Hkkjr 

us ikfdLrku ds fo:) 740 oxZ fdyksehVj {ks= ij dCtk dj fy;k FkkA 1971 esa Hkkjr us ckaXykns'k eqfä 

dh yM+kbZ dks leFkZu fd;k Fkk rFkk yxHkx 93 gtkj ikfdLrkuh lSfudksa dks cUnh cuk fy;k FkkA Hkkjr 
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us vijs'ku ^es?knwr^ }kjk fl;kfpu Xysf'k;j dks ikfdLrku ds voS/k dCts ls eqä djk;k FkkA Hkkjrh; 

lsuk us ns'k esa uDly çHkkfor {ks=ksa esa lQyrkiwoZd lkekU; okrkoj.k dks iqu% LFkkfir fd;kA lu~ 1985 

esa vkijs'ku dSDVl ds ek/;e ls ekynho esa ljdkj dk 'kkL= iquZLFkkfir fd;kA

fodkl ds y{; dks ysdj cgqi{kh; lg;ksx ds ek/;e ls cgqi{kh; lfU/k;ka ,slh j.kuhfr;ka gS] ftUgsa 

fofHkUu ns'k nwljs ns'kksa ds lkFk lg;ksx ,oa lg&vfLrRo dh –f"V ls viukrs gSA lkdZ vFkok n{ksl ¼nf{k.k 

,f'k;k {ks=h; lg;ksx laxBu½ dk xBu 8 fnlEcj 1985 dks ckaXykns'k dh jkt/kkuh <kdk esa gqvk Fkk] 

tks ,d vkfFkZd vkSj Hkw&jktuhfrd laxBu gS] orZeku esa 8 ns'k blds lnL; gS ftlesa ckaXykns'k] HkwVku] 

ekynho] usiky ikfdLrku] Jhyadk vkSj Hkkjr] vQxkfuLrku 2007 esa lkdZ dk lnL; cukA bldk vk/

kkjHkwr mís'; nf{k.k ,f'k;kbZ ns'kksa ds yksxksa ds fy, vkfFkZd] lkaL—frd] rduhdh] oSKkfud vkSj lqj{kk 

lfgr vU; lHkh lkekU; i{kksa ij lg;ksx ds ek/;e ls dY;k.k dks fodflr djuk FkkA blfy, leL;k 

ds lek/kku gsrq {ks=h; Lrj ij cgqi{kh; lg;ksx ds fopkj dks ykxw fd;k x;kA ,f'k;ku ¼ASEAN½ 

,lksfl,'ku v‚Q lkÅFk bZLV ,f'k;ku us'kUl dk xBu 8 vxLr 1967 dks FkkbZyS.M ds 'kgj cSadkd 

esa gqvk FkkA laLFkkid lnL;ksa esa eysf'k;k] flaxkiqj] b.Mksusf'k;k FkkbZyS.M vkSj fQyhihUl gS- bl {ks=h; 

laxBu dk mís'; lg;ksx ds ek/; ls vkfFkZd fodkl dks c<+kok nsuk rFkk {ks=h; 'kfä vkSj lqj{kk dks 

c<+kuk gSA ;|fi Hkkjr vkfl;ku dk lnL; ugha gS] ijUrq 2002 ls ;g fujUrj f'k[kj Lrjh; Hkkxhnkj 

jgk gS vkSj vc 2012 ls vfHk;ku dk j.kuhfrd Hkkxhnkj gSA Hkkjr dk vkfl;ku ns'kksa ds lkFk j.kuhfrd] 

vkfFkZd vkSj lqj{kk ds eqíksa ij lg;ksx fufeZr dj jgk gS] vkSj vkfl;ku ds ,d vyx jktuf;d fe'ku 

Hkh LFkkfir fd;k gSA

n- ,f'k;k esa vesfjdh lafyIrrk

nå ,f'k;k esa vesfjdk dk çHkko rsth ls de gks jgk gS] vkSj ;gh ço`fÙk Hkfo"; esa Hkh tkjh jgus 

dh laHkkouk gSA f}rh; fo'o;q) ds ckn vesfjdh uhfr fuekZrkvksa }kjk nf{k.k ,f'k;k dks ,d j.kuhfrd 

cSd okVj ekuk x;k FkkA blds vfrfjä nf{k.k ,f'k;k us vesfjdh d‚iksZjsV {ks= dks cgqr de vkfFkZd 

volj çnku fd, rFkk ikfdLrku dks xBca/ku lg;ksxh cukus ds ,d ek= viokn ds lkFk] vesfjdk us 

bl {ks= dh cgqr de ijokg dhA

xBca/ku dh jktuhfr ds nk;js esa Hkh vesfjdk ds ikl ikfdLrku dks nsus ds fy, cgqr de lk/ku 

FkkA nf{k.k iwoZ ,f'k;k laf/k laxBu vkSj dsfUæ; laxBu esa ikfdLrku dh lnL;rk vkSj ikfdLrku dks 

vesfjdk dh lSU; lgk;rk Hkkjr ds f[kyk, ikfdLrku ds lSU; nqLlkgl ds nkSjku vçHkkoh FkhA 1970 ds 

n'kd ds mÙkjk/kZ esa vQxkfuLrku esa lksfo;r lSU; gLr{ksi ds ckn gh okf'kaxVu nf{k.k ,f'k;k esa xaHkhj 

:i ls 'kkfey gqvkA

'khr ;q) ds nkSjku vesfjdk lksfo;r la?k ds çHkko dks de djus vkSj lkE;okn ds fojks/k esa dk;Z dj 

jgk FkkA mls vius bl y{; dh çkfIr esa ikfdLrku mlds fy, dkQh mi;ksxh utj vkrk FkkA blfy, 

la;qä jkT; vesfjdk us ikfdLrku dks u dsoy fo'ks"k lSU; lgk;rk miyC/k djkbZ] cfYd mls vius }
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kjk fufeZr lSU; laxBu lhVksa dk lnL; Hkh cuk;kA nksuksa ns'kksa ds chp laca/k lkekU; Fks] ijUrq vesfjdk 

}kjk ikfdLrku ds çfr mnkjoknh uhfr;ka viukus vkSj d'ehj ds eqís ij ikfdLrku dk leFkZu djus ds 

dkj.k Hkkjr vkSj vesfjdh laca/kksa esa xfrjks/k mRiUu gks x;kA 

Hkkjr vkSj lksfo;r la?k dh eS=h iw.kZ laf/k&1971 ds dkj.k ikfdLrku vkSj phu dk ,d lkefjd 

f=dks.k Hkh cuk] ftlds dkj.k vesfjdk dh fons'k uhfr esa udkjkRed –f"Vdks.k viuk;k x;k A rRdkyhu 

ç/kkuea=h Jherh bafnjk xka/kh ds 'kklu ds çFke dk;Zdky esa Hkkjr vkSj vesfjdk ds chp laca/k dkQh fuEu 

Lrj ij pyk x;k FkkA o"kZ 1977 esa Hkkjr esa lÙkk ifjorZu gksus ds ckn rRdkyhu ç/kkuea=h eksjkjth 

nslkbZ us vesfjdk ds lkFk vius laca/kksa dks lq/kkjus ij cy fn;k] ftlds QyLo:i vesfjdh jk"Vªifr 

fteh dkVZj Hkkjr dh ;k=k ij vk, ijarq ikfdLrku ds dkj.k Hkkjr vkSj vesfjdk ds laca/k csgrj ugha gks 

ik,A tc lksfo;r la?k }kjk 1989 esa vQxkfuLrku esa gLr{ksi fd;k x;k] rks Hkkjr }kjk mldk [kqydj 

fojks/k ugha fd;k x;k] bls ns[krs gq, vesfjdk us ikfdLrku ds lkFk vius lg;ksx dks vkSj vkxs c<+ k ;kA 

vQxku ;q) ds nkSjku ikfdLrku ,d egRoiw.kZ dkjd ds :i esa mHkjk ftlds dkj.k Hkkjr dks lksfo;r 

la?k ds utnhd vkuk iM+k] rks nwljh rjQ ,f'k;k esa lksfo;r la?k dks çfr larqfyr djus ds fy, vesfjdk 

ikfdLrku dks vius gfFk;kj ds :i esa bLrseky djuk 'kq: fd;kA bl nkSjku Hkkjr vkSj vesfjdk ds chp 

laca/k xfr'khy ,oa lfØ; ugha gks ik,A

vesfjdk us vius çslyj la'kks/ku ds ek/;e ls ikfdLrku dks nh tkus okyh vkfFkZd lgk;rk dks Hkh 

çfrcaf/kr dj fn;k A ;q) ds ckn Hkkjr vkSj vesfjdk ds chp mPp jktukf;d laidZ vR;f/kd çHkkoh gq, 

vkSj blesa vesfjdk esa jgus okys Hkkjrh; ewy ds yksxksa dh Hkwfedk egRoiw.kZ jghA o"kZ 1999 esa dkjfxy ;q) 

ds nkSjku +vesfjdk us ikfdLrku dk leFkZu ugha fd;k] cfYd Hkkjr dk leFkZu fd;kA blh nkSjku vesfjdk 

d'ehj eqís ij Hkh vius ijaijkxr –f"Vdks.k dks cnyrs gq, Hkkjrh;ks dk vçR;{kr% leFkZu djus yxkA

lu~ 2000 ds ckn /khjs&/khjs Hkkjr vkSj vesfjdk ds e/; laca/kksa esa ldkjkRed ifjorZu gksus yxk 

vkSj o"kZ 2004 esa nksuksa ds e/; lkefjd laca/k LFkkfir gq, ftlds ifj.kkeLo:i o"kZ 2005 esa Hkkjr vkSj 

vesfjdk us vlSU; ijek.kq le>kSrk djus dk fu.kZ; fd;kA gky ds o"kksa Z esa ikfdLrku phu ds vR;f/

kd utnhd gksrk x;k] ftlds dkj.k Hkh vesfjdk vkSj ikfdLrku ds laca/kksa esa fxjkoV vkbZ] tcfd 

Hkkjr vkSj vesfjdk ds laca/kksa esa vR;f/kd ldkjkRedrk vkSj xeZtks'kh fn[kkbZ nhA cjkd vksckek ds 

ckn vesfjdh jk"Vªifr MksukYM Vªai us ikfdLrku dks ,d xSj&ftEesnkj ,oa vkradokn dks çksRlkfgr 

djus okys ns'k ds :i esa fpfUgr fd;k rFkk ikfdLrku ij rjg&rjg ds çfrca/k yxkus ds ç;kl fd, 

tkus yxs ftlls ikd&vesfjdh laca/kksa esa fxjkoV vkbZ vkSj Hkkjr&vesfjdh laca/kksa esa ldkjkRed :i 

ls foLrkj gksus yxkA

fgan&ç'kkar {ks= esa phu dh foLrkjoknh uhfr;ka vkSj nf{k.k&iwoZ ,f'k;k ds dqN ns'kksa ds lkFk mlds 

Hkw&lhek fookn us bl {ks= esa vesfjdh gLr{ksi vkSj mldh mifLFkfr dks lqfuf'pr fd;k gS rFkk bl {ks= 

esa ,d larqyudkjh Hkwfedk fuHkkus ds fy, Hkkjr dks lkFk ykuk pkgrk gSA blfy, Hkh Hkkjr vkSj vesfjdk 

ds e/; laca/kksa esa lq/kkj gqvk vkSj çxk<+rk vk jg jgh gSA
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fu"d"kZ

Hkkjr&vesfjdk ds e/; orZeku esa lg;ksx dh O;kid laEHkkouk,a gSaA ubZ lgL=kCnh esa çkjEHk gqbZ 

vesfjdh fe=rk us Hkkjr ij cgqr vf/kd nkao yxk, gSaA Hkkjr ,sfrgkfld :i ls vius vki esa ,d {ks=h; 

“kfDr ds :i LFkkfir gks jgk gSa rFkk ;g ,f'k;k esa c<+ jgh vesfjdh j.kuhfr esa rsth ls ,d çeq[k f[kykM+h 

curk tk jgk gSA vesfjdh ç'kklu dk ekuuk gS fd Hkkjr ,d ,slk Hkkxhnkj gS tks fgan&ç'kkar {ks= ds 

lkFk&lkFk oSf'od Lrj ija vesfjdh j.kuhfrd vkdka{kkvksa dks iwjk djus dh fn'kk esa ,d cM+h Hkwfedk 

fuHkkus dk bPNqd vkSj l{ke gSA

ifjofrZr oSf'od ifj–'; esa Hkkjr&vesfjdk ds e/; lg;ksx dh lokZf/kd O;kid lEHkkouk,a lkefjd 

vkfFkZd o O;kikfjd {ks= esa gSaA orZeku esa vesfjdk Hkkjr dk lcls cM+k O;kikfjd Hkkxhnkj gS rFkk vesfjdk 

Hkkjrh; mRiknksa dk lcls cM+k cktkj gSA blesa dksbZ lansg ugh dh bl le; Hkkjr vkSj vesfjdk laca/k 

fo”o esa lcls rsth ls c<+rs f}i{kh; laca/kksa esa ls ,d gSaA :l vkSj phu dh nksgjh pqukSrh dks ysdj l”kfDr 

vesfjdk esa Hkkjr ds izfr >qdko ,oa xEHkhjrk c<+rh tk jgh gSaA Hkkjr u dsoy tula[;k ds ekeysa esa phu 

ls vkxs fudy x;k gSa] cfYd mldh vkfFkd o`f) nj Hkh phu ls rst gaSA okLro esa vkt Hkkjr fo”o dh 

lcls rsth ls c<+ jgh cM+h vFkZO;oLFkk gS] tks fczVsu dks ihNs NksM+dj teZuh dks iNkM+us dh jg ij gSaA 

Hkkjr dh egRrk c<+h gSaA bldks bl rjg ls le>k tk ldrk gS fd dbZ eqn~nksa ij cqjh rjg foHkkftr 

vesfjdh jktuhfr esas fo”o ds lcls cM+s yksdra= ds lkFk j.kuhfrd lk>snkjh dks ysdj vkilh lgerh 

gSaA oS”fod izfrLi/kkZ ds bl orZeku dky [k.M esa vesfjdk Hkkjr dks vius fudV lg;ksfx;ksa ds :i esa 

“kkfey djuk pkgrk gSaA mldk Hkkjr ds fy, ukVksa Iyl izLrko bldk ToyUr mnkgj.k gSaA

Hkkjr ds izfr vesfjdh vkd’kZ.k dh i`’BHkwfe esa ;g mYys[kuh; gSa fd Hkkjrh; iz/kkuea=h eksnh dh twu 

2023 esa vesfjdh ;k=k ,oa vkfFkZd o j.kuhfrd ekeyksa esa gq, le>kSrs bldh iqf’V djrs gSa fd :l&;wØsu 

;q) ds i”pkr~ ,f”k;k dh cny jgh Hkw&jktuhfr esa {ks=h; larqyu ,oa phu dh fo”kky xfr ij fu;a=.k 

gsrq Hkkjr ds lEcU/kksa esa fudVrk o e/kqjrk vejhdh –f‘V esa vR;Ur vko”;d gaSA nwljh vksj Hkkjr dh 

phu&ikd us la;qDr vkØked :[k dks “kuS%&”kuS% f”kfFky j[kus gsrq vesfjdk ls fudVrk dh izkFkfedrk 

rks ns jgk gSa fdUrq jk’Vªh; fgrksa dh frykatfy nsdj gh Hkkjr o vesfjdk nksuksa gh vius jk’Vªh; fgrksa ds 

izfr lrdZ gSa rFkk os bl rF; dks le> x;s gSa fd fur uohu cny jgh jktuhfrd o j.kuhfrd ifj–“; 

esa ,d&nwljs ds lkFk Hkkjr dh {ks=h; “kkfUr o lqj{kk dks fLFkj j[kuk vko”;d gSaA    
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Dimensions: An Evaluation
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INTRODUCTION
The Nuclear debate in Pakistan has been conducted till more or less in the context of the 

acquiring Nuclear Electricity and the security of Pakistan frontiers and the preservation of Pakistan 
Independence. The prospects of Pakistan acquiring a nuclear weapon, however have added a new 
dimension to the India Nuclear debate.

The question is not whether Nuclear weapons can be used to defined Pakistanis frontiers from 
external attack or percent external powers from making war on Pakistan. International experience 
shows that, after Hiroshima and Nagasaki, nuclear weapons have not been used in war either 
for defensive or offensive purpose. Non-nuclear powers have successfully fought and won wars 
against nuclear powers, A nuclear Britain could not cow down a nonnuclear Egypt during the svez 
crisis, nonnuclear Vietnam was able to defeat the U.S. in a protracted war. China did not use 
nuclear weapons against Vietnam, nor did America against North Koria or China.

It is claimed that nuclear "Blackmail" or the use of the threat to employ nuclear Technology 
for weapons as an instrument of coercive diplomacy has had a definite impact on several conflict 
situation. In other words, even if nuclear weapons have not been used in war. They have been 
indirectly used as instruments of power to the advantage of nations possessing them.

PAKISTAN'S NUCLEAR OBJECTIVES AND POLICIES
Since the late 1970s, Pakistan nuclear capability has generated an intense debate all over 

the world on whether Pakistan is going to make Nuclear weapons and if so how soon. Pakistan is 
trying steadily to buildup weapons making capability appears to be beyond doubt. Pakistan is going 
to use the capability:

•	 To emerge as a PNE power and thus acquire parity of nuclear status with India.
•	 To make Nuclear weapons;
•	 To Refrain from doing either and use Nuclear Energy only for peaceful purposes.
Pakistani Commentators have put across Islamabad's case to develop nuclear energy and even 

nuclear weapon in much the same language as Indians have been pressing the case of this country. 
A reference has already been made to Bhutto's vow in 1974 to build up a nuclear capability to match 
India's, regardless of the economic, financial and foreign policy consequences. Most Pakistanis argue 
that Pakistan's need for nuclear electric power is far greater than India's, since Pakistan is poor in 
cool reserves and has little petroleum of its own. But several Pakistani and military rulers have taken 
up the position that Pakistan needs nuclear weapons to defend itself from a nuclear India and also 
to help the Arab nation to effectively meet the challenge to Islam.
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The imminent Pakistan bomb has acquired an "Islamic" or Anti- Israeli or Anti Hinduism or 
Christianity character. It is this dimension of Pakistan's nuclear ambition that has stirred interest in 
the U.S. and Europe against Pakistan acquiring a demonstrable nuclear capability, not to speak of 
nuclear weapons overtly or covertly.

In 1982's beginning a supposedly secret CIA report was leaked out to the press. It made two 
points:

•	 Pakistan would attain the capability to detonate a nuclear device within the next three year;
•	 Pakistan was unlikely to conduct an actual explosion since that would "jeopardies" the US 

military and economic aid programme The CIA report also suggested that Pakistan was 
afraid of the growing that of a preemptive attack from India on its nuclear installment.

There have also been unconfirmed and contradictory reports about China helping Pakistan 
to acquiring nuclear weapons. The Washington post quoted British and US intelligence reports in 
January 1983 suggesting that China had already provided Pakistan would not have to carry out a 
nuclear test explosion. This report was, strongly denied by official spokesman of the Chinese and 
Pakistan government.

President General Zia-Ul-Haq and his spokesman have been less than consistent in projecting 
Pakistan's nuclear policy. They have reiterated that Pakistan has no intention to make nuclear 
weapons and would employ nuclear energy only for peaceful purposes. But they have categorically 
denied that Pakistan did not plan one or more nuclear explosions.

A Pakistani scholar stated his country nuclear objectives in very clear terms in 1982;
•	 Pakistan intends to achieve nuclear purity with India,
•	 Pakistan likes to be a member of the nuclear club,
•	 She would be possibly the first Muslim state to have an atomic status.
This was a faithful echo of Zulfikar Ali Bhutto's nuclear policy, which probably is supported by 

a majority of Pakistan's elite.
When five atomic explosions conducted by India an 11th and 13th May 1998 then followed 

by five/(six?) tests by Pakistan an 28th and 29th May 1998 has proved the Pakistan's nuclear 
policy, which creates a new balance of power in South-West-Asia. The PM of Pakistan and 
President General Pervej Musharraf has declared his intention of carrying out more trails if when 
necessary. Pakistan has also made it clear that she will not sign the CTBT unless India does so. 
She is not prepared to sign a bilateral "NO First Strike Treaty" because it takes one a few hours 
to start a nuclear war. Therefore she cannot stop her nuclear armament programme depending 
upon India's promise.

PAKISTAN'S NUCLEAR PROGRAM
Pakistan's Atomic Energy Commission was founded some 15 years after the Indian program. 

In 1965, President Ayub Khan took some initial steps in response to the emerging of Indian nuclear 
threat. Zulfikar Ali Bhutto was the founder of Pakistan's nuclear program, initially as Minister for Fuel, 
Power and natural Resources and later as President and Prim Minister.

Pakistan's nuclear program was launched in earnest shortly after the loss of East Pakistan in 
the 1971 war with India, when Bhutto initialed a program to develop nuclear weapons with a meeting 
of physicist and engineers at Multan in January 1972. In 1974 India successfully tested a nuclear 
"device". Bhutto reacted strongly to this test and said: “We shall eat grass if need be but we shall 
produce atom bomb. We develop its own Islamic Bomb”

Pakistan lacks an extensive civil nuclear power infrastructure and its weapons program is not 
as broad as India. Much of its nuclear program is focused on weapons application.
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Initially, Pakistan focused on the plutonium path for building a nuclear weapon. Plutonium can 
be obtained from fuel that has been reprocessed facility for the fuel from its power plant at Karachi 
and other planned facilities. In October 1974 Pakistan signed a contract with France for design of 
a reprocessing facility for the fuel from its power plants. However, over next two years Pakistan's 
international nuclear collaborators with drew as Pakistan's nuclear ambitions became more apparent. 
The French were among the last to withdraw at the end of 1976, following sustained pressure from 
the United States.

A major advance jump to Pakistan nuclear program was the arrival of Dr. Abdul Qadeer Khan 
in 1975, who brought with him the plans for Uranium enrichment centrifuges, and lists of sources 
of the necessary technology on this basis, Pakistan initially focused its development efforts on 
highly enriched Uranium (H.E.U.) and exploited an "extensive clandestine procurement network" to 
support these efforts. A. Q. Khan evidently persuaded Pakistan to work with Uranium (as compared 
to Plutonium because plutonium involves more ordous and hazardous procedures and cumber 
some and expensive processes. Pakistan's activities were initially centered in a few facilities. A.Q. 
Khan founded the Engineering Research Laboratories at Kahuta in 1976, which later to became the 
Dr. A.Q. Khan Research Laboratories (K.R.L.) Dr. Samar Mubarik Mand, member Pakistan Atomic 
Energy Commission, has said " that the team of Atomic Energy Commission developed the design 
of atomic bomb in 1978 and had successfully conducted a cold test after developing the first atomic 
bomb in 1983."

A member of United States Laws, amendments to the Foreign Assistance Act of 1961, applied 
to Pakistan and its program of nuclear weapons development. The 1976 SYMINGTON Amendment 
stipulated that economic assistance be terminated to any country that imported uranium enrichment 
Technology. The Glen Amendment of 1977 similarly called for an end to aid to countries that imported 
reprocessing technology Pakistan had from France. United States economic assistance, except for 
food aid, was terminated under the Symington Amendment in April 1979.

The Soviet invasion of Afghanistan in 1979 made Pakistan a country of paramount geostrategic 
importance. In a matter of days the US declared Pakistan a "Front Line State" against Soviet 
aggression and offered to reopen aid military assistance deliveries. Aside from Afghanistan, the 
most problematic element in Pakistan security policy was the nuclear question.

President Zia had inherited a pledge that for domestic reason he could not discard, and 
he continued the nuclear development program. Even after the invasion of Afghanistan, Pakistan 
almost exhausted United States tolerance, including bungled attempts to illegally acquire United 
States nuclear relevant technology and a virtual public admission in 1987 by the head of Pakistan's 
nuclear program that the country had developed a weapon as long as Pakistan remained vital to U. 
S. interests in Afghanistan, however, no action was taken to cut off US support. For the reminder 
of Zia's tenure, The United States generally ignored Pakistan's developing nuclear program. But 
the issue that after Zia's death led to another cut off of aid was Pakistan's persistent drive towards 
nuclear development.

Pakistan's dependence on China grew as Western export controls and enforcement mechanism 
have grown more stringent. China's nuclear assistance predates the 1986 Sino-Pak Atomic Co-
operation Agreement, with some of the most critical transfers occurring from 1980 to 1985. China is 
reported to have provided Pakistan with the design of one of its warheads, to as well as sufficient 
HEU for a few weapons. The 25 Kiloton design was the one used in China's fourth nuclear test, 
which was an atmospheric test using a ballistic missile launch. This configuration is said to be a 
fairly sophisticated design, with each warheads weighing considerably less than the unwidely, first 
generation US and Soviet weapon which weighed several thousand kilograms. As of 1989 it was 
suggested that Pakistan had a work- able bomb weighing only 400 pounds. Pakistan foreign Minister 
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Yakub Khan was present at the Chinese Lop Nor test site to witness the test of a small nuclear device 
in May 1983, giving rise to speculation that Pakistani assembled device was detonated in this test. 
Evidently the jump-start provided by A.Q. Khan's trove of documents was an insufficient basis for a 
dependable Uranium program. Chinese assistance in the development of gas-centrifuges at Kahuta 
was indicated by the presence of Chinese technicians at the facility in the early 1980s.

The uranium enrichment facility began operating in the early 1980s, but suffered serious startup 
problems. In early 1996 it was reported that the A. Q. Khan Research Laboratory had received 
5,000 ring magnets, which can be used in gas centrifuges, from a subsidiary of the China National 
Nuclear Corporation.

Perhaps in response to the persistent problems with uranium program, around the time of 
signing of the 1986 Sino-Pak atomic co- operation agreement, Pakistan evidently embarked on 
a parallel plutonium program. Built with Chinese assistance, the heavy water reactor at Khushab 
is the central element of Pakistan's program for production of plutonium and Tritium for advanced 
compact warheads. The KHUSHAB facility, like that at KAHUTA, is not subject to IAEA inspections.

Khushab, with a capacity variously reported at between to 40 and 70 MWT, was completed in 
the mid-1990, s with the start of construction dating the mid 1980's.

It is extremely difficult to estimate the number and types of nuclear weapons in Pakistan's arsenal. 
Outside experts estimate that the country has between 24-48 nuclear weapons. The weapons are 
based on implosion design that use a solid care of highly enriched uranium, requiring an estimated 
15-20 Kilogram per warheads. Seismic measurements of the test conducted on May 28 and 30, 
1998. Suggested that the yields were on the order of 9-12 Kilotons and 4-6 Kilotons respectively 
lower than Islam bad announced. Chinese tests in 1960,s used similar designs and it is expected 
that the Chinese assisted Pakistan's program.

Pakistan seems to be positioning itself to increase and enhance its nuclear forces significantly 
in coming years. It may intend to match India's plan to deploy a nuclear tried of Air, Land and Sea 
based weapons Bombers, US manufactured F-16s are most likely to be used by the Pakistan Air 
Force to deliver Nuclear weapons although other Aircrafts, such as the Mirage-V or the Chinese 
produce, A-5 also will be used.

HISTORY OF THE NUCLEAR PROGRAM INDIA
At first glance, India's motives for pursuing nuclear capability do not seem to be clear. 

This is because development of this capability was not carried out under a consistent strategic 
purpose. India’s nuclear development has been gradual and reactive. Chinese nuclear testing 
and the acquisition of nuclear capability by Pakistan are factors that pushed the development 
of India's nuclear capability on to the next stage. However, India has not sought to achieve 
security through nuclear weapons in a straight, single-minded manner due to its domestic 
politics. Some domestic elements strongly commit to nuclear disarmament and the others are 
concerned about the financial cost of nuclear development. India’s democratic system does 
not allow nuclear development simply out of military interests. Nuclear non-proliferation and 
disarmament issues are interwoven with India’s domestic politics, and thus India’s nuclear 
development was correlated to the negotiation process of the NPT in 1967-68 as well as its 
review and extension process in 1995.

India’s nuclear development has several stages. Ever since India gained independence in 
1947, the nation has been expending much effort in the development of nuclear power generation. 
In 1956, India started operation of its first research reactor, the first light water reactor in Asia. The 
development of nuclear power generation proceeded steadily with fuel and technical assistance 
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provided by the United States and Canada. A second research reactor, the Cirus (a heavy water 
reactor), became operational in 1960. 1 Following this, a heavy water reactor policy was adopted, 
leading Rajasthan Atomic Power Station (RAPS) to operation in 1973 using a Canadian reactor. In 
1969, Tarapur Power Station was imported from General Electric corporation with enriched uranium 
supplied by the United States.

The nuclear test conducted by China in 1964 became a major factor in motivating India 
to conduct an underground nuclear test of its own. Given the time lag of ten years between the 
Chinese nuclear test and the Pokhran-I of 1974, domestic politics as well as technical constraints 
appear to have affected the decision to conduct nuclear tests. With India’s defeat in a border 
clash with China in 1962, politicians in northern India who had strong antiChinese feelings, and 
atomic energy scientists with strong techno-nationalistic intentions, insisted that India should 
carry out nuclear tests of its own to counter the nuclear tests conducted by China. However, the 
Gandhian principle of non-violence and Nehruvian orientation for international cooperation had a 
strong influence on intellectuals and the ruling party, the Indian National Congress. They believed 
that exercising self-restraint with respect to nuclear tests would put India in a position of moral 
superiority vis-à-vis China in the international community. However, when the NPT came into being 
in 1968, China was privileged as nuclear-weapon state status, while India was not. When India 
sought security assurances from both the U.S. and the Soviet Union in the event of a Chinese 
nuclear attack, it was rejected, which led in turn to India’s decision not to participate in the NPT. 
Though India justified its nonparticipation in the NPT by reason of the “inequality” between nuclear 
weapon states and non-nuclear-weapon states, it had maintained a vague position on whether or 
not to produce nuclear weapons.

Although India won the third Indo-Pakistan war of 1971, the actions of India were greatly constrained 
by the three nuclear powers, the U.S., China, and the USSR, and this provoked parliamentary debate 
on nuclear weapons. Prime Minister Indira Gandhi gave the go-ahead for nuclear tests as a means 
of boosting her domestic popularity. India attempted to fend off international criticism of the Pokhran-I 
nuclear test carried out in 1974 by characterizing it as a “peaceful nuclear explosion.” Though the 
nuclear test demonstrated that India retained the potential to develop nuclear weapons in the future, 
the Indian government also made it clear 4that it had no intention of producing nuclear weapons at 
that time. This is what is commonly referred to as the “option policy.”

India’s option policy was predicated on going ahead with weaponization in the event of the 
emergence of a new strategic threat, and this condition was fulfilled around 1987 by Pakistan’s 
nuclear development. It is not possible to use official data to corroborate at what point Pakistan 
acquired nuclear capability and how India evaluated Pakistan's nuclear capability and linked this 
to its own nuclear development. Several research works conclude that it was in the late 1980s 
that nuclear factors became visible during the small-scale armed conflicts between India and 
Pakistan over Kashmir. According to one analysis, India might have considered a “preventive 
attack” against Pakistan’s nuclear facilities during the India Pakistan crisis that occurred between 
late 1983 to early 1984. While the risk of military conflict was rising in 1987, triggered by “Operation 
BRASS TACKS,” a military exercise conducted by India, several comments from Pakistan hinted 
at the possible use of nuclear weapons. Once the crisis was over, President Mohammad Zia-
ul-Haq of Pakistan declared that the country had indeed embarked on a program of nuclear 
development. In order to counter Pakistan’s nuclear capability, India moved a step closer to the 
weaponization stage of their own nuclear option. It is said that Indian prime minister, Rajiv Gandhi, 
ordered the development of nuclear weapons in 1988. It was around this time that India began 
full-scale development of delivery systems, and in 1989 India carried out its first tests of Agni 
intermediate-range ballistic missile. As has been stated, the nuclearization of Pakistan served 
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to accelerate nuclear development in India. However, there seems to be no evidence to indicate 
that the military doctrine of the Indian army towards Pakistan shifted from one of deterrence by 
conventional arms to one based on nuclear deterrence. Rather it would be more correct to say that 
the Indian army tried to enhance its conventional arms capability so that it would not be offset by 
the nuclear capability of Pakistan. One study of the 1987 “Operation BRASS TACKS” concludes 
that the operation was a provocative exercise aimed at making it known that “the conventional 
capability of the Indian military is not offset by the nuclear capability of Pakistan.” As illustrated 
here, the pursuit of nuclear development by India is not logically tied to its military doctrine vis-à-
vis Pakistan. As mentioned at the outset, the progress of India’s nuclear development has been 
a reactive response to circumstances, of which Pakistan’s nuclear development is thought to be 
one such “circumstance.”

The indefinite extension of the NPT in 1995 and the conclusion of the negotiation of the 
Comprehensive Test Ban Treaty (CTBT) in 1996 were factors that finally pushed India’s option 
policy toward nuclear testing. Indian strategists and nuclear scientists were alarmed at the dooming 
effect of the CTBT on the option policy. It was obvious to them that without nuclear tests, it would 
not be possible to secure credible nuclear deterrence. Such security concerns articulated by 
strategists prompted a policy decision that led to India's refusal to sign the CTBT. There was 
no strong opposition against this decision from proponents of nuclear disarmament in Indian 
society. The reason for this was because India’s proposal for time-bound nuclear disarmament 
was rejected during the CTBT negotiations. As a result, these proponents for disarmament were 
also dissatisfied with the NPT and CTBT. As mentioned above, the finalization of the CTBT 
resulted in a weakening of the leverage held by Indian proponents of nuclear disarmament. It 
also boosted nationalist sentiment among those who engaged in nuclear development. However, 
the final decision on nuclear testing would not have been possible without the inauguration of 
the BJP-led government. The Bharatiya Janata Party (BJP), which publicly advocated the option 
of “inducting” nuclear weapons, acquired the largest number of seats in the Lower House (Lok 
Sahba) general election of 1998, and formed a government with allied parties. The BJP has been 
transforming the Nehruvian diplomacy of the Congress Party and has been seeking for major 
power status through power politics in the international arena. Also, some of the ideologues in 
the BJP have an antagonistic mindset toward China. Immediately following the nuclear test of 
May 1998, Prime Minister Atal Behari Vajpayee wrote a letter to President Clinton implying that 
China posed a threat, stating that “we have an overt nuclear weapons state on our borders, a 
state which committed armed aggression against India in 1962”. However, the attempt to justify 
nuclear testing in light of a “China threat” invited criticism both at home and abroad. As a result, 
the government revised its line on the China threat and assumed the official view that it was 
not China’s nuclear arms that were so much the cause for concern, but rather the transfer of 
nuclear and missile technology from China to Pakistan that contributed to a deterioration of the 
security environment of India.

India started to develop nuclear weapons in earnest after the nuclear tests of 1998. The 
development of a nuclear capability until then had proceeded gradually in response to circumstances. 
In contrast to this, India clearly referred to “credible minimum nuclear deterrence” in its draft nuclear 
doctrine released in 1999. The Agni development program that had been suspended under pressure 
from the United States in 1994 was also resumed, with tests taking place in April 1999 and January 
2000. Today, the Indian government and strategists maintain that nuclear weapons are necessary in 
order to overcome pressure from the nuclear non-proliferation regime and to maintain the autonomy 
of decision making in diplomacy and security policy, and further, in order not to have to submit to 
nuclear threats made by China.
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CONCLUSION
The Pakistan's nuclear policy basically oriented to its survival and various peaceful use in energy 

development, nuclear medicine, medical treatment etc. But its basic aim is to define by "Benazir 
Nuclear Doctrine" This was done "to protect Pakistan's unclear assets and to give confidence to the 
world community which was deeply concerned about the nuclear programme. Under this doctrine, 
Islamabad undertook not to put the together components of a nuclear device unless its security was 
threatened and also not to export nuclear technology to any third country".

But we cannot believe Pak's assurance on its doctrine because information Iran has provided 
to the International Atomic Energy Agency, the IAEA, in recent weeks has strengthened suspicions 
that Pakistan sold Iran key nuclear secrets, including how to build uranium-enrichment centrifuges. 
A10 November 2003 report by IAEA Director General Mohammad EL-Baradei on Iran's nuclear 
program stated that Tehran had received nuclear assistance from "Several External Sources".

Pakistan nuclear policy since it has acquired a weapons capability in early 1987 shifted from 
trying to generate credibility to acquiring legitimacy. The former need drove it to link the nuclear 
weapons issues with an escalating conflict in Kashmir waged through terror, which also helped its 
foreign policy objectives in trying to internatiolize the Kashmir issue, reduce the costs of pursuing 
a weapons program, increase political and military pressure on India and raise moral of separatist 
groups in J. & K. by projecting Strategic Parity with India.
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*vfl- izksQslj] ,tqds'ku fMikVZesaV cjsyh dkWyst] cjsyhA

Hkkjr esa L=kh f'k{kk dh fodklkRed fLFkfr

MkW- jkds'k dqekj* 

L=h f”k{kk ls rkRi;Z fdlh L=h fyax ds lk{kj gksus ls gSA izLrqr “kks/k esa L=h f”k{kk dh 

fodklkRed fLFkfr ds lkFk&lkFk mldh leL;kvksa dk Hkh v/;;u fd;k x;k gSA Hkkjr ns”k 

esa L=h f”k{kk esa fujUrj fodkl ns[kk x;k gS 1951 8-86% Fkk tks fd c<+dj 2021&22 esa 70-30% 

gks x;k ijUrq bruh uhfr;ka ,oa ljdkjh lgk;rk ds ckotwn 100% rd ugha igq¡p ldh u gh 

tYnh igq¡pus dk vuqeku gSA L=h f”k{kk dh leL;k bruh cM+h bl dkj.k utj vkrh gS D;ksafd 

ySafxd vlekurk o lkekftd cqjkbZ fujarj c<+rh tk jgh gSA L=h f”k{kk esa ;fn lq/kkj djuk 

gS rks ljdkjh ;kstukvksa ds lq/kkj ds lkFk&lkFk mudk mi;ksx izR;sd Lrj rd gks lds bldh 

O;oLFkk dh tk;s lkFk gh lkekftd cqjkbZ;ka :f<+oknh lksp dks [kre fd;k tk;s rHkh L=h f”k{kk 

100% rd igq¡p ldsxhA

Lkkjka'k

izLrkouk

ukjh esa uj lek;k gS] ukjh ds fcuk iq:"k dk cpiu vlgk; gS] ;qokoLFkk lq[k jfgr gS] vkSj cq<+kik lkRouk 

nsus okys lPps vkSj oQknkj lkFkh ds fcuk gSA ¼tkSu½ L=h f”k{kk lekt ds fy;s cgqr t:jh gS D;ksafd ^^tc 

lekt esa ,d iq:’k i<+k;k tkrk gS rks ,d iq:’k f”kf{kr gksrk gS] vkSj tc iq:’k dh L=h dks f”kf{kr fd;k 

tkrk gS rc ,d ih<+h f”kf{kr gksrh gSA

L=kh f'k{kk ls rkRi;Z & og iz.kkyh ls gS ftlds ek/;e ls L=kh rFkk ubZ ihf<+;ksa esa lk{kjrk] Kku ds lkFk&lkFk 

lH;rk vkSj laLd`fr dk lapkj gksrk gSA

f”k{kk lHkh dk vf/kdkj gS ;g gekjs lafo/kku dh /kkjk 21, es fn;k x;k 6&14 o’kZ ds lHkh ckydksa 

dks fu%”kqyd o vfuok;Z f”k{kk ;g 86osa la la0 esa 1976 esa ykxw fd;k x;kA bfrgkl dh ns[ks rks lHkh ds 

fy;s f”k{kk miyC/k ugha Fkh dbZ LFkkuksa ij rks uhp tkfr ;k /keZ vk/kkj ij rks dgh L=h ds uke ij f”k{kk 

ugha nh tkrh Fkh] ftlds dkj.k lekt fodflr gksus dh otg ladV esa iM+rk x;kA lHkh /keZ] tkfr dh 

f”k{kk dk vf/kdkj gS ;g lkekftd U;k; ds varxZr le>k tkus yxkA

L=h dks ?kj ds dke dkt ds fy;s yxHkx mu /keksZa o tkfr;ksa easa Hkh ekuk tkrk Fkk ftl dkj.k L=h 

f”k{kk esa yxkrkj deh ns[kh x;h tcfd f”k{kk lHkh ds fy;s vko”;d gSA vk/kqfud le; esa L=h iq:’k ds 
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cjkcj dk;ksZa Hkkx ysrh gS o vU; ijh{kkvksa esa iq:’kksa ls mRre izkfIr Hkh dj jgh fQj Hkh dqN yksx vkt 

rd ;gckr ugha le> ik;s dh L=h f”k{kk fdruh vko”;d gSA

tokgj yky usg: us dgk&^^vki fdlh jk"Vª esa efgykvksa dh fLFkfr ns[kdj ml jk"Vª ds gkykr crk 

ldrs gSA** blh izdkj ;g Hkh gS] ge vius ifjokj dh L=h ns[kdj vius ifjokj dh fLFkfr crk ldrs 

gSA ifjokj dk fodkl rHkh laHko gS] tc ifjokj esa L=h f”kf{kr gksxhA

efgyk f'k{kk dk fodklkRed bfrgkl 

1- oSfnd dky eas ukjh f'k{kk dh fLFkfr %& oSfnd dky esa efgykvksa dks iq:’kksa ds leku gh vusd vf/kdkj izkIr 

FksA _x oSfnd dky esa Hkh fL=;ksa dks mPp Kku dks xzg.k djus dh vuqefr izkIr Fkh ftls & 

czãKku dgk tkrk Fkk efgyk;sa osnksa dk Hkh v/;;u djrh Fkh v)Zukjh”oj :i efgyk vkSj iq:’k 

leku vf/kdkj izkIr djrh FkhA

2- ckS) dky esa ukjh f'k{kk dh fLFkfr %& ckS) /keZ ds mn; ds lkFk fL=;ksa ds n”kk esa lq/kkj gqvk 

Hkxoku ckS) us eBksa esa fL=;ksa ds izos”k ds lkFk f”k{kk dks c<+kok fn;k ;g mUgksuas izkjfEHkd 

f”k{kk ds ckn fd;k] fL=;ksa dks i<+kus ds fy;s f”kf{kdk,a Hkh gksrh Fkh ftUgsa mik bU;k;k dgk 

tkrk FkkA

3- eqfLye dky@e/; dky esa L=kh f'k{kk dh fLFkfr %& ;g dky fL=;ksa ds fy;s FkksM+k ladV okyk ekuk 

tkrk gS ;gka f”k{kk dh T;knk vPNh O;oLFkk ugha Fkh fL=;ksa mPp ?kjkus dh jkuh vkfn gh f”k{kk 

xzg.k dj ikrh FkhA f”k{kk tulk/kkj.k ds fy;s ugha Fkh] inkZ izFkk ds dkj.k yksx viuh ckfydkvksa 

dks Ldwy ugha Hkstrs FksA e/; dky esa vjch o Qkjlh Hkk’kkvksa esa f”k{kk nsus dh vf/kd iz/kkurk 

FkhA

4- fczfV'k dky esa efgykvksa dh fLFkfr %& izksVsLVs.V rFkk dSFkksfyd fe”kujh Hkkjr esa /keZ dh f”k{kk nsus 

ds fy;s cuk;s x;s Fks 1821 esa fel dqd us 8 ckfydk fo|ky;ksa dh LFkkiuk dh lkFk gh lkFk 

1823 rd 14 ckfydk fo|ky; dh LFkkiuk dhA jktk jke eksgu jk; vkSj b'ojpUnz fo|klkxj us 

dksydkrk esa ckfydk fo|ky; dh LFkkiuk dh x;hA

1850 esa loZizFke ljdkj us L=kh f'k{kk ds fy;s lgk;rk iznku dhA ykMZ MygkSth us Hkh L=h f”k{kk dk 

leFkZu fd;kA eSjh dkjisVj loZizFke egkfo|ky; dh f”k{kk dk vuqHko fd;kA ifj.kker% 1902 ds vc rd 

12 efgyk dkWyst] 468 lsds.Mjh fo|ky;] 5650 izkFkfed fo|ky;] 45 izf”k{k.k laLFkk;sa LFkkfir dh tk 

pqdh FkhA

Hkkjr esa efgyk f”k{kk dh orZeku fLFkfr %& 2011 dh tux.kuk ds vuqlkj ckr djs rks efgyk 

lk{kjrk nj 65-46% tcfd iq:’k 82-14% gSA xzkeh.k {ks=ksa esa ;g % ¼izfr”kr½ vkSj Hkh de gks tkrk Fkk fQj 

f”k{kk Lrj de gks tkrk gS] Lukrd cgqr de efgk;sa dj ikrh gSAHkkjr dh lk{kjrk nj 2021&22 esa dqy 

77-70% tcfd ;g 1947 esa dsoy 18% Fkk efgyk lk{kjrk nj 8-86% gh FkkA orZeku esa 70-3% gS efgyk 

lk{kjrk nj ¼As Poi UNESCO 21 Sep., 2022½ dsjy esa lk{kjrk nj lokZf/kd o fcgkj esa lcls de gSA



Hkkjr esa L=kh f'k{kk dh fodklkRed fLFkfr  59

lu L=kh iq:"k dqy

1951 8-86 27-16 18-33

1961 15-35 40-40 28-30

1971 21-97 45-96 34-45

1981 29-76 56-38 43-57

1991 39-21 64-13 52-21

2001 53-67 75-26 64-83

2011 65-46 82-14 74-04

2021&22 70-30 84-70 77-70

bu vakdM+ksa ds vk/kkj ij ns[ks 19-31 esa 8-86 ls 2021 es 70-30% efgyk lk{kjrk nj gks pqdh ijUrq 

iq:’kksa ds eqdkcys 14-40% de gSA

L=kh f'k{kk ds lEcU/k esa vk;ksxksa ds lq>ko

1- jk/kkd`".ku vk;ksx %& 1948 esa bUgksaus dgk fL=;ksa dks f”k{kk ds volj fn;s tk;s] efgyk o iq:’k 

f”k{kdksa dks leku osruA bl le; ns”k esa 100 ls vf/kd efgyk egkfo|ky; FksA

2- eqnkfy;j vk;ksx %& 1952] y{e.k Lokeh eqnkfy;j us dgk ek/;fed Lrj ij fL=;ksa rFkk iq:’kksa 

nksuksa dh leku f”k{kk dh ckr dgh rFkk efgyk f”k{kdksa dh fu;qfDr dh tk;sA ftlls L=h f”k{kk 

dks c<+kok fey ldsA

3- jk"Vªh; efgyk f'k{kk lfefr %& 1958 esa o`f) gks lds] bl ;kstuk esa izko/kku fd;k x;k f”kf{kdkvksa 

ds izf”k{k.k dk ftlls efgykvksa ds vkfFkZd lqn`<+rk esa o`f) gks ldsA 1958 es Jh erh nqxkZckbZ 

ns”keq[k dh v/;{krk esa bl lfefr dk xBu fd;k] lfefr us viuh fjiksVZ 1959 esa izLrqrdhA 

dsUnzh; Lrj ij National Council for Women Education ¼jk’Vªh; efgyk f”k{kk ifj’kn½ 

izkUrh; Lrj ij ¼jkT; efgyk f”k{kk ifj’kn½ dk xBu fd;k tk;sA f}rh; iapo’khZ; ;kstuk 

¼1956&61½ esa 10 djksM+ dh /kujkf”k dk vkaoVu djsA

4- galk esgrk lfefr 1962 %& Jherh galk esgrk dh v/;{krk esa jk’Vªh; efgyk f”k{kk ifj’kn }kjk fu;qDr 

fd;k x;k] budk mn~ns”; lHkh Lrjksa ij yM+dksa o yM+dksa dh fcuk foHksn ds ikB~;p;kZ dk fuekZ.k 

djkuk Fkk galk esgrk lafo/kku fuekZrk desVh dh 15 efgykvksa esa ls ,d FkhA rFkk igyh okbl pkalyj 

Hkh jghA "All Human are evual and born free" ;g bUgksaus gh dgk igys All men fy[kk x;k FkkA

5- HkDr oRlye~ desVh 1963 %& jk’Vªh; L=h f”k{kk ifj’kn }kjk bl lfefr dk xBu fd;k x;k] 

ckfydkvksa ds fy;s efgyk f”k{kdksa dh fu;qfDr gks] xkao esa va”k dkyhu v/;kfidk;sa fu;qDr dh 

x;h rFkk efgyk fujh{k.k dk izca/k gks rFkk yM+fd;ksa dh :fp ,oa dk;Z {ks= ds vuq:i gksA
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6- dksBkjh deh'ku 1964&66 %& nkSyr flag us L=h f”k{kk dh leL;k ij fopkj fd;k ,oa dgk yM+fd;ksa 

ds fy;s vyx ls ldwy [kksyus lkFk gh Nk=kokl dk fuekZ.k dk lq>ko fn;kA

7- jk"Vªh; f'k{kk uhfr 1986 %& ¼POA, 1992½ esa L=h f”k{kk ds fy;s fofHkUu ikB~;Øe rFkk L=h f”k{kk 

ds ekxZ ds ck/kk dks de fd;k tk;s] ;kSu foHksn dks lekIr fd;k tk;s] ikB~; iqLrdksa] uhfr fu/

kkZjd] iz”kkldksa rFkk f”k{kk laLFkkuksa dh lfØ; lgHkkfxrk ds }kjk ewY;ksa dks cuk;k tk;sA

L=kh f'k{kk dh vko';drk@egRo 

L=h ?kj cukrh gS] ?kjksa ls lekt curk gS ;fn L=h f”kf{kr gksxh rks lekt Hkh f”kf{kr gksxk ftlls 

lekt esa QSyh tks cqjkbZ;ka gS mudks de fd;k tk ldrk gSA ukjh f”k{kk dsoy ukjh ugha vfirq iq:’k 

oxZ ds fy;s Hkh vko”;d gks tkrh gS] ,d f”kf{kr L=h ckydksa dk ikyu iks’k.k mPp rjhds ls dj ldrh 

gS lkFk gh lkFk ifjokj dk ckgjh dk;ksZa es gkFk caVk ldrh gSA L=h f”k{kk ls vusd ykHk izkIr gS blh 

dkj.k L=h dh f”k{kk dh vko”;drk o egRo c<+ tkrk gSA

• ns”k ds vkfFkZd vkSj lkekftd fodkl ds fy;s vko”;drkA

• cky fookg esa deh ¼f”kf{kr ukjh dks fookg dh tYnh vko”;drk ugha½ gksrh og lgh xyr ds 

fu.kZ; ys ldrh gSA

• LokLF; ds izfr tkx:d ¼;g ns[kk x;k tks f”kf{kr L=h gksrh gS og vf”kf{kr ls T;knk viuk 

o vius ifjokj ds LokLF; dk /;ku j[krh gSA

• f”kf{kr L=h orZeku esa lkFk gh lkFk vius Hkfo’; ds fy;s Hkh dk;Z djrh gSA

• L=h ds ”kkjhfjd] ekufld] rFkk jk’Vªh; fodkl ds fy;sA

• L=h f”k{kk ls L=h dks vius ifjokj ds lkFk&lkFk lkekftd rFkk jk’Vªh; drZO;ksa ds lkFk&lkFk 

lkekftd rFkk jk’Vªh; drZO;ksa dk Hkh cks/k gksrk gSA

• ,d jk’Vªh; fodkl gsrq lQy usrk o ukxfjd ds fuekZ.k ds fy;s ;g vko”;d gks tkrk gSA

• Lo;a ds ewY;kadu o vfHkizsj.kkRed dk;ksZa ds fy;sA

orZeku esa gj efgyk dks f”kf{kr gksuk cgqr vko”;d gks tkrk gS] ftlls og vius lkFk&lkFk ,d 

vPNs lekt dk fuekZ.k dj ldsA L=h ds f”kf{kr gksus ls ySafxd HksnHkko o vlekurk esa deh vk;sxhA 

efgykvksa ds f[kykQ gks jgs vijk/k esa deh vk;sxhA ukjh f”k{kk ds fy;s cgqr lkjs dk;ZØe Hkh pyk;s 

tk jgs gSa Hkkjr ljdkj Hkh yM+fd;ksa dks f”kf{kr djus ds fy;s ^^csVh cpkvks] csVh i<+kvks** uked vfHk;ku 

pyk jgh gS ftlls gj ,d yM+dh dks f”k{kk fey ldsA ukjh f”k{kk dks c<+kok nsuk dsoy ljdkj dk gh 

ugha ge lcdk Hkh dke gS o viuh lksp dks c<+kus dh vko”;drk gSA

L=kh f'k{kk dh fodklkRed fLFkfr ds mn~ns'; 

1- L=h f”k{kk dh izkphu ls orZeku rd f”k{kk dh fLFkfr dh tkudkjh Kkr djukA

2- L=h f”k{kk dh fodklkRed fLFkfr esa vkus okyh leL;kvksa dh tkudkjh izkIr djukA
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3- L=h f”k{kk ds egRo dks le>uk o fiNM+siu dh leL;kvksa ds lq/kkj ds fo’k; esa lq>ko iznku djukA

4- L=h f”k{kk ls gksus okys ykHk ds fo’k; esa voxr djkukA

5- L=h f”k{kk ds ek/;e ls L=h] ifjokj] lekt esa vkus okyh leL;kvksa dk v/;;u dj dkj.kksa dh 

tkudkjh izkIr djds lek/kku fudkyukA

6- L=h f”k{kk lEcU/kh ljdkjh lfefr;ka o vk;ksxksa ,oa uhfr;ksa dh tkudkjh izkIr djukA

L=kh f'k{kk dh leL;k;sa@vojks/k 

L=h [kqn ls ;g ugha pkgrh dh og vf”kf{k jgs] lekt ds dqN yksx o iz”kklu bl izdkj dk cuk 

fn;k x;k fd L=h f”k{kk esa deh vkrh ns[kh x;h ftlds dkj.k fuEufyf[kr gS&

1- ldkjkRed n`f"Vdks.k dh deh %& vkt ds le; esa dqN yksx ,sls gS] tks ekurs gS L=h ?kj ds 

dke&dkt ds fy;s gksrh gS lkFk gh og fdlh izdkj dk ckgj dk dk;Z djus ;ksX; ugha rks 

f”kf{kr gksds D;k djsxhaA

 dqN yksx ;g Hkh ekurs gS L=h f”kf{kr gksds vius gd dh Hkkx djsxh ,oa dqN  :f<+oknh f”k{kk 

dks pfj=ghurk dk lwpd ekurs gSA

2- 'kSf{kd voljksa dh vlekurk %& gekjs ns”k esa L=h dh f”k{kk ,oa iq:’kksa dh f”k{kk esa varj ns[kk 

tkrk gS D;ksafd L=h dks ?kj d dke dkt ds fy;s ekuk tkrk blhfy;s muds fo’k; o ikB~;Øe 

vyx&vyx j[ks tkrs gSA

3- viO;; ,oa vojks/ku dh leL;k %& vU; ns”kksa dh rqyuk esa L=h f”k{kk esa Hkkjr ns”k esa viO;; o vojks/

ku dh vf/kd leL;k ns[kh x;h gSA “kgjksa dh vis{kk ;g xzkeh.k {ks=ksa esa vf/kd ek=k esa ns[kh x;h 

gS leL;k D;kasfd ogka xjhch vf/kd gksrh gS lkFk gh lkFk udkjkRed ǹf’Vdks.k] uhjl ikB~;Øe 

fo|ky; o ifjokj dk okrkoj.k lkFk gh nks’kiw.kZ ijh{kk iz.kkyh ,oa mfpr fn”kk&funsZ”ku dh dehA

4- nks"kiw.kZ ikB~;Ø %& izpfyr ikB~;Øe uhjl rFkk v:fpdk gS ckfydkvksa ds ikB~;Øe esa ckydksa ds 

ikB~;Øe ds lkFk muds fodkl ds fy;s Hkh ikB~;Øe gksuk pkfg;s tSs ckfydkvksa ds fy;s laxhr] 

gLrf”kyi] fp=dyk] ikd “kkL=] x`g foKku vkfnA

5- nks"kiw.kZ iz”kklu %& Hkkjr esa L=h f”k{kk ds fo’k; esa nks’k ;g Hkh gS fd ;gka dk iz”kklu L=h ds mfpr 

fodkl dh rF;ksa dks le> ugha ikrh o mfpr fn”kk&funsZ”k Hkh tkjh ugha dj ikrs ftlls L=h 

dks mfpr f”k{kk fey ldsA

6- v/;kfidkvksa dk vHkko %& L=h f”k{kk esa ;g Hkh ns[kk x;k] v/;kfidkvksa dh deh Hkh eq[; dkj.k 

gS] dqN ifjokj viuh ckfydk dks ,d L=h f”kf{kdk ls i<+okuk T;knk mfpr le>rs gS tks muds 

fy;s ,d jksy ekWMy dk Hkh dk;Z djrh gSA

7- vkfFkZd leL;k %& tc ifjokj esa vkfFkZd leL;k gks rks og yksx yM+ds dks igys i<+kuk mfpr 

le>rs gS D;ksafd yM+dk jksth jksVh dek;sxk o ckgj ds dk;Z Hkh djsxkA ifjokj esa ckfydk;sa 

nwljs ua0 ij vkrh gS lqfo/kk miyC/k djkus esa ,oa vU; dk;Z esA
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8- O;olkf;d rFkk rduhdh f'k{kk dh deh %& O;olkf;d o rduhdh f”k{kk dh deh ds dkj.k Hkh 

fL=;ksa dh f”k{kk esa deh ns[kh x;h ;fn f”k{kk rduhdh ls nh tk;s fL=;ksa dks f”k{kk izkIr djus 

esa lqxerk jgsxhA

L=h f'k{kk ds fy;s lq>ko

L=h dh f”k{kk ,d iq:’k ls T;knk t:jh gksrh gS D;ksafd L=h gh iq:’k dk ikyu iks’k.k djrh gS 

tksfd lekt ds fy;s mRre ukxfjd cu ldsA

• “kSf{kd voljksa dh lekurk vkSj :f<+oknh lksp es cnykoA

• L=h ds egRo ds lkFk mldh fLFkfr dks le>ukA

• L=h f”k{kk ds fy;s vyx Nk=o`fÙk pkgs og fdlh /keZ tkfr dk D;ksa uk gksA

• ekrk&firk dk ijke”kZ o funsZ”ku miyC/k djkuk ftlls og ldkjkRed i{k lkspsA

• de mez dh “kknh gksus ij jksds ¼ftu LFkkuksa ij gks jgh gS½ losZ djk;s muds Åij l[r dk;Zokgh gksA

• L=h ,oa iq:’k dks ifjokj dk lekt esa cjkcj ds vf/kdkj fn;s tkrs ftlls L=h dks i<+us ls uk jksdk tk;sA

• ljdkj u;h ;kstuk;s cuk;s ,oa vkfFkZd enn djs lkFk&lkFk lk/ku miyC/k djk;sA

• gj ?kj&?kj esa losZ djk;k tk;s muds dkj.kksa rd igq¡p funku dj leL;kvksa dk lek/kku fd;k tk;sA

• ySafxd HksnHkko esa dqN dk;Zge o vfHk;ku bl izdkj pyk;s tks L=h dh “kfDr o cqf)eÙkk dks n”kksZ;sA

• yM+dk&yM+dh ,d leku gS ;g flQZ dgus ds fy;s uk gksds bl ij n`< ladYih gksds O;ogkfjd :i ls dk;Z fd;k 

tk;sA

• jksy ekWMy dgkfu;ka o ukVdksa dk iz;ksx fd;k tk;s ftlls ckfydk f”k{kk dks c<+kok feysA
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आधनुिक यगुीि – कवनयत्ी महादवेी के कावय में वेदिा की एक ऐसी धारा सव्वत् प्ावहमाि ह,ै जो पाठकों और आलोचकों के 

नलए एक असपष्ट, जनिल एवं दरु्बोध नवषय र्िा हुआ ह ै। हमारे नवनिनि नवद्ािों िे इसे समझिे और समझािे का प्यति नकया 

ह ै। सवयं कवनयत्ी िे िी इस पर यत् – तत् प्काश डालिे का प्यास नकया ह,ै नकनत ुइससे िी इसकी रहसयातमकता का पदा्व 

नवन्छिनि िहीं हो सका । महादवेी के जीवि और कावय की िाविनूम  को धयाि में रखते हुए इसका नवचार संिव ह ै। 

महादवेी िे अपिे इस योजिा में ‘वेदिा – िाव’ का ‘वेदिा’, ‘पीडा’ आनद शबदों में उललेख नकया ह ै

मरेी मधमुहे पीडा को कोई पर ढंूढ ि पाये । 

 X  X  X

पा नलया मैंिे नकसे इस वेदिा के मधरु क्रय में

 X  X  X

गई वह अधरों की मसुकाि, मझु ेमधमुय पीडा में र्ोर उपयु्वक्त पंनक्तयों में जहाँ िी वेदिा या पीडा का उललेख हुआ ह,ै 

वहाँ उसके साथ मधरु नवशे्षण का प्योग िी सव्वत् हुआ ह,ै जैसे – ‘मधमुय पीडा’, ‘वेदिा के मधरु क्रय’ आनद । साधारणत: 

पीडा मधमुय िहीं होती जो मधमुय होता ह,ै उसे वेदिा या पीडा ि कहकर सखु और प्सनिता का िाम दिेा उनचत ह ै। नकनत ु

एक अििुनूत ऐसी िी होती ह ैनजसमें एक ओर सखु ह्रदय में अनमत -  आह्ाद होता ह ैतो दसूरी और अतयनधक पीडा िी उस 

मीठी और तीखी अििुनूत को ‘पे्म’ या ‘प्णय’ की संज्ा दी जाती ह ै। प्णयाििुनूत में मधरुता और पीडा दोिों का अििुव एक 

साथ होता ह ै। धिािंद इसे ‘दहुलेी दसा’ नलखते हैं – 

 निपि कठोर ये ही ऐचंत ि आप – ओर ,

 लानडले सजुाि सों दहुलेी दसा को कह ै। 

आधनुिक कनव प्साद िे पे्म को ‘हलाहल’ और ‘सधुा’ दोिों एक साथ र्ताया ह ै–

 तेरा पे्म हलाहल पयारे अर् तो सखु से पीते हैं । 

 नवरह सधुा से र्च ेहुए हैं मरिे को हम जीते हैं ।। 

उदू्व कनव गानलर् िे िी पे्म को एक मीठी आग या हृदय को कचोििे वाली असपष्ट अििुनूत मािा ह ै–

 शायद इसी का िाम महुबर्त ह ैशफेता । 

 एक आग – सी ह ैनदल में हमारी लगी हुई ।l  

पे्म को हष्व और वेदिा – नमनरित  र्तािे का प्चलि र्रार्र रहा ह,ै अतः महादवेी की यह ‘मधरु पीडा’ िी पे्म की ही 

पया्वयवाची कही जा सकती ह ै। महादवेी की ‘वेदिा – िाव’ की अनय नवशषेताए ँिी प्णय – िाव के ही अिकूुल हैं । उस 

वेदिा का उद्भव नकसी के ‘अधंरेों  की मसुकाि’ या नकसी की………………………..। 
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 पर शषे िहीं होगी यह मरेे प्ाणों की क्रीडा ।

 तमुको पीडा में ढंूढा तमु में ढँूढँूगी पीडा । । 

महादवेी वमा्व के प्नसद्ध वयाखयाता रिी नवशमिर ‘मािव’ नलखते हैं – “अनंतम पीडा शबद का अथ्व ह ै‘पीडामय हृदय’। 

नजसके नलए इतिी पीडा सही ह,ै उससे निषु्र के हृदय में िी किी दद्व उठता ह ैया िहीं यह जाििे की कामिा िी अतयंत 

सविानवक ह ै। नजस पीडा िे महादवेी जी को उस निषु्र से नमलाया ह,ै उसकी प्ानति पर वे अपिे साथ उपकार करिे वाले को 

िलू जाए,ं  इतिी अकृतज् महादवेी जी िहीं । पर लक्य ‘तमु’ ही ह,ै पीडा िहीं । महादवेी जी सथायी  पीडा को ढंूढिे की र्ात 

कहती ह,ै जर्नक ‘मािव’ जी ‘किी दद्व उठता ह ैया िहीं’ यह जाििे की कामिा कहकर कवनयत्ी के मलू िाव को ही र्दल 

दतेे हैं।  महादवेी जी सपष्ट कहती ह ैनक – ‘तमु में ढँूढँूगी पीडा – अथा्वत, उिके नलए ‘तमु’ गौण ह,ै ‘पीडा’ प्धाि, नकनत ुइसके 

नवपरीत मािव जी नलखते हैं, लक्य तमु ही ह ैपीडा िहीं । वसततु: उपयु्वक्त अशं में ‘पीडा’ का अथ्व पे्म या प्णय ह ै। पे्म से ही 

कवनयत्ी को नप्यतम की प्ानति हुई और नप्यतम में िी वह पीडा अथा्वत पे्म ढंूढिा चाहती ह ै। 

महादवेी की इस ‘पीडा’ शबद के सांकेनतक अथ्व पे्म को ि समझिे के कारण कुछि नवद्ािों िे उि पर अिेक आक्ेप िी 

नकए हैं । जैिेनद्र 

जी कहते हैं – “घायल घाव िहीं चाहता ह ै। मालमू होता ह ै, उिकी गनत घायल की ह ैही िहीं । रिी सतयपाल चघु नलखते 

हैं – “अवशय ही वेदिा उिको नप्य िी ह ैऔर इसका उिके जीवि – दश्वि से अनिवाय्व रूप से संरं्ध िी ह ै। तो कया जो र्ात 

नकसी को नप्य हो, वही उसका जीवि – दश्वि िी होगी ? ऐसा आवशयक तो िहीं, नकनत ुमहादवेी जैसी पररपकव र्नुद्धशील 

मनहला के नलए आवशयक ह ैकयोंनक हम उिसे नकसी ससती िावकुता की आशा िहीं कर सकते और नफर नकतिी कनवताये 

वेदिा साधय र्ि गयी ह ै। महादवेी के नववेचक रिी नवश्वमिर ‘मािव’ नलखते हैं – नकतिा िी र्डा साधक हो, उसकी  अनंतम 

अनिलाषा होती ह ैसाधय से एकाकार होिे की उस दशा में पीडा शांत हो जािी चानहए । साधिा नकतिा ही मलूयवाि हो, साधय 

का सथाि िहीं ले सकता । यनद सिी पे्नमयों की िाँनत महादवेी इस निण्वय पर पहुचंी हैं नक नप्यतम तक पहुचंिे का माग्व पीडा 

के िीतर हो गया ह ै– “पथ में नर्खरा शलु, र्लुा जाते दरू अकेले – तो कोई असवािानवक र्ात िहीं । पर पथ पार कर लेिे पर 

िी काँिों को कलेजे से नचपकाए रखिे की पीडा के पलले को ि छिोडिे की, हठ  कैसी ह ै?” 

महादवेी अद्तैवाद में नवश्वास रखती ह ै। अद्तैावसथा में ि कोई पे्मी रहता ह ैऔर ि पे्यसी । कवनयत्ी द्तै के नमथया 

आिास को ही

अनधक पसंद करती ह ै। यही कारण ह ैनक वह अपिे इसी सशरीर जीवि में नप्यतम के दश्वि……………….। 

साथ – साथ पे्म – रस का िी आसवादि करती रह े–

 “ तमुहें र्ाँध पाती सपिे में तो नचर जीवि पयास र्झुा लेती उस छिोिे क्ण अपिे में” । 

रायकृषणदास का वक्तवय सर्से पहले धयाि आकृष्ट करता ह ै। उनहोंिे महादवेी की प्नतिा को मकु्तकंठ से सराहिा की ह ै

और उनह ेयगु – निमा्वण का रिेय िी नदया ह ै। उिका सथाि कनवयों की पंनक्तयों में निनचित मािते हुए अपिा मत इि शबदों में वयक्त 

नकया ह ै– “रिीमती वमा्व नहनदी कनवता के इस वत्वमाि यगु की वेदिा – प्धाि कवनयत्ी हैं । उिकी कावय चतेिा आधयानतमक 

ह ै। उसम ेआतमा का परमातमा के प्नत आकुल प्णय – निवेदि ह ै। कनव की आतमा मािो नवश्व में नर्छुिडी हुई पे्यसी की िाँनत 

अपिे नप्यतम का समरण करती ह ै। इसकी दृनष्ट से समपणू्व प्ाकृनतक शोिा – सषुमा एक अतयंत आलौनकक नचर सुंदर की छिाया 
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मात् ह”ै ।  इस वक्तवय में पहली र्ार उिकी तलुिा मीरा से की गई ह ैजो र्ाद में सवयं कवनयत्ी द्ारा समनथ्वत हुई । मीरा के 

संदि्व में अलग नवचार नकया गया ह ै। राय साहर् का कहिा ह ै, नक – मीरा िे ‘परमपरुुष की उपासिा सगणु रूप में की’ नकनत ु

महादवेी जी िे उसकी आराधिा निगु्वण रूप में की ह ै। नवचार करिे पर सगणु – निगु्वण का यह िदे र्हुत साथ्वक प्तीत िहीं होता 

। महादवेी मनैथलीशरण गतुि की परंपरा में ……………………। निगु्वण – सगणु में नवरोध – िाव िी िहीं दखेती थी । अद्तै 

की िनूमका में यही दृनष्टकोण संगत नदखाई दतेा ह ै। 

इिकी कनवताए ँियिों के अरि ु– िीर से आरंि होती ह ैऔर अनत तक समदु्र  की पयासी लहरों का नवसतार िाप लेती ह ै

। कमल का आदश्व इि कनवताओ ंमें शरुू से अतंनि्वनहत ह ै। ‘दखु से आनवल सखु से पंनकल’ जीवि का निरूपए निम्वलता के 

चरम उतकष्व के साथ ह ै। ‘इसम ेि पंक का नचनह शषे ह,ै इसम ेि ठहरता सनलल, लेश यहाँ तक नक ‘मधपु – िीर’ िी र्ाधक 

िहीं ह ै। इिकी कनवताओ ंके कें द्र में जो िाव ह ैवह सर्से अनधक इस गीत से प्कि होता ह ै–

 नवरह का जलजात जीवि, नवरह का जलजात । 

 वेदिा में जनम, करुणा में नमला आवास,

 अरि ुचिुता नदवस इसका अरि ुनगिती रात । 

प्तयेक छंिद आसओु ंसे गीला ह ै, प्तयेक पंनक्त आसओु ंसे नपरोई ह ै। 

आसओु ंका कोष उर, दृग अरि ुिकसाल, अप्सततु नवधाि में कोष तो सपुररनचत ह ैपर िकसाल साहसपणू्व प्योग ह ै। 

जसेै मीरा के पदों में चडेू की अमरता और सहुाग की निरनतरता की वाणी नमली ह ैवैसे ही महादवेी के ....................................। 

 र्ीि िी हू ँ, मैं तमुहारी रानगिी िी हू ँ। 

 दरू तमुसे हू ँअखडं सहुानगिी िी हू ँ। 

यह परुा गीत महादवेी के रिेष्टतम गीतों में नगिा जाता ह ैकयोंनक अप्सततु – नवधाि िावानिवयनक्त का इसम ेअसाधरण 

तालमले हुआ ह ै। 

महादवेी की कनवताओ ंमें ज्ात से अनधक अज्ात महतवपणू्व नदखायी दतेा ह ै। वसततुः अज्ात का आकष्वण पे्रणा – स्ोत 

ह ैकयोंनक उसी से करुणा और वेदिा उतपनि हुई ह ैऔर वही कलपिा को जाग्रत करता रहा ह ै। नवश्ववीणा का रुपक थकी अगँलुी 

और तार से जडु जाता ह ै–

 िहीं अर् गाया जाता दवे ! थकी अगँलुी ह ैढीले तार । 

 नवश्ववीणा में अपिी आज नमला लो यह असफुि झकंार । 

नवराि संगीत की प्तीनत और अपिी असमथ्वता का र्ोध, अनिवयनक्त का सवरूप निधा्वररत करता ह ै। सवर के साथ 

नचत्मयता िी जाग्रत हो जाती ह ै। रजत करों की मदृलुतनूलका अिायास तनुहि नर्नद ुकी सकुुमारता से करूण – कथा का संसार 

रचिे लगती ह ै। परसपर – नवरोधी शबद – योजिा से अििुव की असाधारणता रेखांनकत की गयी ह ैऔर यह प्कृनत अनत तक 

चलती जाती ह ै–

 पीडा का साम्ाजय र्स गया , उस नदि नक्नतज के पार । 

 नमििा था निवा्वण जहाँ िीरव रोदि था पहरेदार । 

कवनयत्ी का रूप – र्ोध उसके िीतर अिनत आखँों की सनृष्ट कर दतेा ह ै। पद्ाकर  िे पहले ही यह िाव निरूनपत कर 

नदया था जो महादवेी के िीतर फनलत हुआ –
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 कैसी करौ राम सयाम आिि नर्लोनकवे को  

 नवरनच नवरंनच ि अनित आनँखयाँ दई ।   

 वे नलखती हैं – तारों में प्नतनरं्नर्त हो मसुकायेंगी अिंत आखंें । 

 तर् र्झुते तारों में िीरव ियिों का यह हाहाकार । 

 आसं ूसे नलख – नलख जाता ह ैनकतिा अनसथर ह ैसंसार । 

‘िीर का नप्य आज नपंजर खोल दो’ तथा नप्य नचरंति ह ैसजनि क्ण – क्ण िवीि सहुानगिी मैं । निरंतर सहुाग की र्ात 

कहिा अनयत् िी कही गई ह ैऔर शरीर को नपंजरा कहिा तो सपुररनचत ह ैही । नक्नतज को तोड दिेे की कलपिा िई और 

इतिी मौनलक ह ैनक नकसी से उसकी तलुिा िहीं की जा सकती । ‘जाग तझुको दरू जािा’ कहते – कहते अपिी नवषम नसथनत 

का र्ोध इस रूप में हुआ नक नवडंर्िा सामिे आ गई । “अरिमुय कोमल कहाँ त ुआ गई परदनेशिी री । संसार की कठोरता 

में ………………..। मैं अपिे घर की याद में जो उतकणठा ह ैवह िी मरेी  दृनष्ट में ‘नफर नवकल ह ैप्ाण मरेे’ की तीव्रता को 

अनतक्रनमत िहीं करती वरि ्उसी से जडु जाती ह ै। महादवेी को प्णय – वेदिा से नजतिा अिरुाग ह ै, उतिा ही उनहें अपिे करुणा 

िाव से सिेह हैं । वे इस तथय को सपाि रूप में सवीकार करती हुई नलखती ह ै– दखु मरेे निकि जीवि का ऐसा कावय ह ैजो सारे 

संसार को एक सतू् में र्ांध रखिे की क्मता रखता ह ै-------- मिषुय  सखु को अकेला िोगिा चाहता ह,ै परंत ुदखु को र्ांि कर 

नवश्व – जीवि में अपिे जीवि को नवश्व – वेदिा में अपिी वेदिा को इस प्कार नमला दिेा, नजस प्कार एक जल – नरं्द ुसमदु्र 

में नमल जाता ह,ै कनव का मोक् ह ै। दखु और प्णय – वेदिा इि दोिों िावों का अतंर िी उनह ेसपष्ट रूप से ज्ात ह ै– “मझु ेदखु 

से दोिों के दोिों ही रुप नप्य ह।ै  एक वह जो मिषुय के संवेदिशील  हृदय को सारे संसार से एक अनवन्छिनि रँ्धि में र्ाँध दतेा 

ह ैऔर दसूरा वह जो काल और सीमा के रं्धि में पडे हुए असीम चतेिा का कं्रदि ह”ै । 
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Activity of Schiff Bases and their Metal Complexes
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Three new series of biologically active amino substituted Schiff bases with general formula, 
R1N=CHR2. Here R1 = 2-amino-benzthiazole, 4-amino-salicylic acid and 4-aminophenol. R2 
=4-chlorobenzaldehyde, 2-chloro-benzaldehyde, salicylaldehyde, vanillin and benzaldehyde 
were synthesized by the reaction of three different amino substituted compounds and substituted 
aldehydes in ethanol. Such compounds were characterized by different physico-chemical 
techniques like, melting point, elemental analysis, multinuclear NMR (1H, 13C). The free ligands 
and their metal complexes have been screened for their in vitro biological activities against 
bacteria, fungi and yeast. The metal complexes show more potent activities compared with 
Schiff base ligands.

Keywords: Schiff bases; benzthiozol; aminophenol; antibacterial; antifungal.

AbstrAct

INTRODUCTION 
Schiff bases are condensation products of primary amines with carbonyl compounds and they 

were first reported by Schiff in 1864. The common structural feature of these compounds is the 
azomethine group with a general formula RHC=N-R1, where R and R1 are alkyl, aryl, cyclo alkyl or 
heterocyclic groups which may be variously substituted. These compounds are also knows as anils, 
imines or azomethines. Several studies showed that the presence of a lone pair of electrons in an 
sp2 hybridized orbital of nitrogen atom of the azomethine group is of considerable chemical and 
biological importance. Because of the relative easiness of preparation, synthetic flexibility, and the 
special property of C=N group, Schiff bases are generally excellent chelating agents, especially when 
a functional group like –OH or –SH is present close to the azomethine group so as to form a five or 
six membered ring with the metal ion. Versatility of Schiff base ligands and biological, analytical and 
industrial applications of their complexes make further investigations in this area highly desirable.

Schiff bases have been known since 1864 when Hugo Schiff reported the condensation of 
primary amines with carbonyl compounds (1). Nowadays, the research field dealing with Schiff base 
coordination chemistry has expanded enormously. The importance of Schiff base complexes for 
bioinorganic chemistry, biomedical applications, supramolecular chemistry, catalysis and material 
science, separation and encapsulation processes, and formation of compounds with unusual properties 
and structures has been wellrecognized and reviewed.

Schiff bases resulted from aromatic aldehydes ortho-substituted with a hydroxyl group have 
initially arouse the researchers’ interest because of their ability to act as bidentate ligands for 
transitional metal ions. Later, in studies concerning quantitative structure-antitumor activity relationship 
of a series of Schiff bases derived from variously substituted aromatic amines and aldehydes, it 
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has been shown that azomethines from salicylaldehydes gave the best correlation. Schiff bases of 
salicylaldehydes have also been reported as plant growth regulators and antimicrobian or antimycotic 
activity. Schiff bases also show some analytical applications. Schiff Bases are characterized by the 
-N=CH- (imine) group which imports in elucidating the mechanism of transamination and rasemination 
reaction in biological system. Schiff bases are active against a wide range of organisms for example; 
Candida Albicans, Escherichia coli Staphylococcus aureus, Bacillus polymxa, Trychophyton gypseum, 
Mycobacteria, Erysiphe graminis and Plasmopora viticola.

A large number of different Schiff base ligands have been used as cation carriers in potentiometric 
sensors as they have shown excellent selectivity, sensitivity, and stability for specific metal ions such 
as Ag(II), Al(III), Co(II), Cu(II), Gd(III), Hg(II), Ni(II), Pb(II), Y(III), and Zn(II). Schiff bases have been 
studied for their important properties in catalysis. They show catalytic activity in hydrogenation of 
olefins. They find applications in biomimetic catalytic reactions.

An interesting application of Schiff bases is their use as an effective corrosion inhibitor, which 
is based on their ability to spontaneously form a monolayer on the surface to be protected. Many 
commercial inhibitors include aldehydes or amines, but presumably due to the C=N bond the Schiff 
bases function more efficiently in many cases. The principal interaction between the inhibitor and the 
metal surface is chemisorption. The inhibitor molecule should have centers capable of forming bonds 
with the metal surface by electron transfer. In such cases the metal acts as an electrophile and the 
inhibitor acts as a Lewis base. Nucleophilic centers, such as oxygen and nitrogen atoms, of the protective 
compound have free electron pairs which are readily available for sharing. Together with the atoms of 
the benzene rings they create multiple absorption sites for the inhibitor thus enabling stable monolayer 
formation. Imines also have biological importance. An imine linkage between the aldehyde derived 
from vitamin A and the protein opsin in the retina of the eye plays an important role in the chemistry of 
vision. Vitamins are also called coenzymes, meaning that they are to the functioning of many enzymes, 
which are large proteins that catalyze chemical changes in cell. An example of a biologically important 
aldehyde is pyridoxal phosphate, which is the active form of the vitamin B6. Vitamin B6 serves as a 
coenzyme by forming an imine with an amino acid grouping an enzyme. The coenzyme, bound to the 
enzyme, is involved in transamination reaction, the transfer of the amino group from one amino acid 
to another, which is important in the metabolism and the biosynthesis of amino acids. In the last step, 
enzyme-catalyzed hydrolysis cleaves the imine to pyridoxal and the modified amino acid.

Schiff bases have been reported in their biological properties, such as, antibacterial, antifungal 
activities. Their metal complexes have been widely studied because they have anticancer and 
herbicidal applications. They serve as modals for biologically important species.

MATERIAL AND METHODS
Schiff bases’ melting points were taken on a Stuart Melting point apparatus SMP-3 and are 

uncorrected. Elemental analysis was carried out at Fisons EA 1108 CHNSO Micro analyzer, l H 
and 13C NMR spectra were determined in DMSO (internal standard TMS) on Bruker spectrometer.

2-amino-benzthiazole, 4-amino-salicylic acid, 4-aminophenol, 4-chloro-benzaldehyde, 2-chloro 
benzaldehyde, Salicylaldehyde, Vanillin, Benzaldehyde were purchased from Fluka and used without 
further purification. All organic solvents were purchased from Merck.

SYNTHESIS OF 2-AMINO-BENZTHIAZOLE SCHIFF BASES
2g of 2-amino-benzthiazole was mixed with equivalent amount of corresponding aldehyde in 

25 ml of ethanol. The resulting mixture was left under reflux for 2 h and the solid product formed was 
separated by filtration, purified by recrystallization from ethanol, washed with ethanol, and then dried.
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SYNTHESIS OF 4-AMINO-SALICYLIC ACID SCHIFF BASES
2g of 4-amino-salicylic acid was mixed with equivalent amount of corresponding aldehyde in 

25 ml of ethanol. The resulting mixture was left under reflux for 2 h and the solid product formed was 
separated by filtration, purified by recrystallization from ethanol, washed with ethanol, and then dried.

SYNTHESIS OF 4-AMINOPHENOL SCHIFF BASES
2g of 4-aminophenol was mixed with equivalent amount of corresponding aldehydes in 25 

ml of ethanol. The resulting mixture was left under reflux for 2 h and the solid product formed was 
separated by filtration, purified by recrystallization from ethanol, washed with ethanol, and then dried.

BIOLOGICAL ACTIVITY
The synthesized Schiff bases were screened for antibacterial and antifungal activity.

ANTIBACTERIAL TESTING 
The bacterial cultures for B. subtilis, S. aureus, and E. coli were obtained from Department of 

Microbiology University of Malaya, Kuala Lumpur, Malaysia. The bacterial cultures were incubated 
at 30 ± 0.1o C for 24 hours by inoculation into nutrient agar. Schiff bases were stored dry at room 
temperature and dissolved 20mg/ml in dimethylsulfoxide (DMSO). Antibacterial activities of each 
compound were evaluated by the agar disc-diffusion method. Mueller Hinton Agar Media (15 cm3) 
kept at 45o C was poured in the petridishes and allowed to solidify. Poured Petri plates (9 cm) were 
incubated with 50µL of normal saline solution of above culture media (105 -106 bacteria per ml). 
Discs injected with prepared Schiff bases (50µL) were applied on the solid agar medium by pressing 
tightly. The Petri plates were placed at 37o C for 24 hours. At the end of period the inhibition zones 
formed on media were measured with a zone reader in millimeters.

RESULTS AND DISCUSSION 
Twelve new Schiff bases have been synthesized from the condensation of 2-amino-Benzthiazole, 

4- amino-Salicylic acid and 4-aminophenol with 4-chloro-benzaldehyde, 2-chloro-benzaldehyde, 
salicylaldehyde, vanillin and benzaldehyde.

NMR SPECTROSCOPY
1H NMR

1H NMR spectral data in deturated DMSO solution of the synthesized compounds are given. The 
resonance of protons has been assigned on the basis of their integration and multiplicity pattern. The 
1H NMR spectra of the Schiff bases in DMSO exhibits signals at 9.218, 9.50, 9.4, 9.22 and 9.36ppm 
for compounds 1, 2, 3, 4, and 5, attributed to CH=N- protons, respectively. The multisignals within 
the 6.89- 4 8.1ppm range are assigned to the aromatic protons of both rings. The 1H NMR spectra of 
the Schiff bases synthesized from Salicylic acid revealed a signal at 10.39 and 10.26ppm due to the 
-CH=N- group on compounds 6 and 7 respectively. The OH moiety of Salicylic acid was observed at 
9.04 and 8.97ppm. It should be noted that the phenolic protons have always given a singlet in off-set at 
high δ values, thus confirming its involvement in an intramolecular hydrogen bond with the neighboring 
nitrogen atom. The free NH2 protons usually show a broad singlet peak in a region at 4-6ppm. This 
signal is absent in the observed spectra of Schiff bases which indicates the formation of the Schiff bases.
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CONCLUSION
Schiff bases of 2-amino-Benzthiazole, 4-amino-Salicylic acid and 4-aminophenol were synthesized 

and characterized by analytical and spectral techniques. These compounds exhibited significant 
activity against all the tested microorganisms.
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Study of Synthesis, Characterization and Biological 
Activities of Cu(II), Co(II), Ni(II), Mn(II) and Fe(III) 

Complexes with Schiff Base Derived
Bittu Kumar* and Prof. Dr. P. N. Piyush**

Coordination complexes of Cu(II),Co(II), Ni(II), Mn(II) and Fe(III)with Schiff bases derived 
from 3-(4-chlorophenoxymethyl)-4-amino-5- mercapto-1, 2, 4-triazole and substituted aldehydes 
have been synthesized. The complexes were characterized by elemental analysis, conductivity 
measurements, magnetic susceptibility data, electronic, IR, ESR and 1H NMR spectral data. 
On the basis spectroscopic studies, the Schiff base is monobasic bidentate ligand having the 
composition ML2 (2H2O) Where M = Cu(II), Co(II), Ni(II), Mn(II), ML2 (H2O)Cl Where M = Fe(III). 
Various physicochemical data suggest a six coordinated octahedral geometry for Cu(II),Co(II), 
Ni(II), Mn(II) and Fe(III) complexes. The antibacterial activities of ligand and its complexes were 
screened by cup plate method.

Keywords: Metal complexes, Spectral, Magnetic susceptibility and Antimicrobial activity

AbstrAct

INTRODUCTION
Schiff bases are important class of ligands in coordination chemistry and their complexing 

ability containing different donor atom is widely reported. The chemistry of transition metal complexes 
containing heterocyclic donor continues to be of interest on account of their biological importance. 
There is a growing interest in the studies on the metal complexes of Schiff bases derived from 
triazoles and its derivatives which are biologically important ligands. Schiff base metal complexes 
have been widely studied because of their industrial and biological applications, several derivatives 
of these have been used as drugs. The triazole Schiff bases constitute one of the most important 
classes of O, N, and S donor atoms. Triazoles and their derivatives have been proved effective 
bacteriocides, pesticides, fungicides and insecticides. The Schiff base acts as a bidentate monobasic 
donor for Cu(II),Co(II), Ni(II) Mn(II) and Fe(III) and prominent sites of coordination are nitrogen of the 
azomethine group and oxygen of the hydroxyl group. Thus the present study describes the synthetic 
and structural studies of bivalent transition metal Cu(II),Co(II), Ni(II), Mn(II) and Fe(III) complexes 
of Schiff base derived from 3-(4-Chlorophenoxymethyl)-4-amino-5- mercapto-1,2,4-triazole with 
salicylaldehyde. The survey of literature reveals that no work has been carried out on the synthesis 
of the ligand (ClTHS) and its metal complexes.

EXPERIMENTAL 
All the reagents /chemicals were of reagent grade. Solvents were dried and distilled before use 

according to standard procedures8. The precursor 3-(4-chlorophenoxymethyl)-4-amino-5- mercapto-1, 
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2, 4-triazole was prepared by literature method. The metal chlorides / salts used were in their 
hydrated form.

Infrared spectra of the synthesized ligand and its metal complexes were recorded as on Perkin 
Elmer 1000 FT-IR spectrometer using KBr pellets. UV-Visible spectra were recorded on an Elico SL-164 
DOUBLE BEAM UV-Vis. spectrophotometer in the range of 200-1200 nm. Magnetic susceptibilities 
were determined by the Faraday method using a model 300 Lewis coil Force Magnetometer of 
Tesla strength at room temperature. The instrument was calibrated using HgCo(NCS)4. The molar 
conductance of the complexes were measured on ELICO CM-82 conductivity Bridge in DMF solution 
(1x10-3M). 1H NMR spectra were recorded on AMX-400 NMR spectrometer, using TMS as internal 
standard and DMSO as a solvent. ESR measurements were carried out on a BRUKER Biospin Gmbh 
spectrometer working at a microwave frequency of 9.1 GHz. The experiment was carried out by 
using diphenylpicrylhydrazyl (DPPH) as reference with the field at 3200 Gauss. The CHN elemental 
analyses were determined using a Perkin-Elmer micro elemental analyzer. The metal chloride analysis 
was carried out by the following standard method. Sulphur in the complexes estimated as BaSO4.

SYNTHESIS OF LIGAND (CLTHS)
A mixture of 3-(4-chlorophenoxymethyl)-4-amino-5-mercapto-1, 2, 4-triazole and salicyladehyde 

in 1:1 molar proportions in alcoholic medium containing a few drops of concentrated hydrochloric 
acid, was refluxed for 4h on a steam bath. The reaction mixture was cooled to room temperature. 
The Schiff base 2-[(E)-({3-[(4-chlorophenoxy)methyl]-5- mercapto-4H-1,2,4-triazol-4-yl} imino] phenol 
(ClTHS) separated was filtered, washed and recrystallized from alcohol.

SYNTHESIS OF COMPLEXES
To the hot solutions of the ligand ClTHS (0.01 mol) in ethanol (35 mL), a hot ethanolic solution 

of respective metal chlorides in ethanol (15 mL) was added and reaction mixture was then treated 
with sodium acetate (0.5 g) just to adjust the pH of the solution. The reaction mixture was further 
refluxed for 2 h. The resulting mixture decomposed by pouring into the 100 mL distilled water with 
stirring. The suspended solid complex was allowed to settle and collected by filtration, washed with 
sufficient quantity of distilled water and then with little hot ethanol to apparent dryness and dried in 
a vacuum over anhydrous calcium chloride in a desiccators. The yield was 70%.

RESULTS AND DISCUSSION
The elemental analysis indicates that, all the metal complexes have 1:2 stoichiometry and are 

dark colored amorphous substances, soluble in DMF and DMSO. The molar conductance values 
obtained for these complexes at the concentration of 10-3 M are in the range of 20-30 ohm-1 mol-1 
cm2. These values are too low to account for any dissociation of the complexes in DMF. Hence these 
complexes can be regarded as non-electrolytes. Magnetic susceptibility :

The magnetic moment values for Cu(II), Co(II), Ni(II), Mn(II) and Fe(III) complexes of the ligand 
ClTHS are shows. The magnetic moment for Cu(II) complex is 1.94 BM. The reported values for the 
mononuclear Cu(II) complex having no major spin interactions (1.75-2.20 BM). Thus the present 
Cu(II) complex is devoid of any spin interaction with octahedral geometry. In octahedral Cu(II) 
complex the ground state is 4T1g and large orbital contribution to the magnetic moment is expected. 
The mixing of the singlet states lowers the magnetic moments of Co(II) complexes are in the range 
of 5.05-5.14 BM indicating that the Co(II) complexes are typically high spin complexes and having 
octahedral structure. For Ni(II) complex the observed magnetic moment value is 2.94 BM which is 
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well within the expected range for Ni(II) complex with octahedral stereochemistry (2.83- 4.0BM). 
The complexes of Mn(II) and Fe(III) values exhibited the magnetic moments of 5.70 BM and 5.86 
BM respectively indicating it to be high-spin type paramagnetic, it lies within the octahedral range 
which very close to spin only value of 5.90 BM as the ground term is 6A1g and thus supports the 
octahedral stereochemistry.

NMR SPECTROSCOPY
1H NMR

1H NMR spectral data in deturated DMSO solution of the synthesized compounds are given. 
The resonance of protons has been assigned on the basis of their integration and multiplicity pattern. 
The 1H NMR spectra of the Schiff bases in DMSO exhibits signals at 9.218, 9.50, 9.4, 9.22 and 
9.36ppm for compounds 1, 2, 3, 4, and 5, attributed to CH=N- protons, respectively. The multisignals 
within the 6.89- 4 8.1ppm range are assigned to the aromatic protons of both rings. The 1H NMR 
spectra of the Schiff bases synthesized from Salicylic acid revealed a signal at 10.39 and 10.26ppm 
due to the -CH=N- group on compounds 6 and 7 respectively. The OH moiety of Salicylic acid was 
observed at 9.04 and 8.97ppm. It should be noted that the phenolic protons have always given a 
singlet in off-set at high δ values, thus confirming its involvement in an intramolecular hydrogen 
bond with the neighboring nitrogen atom. The free NH2 protons usually show a broad singlet peak 
in a region at 4-6ppm. This signal is absent in the observed spectra of Schiff bases which indicates 
the formation of the Schiff bases.

CONCLUSIONS 
The ligand 2-[(E)-({3-[(4-chlorophenoxy) methyl]-5-mercapto-4H-1, 2, 4-triazol-4-yl} imino] 

phenol behaved as a monobasic bidentate coordinating through ‘N’ and ‘O’ of OH group. Analytical 
data, electronic spectra, magnetic susceptibility, IR, 1HNMR, ESR spectral data reveal octahedral 
geometry for all the complexes. The low conductance values show non-electrolytic behavior of 
the complexes. The ligand [ClTHS] and its all complexes were tested for antimicrobial activity. 
The complexes are shows moderate to good antibacterial and antifungal activity compared to its 
ligand. On the basis of spectral evidence, the following probable structures have been assigned 
for synthesized compounds.
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A Kinetic and Thermodynamic Study
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Fluoride is the major inorganic pollutant of natural origin found in groundwater. Fluoride 
in minute quantity is an essential component for normal mineralization of bones and formation 
of dental enamel. Since then considerable work has been done in different parts of India to 
explore the fluoride laden water sources and their impacts on human as well on animals. The 
safe limit of fluoride in drinking water is 1.0 mg/L. Water with high fluoride content is generally 
soft has high pH and contains large amount of silica. In groundwater, the natural concentration 
of fluoride depends on the geological, chemical and physical characteristics of the aquifer, 
the porosity and acidity of the soil and rocks, temperature, the action of other chemicals and 
the depth of wells. The solution to the problem is removing the excess of fluoride form water. 
There are a number of processes that are used for the De-fluoridation purpose. Some of the 
methods used are: Synthetic ion exchange, Precipitation processes, and Activated alumina 
filters, Reverse osmosis, Absorption techniques. Mostly applied technique is absorption either 
with the chemical, physical or biological adsorbents. These bio-adsorbents have the property of 
adsorbing various metal ions. Here various naturally occurring adsorbents are used which have 
shown a desirable amount of degradation in Fluoride content of water sample. In this report 
the data obtained reveals that various adsorbents used are highly efficient in fluoride removal.

Keywords: Aquifer, bio-adsorbents, De-fluoridation, fluoride.

AbstrAct

INTRODUCTION
Water is an essential natural resource for sustaining life and environment that we have always 

thought to be available in abundance and free gift of nature. However, chemical composition of 
surface or subsurface is one of the prime factors on which the suitability of water for domestic, 
industrial or agricultural purpose depends. Freshwater occurs as surface water and groundwater. 
Though groundwater contributes only 0.6% of the total water resources on earth, it is the major and 
the preferred source of drinking water in rural as well as urban areas, particularly in the developing 
countries like India because treatment of the same, including disinfection is often not required. It 
caters to 80% of the total drinking water requirement and 50% of the agricultural requirement in 
rural India. But in the era of economic growth, groundwater is getting polluted due to urbanization 
and industrialization.

Over the past few decades, the ever-growing population, urbanization, industrialization and 
unskilled utilization of water resources have led to degradation of water quality and reduction in per 
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capita availability in various developing countries. Due to various ecological factors either natural 
or anthropogenic, the groundwater is getting polluted because of deep percolation from intensively 
cultivated fields, disposal of hazardous wastes, liquid and solid wastes from industries, sewage 
disposal, surface impoundments etc. During its complex flow history, groundwater passes through 
various geological formations leading to consequent contamination in shallow aquifers. Presence 
of various hazardous contaminants like fluoride, arsenic, nitrate, sulfate, pesticides, other heavy 
metals etc. in underground water has been reported from different parts of India.. In many cases, 
the water sources have been rendered unsafe not only for human consumption but also for other 
activities such as irrigation and industrial needs. Therefore, now there is a need to focus greater 
attention on the future impact of water resources planning and development taking into consideration 
all the related issues.

In India, fluoride is the major inorganic pollutant of natural origin found in groundwater. Fluoride 
in minute quantity is an essential component for normal mineralization of bones and formation of 
dental enamel. Considerable work has been done in different parts of India to explore the fluoride 
laden water sources and their impacts on human as well on animals. The safe limit of fluoride 
in drinking water is 1.0 mg/L. Water with high fluoride content is generally soft, has high pH and 
contains large amount of silica. In groundwater, the natural concentration of fluoride depends on the 
geological, chemical and physical characteristics of the aquifer, the porosity and acidity of the soil 
and rocks, temperature, the action of other chemicals and the depth of wells. Due to large number 
of variables, the fluoride concentrations in groundwater range from well under 1.0 mg/L to more than 
35.0 mg/L. Fluorine is highly reactive and is found naturally as CaF2. It is an essential constituent 
in minerals like topaz, fluorite, fluorapatite, cryolite, phosphorus, theorapatite, etc. Fluorine being 
a highly electronegative element has extraordinary tendency to get attracted by positively charged 
ions like calcium.

MATERIALS AND METHODS
In this paper an attempt has made to suggest certain low cost materials as effective adsorbents 

of fluoride. The adsorbents primarily were Dry Neem Leaves Powder, Dry Peepal Leaves Powder, 
Neem Bark Powder, Rice Husk Wheat Husk Powdered, Neem Peepal Leaves Mixture, Ground-nut 
Shells. Initially, all the adsorbents are screened by adding 15 gm of each adsorbent to 150 ml stock 
solution of fluoride. Adsorption methods are adopted for removal of fluoride and these methods 
are suitable when fluoride is present in low concentration. For this purpose, an aqueous solution of 
150 ml of fluoride (100ppm) of various concentrations is taken in 500 ml Stoppard bottles and 15 
gm of adsorbents is added to the solutions. Batch adsorption experiments are carried out at room 
temperature, a contact time of 24 hours is maintained. The initial and final concentration of aqueous 
solutions of fluoride was determined by spectrophotometric method by using Spands and percentage 
removal of fluoride was determined.

RESULTS AND DISCUSSION
Our results predict that the bioadsorbents taken as filter media are highly potential in their 

work. For RH (rice husk) the degradation percentage is 98.2% which conclude that it is best for 
the purpose of fluoride removal at low cost and with appropriate availability, while in the research 
The percent removal efficiency was observed 75% which is for the initial fluoride concentration of 5 
mg/L. For other research the experimental investigations clearly suggest that abundantly available 
and low-cost materials like Rice Husk is effective in removing Fluoride from water to acceptable 
levels. Equilibrium isothermal sorption experiments suggested that sorbent dosages of 6g/l of rice 
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husk accomplished a removal of 83% of Fluoride. The time to reach equilibrium was observed to 
be 3 hours. pH does not have any significant impact in the range of 3-10.

Next we present the Groundnut Shells, most easily available and low cost material for the 
people even in village areas. When we use GN as our adsorbents it shows degradation of 98% 
though earlier studies done, reveals that the process can remove fluoride up to 90%. This result is 
in the favor of the people who are not capable of purchasing high cost membrane filters to remove 
fluorine from their drinking water. Neem and peepal leaves is very high as these bioadsorbents 
materials reduced the fluoride concentration to 4 mg/L in 90 min and to 3.22 mg/L after 18 h. The 
data obtained represent that instead of using mixture of Neem and Peepal grind leaves if we use 
them separately they will show much more efficient results. Neem grind leaves when solely used 
as adsorbent shows a degradation of 97.1% which is much more than the mixture degradation i.e. 
94.6%. Thus neem leaves are good adsorbent of fluorine and they are available everywhere and 
costless. Thus, it can be used by the people living in those areas, which have high concentration 
of Fluoride in drinking water. Not only this, the neem is very effective against several microbes 
especially bacteria and kill if present in water.

On the other hand, the Peepal leaves when taken alone are less efficient than the mixture as its 
degradation percentage is 90.2%, which is very much less than the mixture. Thus, if we have to use 
these three samples then we should use neem leaves as it has other health benefits too. The neem 
bark is not used as adsorbent but babool bark is used, just for the analysis we studied neem bark 
for the adsorption purpose and resulted in efficient degradation of fluoride. In babool bark adsorption 
removal of fluoride is about 77.04%, while neem bark shows a degradation percentage of 94.5%. 
This shows that neem bark is more efficient than the babool bark for degradation purpose. The other 
most easily available raw material wheat husk also showed tremendous decrease in the amount 
of fluoride when used as adsorbent. Though the use of wheat husk was not reported anywhere 
and hence we implemented but we have used it in reference with rice husk. Wheat husk showed 
a degradation of 95.4% still less efficient than rice husk for which the degradation percentage is 
98.2%.The efficiency of various raw materials gave us the preference of their use, the sequence of 
efficiency can be given as RH > GN > NL > WH > NPM > NB > PL.

CONCLUSION
Our study reveals that removal of fluoride with the help of Bioadsorbent is very efficient process 

for Defluoridation. Among various types of deflouridation techniques we selected the process of 
adsorption as it can easily be applicable at small scale even at household level. Various bioadsorbents 
used by us are mostly the dried leaves and waste of agriculture products. These bioadsorbents 
showed high amount of adsorption of fluoride. These raw materials are easily available at low cost. 
Thus these can be used by the village people in areas affected with high concentration of fluoride; 
because of its low cost they are affordable.
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Study of Manganese (II) Oxidation
in Filamentous Ascomycete Fungi as  
a Function of Secretome Composition

Dr. Brahmanand Thakur* 

Manganese (Mn) oxides are among the strongest oxidants and sorbents in the environment, 
and Mn(II) oxidation to Mn(III/IV) (hydr)oxides includes both abiotic and microbially-mediated 
processes. While white-rot Basidiomycete fungi oxidize Mn(II) using laccases and manganese 
peroxidases in association with lignocellulose degradation, the mechanisms by which filamentous 
Ascomycete fungi oxidize Mn(II) and a physiological role for Mn(II) oxidation in these organisms 
remain poorly understood. Here we use a combination of chemical and in-gel assays and bulk 
mass spectrometry to demonstrate secretome-based Mn(II) oxidation in three phylogenetically 
diverse Ascomycetes that is mechanistically distinct from hyphal-associated Mn(II) oxidation on 
solid substrates. We show that Mn(II) oxidative capacity of these fungi is dictated by species-
specific secreted enzymes and varies with secretome age, and we reveal the presence of 
both Cu-based and FAD-based Mn(II) oxidation mechanisms in all 3 species, demonstrating 
mechanistic redundancy. Specifically, we identify candidate Mn(II)-oxidizing enzymes as tyrosinase 
and glyoxal oxidase in Stagonospora sp. SRC1lsM3a, bilirubin oxidase in Stagonospora sp. 
and Paraconiothyrium sporulosum AP3s5-JAC2a, and GMC oxidoreductase in all 3 species, 
including Pyrenochaeta sp. DS3sAY3a. The diversity of the candidate Mn(II)-oxidizing enzymes 
identified in this study suggests that the ability of fungal secretomes to oxidize Mn(II) may be 
more widespread than previously thought.

Keywords: Manganese (II) Oxidation, Filamentous Ascomycete Fungi & Secretome 
Composion.

AbstrAct

INTRODUCTION 
Manganese (Mn) (III/IV) (hydr)oxide minerals are ubiquitous in the environment, including 

terrestrial and aquatic systems. Due to their small particle size, large surface area, and high sorptive 
and oxidative capacities, Mn oxides are among the most reactive mineral phases in the environment. 
Mn oxides can impact a variety of biogeochemical processes, including degradation of recalcitrant 
organic compounds such as humic acids and organic contaminants, adsorption and redox cycling of 
trace metals, remediation of metal-contaminated waters, and anaerobic respiration coupled to carbon 
oxidation. Furthermore, Mn(II) oxidation has been implicated in degradation of lignocellulose and Mn 
redox cycling in the soil has been shown to drive long-term litter decomposition rates in terrestrial 
ecosystems, thereby playing a significant role in greenhouse gas (CO2) emissions and regulation 
of the global carbon (C) cycle. Due to the importance of Mn oxides in contaminant remediation and 
breakdown of recalcitrant C sources, isolation of Mn(II)-oxidizing microorganisms and elucidation of 
the underlying mechanisms has the potential to aid in large-scale environmental preservation efforts.
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The mechanisms of Mn(II) oxidation to Mn(III/IV) (hydr)oxides include both abiotic and microbially-
mediated processes. Abiotic oxidation of Mn(II) by molecular oxygen is thermodynamically prohibited at 
circumneutral pH, owing to an energetic barrier in the first electron transfer step from Mn(II) to Mn(III). 
Complexation of Mn(II) to destabilizing ligands, mineral surfaces, and/or enzyme active sites removes 
this energetic barrier, allowing for rapid O2-induced Mn(II) oxidation to Mn(III), which may then be further 
oxidized or disproportionate to Mn(II) and Mn(IV) to ultimately precipitate Mn oxides. Furthermore, the 
reactive oxygen species (ROS) superoxide (O2

•–) of biogenic or abiogenic origin rapidly oxidizes Mn(II) 
to Mn(III) under a wide range of conditions. In the environment, precipitation of Mn(III/IV) oxide minerals 
is mediated to a great extent by either direct or indirect microbiological activity. A large and diverse group 
of Mn(II)-oxidizing bacteria fungi and algae have been identified to date, and research on the underlying 
mechanisms has begun to elucidate the roles of key enzymes and reactive metabolites.

Bacterial Mn(II) oxidation has been studied extensively in model organisms such as Bacillus sp. 
strain SG-1, Pseudomonas putida strains GB-1 and MnB1, and Leptothrix discophora strain SS-1. These 
organisms enzymatically oxidize Mn(II) using multicopper oxidases (MCOs) localized in an extracellular, 
exopolymeric matrix [reviewed in . Other studies have implicated extracellular heme peroxidases as 
Mn(II)-oxidizing enzymes in three alphaproteobacteria. For one of these organisms, Roseobacter sp. 
Azwk-3b, it has been shown that the heme peroxidase produces the ROS superoxide that directly 
oxidizes Mn(II) to Mn(III). Similarly, an enzymatic superoxide-based Mn(II) oxidation mechanism has 
been recently identified in a cyanobacterium and several algal phototrophs. While a physiological role of 
Mn(II) oxidation in bacteria remains largely enigmatic, energy conservation coupled to Mn(II) oxidation 
to Mn(III/IV) oxides has been suggested in several bacterial species and consortia.

Investigations of fungal Mn(II) oxidation have traditionally focused on model white-rot 
Basidiomycetes such as Phanerochaete chrysosporium due to their ability to effectively degrade 
lignocellulose from plant material. In these organisms, Mn(II) oxidation is directly linked to lignocellulose 
degradation and is catalyzed by extracellular enzymes including laccases, Mn peroxidases, a 
cooperative combination of the two or related enzymes including dye-decolorizing peroxidases. 
These mechanisms are intimately linked to the cycling of ROS, as laccases can indirectly produce 
ROS as by products of Mn(II) or other substrate oxidation and Mn peroxidases require H2O2 as an 
electron acceptor. Both enzymes oxidize Mn(II) to Mn(III) complexes, which are either reduced back 
to Mn(II) coupled to lignocellulose oxidation, or abiotically disproportionate to form Mn(III/IV) oxides.

Significantly less is known about the mechanisms by which Mn(II) is oxidized by filamentous 
Ascomycete fungi, a ubiquitous and cosmopolitan yet understudied group. Recent work, however, has 
begun to elucidate these processes and distinguish them from those catalyzed by Basidiomycetes. 
Initial demonstration of an enzymatic Mn(II) oxidation mechanism distinct from Basidiomycete Mn 
peroxidases has been followed by several studies implicating secreted laccase-like MCOs (LMCOs). 
Mn(II) oxidation by LMCOs has been observed in several phylogenetically diverse Ascomycetes, 
demonstrating oxidation of traditional laccase substrates and inhibition by copper chelators and 
even suggesting a link between enzymatic Mn(II) oxidation and plant pathogenicity. Interestingly, 
Ascomycete laccases and LMCOs (e.g., bilirubin oxidase, ascorbate oxidase) are phylogenetically 
distinct from each other and from Basidiomycete laccases suggesting that different mechanisms may 
exist for each class of secreted enzyme. Indeed, in Acremonium sp. strain KR21-2, the Mn(II)-oxidizing 
LMCO has been recently identified as bilirubin oxidase rather than a true laccase. Additionally, the 
physiological role of Ascomycete Mn(II) oxidation remains poorly understood. Unlike for Basidiomycetes, 
Mn(II) oxidation by Ascomycetes has not been linked to lignocellulose degradation or acquisition of 
other carbon or nutrient sources, although several Mn(II)-oxidizing Ascomycetes have demonstrated 
cellulose oxidation capacity, including the 3 species in this study (unpublished data, CM Santelli 
and CA Zeiner).
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MATERIALS AND METHODS
Fungal Species and Culture Medium

We investigated three Mn(II)-oxidizing Ascomycete fungi isolated from two locations. Two 
species were isolated from passive coal mine drainage treatment systems in central Pennsylvania 
that attenuate high concentrations of Mn: Stagonospora sp. SRC1lsM3a and Pyrenochaeta sp. 
DS3sAY3a. The third species was isolated from Ashumet Pond, Massachusetts, a natural freshwater 
lake: Paraconiothyrium sporulosum AP3s5-JAC2a. This field site was historically polluted with elevated 
concentrations of phosphate and metals, including Fe and Mn. The genomes of all 3 species are 
available on GenBank [accession numbers LXTA00000000 (Stagonospora sp.), LXSZ00000000 
(Pyrenochaeta sp.), and LXPO00000000 (P. sporulosum)], and detailed analyses of their secretome 
composition have been published previously.

All fungal species were grown in HEPES-buffered (20 mM, pH 7) acetate-yeast extract (AY) 
medium supplemented with MnCl2 (0–200 μM). Fungal cultures were maintained on petri dishes 
containing agar-solidified (2% agar) AY medium with 200 μM Mn(II) (hereafter AY + Mn).

CULTURE CONDITIONS AND SECRETOME HARVESTING
To prepare cell-free secretomes, fungi were grown in 100 mL liquid cultures in AY + Mn medium 

using 100 μL of blender-homogenized inocula. Preparation of the inoculum is described in the .
Cultures were incubated at 21°C without agitation for 7, 14, or 21 days. For each fungus at each of 

the 3 time points, 5 individual 100 mL cultures were combined into 500 mL samples to maximize protein 
recovery. These 500 mL samples were prepared in quadruplicate. Upon harvesting, bulk biomass was 
removed and discarded, and the spent medium was filtered through a 0.45 μm polyethersulfone membrane 
(VWR) to remove remaining cells and Mn oxides. Samples were then concentrated using a centrifugal 
filter with a 10 kDa, low protein adhesion membrane (EMD Millipore) according to the manufacturer’s 
instructions. These concentrated -250 μL secretome samples were then stored at −80°C until analysis.

PROTEIN QUANTIFICATION
Protein in secretome samples was quantified using a PierceTM BCA protein assay kit (Thermo 

Fisher Scientific) as conducted previously. The quantity of protein recovered from 500 mL secretome 
samples generally ranged between 250 and 1,000 μg, depending on species and secretome age, 
with protein quantity increasing over time.

DISCUSSION 
Observations of Mn(II) oxidative capacity in the extracellular secretome in diverse Mn(II)-

oxidizing microorganisms, including Ascomycete fungi, Basidiomycete, bacteria and green algae 
and cyanobacteria.

We further demonstrated that extracellular Mn(II) oxidation was not significantly affected by SOD 
indicating that the catalytic action of extracellular enzymes, rather than superoxide potentially produced 
by these enzymes, drove Mn(II) oxidation. Thus, cell-free oxidative capacity in the secretome represents 
a distinct Mn(II) oxidation mechanism from the hyphal-associated, superoxide-mediated mechanism 
we have previously observed for two of these organisms (Stagonospora sp. and Pyrenochaeta sp.) 
and a third fungus, Stilbella aciculosa, during growth on agar-solidified medium. While transmembrane 
NADPH oxidases (and therefore vegetative cells) are required for superoxide production and Mn(II) 
oxidation at the cell surface, here we showed Mn(II) oxidation in the absence of cells and these 
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membrane- associated enzymes. Moreover, we demonstrated that extracellular enzymes could oxidize 
Mn(II) in rinsed native PAGE gels in the absence of other reactive metabolites that were present in the 
full secretomes. This indicates that the enzymes can directly utilize Mn(II) as a substrate.

CONCLUSION
Here, we have demonstrated species-specific, age-dependent, and enzyme-directed Mn(II) 

oxidative capacity in the secretomes of three filamentous Ascomycete fungi. We identified enzymatic 
Mn(II) oxidation mechanisms in the liquid secretome that are distinct from the hyphal-associated, 
superoxide-mediated mechanism previously observed on solid substrate. The proteomic composition 
of Mn(II)-oxidizing gel bands from each of the fungi, in combination with enzyme activity assays, 
revealed the presence of both Cu-based and FAD-based Mn(II) oxidation mechanisms in all 3 
species, demonstrating mechanistic redundancy. Furthermore, the FAD-based mechanisms did 
not involve superoxide, in contrast to previously observed microbial Mn(II) oxidation by NADPH 
oxidases. Specifically, we identified candidate Mn(II)-oxidizing enzymes as tyrosinase, bilirubin 
oxidase, glyoxal oxidase, and GMC oxidoreductase.

The diversity of the candidate Mn(II)-oxidizing enzymes identified in the 3 Ascomycetes suggests 
that the ability of fungal secretomes to oxidize Mn(II) may be widespread and extend to phylogenetically 
diverse fungi that secrete these oxidative enzymes. Isolation, purification, and biogeochemical 
investigation of the enzymes identified herein will further elucidate fungal Mn(II) oxidation mechanisms, 
aid in identifying a physiological role for Mn(II) oxidation in Ascomycetes, and expand our knowledge 
of the drivers of Mn redox cycling in the environment and its role in the global carbon cycle.
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Study of Synthesis and Characterization of Binuclear 
Complexes Co(II), Cu(II), Ni(II), Mn(II) and Hg(II)  

with Schiff Base Ligand Type N2O2
Dr. Mithilesh Kumar Singh* 

The syntheses of some Ni(II),Co(II), Cu(II),Mn(II)and Hg(II) Schiff base complexes have been 
reported. The Schiff base ligand H2L (C28H20N2O2) under were prepared by the condensation 
of amine namely benzidine with salicyladehyde. Schiff base ligand and their complexes have 
been subjected to elemental analysis, Infrared, electronic, nmr and 13C spectral studies, molar 
conductivity, and magnetic moment measurements. All the complexes showed an octahedral 
geometries with the general structure [M2(L)2(H2O)4]. In addition, the analysis exhibited a different 
chelation mode towards metal and ligand substitution, since a mono- and dinuclear metal 
complexes have been identified. The ligand and its complexes exhibited biological activity 
against the Bacillus (G+) strain and the Pseudomonase (G-) strains.

Keywords: Synthesis; Characterization, Schiff base, Benzidine; Ni(II), Co(II), Cu(II), Mn(II) 
and Hg(II) ions; binuclear complexes.

AbstrAct

INTRODUCTION 
Schiff base composed of N2O2 with donor atoms prepared from the condensation of 

salicyladehydyde with amine, are important chelating ligands with a variety of potential applications. 
These schiff bases can be used in photochemical, catalytic, biological and electrochemical applications. 
Schiff bases are also used as ligands to obtain metal complexes because of their high stability of 
the coordination compounds and their good solubility in common solvents. The metal complexes of 
schiff bases can serve as models in the understanding of biological systems. The ease of preparation 
and variable geometries of these metal complexes makes them important stereochemical models 
with transition metal. Schiff bases of dinucleating metal complexes have been attractive area of 
researcher, in view of their significance as biommetric catalyst in the process of oxygenation. These 
discoveries of dinuclear cores at the active sites of schiff base ligand have aroused great interest in 
view of these finding, this piece of work has devoted with aim to synthesize some transition metals 
structural investigation of another set of related tetradentate Schiff base ligand and their complexes 
with Ni(II), Co(Ievoted with the aim to dI), Cu(II), Mn(II) and Hg(II) ions.

MATERIALS AND METHODS
All chemicals used supplied from Fluka and Merck companies and used without any further 

purification. Infrared spectra were performed using a Shimadzu (FT– IR)– 400S spectrophotometer 
in the range (4000 – 400 cm–1). Spectra were recoded as potassium bromide discs at College 
of Education, Ibn Al-Haitham. The electronic spectra of the compounds were obtained using a 
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(UV– Visible) spectrophotometer type Shimadzu 160, in the range (200–900 nm)using quartz cell 
of (1.0)cm length with concentration (10-3) mole L-1 of samples in water at 25°C, and electrical 
conductivity measurements of the complexes were recorded at (25ºC) for(10-3 –10-5)M solutions of 
the samples in water using a PW 9526 digital conductivity meter, and melting point obtained using 
an electrothermal apparatus Stuart, and metals were determined with a Shimadzu (AA) 680G atomic 
absorption spectrophotometer, all measurements were obtained. Antibacterial screening was done 
at Laboratory in Biological Department, B. N. Mandal University, Madhepura, using agar diffusion 
technique. The compounds were screened for their in vitro antibacterial activity against Gram-negative 
of psedomonase and Gram- positive of Bacillus bacterial strains.

PREPARATION OF THE PRECURSOR LIGAND
The [H2L] has prepared according tothe method published in literature scheme (1) A hot solution 

of (0.184 g, 1 mmol.) of benzidine dissolved in 10Ml and (0.28 mL, 2 mmol.) of salicyladehydyde 
dissolved in 10 mL ethanol to this ethanolic solution, few drops of glacial acetic acid were added 
as a condensing agent and refluxed for 4hrs. upon cooling aprecipitate formed, was filtered off and 
recrystallized from a mixture of methanol: acetone: disttled water (5:5:2) giving yellow precipitate, 
yield (86%), m.p.(over 260oC) dec.

PREPARATION OF THE COMPLEXES
The complex [Co2 (L) 2 (H2O)4] has been synthesized as follows:
To a hot solution of ligand [H2L] (0.393g, 1 mmol.) in (5mL) of ethanol, a hot solution of 

Cobalt(II) chloride hexa hydrate (0.238g. 1mmole) in (5 mL) of ethanol was added. The precipitate 
immediately formed, the mixture was boiled and stirring for (10-15 min.), filtered off. Recrestallized 
from a hot of (10mL) methanol, a dark green precipitate, yield 80%, decomposed at 250° C. The 
physical properties for synthesized ligand (H2L) and its complexes. A similar method to that mentioned 
for the prepartion [Co2 (L)2 (H2O)4] complex was used to prepare the complexes of the [H2L] with 
Cu(II),Ni(II), Mn(II) and Hg(II) ions.

RESULTS AND DISCCUSSION
The Schiff base ligand (H2L) is yellow crystals, but the prepared complexes of this ligand vary 

in colour depending of metal ion. The complexes are quiet air-stable in soluble in water, but its 
soluble in common organic solvents. Some phesical and chemical propertied for Schiff base ligand 
and its chelate complexes with Co(II), Cu(II), Ni(II) and Cu(II) metal ions are listed in Table (1). In all 
cases 2L:2M or 1L:1M (L=ligand; M=metal) solid complexes are isolated, that is greement with the 
stoichiometric ratio found using molar ratio method.The complexes are non electrolytes.

MICROANALYSIS
The elemental analysis data the complexes. It was found that the theoretical values are in good 

agreement with the found data. The purity of the Schiff base ligand were tested by TLC Technique 
and C. H. N elemental analyses

IR Spectrum of the Ligand (H2L) 
Schiff base was synthesized from the reaction of benzidine with salcyldehyde, The IR spectrum 

of the [H2L] shows new strong band at (1616) cm–1 is due HC=N imine assigned to the ν(M -O) and 
ν(M-N) stretching vibration modes respectively.
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The Electronic Absorption Spectral and Magnetic Studies 
The Co(II) complex exhibited two bands around (618) nm (16181) cm-1 (εmax=76 molar–1 

cm–1 ) and (769) nm (13003) cm-1 (εmax=62 molar–1 cm-1 )Table (5), which were assigned to4T1g(F) 
→4A2g(F) and 4T1g(F) →4T1g(P), for high– spin octahedral geometry.

The magnetic susceptibility measurements (4.84) BM, for the solid Co(II) complex is indicated 
of three unpaired electrons per Co(II) ion consistent with its odctahedral environment.

The electronic absorption spectrum of the Ni(II) complex showed three bands, the first broad 
band center at(372)nm (26881cm–1 ) (εmax=1485molar–1 cm –1 ) and two bands at (685) nm (14598) 
cm-1 (εmax=100 molar–1 cm–1 ) and (735)nm (13605) cm-1 (εmax=98 molar–1 cm-1) assigned to 
the spin-allowed transitions 3A2g(F)→ 3T1g(P), 3A2g(F)→3T1g(F) and 3A2g(F)→3T2g(F) consistent 
with octahedral configuration. The magnetic moment (2.80) BM suggested two unpaired electrons 
per Ni(II) also consistent with octahedral geometry.

The electronic absorption spectrum of Cu(II) complex showed broad band at (816)nm (13966) 
cm–1 (εmax=24 molar–1 cm–1 ),which was assigned to 2Eg→2T2g transition, typical for an octahedral 
configuration. The magnetic moment (1.61 B.M) suggested one unpaired electron per Cu(II) with 
also consistent with octahedral environment.

The IR spectra for the Complexes
The IR data are presented in the comparison of the IR spectra of the Schiff base ligands with 

that of its complexes show the absorption bands in the range (1608-1613) cm-1 and (1366-1380) 
cm-1 due to azomethine -O) groups respectively. The (C=N) vibrations decreased on complexation 
showing involvement of nitrogen of azomethine group in coordination. The absence of stretching 
and bending vibrations of free carbonyl group in salicyladehyde at(1745)cm-1 indicates the absence 
of this group in these complexes. Further the phenolic (C-O) vibrations on complexation with Co(II), 
Cu(II),Ni(II), Mn(II) and Hg(II) ions has also shown a shift to higher frequency indicating the coordination 
of these ions through phenolic oxygen of the schiff base and azomethine nitrogen. The band in the 
range 3328 - 3338 cm-1 due to phenolic- OH in the ligand is shifted to higher frequency in all the 
complexes indicating the coordination of phenolic oxygen to the metal ion without deprotonation and 
the absorption bands in the range (936-941)cm-1 for the complexes assigned to coordinated aqua 
(H2O) ligand. The (C-O) stretching frequency is generally displaced to higher frequency indicating the 
formation of bond between the oxygen of phenolic group and metal [26- 27]. Finally the complexes 
exhibited bands at the ranges (435-447) and (491-553) cm-1 which could be assigned to the ν(M 
-O) and ν(M-N) stretching vibration modes respectively.

CONCLUSION
Schiff base ligand and their complexes have been subjected to elemental analysis, Infrared, 

electronic, nmr and 13C spectral studies, molar conductivity, and magnetic moment measurements. 
All the complexes showed an octahedral geometries with the general structure [M2(L)2(H2O)4]. In 
addition, the analysis exhibited a different chelation mode towards metal and ligand substitution, 
since a mono- and dinuclear metal complexes have been identified.
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Study of 3D Holographic Imaging and Display 
Exploiting Complex Optics

Dr. Praveen Kumar Sah* 

Digital holography has high potentials for future 3D imaging and display technology. Due to 
the capability of recording and projecting realistic 3D images, holography has been extensively 
studied for decades. However, the requirement of a reference beam in interferometric systems 
and a limited number of pixels in existing spatial light modulators have been major obstacles for 
the practical applications of 3D holography technology. Recently, the field of wavefront shaping, 
or the study of controlling multiple scattering of light, has emerged with numerous interesting 
applications in digital holography. In this review, we introduce the principles of multiple light 
scattering in complex media and highlight recent achievements to overcome the limitation in 
conventional 3D holography by exploiting multiple light scattering. The complexity of multiple 
light scattering, which had been regarded as a major barrier for conventional optical systems, 
can provide referencefree 3D holographic imaging and 3D holographic display with several 
advantages.

Keywords: 3D holographic imaging, 3D holographic display, complex optics, multiple 
light scattering, wavefront shaping.

AbstrAct

INTRODUCTION 
Holography is a promising method to realize a threedimensional display and imaging. Holograms 

directly encode the light field by addressing both the amplitude and phase information. Recording 
and projecting three-dimensional (3D) images using holography technology provides natural and 
realistic 3D images, unlike stereographic techniques which display two different images simultaneously 
on the left and right eyes exploiting binocular parallax of human eyes. In holography, it is crucial to 
precisely measure and reconstruct the phase information of light fields. The direct measurement of 
optical phase information is currently impossible because the optical temporal frequency is several 
orders faster than the electronicsbased device. Alternatively, conventional holography methods 
exploit interference to record both the amplitude and phase information of an optical field. A signal 
beam of interest is combined with a well-defined reference beam, resulting in the formation of 
interference patterns which encode the light field information. After the first demonstration by Gabor 
various holographic techniques have been proposed to record and reconstruct static optical fields.

Recently, the developments of electronic devices such as a charge-coupled device (CCD) or a 
spatial light modulator (SLM) have enabled digital holography techniques. Since digital holography 
takes advantages in recording, reading, and transferring of dynamic optical field information, it has 
been extended into various fields such as biomedical optics, holographic microscopy, 3D display, 
data storage and security. Although digital holography for recording and displaying of 3D optical 
information has potentially interesting applications, its implementation has been limited to mostly 
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laboratory-level demonstrations because of the requirement for a bulky interferometric setup and a 
limited space-bandwidth product (SBP) of SLMs in holographic displays.

In 3D holographic imaging technique, portability would be crucial for practical applications. 
However, the need for a reference beam in conventional interferometry significantly limits the 
realization of a portable device. In 3D holographic display, 3D optical fields are generated 
by a spatial light modulator. The product of the image size and the viewing angle is directly 
proportional to the number of controllable optical modes, or an SBP of an SLM. Since the 
current state-of-art technology is incapable of addressing a large number of optical modes, 
the performances of 3D holographic display techniques are still limited to a small size with a 
narrow viewing angle range.

In order to overcome the limitations of such holographic imaging and display technology, 
various methods have been proposed. For example, diffractive optical elements can enlarge the 
image size of a 3D holographic screen by encoding a large-curvature lens. Holographic optical 
elements are also used for delivering images in headmount displays. Freeform optics or deformable 
reflecting surfaces have been used to enhance controllability of optical information as in the case 
of a multifocal projection system. However, still much advancement is required to project viewer-
comfortable 3D images.

In this study, we introduce digital holographic imaging and display methods exploiting multiple 
light scattering. When coherent light transmits through scattering media, speckle patterns are 
formed as a result of interference of multiply scattered light paths. It seems the multiple light 
scattering events are undesirable for imaging and display applications because it results in 
the loss of optical information. However, in multiply scattered light, the optical information is 
scrambled rather than lost, and the events of multiple light scattering are deterministic processes 
although it seems stochastic. With appropriate characterizations of the optical transfer property 
of a disordered medium, it can be utilized as a powerful optical element, even for holographic 
imaging and display.

PRINCIPLES 
Conventional optical components, such as a lens or a mirror, offer great possibilities of 

controlling the light. Incident and transmitted rays through a conventional optical lens can be 
described by a simple linear matrix, which can be readily adapted to an optical imaging system. 
Despite their simplicity, there are certain limitations of conventional optics. For example, the 
numerical aperture of an imaging and a display system is highly limited unless a high-magnification 
objective lens is used. Light scattering in scattering media exhibits extremely complex behaviors, 
compared to the conventional optics. However, the linearity and the deterministic nature of 
propagation of optical fields are still preserved in multiple light scattering. Therefore, the light 
transmission process can also be expressed in a linear matrix formalism, so called a transmission 
matrix (TM). The TM is an operator that maps an incident (input) field to a transmitted (output) 
field. Assuming the linearity of a system and the coherency of a light source, this relationship is 
expressed as,

   E out = TEin (1)
where Ein and Eout are an input and an output field, respectively. When a TM is measured, 

the light can be controlled as desired by exploiting the large degrees of the freedom contained in 
scattering media.

Theoretically, this linear and deterministic nature of multiple light scattering has been known for 
decades, the experimental control of multiple scattering was demonstrated very recently. Vellkoop et al. 



Study of 3D Holographic Imaging and Display Exploiting Complex Optics  89

showed that an optical focus could be made through a scattering layer consist of TiO2 nanoparticles. 
Although this study did not explicitly use TMs, it exploited the deterministic and linear response 
properties of multiple light scattering of coherent light. This pioneering work has initiated various 
interesting experiments. Complex optics enables access to and manipulate optical information unless 
cannot be addressed with conventional optics. For instance, the evanescent nearfield information of 
light can be coupled to propagating far-fields though scattering layer. This near-to-far field conversion 
is described by a TM, which had been used for focusing and imaging at the sub wave length scales. 
A scattering layer, whose TM was calibrated, was used to extend the field of view with extended 
resolutions in microscopic imaging.

3D DISPLAY EXPLOITING COMPLEX OPTICS 
Recently 3D display has drawn significant interest due to emerging technologies in virtual and 

augmented reality. Most types of current commercial 3D displays mainly employ binocular disparity 
of human eyes: by projecting two different images on a viewer, they produce the perception of 3D 
effects. This approach exploits the limitation of the human visual system, but only 2D projection 
is controlled in physical space. A holographic display is an ultimate type of 3D display because it 
exactly replicates 3D optical fields of real objects. For projecting 3D images, SLMs are utilized in 
general, in order to control the light fields.

DISCUSSION 
In order to generate realistic 3D images with the scattering display, the image quality should be 

further improved. Because the limitation on the number of pixels in SLMs directly affects the image 
quality, increasing the number of controlling pixels or spatial multiplexing of multiple SLMs would be 
possible solutions. Considering human perception factor can be another solution to overcome the 
limitation of the scattering display. For example, the speckle background is effectively suppressed 
by temporal multiplexing of independent light patterns, so the contrast can be effectively increased 
for the same number of controlled pixels.

CONCLUSION
In this review, we introduced recent progress on overcoming the limitation of conventional 

imaging and display devices by exploiting the complexity of multiple light scattering. It may seem 
to contradict to the common belief that only well-designed optical components can be used for 
imaging and projection purposes. However, multiple scattering can offer new possibilities otherwise 
inaccessible with conventional optics. Although we discussed the applications of imaging and display 
separately, these two topics are closely related to each other. For example, the hologram is used 
in both recording and projection. The underlying concept bridging these two applications is optical 
phase conjugation. Recently Lee et al. demonstrated that scattering media could serve as a medium 
for recording the phase-conjugated light. Extending this concept to the macroscopic scale, i.e. 
recording and replaying back the light fields originating from real-world objects, is expected to bring 
new possibilities in 3D imaging and display using complex optics.

We expect that the advancement of the optics applications exploiting complex optics will be 
accompanied by the progress in device technologies. As discussed earlier, the current systems 
still lack high speed and large data calculation, fast modulation and acquisition devices. Therefore, 
further investigation on optimizing devices would significantly enhance the capabilities of complex 
optics.
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/keZ vkSj n'kZu dh Hkkjrh; vo/kkj.kk % ,d fo'ys".k

MkW- jkuh xqatu* 

/keZ&n'kZu ds Lo:i vkSj {ks= dks Hkyh Hkk¡fr le>us ds fy, loZizFke /keZ vkSj n"kZu dk vFkZ le>uk 

vko';d gSA /keZ 'kCn ge lc ds fy, ,d ,slk ifjfpr 'kCn gS ftldk ge vius nSfud thou esa izk;% 

iz;ksx djrs gSaA ;gh dkj.k gS fd lkekU; O;fDr bl 'kCn ds vFkZ ds fo'k; esa dksbZ fo'ks"k dfBukbZ vuqHko 

ugha djrkA ;fn mlls iwNk tk, fd /keZ D;k gS rks laHkor% og fgUnw /keZ] ckS) /keZ] bLyke /keZ] bZlkbZ 

èkeZ] ;gwnh /keZ vkfn dh vksj gekjk /;ku vkd`"V djrs gq, bl 'kCn dk vFkZ Li"V djsxk vkSj gesa crk,xk 

fd eafnj] efLtn] fxjtk?kj vkfn mikluk&LFkyksa esa tkdj fo'ks"k izdkj ls izkFkZuk ;k iwtk djuk gh /keZ 

gSA lk/kkj.k O;fDr tc */keZ* 'kCn lqurk ;k i<+rk gS vFkok Lo;a bl 'kCn dk iz;ksx djrk gS rks izk;% 

mlds eu esa fdlh fo'ks"k mikluk&LFky] mlesa fo'ks"k izdkj ls iwtk djus okys O;fDRk;ksa] tUe] ukedj.k] 

fookg] eR; vkfn egRoiw.kZ voljksa ij laiUu fd, tkus okys fo'ks"k d`R;ksa ;k vuq"Bkuksa rFkk fo'ks"k izdkj 

ds oL= igus gq, ,sls O;fDr;ksa dk fp= mHkjrk gS ftUgsa *lk/kq* ;k *lar* dgk tkrk gSA bl izdkj ;g 

Li"V gS fd lk/kkj.k O;fDr /keZ 'kCn dks dqN fo'ks"k ckg~; oLrqvksa] Hkouksa] oL=ksa] iqLrdksa] O;fDr;ksa rFkk 

izkFkZuk ;k iwtk&ikB laca/kh deZdkaM ls gh tksM+rk gSA

;|fi /keZ dk mi;qZDr izpfyr lkekU; vFkZ nk'kZfud ǹf"V ls cgqr larks"kizn ugha gS fQj Hkh ;g Lohkdj 

djuk iM+sxk fd blesa vkaf'kd lR; vo'; fo|eku gSA ;g loZfofnr rF; gS fd fo'ks"k mikluk&LFky] 

ifo= xzaFk] izkFkZuk vFkok iwtk&ikB laca/kh deZdkaM rFkk vU; /kkfeZd vuq"Bku /keZ ds egRoiw.kZ vax ekus 

tkrs gSa ftUgsa ge /keZ dk ckg~; i{k dg ldrs gSA tulk/kkj.k /keZ ds bl ckg~; i{k dks vR;f/kd egRo 

nsrk gSA vkSj blh ds vk/kkj ij /keZ dk vFkZ Li"V djus ds fy, mlds bl ckg~; i{k dh mis{kk ugha dh 

tk ldrhA izk;% lHkh /keksZa dk ;g ck~; i[k vfuok;Zr% fo|eku jgrk gSA ftlds }kjk mUgsa ,d&nwljs ls 

i`Fkd fd;k tkrk gS vkSj ftlds dkj.k izR;sd /keZ ds vuq;kbZ vius vkidks vU; lHkh /keksZa ds vuq;kb;ksa 

ls fHkUUk ekurs gSaA blls Li"V gS fd fofHkUu /keksZa ds deZdkaM laca/kh ckg~; i{k esa i;kZIr fHkUurk gksrh gS 

tks mUgsa ,d&nwljs ls vyx djrh gS vkSj tks muds vuq;kb;ksa esa ikjLifjd fo}s"k rFkk la?k"kZ dk izeq[k 

dkj.k curh gSA ijUrq blds lkFk gh gesa ;g Hkh Lej.k j[kuk pkfg, fd /keksZa esa mDr fHkUurk ds gksrs 

gq, Hkh ge lHkh /keksZ ds fy, ,d gh 'kCn /keZ dk iz;ksx djrs gSA

/keZ ds Lo:i dh foospuk djus ds i'pkr vUu n'kZu ds vFkZ ij Hkh fopkj djuk vko';d gS 

ftlls /keZ&n'kZu ds Lo:i dks HkyhHkkafr Li"V fd;k tk ldsA /keZ ds leku gh n'kZu dh Hkh Bhd&Bhd 

vkSj loZekU; ifjHkk"kk djuk cgqr dfBu gS] D;ksafd bl 'kCn dk iz;ksx Hkh fHkUu&fHkUu vFkkZas esa fd;k tkrk 

gSA lkekU; O;fDr /keZ 'kCn dk vFkZ rks dqN lhek rd le>rk gS vkSj ge ns[k pqds gSa fd bl vFkZ esa 
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vkaf'kd lR; Hkh fo|eku gS] fdUrq n'kZu 'kCn dk vFkZ mls cgqr gh vLi"V izrhr gksrk gS ftlds dkj.k 

og blds laca/k esa viuh dksbZ fuf'pr vo/kkj.kk ugha cuk ikrkA tc og n'kZu 'kCn i<+rk ;k lqurk gS rks 

lkekU;r% mlds eu esa dqN ,slh ckrksa dk fopkj vkrk gS fd ftudk lca/k bZ'oj] vkRek vkfn vykSfdd 

vk/;kfRed lÙkkvksa ls gS vkSj tks vR;ar dfBu gksus ds dkj.k mldh le> ls ijs gSA n'kZu ds fo"k; esa 

tulk/kkj.k dh ;gh vo/kkj.kk bl Hkzked fopkj dks tUe nsrh gS fd n'kZu ,d ,slk dfBu ckSf)d fo"k; 

gS ftldk euq"; ds O;kogkfjd thou ls dksbZ lEcU/k ugha gSA

n'kZu fu'p; gh ckSf)d fo"k;d gS vkSj vis{kkd`r dqN dfBu Hkh gS] fdUrq bls vkykSfdd vk/;kfRed 

lÙkkvksa rd gh lhfer rFkk ekuo thou ls i`Fkd ;k vlaca) ekuuk Hkzked gSA okLro esa lkfgR; ds 

leku gh n'kZu Hkh euq"; ds thou ls izR;{kr% lacaf/kr gS] D;ksafd bu nksuksa dh fo"k;oLrq ekuo&thou 

dh 'kk'or ewy leL;k,¡ gSA bu nksuksa esa varj dsoy bruk gh gS fd lkfgR; dk iz/kku rRo Hkkouk gS 

tcfd n'kZu dk eq[; rRo fopkj ;k rdZ gSA n'kZu laLd`re Hkk"kk dk 'kCn gS ftldk vFkZ gS ns[kuk ;k 

[kkstukA bl izdkj 'kkfCnd vFkZ dh n`f"V ls n'kZu dk vFkZ gS lE; dk vuqla/kku vFkok lE; dh [kkstA 

tks fu"i{k fopkj ,oa rdZ ds vk/kkj ij thou ds ewy lE;ksa dk vuqla/kku djrk gS] ogh n'kZu gSA n'kZu 

ds fy, vaxzsth Hkk"kk esa izpfyr fQykWlkWQh rFkk lksfQ;k bu nks 'kCnksa ls gqbZ gS ftudk vFkZ Øe'k% izse 

vkSj Kku vFkok fo|k gSA bl izdkj 'kCnkFkZ dh n`f"V ls fQykWlkWQh dk vfkZ gS fo|kujkx ;k tku ds 

izfr izseA bl vFkZ ls Hkh ;gh /ofur gksrk gS fd fQykWlkWQh thou ds 'kk'or ewy lR;ksa ds Kku ds izfr 

vuqjkx gSA bl izkdj ;g Li"V gS fd n'kZu rfkk fQYkkWlkWQh nksuksa 'kCnksa ds vFkZ esa Kku vFkok fparu 

fo"k;d rRo dh iz/kkurk gS vkSj ;gh n'kZu dk ewy rRo Hkh gSA  

n'kZu ds vFkZ dks HkyhHkk¡fr Li"V djus ds fy, mlds mi;qZDr ckSf)d rRo ij fo'ks"k :i ls /;ku 

nsuk vko';d gS] D;ksafd ;gh rRo mls lkfgR; dyk] /keZ vkfn dqN vU; fo"k;ksa ls i`Fkd djrk gSA 

oLrqr% n'kZu dh ogh ifjHkk"kk larks"kizn ekuh tk ldrh gS ftles amlds bl fparu iz/kku ckSf)d rRo 

dks leqfpr LFkku fn;k x;k gksA ;|fi n'kZu dh dksbZ ,slh ifjHkk"kk nsuk cgqr dfBu gS tks loZekU; gks 

vkSj ftls lHkh nf`"V;ksa ls larks"kizn ekuk tk lds] ftlesa n'kZu dh ewy fo"k;oLrq dks /;ku esa j[krs gq, 

ge mldh fuEufyf[kr ifjHkk"kk ns ldrs gS&n'kZu euq"; dk og ckSf)d iz;kl gS ftlds }kjk og fdlh 

Hkh fo"k; ls lacaf/kr ewYk rRoksa vFkok vk/kkjHkwr ekU;rkvksa dh rdZ laxr ,oa fu"i{k ijh{kk djrk gS vkSj 

mlds laca/k esa dsoy rdZ ds vk/kkj ij viuk er fuf'pr djrk gSA

n'kZu ds Lo:i dks HkyhHkkafr le>us ds fy, loZizFke bl rF; dh vksj /;ku nsuk cgqr vko';d 

gS fd n'kZu dk ewy vk/kj euq"; dh rdZcqf) vFkok foosd'kfDr gh gSA ekuoh; laosxksa ;k Hkkoukvksa dk 

n'kZu esa dksbZ LFkku ugha gSA tc nk'kZfud fdlh fo'K; dh fu"i{k O;k[;k vFkok foospuk djrk gS rks 

og Hkkoukvksa ;k laosxksa ls iw.kZr% eqDr gksdj dsoy viuh rdZcqf) ij fuHkZj djrk gSA ;fn dksbZ nk'kZfud 

fdlh fo"k; dh foospuk djrs le; vius laosxksa ;k iwokZxzgksa ls izFkkfor gksrk gS rks fu"i{k u gksus ds 

dkj.k mldh bl foospuk dk nk'kZfud n`f"V ls dksbZ egRo ugha gks lrkA Li"V gS fd n'kZu dk ;g 

fo'kq) ckSf)d i{k mls mu lHkh fo"k;ksa ls i`Fkd djrk gS ftuesa Hkkoukvksa] laosxksa ;k vfHkO;fDr;ksa dh iz/
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kkurk gksrh gSA bu fo"k;ksa esa lkfgR;] dyk] /keZ vkfn fo'ks"k :i ls mYys[kuh; gSA bu lHkh fo"k;ksa ds 

foijhr n'kZu fu"i{k :i ls iw.kZr% rdZ dk gh vuqlj.k djrk gS] fQj pkgs bls ifj.kke dqN Hkh gksaA bl 

izkdj fo'kq) ckSf)drk vFkok rkfdZdrk n'kZu dh vfuok;Z ewy fo'ks"krk gSA

n'kZu dh nwljh egRoiw.kZ fo'ks"krk gS mldk vR;f/kd O;kid {ks=A n'kZu fdlh Hkh fo"k; vFkok 

leL;k ds ewy rRoksa ;k mldh vk/kkjHkwr ekU;rkvksa dk fu"i{k :i esa fo'ys"k.k dj ldrk gSA mldk 

{ks= fdlh ,d fo"k; vFkok leL;k rd lhfer ugha gSA oLrqr% izR;sd fo"k; dh dqN vk/kkjHkwr ekU;rk,¡ 

gksrh gSa ftUgsa og fcuk fdlh rdZ ds Lohdkj dj ysrk gS vkSj ftu ij mldk vfLrRo ,oa laiw.kZ fodkl 

fuHkZj gksrk gSA

n'kZu ds laca/k esa izk;% ;g iz'u Hkh mBk;k tkrk gS fd bldk vkjaHk D;ksa vkSj dSls gqvkA ftKklk 

ekuo dh tuEtkrk izo`fr gS tks mls Lo;a vius fo"k; esa rFkk vius laiw.kZ ifjos'k ds laca/k esa vf/kdkf/kd 

tkuus ds fy, fujarj izsfjr djrh jgrh gSA oLrqr% euq"; dh bl uSlfxZd vnE; ftKklk us gh n'kZu 

rFkk foKku nksuksa dks tUe fn;k gS vkSj blh ftKklk ds dkj.k bu nksuksa dk fujarj fodkl Hkh gqvk gSA 

bl LokHkkfod ftKklk ds fij.kkeLo:i euq"; us txr vkSj thou dk tks Kku izkIr fd;k gS mlls 

mlds nks izeq[k mís';ksa dh iwfrZ gqbZ gSA loZizFke bl Kku ds dkj.k mls oLrqvksa ds okLofod Lo:i dks 

le>us dk larks"k izkIr gqvk gS vkSj bl izdkj thou rFkk txr dks tkuus dh mldh izcy bPNk dh 

iwfrZ gqbZ gSA n'kZu us eq[;r% euq"; ds blh mís'; dh iwfrZ esa lgk;rk dh gSA Li"V gS fd bl mís'; dh 

iwfrZ djus okyh ftKklk dks ge fdlh vU; y{; dh izkfIr dk lk/ku u ekudj vius vki esa lk/; eku 

ldrs gSA n'kZu dh mRifÙk ds ewy esa euq"; dh ;gh Lor% lk/; ftKklk jgh gSA

fdlh Hkh fo'okl ;k fl)kar dh vkykspukRed ijh{kk djus ds fy, loZizFke mu 'kCnksa rFkk vo/

kkj.kkvksa dk Bhd&Bhd vFkZ lke>uk vko';d gS ftuds ek/;e ls mls vfHkO;Dr fd;k tkrk gSA mnkgj.

kkFkZ ;fn ge bZ'oj] vkRek] vkLFkk] Jfr] Kku vkfn 'kCnksa dk Bhd&Bhd vFkZ ugha le>rs rks gekjs fy, 

buls lacaf/kr fl)karksa vkSj ekU;rkvksa dh vkykspukRed ijh{kk djuk le; ugha gSA blh dkj.k ledkyhu 

n'kZu esa lHkh egRoiw.kZ fo"k;ksa ls lacaf/kr Hkk"kk ds leqfpr fo'ys"k.k dks cgqr egRo fn;k tk jgk gSA 

oLrqr% fdlh vkykspukRed ijh{kk ds fy, mls vfHkO;Dr djus okyh Hkk"kk dk HkyhHkkafr fo'ys"k.k djds 

mls vFkZ dks Li"V djuk vfuok;Z gSA
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Role of Technology in Effective  
Road	Traffic	Management
Piyush Kumarendra* and Dr. Ram Manohar**

In the past few decades, Indian metropolitan cities have undergone rapid urbanization and witnessed 
an unprecedented growth in industries, commerce, and employment, resulting in a significant increase 
in the number of vehicles on the roads. This surge in vehicular traffic, both in rural and urban areas, 
has given rise to numerous transportation-related issues, including traffic congestion, accidents, 
high pollution levels, longer travel times, and an increased rate of road accidents.

The rapid urbanization and economic development have led to significant city expansion, 
resulting in increasingly complex, heterogeneous, and irregular urban structures. Traffic congestion 
has become a major global concern, particularly in rapidly urbanizing countries like India, where 
the urban population is growing at a significant rate. The demand for transportation to cater to the 
increasing urban population has led to overcrowded roads and traffic congestion.

India is experiencing a surge in road networks, with a growth of about 30% in the past decade, 
while vehicle registrations have almost tripled. This increase in the number of vehicles has resulted 
in a massive rise in road traffic flow, leading to various serious issues in the transportation sector, 
including traffic congestion, mismanagement, road accidents, and high vehicular pollution. Traffic 
congestion occurs when the demand for road usage exceeds the available capacity, causing slower 
speeds, increased trip time, and queuing of vehicles.

The consequences of traffic congestion in India are significant, resulting in an annual loss 
of approximately Rs 60,000 crores, including fuel wastage. Moreover, congestion has led to slow 
freight vehicle speeds, increased waiting times at checkpoints and toll plazas, and poor fuel mileage. 
Despite improvements in road networks, India's existing infrastructure struggles to cope with the 
growing traffic demand, leading to further complexities for commuters due to heterogeneous traffic, 
lack of lane discipline, and faulty road design.

In response to road safety concerns, India has enacted the Motor Vehicles Act, 1988, and 
its amendment in 2019, aimed at creating an efficient, safe, and corruption-free transport system. 
While the amended act focuses on road safety and penalties for violations, it lacks a comprehensive 
approach to address traffic congestion issues. Currently, there is no dedicated and concrete legal 
framework specifically addressing traffic congestion and its management, highlighting the need for 
a separate approach to manage vehicular traffic effectively.

Despite various measures and national policies to improve road safety, the reduction in the rate 
of road accidents remains low, and traffic congestion continues to escalate. The current situation 
calls for sustainable, cost-effective, and scientifically driven government policies to strengthen road 
safety and traffic management. India's parliament approved the Motor Vehicles Amendment Bill in 
2019 as a significant step to enhance national legislation on road safety, reflecting a five-year effort to 
tackle the global road safety crisis. However, addressing traffic congestion comprehensively remains 
an urgent requirement in the ongoing efforts to improve road safety and transportation efficiency.

Traffic congestion is a prevalent problem not only in India but also in many other countries. 
Several factors contribute to this issue, such as signal failures, poor law enforcement, and inefficient 
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traffic management. Additionally, the existing infrastructure in Indian cities often cannot be expanded 
further, making effective traffic management the only viable solution. The negative impact of traffic 
congestion extends to the economy, environment, and overall quality of life, emphasizing the urgent 
need to address the problem effectively.

In the present context, road users desire real-time traffic information on alternate routes to make 
informed decisions about their travel routes. Technology plays a pivotal role in achieving efficient 
road and traffic management, which ultimately improves our daily lives. The proposed solution to 
tackle these problems is the implementation of a "Smart Traffic Management System (STMS)" based 
on Artificial Intelligence (AI) technology.

Smart Traffic Management involves a centralized system of traffic signals and sensors that regulate 
traffic flow across metropolitan areas based on demand. STMS utilizes cutting-edge Internet of Things 
(IoT) technology, incorporating sensors, cameras, networking equipment, and wireless applications. 
These IoT systems optimize traffic flow and enhance safety by dynamically adjusting traffic control 
mechanisms, such as traffic lights, expressway on-ramp meters, dedicated public transport lanes, 
highway message boards, and speed limits. By employing a network of sensors to monitor vehicle density 
and traffic congestion at intersections, the system can reroute traffic as needed to alleviate congestion.

The integration of the Internet of Things (IoT) will revolutionize the approach to addressing 
traffic congestion, bringing a data-driven solution to the forefront. IoT-based applications are set to 
greatly enhance the commuting experience for travellers. Smart IoT sensors embedded in traffic 
lights can be strategically placed in various locations to gather real-time traffic data. This collected 
data can then be harnessed for extensive big data analytics, leading to the formulation of highly 
effective traffic management solutions.

Moreover, the implementation of IoT sensors and beacons will enable efficient monitoring of 
parking spaces, allowing for the identification of available parking spots. These sensors will guide 
drivers to vacant spaces, streamlining the parking process and minimizing congestion caused by the 
search for parking. Additionally, IoT sensors can facilitate the development of an advanced anti-theft 
system, capable of transmitting the location of a stolen vehicle. Through a centralized system or a 
dedicated app, authorities can remotely deactivate the vehicle, aiding in swift recovery and curbing 
vehicle theft incidents. The introduction of IoT in transportation and traffic management promises to 
usher in a new era of improved efficiency and convenience for commuters while effectively tackling 
traffic-related challenges.

Artificial Intelligence (AI) is a broad field of Computer Science that enables machines to mimic 
human brain functions. In the context of Smart Traffic Management, AI is used to enforce traffic laws. 
The system can automatically issue traffic violations to offenders, supported by evidence in the form 
of snapshots and videos. AI is also employed for detecting speed violations. Integrating AI with CCTV 
and Traffic Control systems results in a comprehensive solution to address current traffic issues.

AI's capabilities extend to predicting traffic patterns and estimating the time when a vehicle will 
reach a specific road intersection. As a result, AI plays a crucial role in alleviating traffic congestion 
in road transportation systems.

There is pressing need to adopt AI tools, such as artificial neural networks, fuzzy logic models, 
and genetic algorithms, to reduce traffic congestion at freeways, highways, and road intersections.

In summary, the rapid growth of Indian cities and the subsequent increase in vehicular traffic 
have given rise to various transportation-related challenges. The Smart Traffic Management System 
based on AI technology offers a promising solution to address these issues effectively, providing real-
time traffic information, optimizing traffic flow, and enforcing traffic laws efficiently. The application 
of AI in traffic management has shown significant potential in reducing congestion and improving 
overall road transportation systems.
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Comparative Study on Selected  
Physical Fitness Components of  

Basketball and Hand Ball Female Players
Gatla Sravanthi* 

INTRODUCTION
Basketball is game of high speed, practically nonstop action requiring high level of mental 

as well many specialized physical skills such as shooting, running shot, rebounding, passing, 
jumping and running. It is also a game in which performance level is closely linked to an un serving 
commitment to personal discipline and improvement Basketball is one of the most popular and 
widely viewed sports is the world points are scored by throwing the ball through the basket from 
above the team with more points at the end of the game wins. Basketball originated from America 
and popular in that country has now beware a game of international repute. It is played nearly 
every where in the world.

Handball is a dynamic sport that is fun to play and exciting to watch. It is a fast team game 
of great physical, psychological skills. It is played in most of the countries in the world. It requires 
only a ball and two goal posts. The sport uses natural athletic skills such as running, jumping, 
throwing and catching to provide the action for the game. Handball is played between two terms 
each with six court players and a goal keeper. The aim is to throw the ball into the opponents 
goal and defined one’s own. Handball has developed from a number of similar games which 
were in existence at the start of the 20th century. These games were played in central and more 
than Europe and in 1926 standard International Rules were established. In countries during the 
summer Olympic games.

Physical fitness is the fundamental necessity for any sporting activity. Mother qualities such a 
speed, strength, emdurance, and flexibility along with physical fitness are essential for excellence in 
sports. Sports trainers and coaches are emphasizing on improving the physical fitness and mother 
qualities of the players. Which is also known as conditioning. A good conditioning program is the 
back-bone of the over-all training of the sports persons.

Physical fitness is categorized into general and specific fitness. General fitness refers to the 
mother qualities required in any sports persons irrespective of the sports discipline. Such as speed. 
Strength, flexibility, endurance and coordination. Each and every sport demands certain motor 
qualities above the ordinary specific fitness is the intensified level of motors qualities achieved by 
the sports persons that is required by the specific sport.

OBJECTIVES OF THE STUDY
•	 To find out the different between physical fitness components of Basketball and Handball 

female players such as speed. Explosive strength, cardiovascular endurance. Coordinative 
ability and flexibility.
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HYPOTHESIS OF THE STUDY
1. There will be no significant difference in physical fitness factors of Basketball and Handball 

female players.

DELIMITATIONS OF THE STUDY
The study will be delimited to purposively selected 100 female subjects age ranging from 19 

to 23years of Agriculture college Bapatla, participated at inter-colligate Basketball and Handball 
competition at KU, Hanamkonda.

In Dependent variable Physical fitness components
1. Speed
2. Explosive strength
3. Cardiovascular endurance
4. Flexibility

Test Administration

Speed 30 m Sprit

Explosive Strength Standing broad jump

Cardiovascular strength 12min run/Walk test

Flexibility Sit/ bend and reach test

METHODOLOGY
For the purpose of the study one hundred players 50 from the game of Kabaddi and 50 from 

the Basketball has been selected on purposively and randomly basis. All the subjects were regularly 
practicing and competing in this respective sports competition, Health and physical education is 
defined and the process by which individuals and groups of people learn to behave in a manner 
conductive to the promotion. Maintenance as restoration of health It is a continuing process of 
promoting environmental and life style changes to facilitate their objective.

In this modern area of competition the psychological preparation of team is as much important 
as teaching the different skills of a game on the scientific lines. The term is prepared not any to play 
the games also to win the games it is not the proficiency in the skill which gives victory but more 
important is the spirit of the players with which they play and perform their best in the competition.

RESULTS
The following Variables were found Significant at both 0.05 and 0.01 Level of Confident such as

Variable Test T-Ratio

Speed 30m dash 5.86

Exploring Strength Standing Broad jump 4.21

Cardiovascular Endurance 12mn. Run/walk 4.86

Flexibility Sit/Bend and reach test 5.51
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DISCUSSION
•	 The significant difference was found in the speed ability -30m sprint test the Handball 

players group had better speed in comparison to the Basketball Players.
•	 The significant group was found in the standing broad jump a test of explosive strength 

in relation to the Basket ball and Hand ball players. The Handball player group had high 
explosive strength, showing greater jumping ability then the Basket ball player group.

•	 The significant difference was found in the sit and reach test in the Basket ball players 
group had better trips and legs flexibility in comparison to the Hand ball players group.

•	 The significant differences was found in the 12min run/walk test in the Handball players 
group had better cardiovascular endurance in comparison to the Kabaddi player group.
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Effect of Surya Namaskar on College Women
Gatla Sravanthi* 

INTRODUCTION
Sun Solution [Surya Namaskar] is an ancient Indian method of offering Prayers to the rising 

sun in the morning along with a series of physical postures with regulated breathing aiming at range 
of physical, mental and spiritual benefits. Facing east, in the early hours of morning one standing 
with serene mind offers prayers to lord Sun with Suryanamaskars. Along with physical postures 
surya namaskars has specific spiritual connolations attached to it. Surya namaskar is a graceful 
combined sequence of twelve positions along with regulated breathing and relaxation. According 
to the scriptures if performed correctly. Surya namskar does not strain as cause injury. It performed 
in the morning Suryanamaskar as an effective physical activity and earlier studies have suggested 
that physical exercise can improve executive functions is college womens. We have designed the 
present study to evaluate the influence of suryanamskar can attention span in college women.

BENEFITS OF SURYANAMAKSAR
Suryanamaskar exercises all parts of the body toe to head. Internal as well as external. The 

object of Suryanamaskar is not to produce bulging muscles but for timing of the whole system and 
to secure general happiness.

The performance of suryanamaksar or saluting the sun bodily, mentally as vocally lets the 
healing and energising powers of the solar rays to percolate into the system. Suryanamskar gives 
there movementsto the abdominal muscles and to the boules on which alone depends a through 
evacuation of waste matter. Most of the positions in suryanamskar gives the abdominal walls, there 
stretching and generating movements which best secure elimination from the colon.

Suryanamaskar has its own therapeutic values also. If roots out the causes of digestive disorders 
and constipation. If reduces fatly bodies and building belies to normal shape and size. If sets right 
uterine disorders. It is the best antiseptic for pulmonary diseases such as Astama, Eye diseases 
and Rheumatics. They develop the lungs and prevent tubes culosis and will help to heal it to a 
great degree. They immigrate the heart and will remedy high blood pressure palpitations and others 
disarrangmeents by improving the circulation of the blood. Active circulation is a prim aim of health. 

For a stiff person. Suryanamaskar is aboon to bring back last flexibility. There are twelve spiral 
positions each structuring various ligaments and giving different movements to the vertebral column. 
The vertebral column is bent forward and backward alternately with deep breathing. Whenever the 
body is bent forward the contraction of the abdomen and diaphragm throws out the breath. When 
the body bends backward the chest expands and deep breathing occurs automatically this way, 
flexibility increase and breathing is corrected. Moreover it mildly exercises the legs and arms.

Suryanamaskar has a beneficial influence over the entire personality. It is a complete coordination 
of bodily postures and breathing, plus and prayerful attitude of the mind. To quicten the restless mind 
suryanamaskars can be done slowly. If however, the mind is in a dull or lazy state. Suryanamaskar 
can be performed quite rapidly, almost like a physical drill. This will make the mind alert. Those who 
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wish to reduce weight should drink a cup of water into which a little honey is added, about half-an 
hour before performing suryanamaskars have particularly notable effect on the nervous system. 
Where resides chiefly the spring of human power. It is form here that energy is transmitted to the 
tissues and organs of the body. Suryanamaskar directly stimulates the nervous centres. When 
suryanamskar is done the muscles and never get stretched out and contracted.

REVIEW OF RELATED LITERATURE
Gitauande and Bhanam opines that Suryanamaskar when done properly serve the excellent 

purpose if providing one of the best systematic scientific stretcher possible for the human body. 
There carefully structured movements balance backward bending with forward bending. Strutting of 
the body, tone up the organs reduce laziness and fatigue and energize the whole organism. Deep 
breathing write moving adds to the beneficial effect. All in all suryanamaskar forms one of the most 
perfect exercise known to man.

Vishunudevawanda says “Suryanamaskar is a combined process of Yoga asanas and breathing. 
It reduces abdominal fat brings flexibility to the and limbs and increases the breathing capacity 
suryanamaskar. Those who want to gain weight and strength should eat a mixture of ghee and 
sugar, drink a cup of milk and practice suryanamaskar, about 30 minutes later.

Pant while explaining how suryanamaskar develops the body and mind says that, when properly 
exercise, muscles, not only get strengthened themselves but tend to increase the energy and improve 
the quality of all other organs. In first position i.e. in Namaskarasam, streno mastoid patralis major 
and minor and triceps receive some strain.

CONCLUSION
Suryanamaskar is the best suited physical activity for the students of our country as it is 

economical in terms of time and money. It requires no apparatus. It requires only few minutes to 
perform and it will not fatigue the individual in any way. Hence the students after performing 15-30 
minutes of suryanamaskar can concentrate on their studies without any sort of fatigue.
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Gadwal Rulers Patronage to Telugu Literature
Gangadhar Sripada* 

Qutbshahi rulers were great patrons of Telugu literature. Ibhrahim Qutb Shah out of his love for 
Telugu land and Telugu people, he preferred to be called ‘Malkibarama’ cleverly and slightly changed 
form of ‘Malik Ibrahim’ (Lord). He wanted his name to resemble the name of Lord Rama. There was 
no encouragement for Telugu literature after the downfall of Qutbshahi dynasty. Asafjahi dynasty, 
which succeeded Qutbshahi dynasty ruled Telangana area for more than 200 years, which did not 
encourage Telugu poets. During this period, Telangana Samsthans were proved as a big support to 
Telugu literature. Most important among such Samsthans were Gadwal Samsthan.

Among all the Samsthanas of Nizam state, Gadwāl rulers were the greatest patrons of arts 
and letters. Rulers of Gadwāl samsthan encouraged educationists and artists. In the samsthan the 
rulers organized music consorts, and literary conferences during the Māgha and Kārthēka months 
of every year. King Peda Soma Bhoopāla was himself a good poet and he patronized many poets. 
Raja Peda Soma Bhupala translated Jayadeva’s work ‘Gita Govindam’ into Telugu. Raja China Soma 
Bhoopāla, who was also a poet, ruled from 1761 C.E. to 1794 C.E., also great patron. His reign is 
marked as a ‘literary golden ear’. He was called as ‘Gadwāla Sri Krishna Devarāyalu’. There were 
8 poets under his patronage.

Famous poets Somayājulu and Kandālāchāryulu, author of ‘Alankāra Shirobhooshanam’ were 
the natives of Gadwāl. Lured by the gifts offered by the Gadwāl rulers, Telugu poets from every nook 
and corner pay a visit to Gadwāl samsthān.

Gadwal rulers went beyond their resources to encourage Telugu poets. Rājā Seetharām Bhoopāla, 
for one literary conference, spent rupees 40,000,00 when the samsthan’s annual revenue from all 
the sources was rupees 12,000,001. Ashtadhiggaja poets were there in the court of China Soma 
Bhoopāla. For a period of 300 years, they proved as a strong support to Telugu literature and saved 
it from dying during the two hundred plus years of reign of Nizam. Poets used to attend the annual 
literary conferences from every nook and corners and even youngster also got proper encouragement 
for their talent. That is why Gadwal got the epithet ‘Vidhwath Gadwal’.

Slesha kavyas and ‘Accha Telugu’ (chaste Telugu) works may be considered as literature, though 
not of a high order. The same cannot be said of developments in other directions, euphemistically 
called ‘fancy poetry,’ but really a type of real literature.

Some poets have composed kavyas excluding labials. Kottalanka Mrutyumjaya Kavi's ‘Nala 
Charithra’ and Marimganti Simgarāchārlu’s ‘Dasaratha Raja Nandana Charitra’ are instances. Others 
attempted fantastic combinations and produced pure Telugu, non- labial and ‘all-verse’ kavyas. 
Poets are not wanting who carried their self-denial further still and eschewed gutturals along with 
labials. Extremists of this school discarded the first twenty letters of the alphabet and used only the 
apanchavargiya, ie., the last five letters. Kanada Peddana Somayaji perpetuated this monstrosity in 
his ‘Sesha Sailesa Lila’. The climax of this form of lunacy was reached when stanzas were written 
in a single letter. Ganapavarapu Venkatakavi and Gudaru Venkatadasa.2

Rājā China Soma Bhoopāludu ruled Gadwāl for 31 years and earned name and fame. His 
reign can be called as Golden Era. Praising the service, he has rendered to the development of 
Telugu literature, his contemporaries lauded him as ‘Abhinava Bhoja’. ‘Ashtadhiggaja’ poets were 
there in his court too.
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During the reign of Raja Seetharam Bhoopāla literary conferences were convened frequently 
and honoured the poets well.

Giriamma, daughter of Peda Shobhanādri, encouraged Layagrāhi Garudāchala Kavi to write 
‘Kausaleya Charithamu’. We get information about the generosity and details of donations made by 
Giriamma from the introduction pages of this book.

POETS	PATRONIZED	BY	GADWĀL	SAMSTHĀN	RULERS	AND	THEIR	
WORKS
Kānādam	Peddana	Somayaji

Kānādam Peddana Somayaji authored Bhadra Parinayamu, Adhyathma Ramayanamu. Both 
the books are available in printed form. Yadhashloka thāthparya Ramayanamu and Bālakānda. 
Kanadam Peddana Somayaji composed the Adhyaima Ramayana of Vishvamitra in verse in 1750 
C.E.3

Lord Krishna’s marriage episode with Badhradevi, one of the eight chief consorts of lord Krishna, is 
the plot for his work Bhadhraparinayam. Bhadhraparinayam is also known as Bhadhraparinayollasam. 
After joining in the court of Gadwāl ruler China Soma Bhoopāla, drawing inspiration from the ruler, 
Kānādam Peddana Somayāji authoried this treatise. This treatise was dedicated to Gadwāl Keshava 
Swamy. Slesha, Shabhālankāra, Bandha Kavitha etc. poetic styles are seen in this treatise.

Boravelli Narasimha Kavi
Boravelli Narasimha Kavi rose to fame around 1650 C.E. He hailed from a place named 

Boravelli. He was son of Krishnappa Kavi, grandson of famous poets Dattanna and Mallana manthri 
and brother-in-law of Kānādam Peddana. His work ‘Nrusimha Vilāsamu’ is not available to us now.4 
Nrusimha Kavi’s another work ‘Sauparnopākhyānamu’ was dedicated to Alampur Narasimha Swamy. 
He encouraged Kumara Venkatarāya to write a treatise titled ‘Draupathi Kalyanamu’5.

Vyāsa	Thathvagnulu
Vyāsa Thathvagnulu’s original name was Venkata Rāmāchāryulu. Vyāsa Thathvagnulu authored 

some portion of ‘Mānasa Smrithi’ in Sanskrit and Sudha Tippani, Vishnuthathva Nirdhaya Tippani, 
Shāradāgama Pramādhikaram etc. works. He authored 14 Sulādas, and many poems in Kannada 
language. Sri Gopāla Dasulu was his family guru. Venkata Rāmāchāryulu Vyāsa Thathvagnulu was 
honoured by his guru Sri Gopāla Dasulu with the title ‘Vāsudeva Vitala’. After leading family life for 
few years, on the order of his gurus, he observed ‘Turiya Ashram’ at Manthrālayam. Sri Bhuvanedrulu 
officiated this ceremony. From then onwards, he came to be called as Vyāsa Thathvagnulu. Gadwāl 
rulers honored him many times. Pleased by Vyāsathathvagna’s mastery over Vedic literature, he 
was given Venisompuram jagir, which is located on the banks of river Tungabadhra.6.

The literature produced by devotees is called Dāsa Sāhithyamu (Literature of devotees). Vyāsa 
Thathvagnulu was a famous dāsa poet of his times. He authored many keerthans.

Puduri	Krishnayāmāthyudu
Puduri Krishnayāmāthyudu belongs to the later half of the 17th century. He was native of 

Puduru which is located near Gadwāl. During childhood he was taught ‘Vāsudeva dwādashāksharee 
Manthrabeeja’ by his guru Yogānanda7. Krishnayāmāthyudu authored a book Bhagavatgeetha 
Darpanam in 17 cantos. This book was written on 62 palmyra tree leaves.8
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Kotikalapudi	Veera	Rāghavaiah	
Kotikalapudi Veera Raaghavaiah was the court poet of Peda Somanadri. authored ‘Udhyoga 

Parvamu’. By listening about the greatness of Peda Soma Bhoopāla, he reached Gadwāl Samsthan 
and won the heart of Peda Soma Bhoopāla with this talent. Peda SomaBhoopāla hounoured 
him with the titles, ‘Noothana Thikkana Somayaji’, ‘Abhinava Tikkana Somayaji’ (Neo Thikkana 
Somayāji).9 On the order of Peda SomaBhoopāla, he translated three hymns of ‘Bheeshma 
Parva’ of Mahabhārata, which were not translated by Tikkana Somayaji. After laying foundation 
for literature in Gadwāl, he left for Vinukonda, and came back after few years. On the order of 
Peda Soma Bhoopāla, he translated ‘Udyogaparvamu’ from Mahā Bhārata. He translated the parts 
into 8 chapters and dedicated it to Poodooru Keshava Swamy. In 1899, this work was published 
in the ‘Gadwāl Sahithya Vidyamukura Mudraksharashāla’. Later he translated ‘Naveena Dhrona 
Parva’ also.10

Komāndooru	Ramakrushnamāchāryulu
Komāndooru Ramakrushnamāchāryulu, native of Dharmavaram village, of Tadipathri 

taluk, who got inspired by the Kannada dramas, wrote earliest dramas in Telugu. Komāndooru 
Ramakrushnamāchāryulu alias Dharmavaram Ramakrushnamāchāryulu started writing plays 
in Telugu from 1860 onwards and earned name and fame. In the year 1905, Komāndooru 
Ramakrushnamāchāryulu received a great honour by Maharaja of Gadwāl, who arranged a grand 
meeting in Hyderabad, on this occasion.

Kamasamudram	Appalāchāryulu
Kamasamudram Appalacharyulu was one of the court poets of China Soma Bhoopāludu. 

Kamasamudram Appalacharyulu was expert in the four types of poetical writings, not only wrote the 
Kishkindhakanda in 3 ashvāsās (chapters), but also wrote the preface (avatārika) of this Ramayana. 
He also authored Krishnaleelā Tharangini.11

Kamasamudram Appalacharya was a poet and musician of the Gadwāla kingdom. He is known 
as "Andhra Jayadeva". He is a very expert in musical lyrics. He served as a musician in the court 
of Peda Soma Bhupala in the 17th century.

One day, Peda Soma Bhoopāla called Kāma Smaudram Appalāchārya and requested him 
to translate Jayadeva’s ‘Geetha Govinda’ into Telugu. For him this offer is both a boon and bane. 
Though Kāmasamudram Appalāchārya was a good poet and expert in music, he was reluctant, as 
he feared that his work may not represent the true spirit of Jayadeva’s Geetha Govindam. Jaya 
Deva’s Geetha Govindam is written in Sanskrit, but people of all the languages in India don’t feel 
the difference and they all owned it as their own and every time someone reads are listens to the 
chanting, their souls are immersed in spiritual joy. Rendering a translation for Geetha Govindam 
and bringing the same standard and feel is a tough task.

Before starting the work, Kāmasamudra Appalāchārya wanted to know all the details of Jayadeva’s 
life. He visited Kindubilvam, which is located in Orissa and after entering into the village, held the soil 
into his hands and killed it. He visited the place where Jayadeva’s parents, Bhojadev and Ramadevi 
cradled him and swayed in joy. He also visited the places where padmavathi danced for Jayadeva’s 
songs and cleaned the mandapa floor with his bare hands. Appalāchārya started visualizing Jayadeva 
and Padmavathi as lord Krishna. After visiting all places connected to the life of Jayadeva, started 
sensing that Jayadeva’s soul embraced him. Then he touched Jayadeva’s book Geetha Govindam 
and started translating it.
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Finally, Kāma Samudram Appalāchārya translated the 12 Sargas, 24 Ashtapadis and 72 Shlokas 
of the Jayadeva’s Gita Govindam, a Sanskrit epic, into Telugu as "Shrikrishna Leela Tarangini". 
During the translation the author took some liberty and changed some rāgās of original sholkas.12

Thirumala	Krishnamāchāryulu
On the request of China Soma Bhoopāla, Thirumala Krishnamāchāryulu authored Sundarakānda 

in 3 cantos (āshvāsamu in Telugu / chapter).

Gadepally	Veerarāghava	Shastri:	03	April	1891	–	1945	C.E.
Gadepally Veerarāghava Shastri visited Gadwāl samstan during the reign of Seetha Rām 

Bhoopāla, his mastery over poetry made him dearer to him, and settled in their samstan as court poet.
In 1916 C.E., for the first time he displayed his avadhāna performance to public at Donakonda 

with the blessings of his guru Sri Medavaram Subrahmanya Sastri, who presided over the event.13

After the death of his father, he eked out livelihood with Avadānas, spontaneous poetry and 
ghantāshatha kalpanas. He married at the age of 21 and reached Gadwāl in the year 1913 CE. 
When he was displaying his avadhānam talent in Manthrālayam, Sriman Pālagummi Venkatāchārya, 
court laureate of Gadwāl, who witnessed his performance, suggested him to pay a visit to Gadwāl 
court. On the very first visit, the poetry told by Gadepally Veerarāghava Shastri in praise of Raja 
Seetharama Bhoopāla, impressed him very much and paved way for making him the court poet.

Gadepalli Veerarāghava Shastri authored more than 25 books and showcased his talent in 
more than 100 avadhānās.

Among his works, Chamathkāra Kavithvamu, was published. This work includes important 
events of his life, Avadhānas, his relation with Gadwāl rulers and samsthan, his official post in 
Samsthan, teaching career details, about his poetry and poetical problem solving were included.

Gadepalli Veerarāghava Shastri authored Sooryānjaneya Sthuthi, Sathyavaralakshmi Dhruva 
Charithramu, Sankhyarāgnismruthi, Bhagavtgita, Ahobilamahatmyamu, Tripuranthaka sthala 
mahatmyamu, Markandeya Charithra, Rāma Bhoopāla Shathakamu, Deenakalpa Dhruma Shathakamu, 
Vishveshvara Shathakamu, Bhagatgeethārdha Sangrahamu, Pingala, and Sathyavaralakshmi Dhruva 
Charithramu were some of his works.

Sathyavaralakshmi Dhruva Charithramu was authored on the request of Queen Ādilakshmi 
Devamma and dedicated it to her deceased daughter Varalakshmi.

He wrote ‘Bhagavtgitha’ in Andhra Dwipada style.

Jandhyala Subramanya Shastry
Subrahmanya Shastri wrote the book "Keshavendravilasamu". Jandhyala Subrahmanya Shastri 

showed his talent in Sahasravadhana, which was convened in Gadwāl and earned the respect of 
Queen Ādilakshmi Devi.

Jandhyala Subrahmanya Shastri convened many sahasravādhānas. In 1924 C.E. by the order 
of queen Ādilakshmi Devamma he convened a Shahsravadhana and received honour from the queen.

Tirumala	Bucchi	Venkatāchāryulu
Tirumala Bucchi Venkatāchāryulu was expert in writing books with dual expression. Tirumala 

Bucchi Venkatāchāryulu’s father wsas Annayachāryulu. Tirumala Bukkapattanam Sreenivāsāchāryulu 
was his fatherly figure who taught him Tarka alankāra shāstra.
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Tirumala Bucchi Venkatāchāryulu was one of the ashtadhiggaja poets of Gadwāl samsthan, 
who existed during the reign of China Soma Bhoopāla. Nidudavolu Sundareshwara rao also 
attested the same by giving details about the Ashtadhiggajas in the foreword part of his his work 
’Rathi Rahasya’. Some of the poems of this poet resemble the writing style of Allasāni Peddana 
and Battu Moorthy.

Tirumala Bucchi Venkatāchāryulu authored a dual expression book titled ‘Achalāthmaja 
Parinayam’.

China	Soma	Bhoopāla:	1762	–	1793	C.E.
China Soma Bhoopāludu authored ‘Rathi Rahasyamu’, which was a translation for Sanskrit work 

of Harihara Battu with same title. ‘Rathi Rahasyamu’ was a 3 cantos book. This work was dedicated to 
Gadwāl Keshava Swamy. China Soma Bhoopāla’s work was not published. And Ashtapadulu, its hand 
written papers are available. He was a poet king who ruled from 1762 to 1793C.E. ‘Navabhojarāja’ 
was his title.

Rājā	Rāma	Bhoopāla	1845	C.E.	–	1901	C.E.
Among all the Gadwal rulers, Rājā Rāma Bhoopāla ruled for the longest period. He authored 

‘Sree Lakshmi Sahasra Naamasthrostramu’ and in 1845 C.E. got it published in his own printing press 
‘Saahithya Vidya Mukuramu’. In 1878 C.E. he got published a Telugu book named ‘Chhandomukuramu’. 
After Rājā China Soma Bhoopāla, it is only during the reign of Rājā Rāma Bhoopāla, patronage for 
arts and letters was restored full pledged. Rājā Rāma Bhoopāla himself was a poet. Rājā Rāma 
Bhoopāla translated ‘Cchando Mukura’, which was written by his guru Puranam Dheekshāchāryulu, 
into Telugu.

Hosadurgam Krishnamāchāryulu authored ‘Kārtheekotsava Deepika’, in Sanskrit, which gives 
details about annual celebration held in the Telugu months of Kārtheeka and Māgha. Chetloori 
Nārāyanāchāryulu authored ‘Prathāparudhreeyam’.

During the reign of Rāmā Bhoopāla poets used to pay a visit to Gadwāl Samsthān from every 
nook and corner. Shiva Kumara Pandit from Kāshi, Kasthoori Rangāchāryulu from Mysore, Dhoolipāti 
Sathyanārāyana Shāstri from Konaseema, Ashinthala Singarāya Shāstri from Jataprol and many 
other used to attend literary conferences held in Gadwāl.14

Ādipoodi Prabhākara Rao visited Gadwal Samsthān during the reign of Rājā Rāmā Bhoopāla. 
This author greatly lauded Rājā Rāmā Bhoopāla in his work ‘Jagadeesha Shathakamu’ saying, 
“ఎందర ోభూపలాురు గలరంచు తరిుగుచు గనపడె గదవ్లాలోన - ఘన దనా యశోధనుడగు (శ్ర ీరమాఖాయ్ 
- నృపాలుడు కల్పతరువుగా జగధీశ”

“Thinking that there are many generous kings, I have been roaming here and there, I found 
a great king who earned great name and fame and who makes generous donations…. Whom we 
can compare with lord Rāma who appeared to me as a money tree”

Thirupathi Venkata Kavulu visited Gadwal for the first time during the reign of Rājā Rāma 
Bhoopāla.15

With the introduction of printing press in the 1880s during the reign of Rājā Rāma Bhoopāludu 
(1865 – 1901 C.E.) in Gadwal samsthan, printing of books got momentum16.

Puranam	Deekshāchāryulu
Puranam Deekshachāryulu authored ‘Cchando Mukura’, ‘Rāma Champuvu’, ‘Rāmanrupa 

Karnāmruthamu’, ‘Keshava Suprabhāthamu’, ‘Kāvyothkarsha’ and many other books.
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Rāja	Seethā	Rāma	Bhoopāla	1901	–	1924C.E.
Rāja Seethā Rāma Bhoopāla’s period is a golden age for poets. During his reign, Tirupathi 

Venkat Kavulu, Bairampalli Thirumalarāya Kavi, Shathāvadhāni Gādepalli Veera Rāghava Shastri 
and many other poets visited Gadwal Samsthān.

During his reign, Thirupathi Venkatakavulu were honoured with Gajotsava. Though Samsthān’s 
revenue was rupees 12,00,000, he barrowed rupees 40,00,000 to honour the poets. This is an 
example for their generous nature. During his reign, Bairampalli Thirumalarāya Kavi earned fame for 
spontaneous poetry in Sanskrit and Telugu. Chemikala Chenna Reddy, native of Parlapādu village 
of Kadapa, authored books with titles, ‘Sangeetha Harishchandra’, ‘Gadwala Keshava Shathakamu’, 
‘Madana Mohana Shathakamu’ and many other.

During Rāja Seethā Rāma Bhoopāla’s reign, Hosadugram Vedānthāchāryulu served Gadwal as 
Dharmādhikāri. Hosadugram Vedānthāchāryulu’s famous work was ‘Sri Krishna Bhrahma Thanthra 
ārya Veda Sthavamu’. Pullagummi Venkatāchāryulu, who was ‘Vyākarana Panditha’ (Scholar in 
Grammar) and also a great poet was in the court of Gadwāl. His work ‘Ādilakshmi Karnapoornamu’ 
was named after Qeen Ādilakshmi Devamma, chief consort of Rājā Seethā Rāma Bhoopāla17. His 
son Pullagummi Sreenivāsā Chāryulu also a great scholar in grammar. In Sanskrit he authored 
‘Vedapādasthavamu’ and ‘Samskrutha Bhāshābodhini’.

Pokoori Kāsheepathyāvadhāni, a poet from Palnadu authored ‘Shuddāndhra niroshtya 
Harischandranalopākhyānamu’, ‘Sārangadhareeyamu’ and many other works during his stay in 
Gadwāl Samsthān. Above mentioned two books were dedicated to Rājā Seethā Rāma Bhoopāla. 
Pokoori Kāsheepathyāvadhāni was expert in writing poetry in four styles18.

During Rājā Seethā Rāma Bhoopāla’s reign, Shathāvadhāni Gādepalli Veera Rāghava Shāstry 
adorned Gadwāl Samsthān as court poet for few years and spent remaining life as the headmaster 
of high school. He authored more than 40 books. Rājā Seethā Rāma Bhoopāla bore all the expenses 
of Shathāvadhāni Gādepalli Veera Rāghava Shāstry19.

In 1914 C.E., Avvāri Subramanya Shāstri, Pishupāti Chidambara Shāstri, Nemaloori Venkata 
Shāstri, court poets of Āthmakooru samthān, Sri Bāla Saraswathi, Bukka Pattanam Sreenivāsa 
āchāryulu, Upadrushta Subhrahmanya Shāstri visited Gadwāl Samsthān20.

In the Telugu month of Kārtheeka Gadwal rulers convened the conference of Poets and in the 
Telugu month of Māga along with poets, singers, stage artists, and musicians also had entry. Rulers 
provided rice, dhal etc. things to all the guests. Rājā Seethārāma Bhoopāla’s period was a golden 
age in terms of patronage for poets. The ruler’s exemplary patronage for literature was unusual. 
Poets fondly called Rājā Seethārāma Bhoopāla as ‘Andhra Bhoja’. During his reign itself Gadwāl 
got the ephithet ‘Vidwath Gadwāla’.

Unlike Vanaparthi, Āthmakooru and other Samshāns, to Gadwāl literary conferences, beginners 
also were allowed by the rulers. Everyone was honoured and encouraged in the conference. They 
honored the poets based on their talent. The gift money varied from rupees 20 to rupees 1116.

Kāvyakanta Ganapathi Shāstri, Dhoolipāla Seethārāma Shāstri, Kāshee Shrishnamāchāryulu, 
Gopālapeta Rāghavāchāryulu, Āchārya Rangāchāryulu, Vellāla Sadāshiva Shāstri who was expert 
in Logic and Grammar, Balusu Appanna Shāstri (expert in Logic), Vemoori Rāmabrahma Shāstri, 
Kāshee Vajjala Satyanārāyana Shāstri, Subramanya Shāstri, Pishupāti Chidambara Shāstri and 
many others came to Kārtheeka month sabha, blessed the king and received honour from him.

Every year, rulers of Gadwāl spread a white cloth at the entrance of the conference hall to 
collect the foot dust of the great scholars, after the completion of the conference, they collect the 
dust, separate the fine dust powder and apply it yearlong on their foreheads as vermilion. This 
incident tells us how much reverence Gadwāl rulers had for the scholars21.
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After witnessing the Rājā Seethārām Bhoopāla’s reverence for poets, Thirupathi Venkata 
Kavulu mentioned about it in their book ‘Nānārāja Sandarshanamu’. It reads, “We have never seen 
such devotion, respect for Goddess Sarawathai (Goddess of education), and generous patronage 
for poets”22.

Ādipoodi Prabhākara Rao was close associate of Rājā Seethārāma Bhoopāla. He accompanied 
Rājā Seethā Rām Bhoopāl when he went to hunt a tiger and after returning with the experience he 
got from the expedition, he wrote a single chaptered book named ‘Paundareekamu’.

Ādipoodi Prabhākara rao, who had personally witnessed the great valor, devout nature, good 
taste for poetry, art, dance, generosity, and many good qualities in Rājā Seethāram Bhoopāla, had 
all praise for him. Below lines are the translated words from his Telugu poem tell us the how much 
Ādipoodi Prabhākara rao was moved by the good qualities of Rājā Seethā Ram Bhoopāla.

“Each ruler, out of his interest in one aspect, he encourages only one subject. But all the virtues 
are there in one person, that is Rājā Seethā Rāma Bhoopāla”.

Rājā Seethā Rāma Bhoopāla was impressed by Sri Avvāri Subhramanya Sastri’s spontaneous 
poetry, and kept him in his palace for three months and on the day of departure honored him with 
rupees 3000 gift.

Ādipoodi	Prabhākara	Rao
Ādipoodi Prabhākara Rao visited Gadwal Samsthān during the reign of Rājā Rāmā Bhoopāla. 

His work ‘Kanda Rāmāyanamu’ was greatly praised by many scholars. Thirupathi Venkata Kavulu 
praised and honoured him with the title ‘Abhinava Thikkana’ (Neo Thikkana). This author greatly 
lauded Rājā Rāmā Bhoopāla in his work ‘Jagadeesha Shathakamu’.

In many of his ‘Chātuvu poems’ (stray verses, extempore verses, epigrams), Ādipoodi Prabhākara 
Rao mentioned about the devotion of Gadwal rulers to Keshava Swamy.

Gadwal Keshava Swamy annual mega fair (Brahmostavam) is celebrated every year in the 
Telugu month of Māgha. In the Māgha month itself Gadwāl rulers conduct a meeting of dancers, 
singers, dance performances of Devadāsis’ groups, artists, painters, drama artists, Harikathakulu, 
Bajana, Keerthana and other performing artistes visit the meeting. Rulers of Gadwāl watch the 
performances for the first three days and on 4th and 5th days, they honour the artistes.

Samsthān rulers maintain a register with the names and addresses of participants and the 
gift and type of honour details they should be given. Every year only ‘naveenulu’ (new participants) 
were allowed to show their talent. Without any display of their talent, old participants are honoured. 
Shathāvadhāni Avvāri Subramanya Shāstri, Vedam Venkatarāya Shāstri, Shathāvadhāni Gādepalli 
Veerarāghava Shāstri, Shathāvadhāni Nemaloori Venkat Shāstri, Ādipoodi Prabhākara rao and other 
received special honor and rupees 1,116 gift by Rājā Seethārāma Bhoopāla.

Adipoodi Prabhakara Rao moved closely with Raja Seetharama Bhoopala. He went on the 
tiger hunt with Raja Seetaha Rāma Bhoopāla, and upon his return, armed with the knowledge he 
had gained from the expedition, he authored the single-chapter book "Paundareekamu."

Pokoori	Kāsheepathyāvadhānulu
Pokoori Kasheepathyāvadhānulu was born in 1893 in the month of February. Rama Lakshamāmba 

and Subbarāyāchāryulu were his parents. He was born in Bodhilaveedu village of Veldurthi mandal, 
Guntur district, in the family of Vishwa Brahmanas. He studied in Bodhilaveedu, Veldurthi and 
Rentachinthala.

He was expert in Garba, Bandha, Chithra, Ashu poetry. He authored more than 60 books and 
got the title ‘Pumbava Saraswathi. Once he recited 200 poems in a span of one hour. Though he 
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was born Veldurthi and spent most of his life in Macharla, he was honoured as the court poet of 
Gadwāl rulers.

Shuddhandhra Niryoshtya Nirvachana Harischandra Nalopākhyānamu, Sārangadhareeyamu, 
Siddhayogi charithra, Alivelumanga Venkateshwara Samvādamu, Veera Thimmaba Charithramu, 
Narasimha Nirasana sthuthi, Satyanarayana Vrathakalpam, Shaurijshaiva leela, Sugnāna Prabodhini, 
Dhoorajati Shathakamu, Suneethi Shathakamu, Keshavendra Shathakamu, Mannekonda 
Venkateshwara Shathakamu, Hanumath Prabhu Shathakamu, Narasimhaprabhu Shathakamu, 
Sreeshaila Malleshwara Shathakamu, Kāsheepathi Chamathkruthi were some of his works24.

For the first time, he did ashtāvadhānam in 1916 in Narasaraopeta. After that he showed 
his talent in Ashtāvadhānās and Shathāvadhānās at Pitapuram, Vijayanagaramu, Peddapuram, 
Noojiveedu, Jataprolu, Bobbili, Uyyuru, Venkatagiri, Amaravathi, Munagala, Gadwāla, Vanaparthi, 
Polavaram, Lakkavaram, Challapalli, Gopalapeta, Domakonda, Āthmakooru, Alampuramu, Madras 
and other places and got honoured at all these places.

His titles are: Kavi Simha, Kavi Shiromani, Kavitha Praveena, Ashukavi Pungava, Kavi Shikhamani, 
Ashukavi Kokila, Avadhāna Praveen, Chithrakavithva Panchanana, Kavi Kalaparipoorna, and Mahakavi 
Shekhar25.

Sri	Bāganna	Gopāladāsulu
He participated in many literary and religious meetings and got ‘Jayapathras’ and to the 

people who lost to him in the debate he used to explain about the virtue of devotion to God27. 
Knowing the noble qualities of Sri Gopāladāsulu, Rāja Rāma Bhoopāla II paid a visit, honoured 
him with the donation of Uttanooru village, and took his blessings. He authored many ‘kruthis’ 
and ‘sankeerthanas’.

Sheshappa	/	Sri	Modalukallu	Sheshadāsulu
He was a famous singer cum writer and wrote many ‘Suladulu’ (a form of poetry which is 

compatible with 18 musical nodes), ugabogams, and Kirtans in Kannada26.

Rangampeta	Venkatāchāryulu	and	Thuppasakri	Narayanacharyulu
Rangampeta Venkatāchāryulu and Thuppasakri Narayanacharyulu were the students of 

Hayameya Vitalāchārya, who belong to his later period. They both were mythological stories singers 
(Paurānikulu) and got honoured by Gadwāl rulers many times.

Gādepalli	Veera	Rāghava	Shāstri
During Rājā Seethā Rāma Bhoopāla’s reign, Shathāvadhāni Gādepalli Veera Rāghava Shāstry 

adorned Gadwāl Samsthān as court poet for few years and spent remaining life as the headmaster 
of high school. He authored more than 40 books. Rājā Seethā Rāma Bhoopāla bore all the expenses 
of Shathāvadhāni Gādepalli Veera Rāghava Shāstry. Gadwāl rulers generously donated money for 
the ‘Srikrishnadevaraya Andhra Bhāsha Nilayamu’27.

DIVYADESA MAHATMYA DEEPIKA
Divyadesa Mahatmya Deepika describes one hundred and eight divine places and their Mahatmya 

in white two-word poetry. Venkatabhupala wrote it on 23 palms. In this book this royal poet describes 
his lineage. He dedicated this book to Keshavaswamy, their family deity.
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RAJAVOLU VENKATESWARA SHATHAKAM
Another book written by Mushtipalli Venkatabhupala is Rajavolu Venkateswara Shatakam. The 

poet wrote it in Talapatras with 109 Kanda verses. This book is dedicated to Rajavolu Srivenkateswara 
Swamy. The poet started this Shathaka with this poem.... Sri Ramani Praneswara/ Varija Lochana 
Murari…..Nama/ Scaramide Rajavoli V/ Karuna Venkatachala Ramana as Haru! The last verse 
is naravara ekpada many/ Niratamu madi namminavada nee dasuni gun/ Maruvakumu rajavoli/ 
Harililanu karuna venkatachala ramana!

PECULIARITIES OF THE SHATHAKAMU
Out of a total of 109 Kanda poems in this Shathakamu, the poet wrote the first 56 verses with 

'ra' rhyme. Later he completed verses 57 to 66 with 'na' rhyme, verses 67 to 86 with 'la' rhyme, 
verses 87 to 106 with second 'dha' and remaining three verses with 'ra' rhyme.

VENKATESWARA HYMNS
This royal poet wrote three thousand four hundred seventy hymns glorifying Sri Venkateswara 

Swamy. These are kirtans of Venkateswara and here and there also written in praise of Lord Shiva. 
The reason is that during the early day these kings were devotees of Prolganti Someshwara. These 
hymns also have couplet lines (Dvipatha)here and there28.

‘Divyadesha Mahathmya Deepika’ and ‘Venkatesh Keerthanalu’ were written by Mushtipalli 
Venkata Bhoopāludu.

Sannidānamu	Suryanarayana	Sastri
Sannidānamu Suryanarayana Sastri authored ‘Thastshama Chandrika’ a grammer book and 

approached Mahā Rāni Ādilakshmi Devamma for monetary help for publishing the book. Mahārāni 
responded positively and ‘Thastshama Chandrika’ was rendered to printed form 1930 C.E. When 
Sannidānamu Suryanarayana Sastri wanted to dedicate his work to Mahārāni Ādilakshmi Devamma, 
she suggested him to dedicate it to her deceased husband Seethārāma Bhoopāla29.

Dharmavaram	Krishnamāchāryulu:	1853-1912	C.E.
Dharmavaram Krishnamāchāryulu was the court musician in Gadwāl samsthan30. Dharmavarapu 

Krishnamāchāryulu was also a lawyer by profession. He was a poet who wrote many dramas, and 
an actor too. He wrote dramas with new themes. ‘Chithranaleeyam’, ‘Vishāda Sārangadharam’, 
‘Prahlāda Pādukā Pattabhishekam’ and many other dramas were written and portrayed by him. In 
the year 1910 C.E., Dharmavaram Krishnamāchāryulu was honoured with the title ‘Andhra Nātaka 
Pithamaha’ by Rājā Seethārāma Bhoopāla II.

Dharmavaram	Gopālāchāryulu
Dharmavaram Gopālāchāryulu, brother of Dharmavaram Krishnamāchāryulu was also a lawer 

by profession. He was also very much interested in dramas. He wrote nearly 30 dramas. His work, 
‘Rāmarāju Charithra’ was banned by Nizam government.
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Kireeti	Venkatāchāryulu
Sri Kireeti Venkatāchāryulu was a poet in Gadwal samsthan. ‘Alankāra Kausthubhamu’, 

‘Bhāvashathakamu’, ‘Jhanjhamāruthamu’, ‘Shrungāra lahari’, ‘Hayagreeva Dhandakamu’ and many 
other books were written by him in Sanskrit. ‘Achalāthmaja Parinayamu’ which was written by him 
was the first Telugu poetry written in ‘Dhyarthi style’. Second book written in ‘Dhyarthi style’ was 
‘Sārangadhareeyamu’, written by Pokoori Kāshipathyāvadhāni. He had ‘Sarvathanthra swathanthra 
kavithārkika kanteerava’, Shleshayamaka Chakravarthi and many other titles31.

Bairampalli Tirumala was the court poet of RāmaBhoopāla. He wrote the first part of ‘Yadhāshloka 
Thāthparya Rāmāyanam’ in 1896 C.E. Chelloori Nārāyanāchāryulu was the court poet of was 
the court poet of RāmaBhoopāla. He authored a book named ‘Prathāparudreeyam’. The Sanskrit 
book "Kārtheekotsava Deepika," written by Hosadurgam Krishnamāchāryulu, provides information 
about the Gadwāl annual festival that takes place in the Telugu months of Kārtheeka and Māgha. 
He was contemporary of Sri Raamabhoopaala. This work got published in 1875 C.E. in Gadwal 
Mudraaksharashaala press. Hayagreevāchāryulu authored ‘Chandrika’, which was a commentary to 
‘Shabdhendu Shekaramu’. This book was also called as ‘Hayagreevam’. Purānam Narasimhāchāryulu 
authored ‘Jānakee Parinayamu’ and ‘Sreerāmabhoopa Charithramu’. Yagnadeekshithulu was the 
court poet of Sri Raamabhoopaala. He authored two Vedantic books titled ‘Brahmavidhyapradeepa’ 
and ‘Lakshanaadarsha’, which got published by Sri Raamabhoopaala in the year 1884 C.E., Ellooru 
Lakshmi Narshaiah authored ‘Nrusimha Vilaasamu’, Pragadaraaju Gundanna authored two books 
titled ‘Rukmini Vilaasamu’ and a yakshagaana titled ‘Swayamvaram’. These books were dedicated 
to Gadwal ruler., Valukooru Venkataiah authored ‘Paramabodha Sudhanidi’, a shathakamu.

ĀSHRITHA	KAVULU	(DEPENDANT	POETS)
The poets who wish to please the rulers of other kingdoms or samsthāns and expect honour 

and gifts were called ‘Āshritha kavulu’. As the Gadwal rulers were great patrons of literature, poets 
from other samsthāns had yearning to visit Gadwal samthān.

Mallana Manthri author of ‘Chandrabhānu Charithra’ (unpublished work), Kotthapalli 
Ramachandrāchāryulu author of ‘Ayodhya Kānda’, Gārgeyapuram Subbha Sastri author of 
‘Aranyakanda’, Boravelli Sheshayāmāthyulu author of ‘Yuddhakānda’, Ādipudi Prabhākara Rao 
author of ‘Gadwāla Prabhākaramu’. Thirupathi Venkata Kavulu authors of ‘Lakshana Parinayamu’, 
and many other works, Thripurānthaka Kavi author of ‘Raghuveera Shathakamu’, Sooryanārāyana 
Shastri author of ‘Thassama Chandrika’, Thelkapalli Rāmachandra Shastri author of ‘Hayagreeva 
Shathakamu’, Hārathi Deshikāchāryulu author of ‘Mahārāni Sheelamu’, Ādhipoodi Somanatha 
Rao author of ‘Subhoda Shathakamu’, M. Balarama Reddy author of ‘Dhruva Charithramu’, Pedda 
Mandadi Venkata Krishna Kavi author of ‘Nirvachana Bhaktha Vijayamu’, Gunderao Harkare author of 
‘Qurān Shareef’, Shyāmaraju Ramaraju author of ‘Draupadeemāna Samrakshanamu’, Gottupmukkala 
Krishnamurthi author of ‘Dhainyalokam Rachanalu’, Vennelakanti Jannaya author of ‘Devakeenandana 
Shathakamu’, Kumara Venkata Rayalu author of ‘Draupathi Kalyanamu’, Chinthapalli China Rāghavaiah 
author of ‘Madhura Vāni vilāsamu’, Kapisthalam Deshikāchāryulu, who was native of Tirupathi, who 
lived between 1855 C.E. to 1938 C.E., earned titles like ‘Mahamahopādhyāya’, and ‘Kalaprapoorne’. 
above all the poets visited Gadwal and got honoured by the Gadwal rulers.

TIRUPATI VENKATA KAVULU
During Rāja Seethā Rāma Bhoopāla’s reign, Thirupathi Venkatakavulu were honoured with 

Gajotsava. Thirupathi Venkata Kavulu in their work ‘Nānā Rāja Sandarshanamu’ mentioned many 
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incidents which were a testimony for the generosity of Gadwal rulers. They mentioned ”though 
Samsthān’s revenue was rupees 12,00,000, he barrowed rupees 40,00,000 to honour the poets”. 
This is an example for the Gadwal rulers’ generous nature.

After witnessing the Rājā Seethārām Bhoopāla’s reverence for poets, Thirupathi Venkata 
Kavulu mentioned about it in their book ‘Nānārāja Sandarshanamu’. It reads, “We have never seen 
such devotion, respect for Goddess Sarawathai (Goddess of education), and generous patronage 
for poets”32.

During those days, medium of instruction was Sanskrit and Telugu. For administrative convenience 
children from royal family learnt Persian and Urdu. When court of wards took care of the children 
of royal families, they taught English also. As children from royal family learnt Sanskrit and Telugu 
from childhood and they had the association of poets, they also developed interest in literature and 
some of them became poets and patrons of arts and letters.

Gadwāl dynasty, which has 400 years of history was very famous for their patronage for arts 
and letters. Gadwāl rulers patronized many poets. From the very first days of the foundation of this 
dynasty, the rulers generously patronized poets due to their taste for good literature. That is why this 
samsthan had earned an ephithet ‘Vidwath Gadwāl’, which means ‘literary Gadwāla’.

Every year in the Telugu months of Māgha and Kārthēka, they celebrated Chenna Keshava 
Swamy festival in which thousands of visitors used to take part. In the presence of those thousands 
of devotees Gadwāl rulers used to honour poets, musicians, singers and literary figures.
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Abstract 

The flow and heat transfer of Jeffrey nanofluid over a stretching sheet with non-uniform heat source/sink is considered 
in the present analysis. Effects of nonlinear thermal radiation and second order slip are taken along with uniform 
magnetic field. System of partial differential equations governing the described problem is reduced to nonlinear 
ordinary differential equations with aid of similarity transformations. Further, reduced equations are solved 
numerically using Runge-Kutta-Fehlberg 45 order method with shooting technique. Effects all flow pertinent 
parameters are recorded in terms of tables and graphs. The results are studied with help of plotted graphs, tables. 
Results are compared with existing one for some limiting cases and are found to be excellent agreement. It is found that 
both first, second order velocity slip parameters reduces the thickness of momentum boundary layer and hence 
decrease the velocity as a result of this one can find the increase in thermal boundary layer. 

Keywords: Nonlinear thermal radiation; Second order slip flow; Jeffrey nanofluid; Stretching sheet; Non-uniform heat 
source/sink; Numerical solution.  

1. Introduction

Boundary layer flow over a stretching surface with velocity slip and temperature-jump boundary conditions is an 
important type of flow and heat transfer occurring in several engineering applications. In these types of transport 
phenomena, the equations corresponding to continuum equations of momentum and energy are still governed by the 
Navier-Stokes equations, but the effects of the walls are taken into account by using appropriate boundary conditions. 
No-slip condition is inadequate for most non-Newtonian liquids, as some polymer melt often shows microscopic wall 
slip and that has a controlling influence by a nonlinear and monotone relation between the slip velocity and the traction. 
It is known that, a viscous fluid normally sticks to boundary and there is no slip of the fluid relative to the boundary. 
However, in some situations there may be a partial slip between the fluid and the boundary. For such fluid, the motion 
is still governed by the Navier Stokes equations, but the usual no-slip condition at the boundary is replaced by the slip 
condition. Partial velocity slip may occur on the stretching boundary when the fluid is particulate such as emulsions, 
suspensions, foams and polymer solutions. In various industrial processes, slip effects can arise at the boundary of the 
pipes, walls, curved surfaces etc. A boundary layer slip flow problem arises in polishing of artificial heart valves and 
internal cavities. Recently many authors obtained analytical and numerical solutions for boundary layer flow and heat 
transfer due to a stretching sheet with slip boundary conditions. 
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Some of the authors have considered second order slip boundary conditions to study the flow, heat and mass transfer 
by employing boundary layer approximations and seeking similarity solutions [1-5]. Khader [6] obtained numerical 
solution by Laguerre collocation method to study the effect of viscous dissipation on the steady flow with heat transfer 
of Newtonian fluid towards a permeable stretching surface embedded in a porous medium with second order slip effect. 
Abdul Hakeem et al [7] performed both numerical and analytical solution to study the effect of magnetic field on a steady 
two dimensional laminar radiative flow of an incompressible viscous water based nanofluid over a stretching/shrinking 
sheet with second order slip boundary condition. Very recently, Mabood and Mastroberardinob [8] considered the 
second order slip boundary conditions to investigate the effects of viscous dissipation and melting on MHD boundary 
layer flow of an incompressible, electrically conducting water-based nanofluid over a stretching sheet. Hayat et al [9] 
studied a steady three-dimensional boundary layer flow of water based nanofluid with copper as nanoparticle over a 
permeable stretching surface with second order velocity slip and homogeneous–heterogeneous reactions. Zhu et al [10] 
have investigated the effects of the second-order velocity slip and temperature jump boundary conditions on the 
magnetohydrodynamic (MHD) flow and heat transfer of water-based nanofluids containing 𝐶𝑢  and 𝐴𝑙2𝑂3  in the 
presence of thermal radiation. Megahed [11] obtained numerical solution to study the boundary layer flow and heat 
transfer for an electrically conducting Casson fluid over a permeable stretching surface with second-order slip velocity 
model and thermal slip conditions in the presence of internal heat generation/absorption and thermal radiation.  
Further, he has shown that an increase in the velocity and thermal slip parameters results in decrease of the rate of heat 
transfer. 

Heat transfer, influenced by  thermal radiation  has  applications in many technological   processes, including nuclear 
power plants, gas turbines and various propulsion devices for aircraft, missiles, satellites and space vehicles. A linear 
radiation is not valid for high temperature difference and also dimensionless parameter that is used in the linearized 
Rosseland approximation is only the effective Prandtl number, whereas in case of non-linear approximation the 
problem is governed by three parameters, Prandtl number, the radiation parameter and the temperature ratio 
parameter. First time in the literature, Pantokratoras [12] investigated the effect of linear/nonlinear Rosseland 
radiation on steady laminar natural convection along a vertical isothermal plate by using a new radiation parameter 
called film radiation parameter. Hayat et al [9] analysed the effect of nonlinear thermal radiation and constant applied 
magnetic field on magnetohydrodynamic  three-dimensional flow of couple stress nanofluid and viscous nanofluid in 
the presence of thermophoresis and Brownian motion effects. Shehzad et al [13] have explored the characteristics of 
thermophoresis and Brownian motion in magnetohydrodynamic three-dimensional flow of nano-Jeffrey fluid in the 
presence of nonlinear thermal radiation. 

In the recent year, non-Newtonian nanofluid has become more and more important due to its enormous industrial 
applications. Many studies are focused on non-Newtonian fluid as a base fluid with suspended nanoparticles over a 
stretching sheet. Hayat et al. [14] studied the effects of thermophoresis and Brownian motion on the three-dimensional 
(3D) boundary layer flow and convective heat transfer of Jeffrey nanofluid over a bi-directional stretching surface with 
newly developed boundary condition with zero nanoparticles mass flux. Shehzad et al. [15, 16] investigated the effects 
of convective heat and concentration conditions in magnetohydrodynamic two-dimensional and three-dimensional 
flow of Jeffrey nanofluid fluid with nanoparticles. Dalira et al. [17] numerically studied the entropy generation for steady 
laminar two-dimensional forced convection magnetohydrodynamic (MHD) boundary layer flow, heat transfer and mass 
transfer of an incompressible non-Newtonian nanofluid over a linearly stretching, impermeable and isothermal sheet 
with viscous dissipation. Abbasi [18] analyzed the influence of heat and mass flux conditions on hydromagnetic steady 
flow of Jeffrey fluid in the presence of thermal radiation with Brownian motion and thermophoresis effects. 

Another important aspect, which influences heat transfer processes, is heat source/sink effect. Many of the authors have 
studied the heat transfer by considering a uniform and non-uniform heat source/sink effects, which are crucial in 
controlling the heat transfer.  Pal [19] studied the effects of unsteadiness parameter, thermal radiation, 
suction/injection parameter and non-uniform heat source/sink parameter on flow and heat transfer characteristics of 
an incompressible viscous fluid over an unsteady stretching permeable surface. Hakeem et al [20] investigated the effect 
of non-uniform heat source/sink on heat transfer in a Walter’s liquid B fluid over an impermeable stretching sheet in 
the presence of thermal radiation. Manjunatha et al [21] presented numerical results to study the heat transfer analysis 
of steady two dimensional flow of conducting dusty fluid over a stretching cylinder immersed in a porous media under 
the influence of non-uniform source/sink. Pal and Chatterjee [22] have carried out a numerical solution to study the 
effects of viscous-Ohmic dissipation and variable thermal conductivity on steady two-dimensional hydromagnetic flow, 
heat and mass transfer of a micropolar fluid over a stretching sheet embedded in a non-Darcian porous medium with 
non-uniform heat source/sink and thermal radiation. Dhanai et al [23] obtained multiple solutions in MHD boundary 
layer flow and heat transfer of power-law nanofluid past a permeable nonlinear shrinking sheet with heat source/sink. 
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Based on the observations from the above cited work, the purpose of present paper is to analyze the effect of second 
order slip and nonlinear thermal radiation and non-uniform heat source/sink on heat and momentum transfer of steady 
two-dimensional slip flow of a nanofluid over a stretching sheet. Governing nonlinear ordinary differential equations 
obtained after the application of similarity transformations are solved numerically by means of Runge-Kutta-Fehlberg-
45 order method. The effects of different flow parameters on flow fields are elucidated through graphs and tables.  

2. Mathematical formulation 

Let us consider a steady flow of an incompressible Jeffrey nanofluid over a horizontal stretching surface. The flow region 
is confined to 𝑦 > 0 and the plate is stretched along 𝑥-axis with a velocity𝑈𝑤 = 𝑎𝑥, where 𝑎 is a positive constant. A 
uniform magnetic field 𝐵0 is applied in the transverse direction 𝑦 normal to the plate. The nanofluid is assumed to be 
single phase, in thermal equilibrium and there is a slip velocity between the base fluid and particles. The stretching 
surface temperature and the nanoparticles fraction are deemed to have a constant value 𝑇𝑤 and 𝐶𝑤 , respectively. The 
ambient fluid temperature and nanoparticales fraction have constant value 𝑇∞  and𝐶∞ , respectively. The coordinate 
system and flow regime is illustrated as shown in the figure (1). 

 

Figure 1 Physical model and coordinate system 

It is well known that the constitutive equations for a Jeffrey fluid are given by Bilal Ashraf [24] 

 𝜏 = −𝑝𝐼 + 𝑆, 

 𝑆 =
𝜇

1+𝜆
[𝑅1 + 𝜆1 (

𝜕𝑅1

𝜕𝑡
+ 𝑉. ∇) 𝑅1],  

Where 𝜏 is the Cauchy stress tensor, 𝑆 is the extra stress tensor, 𝜇 is the dynamic viscosity, 𝜆 and 𝜆1 are the material 
parameters of Jeffrey fluid and 𝑅1 is the Rivlin–Ericksen tensor defined by 

 𝑅1 = (∇𝑉) + (∇𝑉)′. 

Under usual boundary layer approximations governing two-dimensional equations for the present problem are given 
as: 
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The corresponding boundary conditions are given by, 

𝑢 = 𝑈𝑤 + 𝑈𝑠𝑙𝑖𝑝, 𝑣 = 0, 𝑇 = 𝑇𝑤 , 𝐶 = 𝐶𝑤 at 𝑦 = 0, 

𝑢 = 0, 𝑇 = 𝑇∞,   𝐶 = 𝐶∞,   as 𝑦 → ∞,               (5) 

Where 𝑈𝑠𝑙𝑖𝑝  is the slip velocity at the surface and it is negative due to stretching. Wu’s [25] slip velocity model used in 

this paper and is valid for arbitrary Knudsen numbers and is given as follows: 
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Where𝑙 = min [
1

𝑘𝑁
, 1] , 𝜒 is the momentum accommodation coefficient with0 ≤  𝜒 ≤  1, 𝜔 is the molecular mean free 

path, and 𝐾𝑛 is the Knudsen number defined as the mean free path 𝜔 divided by a characteristic length for the flow. 
Based on the definition of  𝑙, it is seen that for any given value of 𝐾𝑛, we have 0 ≤  𝑙 ≤  1. The molecular mean free path 
is always positive. Thus we know that 𝐵 <  0 and 𝐴 is a positive number.   

Here, 𝑞′′′ is the space and temperature dependent internal heat generation/absorption (non uniform heat source/sink) 
which can be expressed as, 

𝑞′′′ = (
𝑘𝑈𝑤(𝑥)

𝑥𝜈
) [𝐴∗(𝑇𝑤 − 𝑇∞)𝑓′(𝜂) + 𝐵∗(𝑇 − 𝑇∞)]                  (7) 

Where𝑇𝑤 and 𝑇∞ denote the temperature at the wall and at large distance from the wall respectively. 𝐴∗and 𝐵∗ are the 
parameters of the space and temperature dependent internal heat generation/absorption. It is to be noted that 𝐴∗ and 
𝐵∗ are positive to internal heat source and negative to internal heat sink.  

Unlike the linearized Rosseland approximation, we use nonlinear Rosseland diffusion approximation from which one 
can obtain results for both small and large differences between 𝑇𝑤  and 𝑇∞ . Using Rosseland [26] approximation for 
radiation, the radiative heat flux is simplified as, 

𝑞𝑟 = −
4𝜎∗

3𝑘∗

𝜕𝑇4

𝜕𝑦
.  (8) 

For a boundary layer flow over a horizontal flat plate (Pantokratoras and Fang [12]), from equation (8) we get, 

𝑞𝑟 = (−
16𝜎∗𝑇∞

3

3𝑘∗ )
𝑑𝑇

𝑑𝑦
.    (9) 

In view to equation (9), energy equation (3) will becomes 

𝑢
𝜕𝑇

𝜕𝑥
+ 𝑣

𝜕𝑇

𝜕𝑦
=

𝜕

𝜕𝑦
[(𝛼 +

16𝜎∗𝑇∞
3

3𝑘∗(𝜌𝑐)𝑓
)

𝜕𝑇

𝜕𝑦
] +

𝜌𝑝𝑐𝑝

(𝜌𝑐)𝑓
[𝐷𝐵

𝜕𝐶

𝜕𝑦

𝜕𝑇

𝜕𝑦
+

𝐷𝑇

𝐷∞
(

𝜕𝑇

𝜕𝑦
)

2

] +
𝑞′′′

(𝜌𝑐)𝑓
     (10) 

Where 𝛼 =
𝑘

(𝜌𝑐)𝑓
, 𝑘 being the thermal conductivity. 

 The governing equations can be reduced to ordinary differential equations, using the following similarity 
transformations, 

𝑢 = 𝑎𝑥𝑓′(𝜂),    𝑣 = −√𝑎𝜈𝑓(𝜂),    𝜂 = √
𝑎

𝜈
𝑦, 
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𝑇 = 𝑇∞(1 + (𝜃𝑤 − 1)𝜃(𝜂)),    𝜙(𝜂) =
𝐶—𝐶∞

𝐶𝑤−𝐶∞
.   (11) 

where 𝜃𝑤 =
𝑇𝑤

𝑇∞
,   𝜃𝑤 > 1, the temperature ratio parameter (Shehzad et al. [13]). 

With the help of aforementioned transformations, equation (1) is identically satisfied and equations (2), (4) and (10) 
will take the following forms; 

𝑓′′′ + (1 + 𝜆)[𝑓𝑓′′ − 𝑓′2] + 𝛽[𝑓′′2 − 𝑓𝑓′′′′] − (1 + 𝜆)(𝑀)𝑓′ = 0,  (12) 

  

[1 + 𝑁𝑟 (1 + (𝜃𝑤 − 1)𝜃)3𝜃′]′ + Pr[𝑓𝜃′ + 𝑁𝑏𝜙′𝜃′ + 𝑁𝑡(𝜃′)2] 

  +𝐴∗𝑓′(𝜂) + 𝐵∗𝜃(𝜂) = 0,                      (13) 

𝜙′′ + 𝐿𝑒𝑓𝜙′ +
𝑁𝑡

𝑁𝑏
𝜃′′ − 𝛾𝜙 = 0.             (14) 

The corresponding boundary conditions are; 

𝑓(0) = 0,   𝑓′(0) = 1 + 𝐴1𝑓′′(0) + 𝐴2𝑓′′′(0),   𝜃(0) = 1, 𝜙(0) = 1   at 𝜂 = 0, 

𝑓′(𝜂) =  𝑓′′(𝜂) = 𝜃(𝜂) = 𝜙(𝜂) = 0 as 𝜂 → 0,          (15) 

where,  𝐴1 is the first-order velocity slip parameter with 0 < 𝐴1  =  𝐴√
𝑎

𝜈
  and 𝐴2  is the second-order velocity slip 

parameter with 0 > 𝐴2  =
𝐵𝑎

𝜈
 . Further, 𝑓, 𝜃 and 𝜙 are functions of  𝜂 and prime denotes derivatives with respect to 𝜂. 

𝛽 = 𝑎𝜆1  is Deborah number, 𝑀 =
𝜎𝐵0

2

𝜌𝑓𝑎
  is magnetic parameter called Hartmann number, 𝑁𝑟 =

16𝜎∗𝑇3
∞

3𝑘𝑘∗  is radiation 

parameter, 𝑁𝑏 =
𝜏𝐷𝐵(𝐶𝑤−𝐶∞)

𝜈
 is Brownian motion parameter, 𝑁𝑡 =

𝜏𝐷𝑇(𝑇𝑤−𝑇∞)

𝜈𝑇∞
 is thermophoresis parameter, 𝑃𝑟 =

𝜈

𝛼
  is 

Prandtl number,  𝛾 =
𝑘1𝐿𝑒

𝑎
 is chemical reaction parameter, and 𝐿𝑒 =

𝜈

𝐷𝐵
 is Lewis number. 

The skin friction coefficient (𝐶𝑓𝑥), local Nusselt number (𝑁𝑢𝑥) and Local Sherwood number (𝑆ℎ𝑥) are given by, 

𝐶𝑓𝑥 =
𝜏𝑤

𝜌𝑈𝑤
2 ,   𝑁𝑢𝑥 =

𝑥𝑞𝑤

𝑘(𝑇𝑤−𝑇∞) 
 and 𝑆ℎ𝑥 =

𝑥𝑞𝑚

𝑘(𝐶𝑤−𝐶∞) 
     (16) 

where the shear stress along the stretching surface 𝜏𝑤, the surface heat flux 𝑞𝑤 and the surface mass flux 𝑞𝑚 are    

𝜏𝑤 =
𝜇

1+𝜆
[(

𝜕𝑢

𝜕𝑦
) + 𝜆1 (

𝜕2𝑢

𝜕𝑥𝜕𝑦
+ 𝑢

𝜕2𝑣

𝜕𝑥2 + 𝑣
𝜕2𝑢

𝜕𝑦2)]
𝑦=0

, 

𝑞𝑤 = −𝑘 
𝜕𝑇

𝜕𝑦
+ (𝑞𝑟)𝑤 ,  𝑞𝑚 = −𝐷𝐵

𝜕𝐶

𝜕𝑦
 at  𝑦 = 0.        (17) 

Substituting the values of  𝜏𝑤 , 𝑞𝑤 and  𝑞𝑚  into the equation (16) we have 

√𝑅𝑒𝐶𝑓𝑥 = [
1

1+𝜆
(𝑓′′(0) + 𝛽(𝑓′(0)𝑓′′(0)) − 𝑓(0)𝑓′′′(0))], 

𝑁𝑢𝑥

√𝑅𝑒𝑥
= −(1 + 𝑁𝑟𝜃3

𝑤)𝜃′(0),
𝑆ℎ𝑥

√𝑅𝑒𝑥
= −𝜙′(0), (18) 

where 𝑅𝑒𝑥  =
𝑎𝑥2

𝜈
 is local Reynolds number.     
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2.1. Numerica method 

The system of non-linear ordinary differential equations (12) to (14) with boundary conditions (15) has been solved 
using Runge-Kutta-Fehlberg fourth-fifth order method along with Shooting technique. The method has the following 
steps: In the first step, the governing system of equations (12) to (14) are reduced to a system of eight simultaneous 
differential equations of first order by introducing new dependent variables. In this system of first order differential 
equations, four initial conditions are known and remaining missed initial conditions   are obtained with the help 
shooting technique. Afterward, a finite value for  𝜂∞ is chosen in a such a way that all the far field boundary conditions 
are satisfied asymptotically. Our bulk computations are considered with the value at 𝜂∞= 5, which is sufficient to achieve 
the far field boundary conditions asymptotically for all values of the parameters considered. After fixing finite value for 
𝜂∞, integration is carried out with the help of Runge-Kutta-Fehlberg-45 (RKF-45) method. Runge-Kutta-Fehlberg-45 
method has a procedure to determine if the proper step size ℎ is being used. At each step, two different approximations 
for the solution are made and compared. If the two answers are in close agreement, the approximation is accepted 
otherwise, the step size is reduced until to get the required accuracy. For the present problem, we took step size ∆𝜂 =
0.001, far field boundary conditions at 𝜂∞ = 5 and accuracy to the fifth decimal places. To have a check on the accuracy 
of the numerical procedure used, first test computations for 𝜃′(0) are carried out for viscous fluid for various values 
of 𝑃𝑟 and compared with the available published results of Goyal and Bhargava [27], Gorla and Sidawi [28], Nadeem 
and Hussain [29] and Wang [30] in Table – (1) and they are found to be in excellent agreement. 

3. Results and discussion 

A theoretical investigation of second order velocity slip boundary layer flow of Jeffrey nanofluid over a stretching sheet 
under the influence of nonlinear thermal radiation and non-uniform heat source/sink has been performed. The value 
of the Prandtl number for the base fluid is kept as 𝑃𝑟 = 10. The default values of the other parameters are mentioned 
in the description of the respected figures. In order to study the characteristics of velocity and temperature distribution 
for first order velocity slip parameter (𝐴1) and second order velocity slip parameter (𝐴2), radiation parameter (𝑁𝑟), 
temperature ratio parameter (𝜃𝑤), magnetic parameter (𝑀) graphs are platted and physical reasons behind the trend 
of the graphs are discussed. 

The effect of first order and second order velocity slip parameters on velocity and temperature profiles are 
demonstrated as in the figure (2) and (3). We can observe that the effect of increasing values of both first and second 
order velocity slip parameters reduces the thickness of momentum boundary layer and hence decrease the velocity. 
Therefore, increasing values of velocity slip parameters (𝐴1 and 𝐴2)decrease the boundary layer velocity, where as the 
temperature increases with increase in 𝐴1and 𝐴2. This must be due to the existence of slip velocity on the stretching 
surface. 

 

Figure 2 Velocity and temperature profile for various values of 𝐴1. 
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Figure 3 Velocity and temperature profile for various values of 𝑨𝟐. 

Figure (4) describes the effects of Deborah number (𝛽) on the velocity and temperature profiles. We can see that 
boundary layer thickness and the fluid velocity increases with increase in 𝛽. This is because; increase in 𝛽 decreases the 
resistance of fluid motion which thus causes a higher fluid movement at the neighborhood of the stretching surface. 
Figure (4) reveals that the larger values of Deborah number leads to a reduction in the temperature and thermal 
boundary layer thickness. It is due to the fact that Deborah number is directly proportional to relaxation time and larger 
values of Deborah number corresponds to the higher relaxation time. Such increase in relaxation time corresponds to 
the lower temperature and weaker thermal boundary layer thickness. We can also see that boost in 𝛽  causes the 
reduction in the concentration boundary layer. 

 

Figure 4 Velocity and temperature profile for various values of 𝜷. 

Influence of 𝜆  on velocity and temperature profile is highlighted in figure (5). It can be seen that an increase in 𝜆 
decreases the fluid velocity but enhances the temperature profile and it gives rise to the nanoparticle concentration 
field and associated boundary layer thickness. It is due to the fact that an increase in 𝜆 corresponds to decrease in 
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retardation time but increase in the relaxation time and hence higher values of 𝜆 imply the domination of relaxation 
time over retardation time  due to which temperature and concentration profiles are enhanced. 

 

Figure 5 Velocity and temperature profile for various values of 𝝀. 

Figure (6) shows the effect of magnetic parameter (𝑀)  on dimensionless velocity and temperature distributions, 
respectively. The presence of a magnetic field in an electrically conducting fluid induces a force called Lorentz force, 
which opposes the flow. This resistive force tends to slow down the flow, so the effect of 𝑀 decreases the velocity and 
also cause increase in its temperature distributions. 

Figure (7) depicts the temperature profiles for several values of 𝐴∗, it can be seen that the thermal boundary layer 
generates the energy and this causes the temperature profiles increases with increase in (𝐴∗ > 0) and decreases with 
increase in (𝐴∗ < 0). 

 

Figure 6 Velocity and temperature profile for various values of 𝑴. 
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Figure 7 Temperature profile for various values of 𝑨∗. 

 

 

Figure 8 Temperature profile for various values of 𝑩∗. 

The effect of temperature dependent heat source/sink parameter (𝐵∗) on temperature profile was demonstrated in 
figure (8). This graph illustrates that energy is released for increasing values of  (𝐵∗ > 0) which causes the temperature 
to increase, where as energy is absorbed for decreasing values of (𝐵∗ < 0)  resulting the temperature to drop 
significantly within the boundary layer. 
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Figure 9 Temperature profile for various values of 𝜽𝒘 when 𝑷𝒓 = 𝟔. 𝟐. 

 

 

Figure 10 Temperature profile for various values of 𝜽𝒘 when 𝑷𝒓 = 𝟏𝟎. 

Figure (9) and (10) illustrates the effect of temperature ratio parameter (𝜃𝑤) on temperature profiles, when 𝑃𝑟 = 6.2 
and 𝑃𝑟 = 10 respectively. From these plots, one can notice that, an increase in temperature ratio parameter increases 
the thermal state of the fluid, and it results in increase of temperature profiles. The effect of radiation parameter on 
temperature is depicted as in figure (11). A critical observation shows that, the temperature profile increases with 
increase in 𝑁𝑟 . This is because  an increase in the radiation parameter provides more heat to fluid that causes an 
enhancement in the temperature and thermal boundary layer thickness. 
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Figure 11 Temperature profile for various values of 𝑵𝒓. 

 

Figure 12 Nanoparticle concentration profile for various values of 𝜸. 
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Figure 13 Temperature profile for various values of 𝑳𝒆. 

 

Figure 14 Nanoparticle concentration profile for various values of 𝑳𝒆. 

Effect of chemical reaction parameter (𝛾) on nanoparticle volume fraction profile is shown in figure (12) for the both 
negative and positive values of 𝛾 . It is observed that the nanoparticle volume fraction decreases for constructive 
chemical reaction parameter and increases for destructive chemical reaction parameter.  

Figure (13) and (14) displays the effect of Lewis number (𝐿𝑒) on temperature and concentration profiles. From these 
figures both the profiles decreases with increasing values of 𝐿𝑒. It is due to the fact that the larger values of Lewis 
number make the mass diffusivity smaller; therefore it decreases the concentration field. 

Temperature and nanoparticle volume fraction variation against different values of   𝑁𝑏  and 𝑁𝑡  are depicted 
respectively, as in figure (15), (16) and (17). We can see that the temperature profiles are increasing function of 𝑁𝑏, 
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whereas nanoparticle volume fraction is a decreasing one. This may be due to the fact that as Brownian motion 
parameter (𝑁𝑏) decreases the mass transfer of a nanofluid. Further, both temperature and nanoparticle volume fraction 
profiles increases for increasing values of 𝑁𝑡. The variation in Prandtl number (Pr) on 𝜃 (for 𝐴∗ = 𝐵∗ = 0.1) is shown in 
figure (18). The temperature field (𝜃) decreases when 𝑃𝑟 increases. It is obvious that, an increase in the values of 𝑃𝑟 
reduces the thermal diffusivity, therefore thermal boundary layer thickness is a decreasing function of 𝑃𝑟 . 

 

Figure 15 Temperature and Nanoparticle concentration profile for various values of 𝑵𝒃. 

 

Figure 16 Temperature profile for various values of 𝑵𝒕. 
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Figure 17 Nanoparticle concentration profile for various values of 𝑵𝒕. 

 

Figure 18 Temperature profile for various values of 𝑷𝒓 when 𝑨∗ = 𝑩∗ = 𝟎. 𝟏. 

The numerical results recorded in Table – (2) illustrates the variation of skin friction co-efficient and Nusselt number 
with respect to various flow controlling parameters. As expected, both first and second order velocity slip parameters 
effect is to reduce the friction at the solid-fluid interface, and thus reduces the skin friction coefficient. Similar behaviour 
is also observed in the case of 𝜆, i.e., in the presence velocity slip,  increase in 𝜆 results decrease of both skin friction 
coefficient and local Nusselt number. But quite opposite behaviour is observed in the case of 𝛽 and 𝑀. 
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The effects of various pertinent parameters on local Nusselt number and local Sherwood number are discussed 
numerically through Table – (3). We can see that 𝐴∗, 𝐵∗, 𝛾, 𝐿𝑒 and 𝑃𝑟 shows favourable effect on coefficient of 𝜙′(0), 
whereas effect of 𝜃𝑤 , 𝑁𝑏 and 𝑁𝑡 on local Nusselt number is negligible. We can also observe that both 𝜃𝑤 and 𝑃𝑟 show 
positive effect on local Nusselt number. This is due to the fact that a higher Prandtl number reduces the thermal 
boundary layer thickness and increases the surface heat transfer rate. Also high Prandtl number implies more viscous 
fluid which tends to retard the motion. Similarly, 𝐴∗,  𝐵∗, 𝜃𝑤 shows negative effect and chemical parameter has no effect 
on local Nusselt number.  

Table 1 Comparison table for −𝜽′(𝟎) (viscous case) with     𝜷 = 𝝀 = 𝑨𝟏 = 𝑨𝟐 = 𝑵𝒓 = 𝑨∗ = 𝑩∗ = 𝜸 = 𝟎, 𝑵𝒃 = 𝑵𝒕 =
𝟏𝟎−𝟔 

Pr Nadeem and 
Hussain (HAM 
method) (2013) 

Gorla and 
Sidawi (1994) 

Goyal and Bhargava 

(FEM Method) (2014) 

Wang 

(1989)  

Present (RKF45 
Method) 

0.2 0.169 0.1691 0.1691 0.1691 0.170259788 

0.7 0.454 0.5349 0.4539 0.4539 0.454447258 

2 0.911 0.9114 0.9113 0.9114 0.911352755 

7  1.8905 1.8954 1.8954 1.895400395 

20  3.3539 3.3539 3.3539 3.353901838 

 

Table 2 Values of Skin friction coefficient and Nusselt number for different values of the parameters when 𝑷𝒓 =
𝟔. 𝟐, 𝜽𝒘 = 𝟏. 𝟐, 𝑵𝒓 = 𝟎. 𝟓, 𝑨∗ = 𝑩∗ = 𝟎. 𝟓. 

𝑨𝟏 𝑨𝟐 𝜷 𝝀 𝑴 −√𝑹𝒆𝑪𝒇𝒙 −
𝑵𝒖𝒙

√𝑹𝒆𝒙

 

0     0.3650 0.4217 

1     0.2380 0.1771 

1.5     0.2020 0.0403 

 0    0.5400 0.6069 

 -0.5    0.3690 0.4266 

 -1    0.2880 0.2973 

  0.2   0.2880 0.2973 

  0.4   0.3110 0.3360 

  0.6   0.3350 0.3702 

   0  0.4320 0.4736 

   0.3  0.3330 0.3687 

   0.6  0.2700 0.2598 

    0 0.2880 0.5004 

    0.1 0.2890 0.4375 

    0.2 0.2890 0.3708 
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Table 3 Values of Nusselt and Sherwood number for different values of the parameters when 𝑨𝟏 = 𝟎. 𝟓, 𝑨𝟐 = −𝟏, 𝜷 =
𝟎. 𝟐, 𝝀 = 𝟎. 𝟓, 𝑴 = 𝟎. 𝟑. 

𝑨∗ 𝑩∗ 𝑵𝒓 𝜽𝒘 𝑵𝒃 𝑵𝒕 𝜸 𝑳𝒆 𝑷𝒓 −
𝑺𝒉𝒙

√𝑹𝒆𝒙

 −
𝑵𝒖𝒙

√𝑹𝒆𝒙

 

-0.5         1.3796 0.5296 

0         1.4154 0.4145 

0.5         1.4521 0.2973 

 -0.5        1.2618 0.9041 

 0        1.3441 0.6537 

 0.5        1.4521 0.2973 

  0.5       1.4502 0.2973 

  1       1.4521 0.3246 

  1.5       1.4558 0.2691 

   1.2      1.4521 0.2973 

   1.4      1.4520 0.2642 

   1.6      1.4510 0.1956 

    0.1     1.4540 0.2973 

    0.2     1.4521 0.2066 

    0.3     1.4520 0.1350 

     0    1.4250 0.3916 

     0.1    1.4521 0.2973 

     0.2    1.5174 0.2113 

      -0.2   1.3169 0.2971 

      -0.1   1.3639 0.2970 

      0   1.4089 0.2972 

      0.1   1.4521 0.2973 

      0.2   1.4936 0.2975 

       5  0.9829 0.3001 

       10  1.4521 0.3000 

       20  2.1209 0.2973 

        4.2 1.3598 0.5251 

        5.2 1.3471 0.6073 

        6.2 1.3380 0.6705 

Nomenclature  

 𝑎 stretching rate 

 𝐴∗ space dependent heat source/sink  

 𝐴1 the first-order velocity slip parameter 

 𝐴2  the second-order velocity slip parameter 
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 𝐵∗ temperature dependent heat source/sink 

 𝐵0   magnetic field strength 

 𝐶  volumetric volume expansion coefficient 

 𝐶𝑓𝑥 local skin friction coefficient   

 𝐷𝐵    Brownian diffusion coefficient 

 𝐷𝑇    thermophoresis diffusion coefficient 

 𝑘1 chemical reaction coefficient 

 𝑘  thermal conductivity 

 𝑘∗ Rosseland mean absorption coefficient  

 𝐿𝑒  Lewis number 

 𝑀  magnetic parameter  

 𝑁𝑏  Brownian motion parameter 

 𝑁𝑟  radiation parameter  

 𝑁𝑡  thermophoresis parameter  

 𝑁𝑢𝑥 local Nusselt number 

 𝑃𝑟  Prandtl number 

 𝑅𝑒𝑥 local Reynolds number 

 𝑆ℎ𝑥 local Sherwood number 

 𝑇  temperature of the nanofluid near wall  

 𝑇∞ fluid temperature far away from the sheet 

 𝑇𝑤 uniform wall temperature  

 𝑈𝑤 stretching velocity  

 𝑢, 𝑣 velocity components along the 𝑥 and 𝑦 axes 

Greek symbols 

 𝜆,𝜆1  ratio of relaxation and retardation times and the relaxation time 

 𝜌𝑓  density of the fluid 

 𝜌𝑝 nanoparticles density 

 𝜃  dimensionless temperature variable 

 𝜙  nanoparticle volume fraction 

 𝛼  thermal diffusivity  

 𝜂  similarity variable 

 𝜈  kinematic viscosity  

 𝜎∗ Stefan-Boltzmann constant  

 (𝜌𝑐)𝑓 heat capacities of nanofluid 

 (𝜌𝑐)𝑝 effective heat capacity of the nanoparticles 

 𝛽  Deborah number 

 𝛾   chemical reaction parameter 

Subscripts  

 ∞ infinity  

 𝑤  sheet surface 

4. Conclusions 

An analysis to study the effect of nonlinear thermal radiation on second order slip flow and heat transfer of Jeffrey 
nanofluid over a stretching sheet with non-uniform heat source/sink is presented. Numerical results for velocity 
profiles, surface heat transfer rate and mass transfer rate have been obtained for parametric variations of various ranges 
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of slip boundary condition and for different values of flow pertinent parameters. The main outcomes of the problem are 
summarized as follow;  

 Both first and second order velocity slip parameter reduces the thickness of momentum boundary layer and 

hence decrease the velocity. 

 Boundary layer thickness and the fluid velocity increases with increase in Deborah number. 

 An increase in Lewis and Prandtl numbers shows a decrease in nanoparticle concentration. 

 Larger values of magnetic parameter lead to an enhancement in the temperature and nanoparticle 

concentration. 

 An increase in 𝜆 and 𝜃𝑤 enhances the temperature profile. 

 Nanoparticle volume fraction decreases for constructive chemical reaction parameter and increases for 

destructive chemical reaction parameter. 

 Both temperature and nanoparticle volume fraction increase for increasing values of 𝑁𝑟. 

 𝑁𝑟enhances the coefficient of Nusselt number, but the parameters  𝜃𝑤 , 𝑁𝑏, 𝑁𝑡 decreases – 𝜃′(0). 

Compliance with ethical standards 

Acknowledgments 

The author Dr. Vijayalaxmi. Tankasala thankful to The commissioner, Commissionerate of Collegiate Education, 
Hyderabad, Telangana for support and all authors are grateful to Osmania University, Hyderabad. 

Disclosure of conflict of interest 

No competing interests. 

Statement of informed consent  

Informed consent was obtained from all individual participants included in the study.  

References 

[1] Fang, T., Yao, S., Zhang, J and Aziz, A. 2010a.  Viscous flow over a shrinking sheet with a second order slip flow 
model”. Commun. Nonlinear Sci. Numer. Simul. 15, 1831–1842. 

[2] Fang, T and Aziz, A. 2010b. Viscous flow with second-order slip velocity over a stretching sheet.  Z. Naturforsch. 
A – Phys. Sci. 65a, 1087–1092. 

[3] Mahantesh, Nandeppanavar, M., Vajravelu, K., Subhas Abel, M and Siddalingappa, M.N. 2012. Second order slip 
flow and heat transfer over a stretching sheet with non-linear Navier boundary condition. International Journal 
of Thermal Sciences, 58, 143-150. 

[4] Rosca, Natalia. C and Ioan Pop. 2013a. Mixed convection stagnation point flow past a vertical flat plate with a 
second order slip: Heat flux case. International Journal of Heat and Mass Transfer, 65, 102–109. 

[5] Rosca, Alin. V and Ioan Pop. 2013b. Flow and heat transfer over a vertical permeable stretching/shrinking sheet 
with a second order slip. International Journal of Heat and Mass Transfer, 60,  355–364. 

[6] Khader, M.M. 2014. Laguerre collocation method for the flow and heat transfer due to a permeable stretching 
surface embedded in a porous medium with a second order slip and viscous dissipation. Applied Mathematics 
and Computation, 243, 503–513. 

[7] Abdul Hakeem, A.K., Vishnu Ganesh, N and Ganga, B. 2015. Magnetic field effects on second order slip flow of 
nanofluid over a stretching/shrinking sheet with thermal radiation effect”.  Journal of Magnetism and Magnetic 
Materials, 381, 243–257. 

[8] Mabood Fazle, Mastroberardino Antonio. 2015. Melting heat transfer on MHD convective flow of a nanofluid over 
a stretching sheet with viscous dissipation and second order slip.  Journal of the Taiwan Institute of Chemical 
Engineers, 1–7. 



International Journal of Science and Research Archive, 2023, 09(01), 608–626 

626 

[9] Hayat, T., Taseer Muhammad, Alsaedi, A and Alhuthali, M.S. 2015b. Magnetohydrodynamic three-dimensional 
flow of viscoelastic nanofluid in the presence of nonlinear thermal radiation. Journal of Magnetism and Magnetic 
Materials, 385, 222–229. 

[10] Zhu J, Liu Zheng, Liancun Zheng and Xinxin Zhang. 2015. Second-order slip MHD flow and heat transfer of 
nanofluids with thermal radiation and chemical reaction. Applied Mathematics and Mechanics, 36, (9), 1131-
1146. 

[11] Megahed, A. M. 2015. MHD viscous Casson fluid flow and heat transfer with second-order slip velocity and 
thermal slip over a permeable stretching sheet in the presence of internal heat generation/absorption and 
thermal radiation. The European Physical Journal Plus, 130, 81. 

[12] Pantokratoras, A and Fang, T. 2013. Sakiadis flow with nonlinear Rosseland thermal radiation. Physica Scripta, 
87, 015703. 

[13] Shehzad Sabir Ali, Tasawar Hayat, Ahmed Alsaedi, Mustafa Ali Obid. 2014. Nonlinear thermal radiation in three-
dimensional flow of Jeffrey nanofluid: A model for solar energy. Applied Mathematics and Computation, 248, 
273–286. 

[14] Hayat, T., Muhammad, T., Shehzad, S and Alsaedi, A. 2015d. Three-Dimensional Flow of Jeffrey Nanofluid with a 
New Mass Flux Condition. J. Aerosp. Eng., 0.1061/(ASCE)AS.1943-5525.0000549 , 04015054. 

[15] Shehzad, S.A., Hayat, T and Alsaedi, A. 2015a. MHD flow of Jeffrey nanofluid with convective boundary conditions. 
Journal of the Brazilian Society of Mechanical Sciences and Engineering, 37(3), pp 873-883. 

[16] Shehzad, S.A., Abdullah, Z., Alsaedi, A., Abbasi, F.M and Hayat, T. 2015b. Thermally radiative three-dimensional 
flow of Jeffrey nanofluid with internal heat generation and magnetic field. Journal of Magnetism and Magnetic 
Materials, 397, 108–114. 

[17] Dalira Nemat,  Mohammad Dehsara and Salman Nourazar, S. 2015.  Entropy analysis for  
magnetohydrodynamic flow and heat transfer of a Jeffrey nanofluid over a stretching sheet.  Energy, 79, 351–
362. 

[18] Abbasi, F.M., Shehzad, S.A., Hayat, T., Alsaedi, A and Mustafa A. Obid. 2015. Influence of heat and mass flux 
conditions in hydromagnetic flow of Jeffrey nanofluid. AIP Advances, 5, 037111 doi: 10.1063/1.4914549. 

[19] Pal, D. 2011.  Combined effects of non-uniform heat source/sink and thermal radiation on heat transfer over an 
unsteady stretching permeable surface. Commun. Nonlinear Sci. Numer. Simulat., 16, 1890–1904. 

[20] Hakeem Abdul, A.K., Vishnu Ganesh, N and Ganga B. 2014. Effect of heat radiation in a Walter’s liquid B fluid over 
a stretching sheet with non-uniform heat source/sink and elastic deformation. Journal of King Saud University – 
Engineering Sciences, 26, 168–175. 

[21] Manjunatha, P.T., Gireesha, B.J and Prasannakumara, B.C. 2014. Thermal analysis of conducting dusty fluid flow 
in a porous medium over a stretching cylinder in the presence of non-uniform source/sink. International Journal 
of Mechanical and Materials Engineering, 1, 13. 

[22] Pal, D and Chatterjee, S. 2015. Effects of radiation on Darcy-Forchheimer convective flow over a stretching sheet 
in a micropolar fluid with non-uniform heat source/sink.  Journal of Applied Fluid Mechanics, 8(2), 207-212.  

[23] Dhanai Ruchika, Puneet Rana and Lokendra Kumar. (2015). Critical values in slip flow and heat transfer analysis 
of non-Newtonian nanofluid utilizing heat source/sink and variable magnetic field: Multiple solutions. Journal of 
the Taiwan Institute of Chemical Engineers, http://dx.doi.org/10.1016/j.jtice.2015.06.026. 

[24] Bilal Ashraf, M., Hayat, T., Alsaedi, A and Shehzad, S.A. 2015. Convective heat and mass transfer in MHD mixed 
convection flow of Jeffrey nanofluid over a radially stretching surface with thermal radiation.  J. Cent. South Univ., 
22, 1114−1123. 

[25] Wu, L. 2008. A slip model for rarefied gas flows at arbitrary Knudsen number, Appl. Phys. Lett., 93, 253-103.  

[26] Rosseland, S. 1931. Astrophysik und atom-theoretischeGrundlagen. Berlin: Springer. 

[27] Goyal Mania and Bhargava Rama. 2014. Boundary layer flow and heat transfer of viscoelastic nanofluids past a 
stretching sheet with partial slip conditions. Appl. Nanosci., 4(6), 761-767. 

[28] Gorla, R.S.R, Sidawi, I. 1994. Free convection on a vertical stretching surface with suction and blowing.  Appl. Sci.  
Res., 52, 247–257. 

[29] Nadeem, S and Hussain, S.T. 2013. Flow and heat transfer analysis of Williamson nanofluid. Appl. Nanosci., 4(8), 
1005-1012. 

[30] Wang, C.Y. 1989. Free convection on a vertical stretching surface. J. Appl. Math. Mech., 69, 418–420.  



Numerical Analysis of Nano fluid on Stagnation 

Flow Past a stretching sheet in the Presence of 

Magneto hydrodynamics (MHD), Convective 

Heating in the presence of porous media 

 
 

1T.Rajeshwari 

DepartmentofMathematicalSciences,N.T.R 

Govt.degreecollegeforwomen, Telangana,India 

 

 
2S. Hari Singh Naik 

Department of Mathematics, UCS, Osmania         

University, Hyderabad, Telangana, 500007, India. 

3K.Ramesh 

Department of Mathematics, Sreenidhi Institute of Science 

and Technology, Yamnampet, Ghatkesar, Madchal, T.S, 

India 

 

 

 

Abstract - In the present content an analysis is carried out to 

examine the effect of convective heat transfer on stagnation-point 

flow of Nano fluid towards a stretched sheet through porous medium 

in the presence of a magnetic field. Using suitable similarity 

transformations, the governing boundary-layer equations 

corresponding to the momentum, energy and concentration are 

reduced to non-linear ordinary differential equation. The transformed 

equations are then solved numerically using Keller Box method. The 

alterations in velocity, temperature and concentration for different 

values of physical parameters are plotted through graphs. An 

evaluation is made with previous results and we found a good 

similarity. Tables are used to analyse skin friction and the Nusselt 

and Sherwood values. The main findings of investigations are 

velocity increases as the increasing in velocity ratio parameter, 

porosity and decreases as increasing in magnetic parameter. The 

temperature profile increases with the enhancement in the values of 

Prandtle number and Bi finally concentration increases with the 

increasing values of Nt and Le and decreases with the increasing 

values of Brownian motion parameter.  

Keywords— Nanofluid, Porous media, Stagnation Flow, MHD, 

Convective Heating. 

INTRODUCTION 

The thermal characteristics of base fluids could 

enhance by introduce the nanoparticles, the resultant fluids are 

called nanofluids. The nanofluids are homogeneous mixture of 

very small particles of size 10-9 m.  Incorporation the 

nanoparticles of metals (Al, Cu, Ag, etc.) or metal oxides 

(CuO, TiO2, Al2O3, etc.) or nitride ceramics (AlN, S iN) or 

carbide ceramics (SiC, TiC), etc. to the based fluids like water, 

ethylene glycol, oil etc., the thermal conductivity is enhanced 

by an order of magnitude. The said nanofluids offer improved 

heat absorption, and also heat transfer rate as the specific heat 

of metal, it’s based particles is very low as compared to water 

or other liquids.  Nanofluids have potential applications in 

engineering and biomedical, etc. like in heat exchanger, 

refrigerators, microelectronics, engine cooling / vehicles 

thermal managements, hybrid-powered engines, coolants of 

nuclear reactor, cooling agent in airplanes, micro machines in 

micro reactors, automobiles, etc. Choi [1] introduced first time 

by usage of nanoparticles in base fluids and the results of 

experiments witnessed the thermal properties of fluids are 

enhanced through nanoparticles. Buongiorno group [2] 

developed a mathematical model, which exhibited the 

characteristic of thermophoresis and Brownian motion of 

nanoparticles. Later, many researchers used the nanofluids in 

various directions particularly for stretching sheets [3-6] 

cylinders [7-10] etc. 

, Magneto-nanofluids have specific applications in 

biomedicine, optical modulators, magnetic cell separation, 

magneto-optical wavelength filters, silk float separation, 
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nonlinear optical materials, hyperthermia, optical switches, 

drug delivery, optical gratings etc. A magneto-nanofluid has 

both the liquid and magnetic properties. The used magnetic 

field influences the suspended particles and reorganizes their 

concentration in the fluid regime which powerfully influences 

the heat transfer analysis of the flow. Magneto-nanofluids are 

useful to guide the particles up the blood stream to a tumor 

with magnets. This is because the magnetic nanoparticles are 

regarded more adhesive to tumor cells than non-malignant 

cells. Such particles absorb more power than microparticles in 

alternating current magnetic fields tolerable in humans i.e., for 

cancer therapy. Several authors[11, 12, 13, 14] have discussed 

the MHD boundary layer flow, heat and mass transfer 

characteristics of nanofluids.  

Motivating by above research work, the aim of this 

research work is to extend the research work of Ibrahim and 

Haq [15] and Ch.Janaiah and G.Upender Reddy [16] by 

excluding the effects Soret (Thermal diffusion) and Dufour 

(Diffusion thermo) on magnetohydrodynamic nanofluid flow 

towards a non-linear stretching sheet in presence of porous 

media, Thermophoresis, Brownian motion and Convective 

heating effects using numerical solutions.  

The present research work is aims to study the effect 

of convective heat transfer on stagnation-point flow of 

nanofluid via a stretched sheet and porous medium in the 

presence of a magnetic field. Using suitable similarity 

transformations, the governing boundary-layer equations 

corresponding to the momentum, energy and concentration are 

reduced to non-linear ordinary differential equation. The 

transformed equations are then solved numerically by use of 

Keller-Box method. The alterations in velocity, temperature 

and concentration for different values of physical parameters 

are plotted. A comparison is made with the previous results 

and the results are found a good similarity. The evaluated 

skin-friction coefficients, Nusselt and Sherwood numbers are 

tabulated. 

 

FORMULATION OF THE PROBLEM: 

Consider a steady, laminar, incompressible 

electrically conducting, two dimensional flow of a nanofluid 

past over a linear stretching surface in the direction of x -axes 

with the velocity axxuw =)(  where a  is a constant, and y 

axis is normal to the sheet. A hot fluid with temperature fT is 

applied to heat up or cool down the surface of the sheet at 

lower level by convective heat transfer mode, which provides 

the heat transfer coefficient fh . A uniform magnetic field 0B  

is applied in the transverse direction y  normal to the surface 

and the induced magnetic field is assumed to be small 

compared to the applied magnetic field and so neglected. The 

ambient fluid temperature and Nano particles fraction have 

constant value T  and C , respectively. Under the above 

conditions the physical coordinate system is shown in figure 1.  

 

 

 

 

Figure-1: Geometry representation of the fluid 

The governing equations [16] of the conservation of 

mass, momentum, energy and nanoparticle fraction is  

                                                                      (1) 

(2) 

                                                                                       (3) 
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The effect of the terms  ,   in equation (3) 

and (4) are very negligible even though in the absence of these 

terms results obtained are in good agreement with the results 

obtained by Ch. Janaiah et al. [16] . 

                                      

       (5) 

Momentum Equation 

                                                                                    (6) 

Equation of Thermal Energy 

 

      (7) 

Equation of species Concentration 

   

      (8) 

The Boundary Conditions for Nano Fluid flow are 

 

 
      For solving equations (5) to (8)   we introduced new 

transformations 

 ,  ,          

      (9) 

Where  represents the Stream function and is defined 

by  

  

           

                 (10) 

Using (9)  the flow Eqs.(5) - (8) become 

 (11) 

 

 
                                     (13) 

 

 

Boundary Conditions 

 

 
 

                                               

                              (14) 

 

Where the dimensionless parameters are 

Velocity Ratio Parameter A= , Nt 

=  ,   

 , Magnetic field M=   

METHODOLOGY: 

Stage 1: In the early stage, all ODEs must be converted to 

first-order ODEs. (11) - (13). 
' ' ' ', , ,f p p q t g = = = =  

             (15) 

      

(16) 

 
 

                                         17) 

In order to solve the system of ordinary differential equations 

(11)–(13).The Following steps are used. 

 • Convert the system of ordinary differential equations into a 

set of equations of the first order.  

• To solve ordinary differential equations, write the difference 

equations using the central differences.  

• Using the Newton method, linearize the algebraic equations, 

and then write them down in matrix form. 

 • Use the block tridiagonal elimination method to solve the 

linear system. Substitute the above values in equations (15) - 

(17) and write the first order ODEs into finite differences by 

using 
1 1( ) ( )

2

j j j j

j

f f p p

h

− −− −
=  transformation and 

linearize the difference Equations.  numerical procedure  
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FIG-B: FLOW DIAGRAM OF THE KELLER BOX METHOD 

 

The study investigated the momentum, energy, and 

concentration equation-governed non-Newtonian Nano fluid 

on Stagnation Flow Past a stretching sheet model, which is 

impacted by the Velocity ratio parameter, magnetic field, 

thermal radiation, , and chemical reaction. To solve the system 

of highly nonlinear ordinary differential equations, we use a 

Keller –Box Method. When fixing the values 

of , , , ,λ, . 

 Fig.3 illustrates the variation in velocity with velocity ratio 

parameter A. Velocity ratio parameter is represents the 

relation of freestream velocity to stretching sheet velocity. An 

increase in A indicates the freestream velocity is higher than 

the stretching sheet velocity as a result impeding force acting 

on the fluid will decrease, and velocity increases. Fig.4 

explains the effect of magnetic field on velocity. When the 

magnetic field's intensity is increased, a resistive Lorentz force 

is generated. The decrease in velocity profile is caused by this 

resistive force. Fig.5 shows how the Concentration profile is 

affected by the Brownian motion parameter Nb. The fluid 

molecules move randomly as the Brownian motion factor Nb 

rises, which causes an increase in the rate of fluid conversion 

and a decrease in concentration. Fig.6 examines the influence 

of Biot number Bi on temperature. The Biot number is a 

measure of how much thermal resistance there is for 

conduction inside a body compared to convection at the 

surface. As Biot number increases the resistance to conduction 

transmission is also increases, which causes the temperature at 

surface increase and thickness of thermal boundary layer also 

enhance.  
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Figure-2: Effect of  on velocity              
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  Figure-3: Effect of  on velocity  

 

I.  II.  

    Figure-4: Effect of  on concentration  
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                Figure-5: Effect of   on temperature  
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Figure-6: Effect of  on concentration              
 

Fig .7 demonstrates the influence of Lewis number on 

concentration profile. Ratio of species diffusivity to thermal 

diffusivity is denoted by the Lewis number𝐿𝑒. Increase values 

of 𝐿𝑒 species diffusivity larger than thermal diffusivity as 

result concentration profile increases. Fig. 8 illustrates the 

influence of Prandtle number 𝑃𝑟 on temperature profile. The 

ratio of momentum diffusivity to thermal diffusivity is the 

Prandtl number. An increase in the Prandtl number reduces the 

thickness of the thermal boundary layer.   

Fig.9 depicted the impact of permeable parameter 𝜆 on 

velocity curve. As size of the pores rises with growing values 

permeable parameter as a result the velocity of the fluid is 

uplift. Fig.10 shows the influence of Thermophoresis  

 

Figure-7: Effect of  on temperature  
 

 

parameter Nt on concentration curve. It indicates the 

movement of the fluid particles through a fluid under the 

effect of temperature gradient, so that the fluid particles move 

form hot zone to cold zone as a result concentration of the 

fluid increases. 
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Figure-8: Effect of on λ velocity                   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

        Figure-9: Effect of  on concentration 

 

The effects of the most important factors on skin-friction, the rate of temperature transports, and the rate of mass transports are 

also shown in Table.1

 

Table I: Numerical values of skin-friction coefficient, rate of heat and mass transfer coefficient for variation of 

 λ, . 

      λ     
0.2        1.124723 0.437428 0.437428 

0.4        0.927773 0.482356 0.482356 

0.6        0.682591 0.520818 0.520818 

 0.5       1.124723 0.437428 0.437428 

 0.8       1.205664 0.431729 0.431729 

 1.0       1.257002 0.428215 0.428215 

  0.02      1.124723 0.083755 0.083755 

  0.71      1.114723 0.437428 0.437428 

  1      1.086423 0.936415 0.936415 

   0.1     1.098723 0.437428 0.437428 

   0.2     1.124563 0.436928 0.873855 

   0.3     1.144983 0.436427 1.309281 

    0.1    1.124723 0.437428 0.437428 

    0.2    1.124723 0.435824 0.532467 

    0.3    1.124723 0.421897 0.985232 

     0.1   1.026322 0.437428 0.437428 

     0.2   0.983022 0.436986 0.436986 

     0.3   0.966225 0.436593 0.436593 

      0  1.076823 0.445125 0.445125 

      0.3  1.214038 0.423321 0.423321 

      0.5  1.296371 0.410705 0.410705 

       5 1.083220 0.437428 0.437428 

       7 1.102447 0.448628 0.448628 

       9 1.111320 0.455102 0.455102 
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Table 2: Comparison of skin-friction coefficient results for different values of  . 

 Ch.Janaiah[16] Present Values 

0.1 0.9588412405 1.202635 

0.2 0.9052341045 1.124723 

0.5 0.6533901124 0.810815 

2.0 2.0095542375 2.049775 

3.0 4.6822357889 4.832505 

 

 

                                                                                       CONCLUSIONS: 

                                     In the present paper mainly concentrated on the influence of porous medium, velocity ratio and 

convective heating parameter on steady, incompressible nanofluid flow through a non-linear stretching sheet. Using a 

numerical Keller - box technique, the main flow governing equations are resolved. The numerical outcomes for the 

concentration, temperature, and velocity profiles for the various parameters are plotted graphically and thoroughly 

discussed. The primary conclusions of this investigation are. 

➢ The velocity profiles are declines by the increasing magnetic parameter and raise by growing values of Velocity ratio and 

Permeable parameter. 

➢ The Velocity ratio parameter, prandtle number, and Biotnuber constant all make the local Sherwood number go up.  

➢ The temperature distribution flattens out as the Prandtl number increases.  

➢  For increasing permeable parameter values, the magnitude of the skin friction parameter increases while the rates of heat 

and mass transfer decrease. 
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ABSTRACT: 

                         A survey was conducted to gather information about the consumption of different types of millets 

by the people in urban areas of Mahabubnagar  district, Telangana  state.  This  paper deals the eight (8) 

different types of millets, their nutritional values, health benefits and consumption in people of Mahabubnagar 

district. The products have shown to have high nutritional values and micronutrients report also shown.  Further 

we mentioned the vernacular name, scientific name, family, uses,  nutritional value and useful in treatment of 

different health issues in human beings. In the survey it is found that many  people donot consume millets 

because of lack of knowledge about their nutritious values,  some people consume millets in case of health 

issues, some people consume millets because they have indigenous knowledge about millets. It is hoped that 

the result published will create awareness on millets and ensures that the highly  nutritious millets consumption 

is popularized world wide. As the year 2023 is observed as “Year of Millets”. 

Key words: Millets, different, survey, people, nutrition. 

INTRODUCTION: 

                        In India, millets have been mentioned in some of the oldest Yajurveda text, identifying Foxtail 

millet (Priyangava),  Barnyard  millets (Aanava) indicating that millet consumption was earlier started in Bronze 

era (4,500 BC). India is the leading producer of millet crops. It was incidental that millets were the first to be 

cultivated and also millets are the future crops.  Millets are the small seeded grasses. The people in arid region 

of the country grow and consume millets as staple food and also use as fodder.  
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                         Millets are known  as smart food because millets are good for consume because they can help to 

overcome some of the nutritional and health problems. . In fact, millets is gaining renewed popularity because it 

is versatile and easy to grow. 

                          It is good for the planet  because it survive in the hottestest driest climate, and good for the 

farmer because it have multiple uses (food, fodder and fuel) and stand in drought also. This is supported by 

literature, (Nagarajan, L. and Smale, M. (2007) “Village seed systems and the biological diversity of millet crops 

in marginal environments of India,” Euphytica, vol 155, pp.167-182. The focus on healthy eating and good 

nutrition becoming common practice in recent years. Millets is also one such ancient super food  that has been 

gaining interest in the recent past. There are different types of millets, each with their own benefits. This paper 

deals with 8 types of millets, Sorghum, Finger millet, Pearl millet, Foxtail millet, Brown top millet, Barnyard 

millet, Kodo millet and Little millet. All millets are energy diluents to formulate low calorie diets. Sogrhum and 

Finger millet and Pearl millets reduces the risk of inflammatory bowel diseases and cardiovascular diseases. 

These millets maintain certain type of diabetes and also a detoxifying agents. Epidemological studies have 

shown that diets rich in millets are protective against communicable diseases. 

                     Many rural people of Mahabubnagar district consume millets as staple food. The present survey is 

an attempt to find out the consumption of different types of millets in urban people of Mahabubnagar district 

and their knowledge about the millets. 

MATERIAL AND METHOD: 

                          The authors have conducted an extensive survey in the urban areas of Mahabubnagar  district to 

collect the information from different sources. We gather information  from shopping malls, colleges, offices, 

grocery shops, wellness centers and residential areas. Survey have been conducted  by asking qualitative and 

quantitative questions by showing  a  visual aid of the crop and sample of 8 popular millets, Sorghum, Finger 

millet, Pearl millet, Foxtail millet, Brown top millet, Barnyard millet and Kodo millet and Little millets with their 

names in Hindi and state language. The authors gather information from the literature sources about the 

nutritional values of millets. 
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RESULT AND DISCUSSION: 

                               The millets used in survey and their details are as follows. 

S.No Millets Scientific name Vernacular name Uses Health consequences 

1 Sorghum Sorghum vulgare Jowar, Jonna,Shallu, 

Great millet,Kaoliang 

Food 

Fodder 

Reduces the risk of 

diabetics, 

2 Finger millet Eleusine coracana Ragi, Hunsa,Wimbi 

Nachani 

Food Reduces the risk of 

diabetics, bowel 

diseases, weightlose 

3 Pearl millet Pennisetum 

glaucum 

Bajra,Sajjalu, Sanyo, 

Munga, Seno 

Food 

Fodder 

Cardiovascular 

diseases, weight lose, 

diabetes 

4 Foxtail 

millet 

Setaria italica Kangini, Korralu, 

Navane, Thanahal 

Kang, Kakum 

Food 

Fodder 

Reduces bad 

cholesterol,Strength 

immunesystem,stren

gthen nervous 

system, cancer 

5 Browntop 

millet 

Brachiaria ramosa Andukorrelu, Palapul 

Hari kagini, Kulasana, 

Dixie signalgrass 

Food Reduces the risk of 

heart attack, 

digestive 

system,thyroidism 

6 Barnyard 

millet 

Echinochola 

 crus-alis 

Oodalu, Sanwa,Sawan Food Ideal for weight lose 

Bad  cholesterol 

7 Kodo millet Paspalum 

scrobiculatum 

Arikelu,Varagu,Naraka 

Water couch 

Food Reduces life style 

diseases,diabetes 

constipation 

8 Little millets Panicum 

sumatrense 

Samalu, Kutki Food Rich in all minerals 

 

                 This survey indicates that people consume different types of millets with a health problem or to lose 

weight and they are searching for solution for their health problem eg Foxtail millet, Sorghum, Finger millet for 

diabetics, Pearl millet for cardiovascular diseases, Brown top millet for cardiovascular diseases, Barnyard millet 

for weight lose, Kodo millet for life style diseases, joint pain and Little millet are the sources for all minerals. 

Malleshi, N.G. and Desikachar, H.S.R. (1986) “Nutritive value of malted millet flours,” Qual. Plant, Plant Foods 

Hum. Nutr., vol 36, pp. 191-196. Some people are health conscious and they are interested in healthy life styles 
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and they have knowledge about the nutritional benefits of millets, and because of market publicity, social 

media, grand parents indigenous knowledge consume millets on regular basis. And there are some people who 

never consume millets, they don’t know about the  millets. 

               Millets are power houses of nutrition. Millets possess unique nutritional characteristics specially have 

complex carbohyderates, rich dietary fibre and phytochemicals having medicinal properties. Millets are natural 

sources of iron, zinc, calcium, magnecium, potassium, phosphorus, B6, folic acid and lecithin, thiamine, niacine 

and many more. 

Table-2                                        Nutritional composition of millets 

Grain Carbohy 

Drates(g) 

Protei

n 

(g) 

Fat 

(g) 

Dietary 

Fibre(g) 

Ca 

(g) 

P 

(g) 

Mg 

(g) 

Zn 

(g) 

Fe 

(g) 

Thiami

e 

(mg) 

Ribo 

Flavin 

(mg) 

Niacine 

(mg) 

Folic 

Acid 

(mg) 

Sorghum 67.7 09.9 1.73 10.2 27.6 274 133 1.9 3.9 0.35 0.14 2.1 39.4 

Finger 

millet 

66.8 7.2 1.92 11.2 364.0 210 146 2.5 4.6 0.37 0.17 1.3 34.7 

Pearl 

millet 

61.8 10.9 5.43 11.5 27.4 289 124 2.7 6.4 0.25 0.20 0.9 36.4 

Foxtail 

millet 

60.1 12.3 4.30 - 31.0 188 81 2.4 2.8 0,59 0.11 3.2 15.0 

Browntop 

millet 

61.37 11.5 - 12.5 28.0 276 4.2 2.5 7.7 3.2 0.27 18.5 - 

Barnyard 

millet 

65.5 6.2 2.20 - 20.0 280 82 3.0 5.0 0.33 0.10 4.2 - 

Kodo  

millet 

66.2 8.9 2.55 6.4 15.3 101 122 1.6 2.3 0.29 0.20 1.5 39.5 

Little 

millet 

65.5 10.1 3.89 7.7 16.1 130 91 1.8 1.2 0.26 0.05 1.3 36.2 

Sources: Indian Food Composition tables, NIN-2017; Nutrition value of Indian Foods, NIN-2007 

CONCLUSSION: 

                   First of all this type of survey is useful to different stake holders like Food companies ,government 

enteties, nutritionists, development organization and researches who intend to consume millets. As per the 

survey a considerable proportion of people consume millets frequently because they know the nutritional value 

and medicinal properties of millets and they want to live healthy life style. But there were reasonable 

proportion people almost never consume millets ( one or two times in a year). In that case the government 

enteties, food companies actively promote the benefits of different types of millets from social media. Create 

awareness in people through different ways of cooking millets or creating millet products. It is known that some 

modern millet foods are available in social media like Barnyard flour Kalajamun, Proso millet Shankarpala, Little 

millet Chinese fried rice, Ragi Upma pakodi, Pearl millet Rusk, Sorghum Chocolate, Ragi Bounty bars and 
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Sorghum Pani puri. The IIMR has been widely promoting the health benefits of millets and developing nutritious 

products. 

                 Government should play important role to provide healthier and diversified diet to people  by 

providing millets in affordable price. 
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Molecular techniques involving 16S rRNA gene have long been proved to be a mainstay of sequence-based bacterial 

analysis and enhance the competence of bacterial removal in drinking water and food. The main goal of this analysis was to 

reduce the time of detection of total coliforms by developing 16S rRNA based DNA markers by targeting variable region in 

the 16S rRNA gene position of V2 and V9. Coliform specific primers (189F and 1447R) were designed to amplify total 

coliform with an amplicon size of 1300 bp. The PCR product was later digested with Hind III and BseRI (restriction 

enzymes) to differentiate the type of contamination caused by fecal and non-fecal coliforms respectively. The digested 

amplicons were run on agarose gel electrophoresis and contamination levels were estimated based on the respective band 

pattern. This method can be applicable to know the coliform contamination levels of potable waters, in food and beverage 

industries within a short period of time. To our knowledge, this is the first report on newly designed primers which not only 

amplify coliform bacteria, followed by various restriction digestions of these amplicons but also provides unique band 
patterns to identify coliforms at genus level.  

Keywords: 16S rRNA, Coliform, Molecular marker, Primer design, Restriction enzymes 

Food and water contamination with coliform bacteria 

continues to be a major problem due to which global 

estimate of 1, 25 million deaths and 75 million life-

years adapted to disabilities (Forouzanfar et al., 

2016). The identification of indicator bacteria is one 

of the main ways of determining the efficacy of 

methods of water disinfection (Field et al., 2003). The 

most important indicator bacteria are Escherichia coli 

(E. coli) and other thermotolerant coliforms when 

present suggests inadequate disinfection process and 

also signify recent and regular contamination of water 

with humans and animal feces (Rodríguez et al., 

2012). Coliforms resistant to thermos (Chandra et al., 

2020), except for E. coli can reach drinking water 

through industrial waste water, pollute water and 

under soil and water degradation (Sahlstrom et al., 

2004). Culture dependent methods are too laborious 

to sort out the pathogens from the bacteria 

surrounding them (Shanker et al., 2020), therefore, it 

is exceptionally necessary to establish a dependable 

technique for prompt identification and quantification 

of the fecal pollution source independent of fecal 

coliforms being cultivated (Moore et al., 2001). A 

diversity of culture-independent molecular-based 

techniques has been developed that substantially 

boosts the speed, reliability, identification and 

quantification output of fecal sources (Okabe et al., 

2007). Classically, the approaches used are based on 

the identification and quantification of different 

genome segments of pathogen (DNA or RNA) which 

allows researchers to exclusively and quickly detect 

pathogens in a single assay (Maynard et al., 2005; 

Straub et al., 2005; Marcelino et al., 2006). Molecular 

techniques that are mostly applied are based on 

protocols of nucleic acid amplification, of which 

polymerase chain reaction (PCR) is the most 

frequently used. Quantitative PCR (qPCR) and 

Quantitative reverse transcriptase PCR (qRTPCR) are 

rapidly becoming established in the environmental 

sector (He and Jiang, 2005). Besides PCR, other 

method available to amplify nucleic acids is Nucleic 

Acid Sequence-Based Amplification (NASBA) 

(Cook, 2003; Goodwin and Litaker, 2008). However, 

these methods do not provide information about the 

infectivity of pathogen or the indicator detected or the 

level of risk for population. Disinfection of water by 

UV and chlorine treatments may reduce the numbers 

of microbial particles quantified by qPCR and qRT-

PCR, if severe treatments are applied. Nevertheless, 

the molecular techniques existing today are constantly 

being sophisticated to standardize and make them 

—————— 
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appropriate to a variety of matrices, improve their 

subtlety, time and steps that are required in analytical 

process. 

As a result, a number of potentially more biased 

methods involving sequence analysis of bacterial 16S 
ribosomal RNA gene containing "hypervariable 

regions" with considerable sequence variation among 
different bacterial species have been used extensively 

to classify bacterial species and carry out taxonomic 
studies (Choi et al., 1996; Clarridge, 2004;  

Munson et al., 2004; Petti et al., 2005; 

Schmalenberger et al., 2001; Van de Peer et al., 
1996). Generally, most bacteria contain some 

preserved stretches flanking these hypervariable 
regions, enabling PCR amplification of target 

sequences using universal primers (Baker et al., 2003; 

Lu et al., 2000; McCabe et al., 1999; Munson et al., 
2004). The nine hypervariable regions spanned 

nucleotides 69-99, 137-242, 433-497, 576-682, 822-
879, 986-1043, 1117-1173, 1243-1294 and 1435-1465 

for V1 through V9 respectively numbering based on 
the E. coli system of nomenclature (Brosius et al., 

1978). Chakravorty et al., (2007) demonstrated that 

the hypervariable regions V2, V3 and V6 contain 
maximum nucleotide heterogeneity among which V6 

is the shortest hypervariable region with maximum 
degree of sequence heterogeneity. They have also 

reported that V1 is the best target for differentiating  

S. aureus with potentially pathogenic CONS. V2 and 
V3 appeared to be excellent targets for speciation 

among the common Staphylococcal and Streptococcal 
pathogens as well as Clostridium and Neisseria 

species, with V2 especially useful for speciation of 
Mycobacterium sp. and for designing specific probes 

to detect E. coli O157:H7. V3 appears to be especially 

useful for speciation of Haemophilus sp. V6 is the 
best target for the development of specific probe-

based PCR assays to identify and distinguish the CDC 
select agents that are potential bio-terrorism agents.  

Techniques involving single variable region that 

can categorized bacterial species when present in 
single or insufficient are most commonly employed 

(Becker et al., 2004; Bertilsson et al., 2002; Kataoka 
et al., 1997; Marchesi et al. 1998; Maynard et al., 

2005; Rothman et al., 2002; Yang et al., 2002;  
Stohr et al., 2005; Varma-Basil et al., 2004). In the 

present research, focus has been put on rapid 

detection of coliforms by three main steps, First, 
collection and trapping the bacteria cells by 

membrane filter method, then the isolation of total 
genomic DNA from the trapped bacterial cells 

followed by PCR amplification by newly designed 
coliform specific primers and the third step includes 

restriction of digestion of amplified products for 
genera-level detection of coliform bacteria. The 

proposed study would be useful in evaluating the 

drinking water quality in India's rural and urban areas 
in terms of bacterial pollutants that are responsible for 

high risk of infection. Observations on the assessment 
of drinking water quality and data on human health 

scenarios in this area have been reported and further 

research on the health issues of people consuming 
polluted drinking water is needed to monitor the 

effect of such water on people. Accordingly, given the 
importance of these hypervariable regions in 16S 

rRNA in the detection of coliforms, the current study 
was used to develop new coliform specific primers 

and AFLP analysis for both rapid detection of 

pathogens in water and food that would minimize the 
detection time. 
 

Materials and Methods 
 

Standard Cultures 

Standard strains used for the present study were 

procured from Microbial Type Culture Collection 

(MTCC), Chandigarh, India. These include 

Escherichia coli MTCC 1687, Enterobacter 

aerogenes MTCC 111, Klebsiella pneumoniae MTCC 

3384, Citrobacter freundii MTCC 1658, Serratia 

marcescens MTCC 97, Yersinia enterocolitica subsp. 

enterocolitica MTCC 4857 (Fig. 1).  
 

Collection of water samples 

Water samples were collected from two different 

reservoirs i.e. Ramanpadu and Koilsagar of 

Mahabubnagar, Telangana state, India. The samples 

were collected in 1 L sterile water bottle, labeled with 

all required details like the source of water, time and 

date of sample collection (Shanker et al., 2019; 

Volokhov et al., 2007). The collected samples were 

 
 

Fig. 1 — Standard cultures of coliform bacteria from MTCC 
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then transported to research laboratory, Department of 

Microbiology, Palamuru University, Mahabubnagar 

under cold stored conditions, protected from light 

within 6 h of its collection for further studies.  
 

Membrane filtration 

Bacterial cells were collected by filtering 100 mL 

of water sample by using vacuum manifold through 

polycarbonate filter with 47 mm diameter, pore size 

0.2 µM. To avoid possible contamination, the entire 

process was performed in a laminar flow unit 

(Fatemeh et al., 2014). 
 

Extraction of DNA from Cultures 

Trapped bacterial cells were used to extract 

genomic DNA using commercial kits (Hi Media 

column based DNA extraction kit) as described 

previously (Pindi et al., 2013). To ensure efficiency 

and suitability, the Nano Drop (thermofisher) method 

was used to test 5 µL of the extracted DNA by 

electrophoresis on 1.5 % agarose gel in 1X TAE 

buffer and the consistency and quantity of the DNA 

was determined. 
 

Primer Designing and PCR amplification 

Primers were designed by using 150 different 

group of bacterial 16S rRNA sequence downloaded 

from Ribosomal data base and multiple sequence 

alignment was performed by a CLC sequence viewer 

8.0 program to define the area of high variable target 

priming within the gene. In silico the designed primer 

were tested by software www.bioinformatics.org. The 

oligonucleotide primers Coliform Specific Forward 

(CSF) 189F– 5 AAYSTCGCAAGAAGWGG 3  

and Coliform Specific Reverse (CSR) 1447R 5 

TGAATCACAAGTGGTAGCGC 3 have been used 

to assess the specificity of the PCR primers (as shown 

in Fig. 2) and coliform and non coliform bacterial by 

using standard cultures. PCR reaction, each 20 µL 

PCR reaction contains 10 µL of Master Mix (KAPA 

SYBR FAST qPCR Master Mix (2X) Kit), PCR grade 

water 7 µL, 5 pmol of forward primer 1 µL, 5 pmol of 

reverse primer 1 µL, DNA template 30-50 ng  

1 µL were used for the amplification reaction 

(Martineau et al., 1998). 
 

Optimization of annealing temperature of primers 

Gradient PCR with annealing temperatures ranging 
from 51C to 57C were performed to optimize the 
annealing temperature (Fricker and Fricker., 1994). 
PCR cycle, denaturation, annealing and extension 
were carried about at 95C for 5min, 51.4C for  
30 sec, 72C for 1min respectively and this was 
repeated for 30 cycles. Final extension for 2 min was 
performed at 72C. The PCR sample (product) was 

 
 

Fig. 2 — Coliform specific primers (A) Forward; and (B) Reverse 
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analyzed in 1X TAE buffer by gel electrophoresis of  
5 µL of the amplified DNA via a 2 % agarose gel  
Bio Rad (Jothikumar et al., 2003). The drug band 
identification was developed using the 100 bp (NEB # 
B7025, Biolabs) DNA ladder molecular weight 
marker (Figs 3-6). 
 

2.7 Restriction digestion of the amplified products (Total AP 

with RE): 

Restriction digestion of the amplified PCR 

products was performed at a volume of 10 μL of PCR 

product, 2.0 µL of 10X digestion buffer, 1-2 µL 

HindIII (Thermo Scientific, India) and BseRI  

(Bio Labs, New England) Restriction enzymes and 

7.0-8.0 μL Nuclease Free Water, total volume 20 µL. 

Then the samples were incubated for the digestion  

at 37°C in a water bath for 1-2 h. They were loaded 

on to the 2.0 % (w/v) agarose gel electrophoresis gel 

after the PCR products restriction digestion and 

operated at 60 V for 1-2 h. Finally, the bands solved 

under the BioRad gel doc method were observed. 

 
 

Fig. 3 — Optimization of primer annealing temperature M= Marker, A=51.6C, B= 51.4C, C=51.2C, D= 51.0C. In Silico finding of 

restriction sites 
 

 
 

Fig. 4 — Restriction map of PCR product 
 

 
 

Fig. 5 — Alignment of 5 coliform bacteria with (A) BseRI Restriction site; and (B) HindIII Restriction site 
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Results 
 

PCR-AFLP 

The coliform specific PCR method was used for six 

genera of MTCC standard coliform cultures. Genomic 

DNA of standard strains and the heterologous DNA 

isolated from 4 different potable samples were 

subjected for PCR amplification and purified by  

using gel elution kit. Genomic DNA was isolated 

(Pindi et al., 2013) from the six pure cultures of 

Escherichia coli MTCC 1687, Enterobacter 

aerogenes MTCC 111, Klebsiella pneumoniae MTCC 

3384, Citrobacter freundii MTCC 1658, Serratia 

marcescens MTCC 97, Yersinia enterocolitica subsp. 

enterocolitica MTCC 4857 of MTCC culture bank, 

Chandigarh.  

The extracted DNA was amplified with newly 

designed coliform specific universal primers 189 F` 

and 1447 R` and the produced PCR product was run 

on an agarose gel of 1 percent and the expected 

product size of 1298 bp was observed using WEB  

100 bp ladder (Fig. 6). Six-sample PCR products were 

purified with the use of gel elution kit (HiPurATM 

fast gel purification kit-MB539-20PR). The purified 

products were then digested with respective 

restriction enzymes like (NEB) BseRI, HindIII,  

to determine the amplified fragment length 

polymorphism (AFLP) that can be used to identify 

specific coliform bacteria. The coliform specific PCR 

products were digested with several restriction 

enzymes (Abtahi et al., 2008; Khatib et al., 2002) 

which is in accordance with the present work. 

Restriction enzyme HindIII showed specific 

restriction digestion with E.coli whereas, BseRI is 

present in C. freundii, E. aerogenes, S. marcescens, Y. 

enterocolitica and absent in E. coli (FigS 7 and 8). 
 

Discussion 
PCR method has been frequently documented  

for the identification and discernment of microbes  

in foods, soils, and sediments, while its application  

in drinking water is very recent (Trevors and van 

Elsas, 1995). Sequence analysis of preserved 

"household" genes i.e., 16S rRNA sequences of 

bacteria is currently well known for the study  

of phylogenetic relationships and the identification  

of bacterial species according to their divergence  

and the creation of determinative hybridization 

 
 

Fig. 6 — Testing of new coliform primers with standard cultures: M= Marker, A= Citrobacter freundii, B= Enterobacter aerogenes,  

C= Escherichia coli, D= Klebsiella pneumonia, E=Serratia marcescens, F=Yersinia enterocolitica, C1 & C2=Negative Control, G, H, I & 

J=Field water samples-1, 2, 3 & 4, K= Positive control 

 

 
 

Fig. 7 — Restriction digestion of PCR product of 1300 bp: M=Marker, A=BseRI, B=HindIII, C= Control, A+B=Restriction digestion of 

A & B 
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samples in clinical practice and scientific research 

(Amann et al., 1995, Clarridge, 2004, Petti et al., 

2005). It has been difficult to develop coliform 

primers since this category, as described by the  

water industry, is large, containing several genera  

that excludes some closely related groups. As a result, 

the primers must be accurate enough not to identify 

non-coliforms relevant to phylogenetics (Bej et al., 

1990, 1991). 

The present study was aimed to reduce the 

detection time of coliforms by developing 16S rRNA 

based DNA markers by targeting variable region in 

the 16S rRNA gene position of V2 and V9 coliform 

specific primers (189 F and 1447 R) and to amplify 

total coliform with an amplicon size of 1300 bp. 

These primers were developed by using the tool CLC 

sequence viewer 8.0 and has shown unique specificity 

towards coliforms when compared with coliform and 

 

 

Fig. 8 — Restriction digestion of 1500bp PCR product of (A) Citrobacter freundii and Escherichia coli; (B) Enterobacter aerogenes and 

Klebsiella pneumonia; and (C) Serratia marcescens and Yersinia enterocolitica 
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non coliform bacterial species by using online 

bioinformatics software www.bioinformatics.org. 

There are enough reports that show the importance of 

these variable regions in the identification of 

microbes. It is known that E coli are characterized by 

single nucleotide polymorphism (SNP's). O157 Sakai 

coli strains K-12 MG1655 were present in the V1, V2, 

V6 and V9 vector regions (Johnson et al., 2019). 

Kataoka et al., and Stackebrandt et al., previously 

described that such hypervariable regions are ideally 

suited for the design of Streptomyces sp. recognition 

probes. (Kataoka and others, 1997; Stackebrandt and 

others, 1991). V2 region average length was 100 bp 

which was the target region for primer designing  

for coliform, V2 can distinguish between the closely 

research showed that the initial 500-1500 bp sequence 

of 16S rRNA was adequate to differentiate between 

bacteria (Clarridge, 2004). These 16S rRNA 

hypervariable regions were also useful in detecting 

bacterial species by PCR techniques and concluded 

that the V4 and V5 region was functional 

(Schmalenberger et al., 2001). Similarly in other 

studies V3 and V6 regions were amplified to identify 

Escherichia coli O157:H7, Klebsiella pneumoniae, 

Serratia marcescens, and Yersinia pestis, when 

distinguishing between the closely related 

enterobacteriaceae, V3 seemed better than V2. 

Pneumoniae, E. Chakravorty et al. (2007). Kerrigan  

et al. amplified the hypervariable V4 and V6 regions 

of the 16S rRNA gene and clustered 97 percent 

associated sequences into taxonomic operating units 

(OTUs) to check for diversity and population 

composition. The OTU richness with the V6 tag is 

much higher than with the V4 tag, and consequently 

the OTU-level group composition between the two 

tags is very different (Kerrigan et al., 2019).  

Every mismatch, irrespective of its location within 

the primer sequence, will result in a decreased thermal 

stability of the primer-template duplex, thus 

potentially affecting PCR specificity. However, 

mismatches located in the 3′ end region (defined as 

the last 5 nucleotides of the 3′ end region) of a primer 

have significantly larger effects on priming efficiency 

than more 5′ located mismatches, (Kwok et al., 1999, 

Bru et al., 2008, Christopherson et al., 1997,  

Klein et al., 2001, Whiley and Sloots 2005) since 3′ 

end mismatches can disrupt the nearby polymerase 

active site (Johnson and Beese 2004; Beard et al., 2004). 

Amplification of conserved sequence region of 16S 
rRNA in different coliform bacteria by newly 

designed coliform specific PCR technique was sent to 
DNA sequencing. However, in this method only one 
set of primers and eight restriction enzymes were used 
for the detection of 6 genera of coliforms instead of 
using probe or sequencing. Restriction enzymes were 

selected so that they should have unique restriction 
site length that differ from coliform bacteria, 
moreover these should not possess common 
restriction sites for coliform bacteria. Restriction site 
for BseRI RE enzyme for coliform 451 but same  
site for Bacillus licheniformis 677, Clostridium 

perfringens 643, Campylobacter fetus 1156, Erwinia 
amylovora 847, Proteus mirabilis 1024, Mycobacterium 
tuberculosis 754, baceroid cysticercosis 1449, 
Lactobacillus delbrueckii 688, Ralstonia 
mannitolilytica 79, Azotobacter chroococcum 76, 
Micromonospora halophytica 733, Acetobacter 

pasteurianus 201, Agrobacterium vitis 81. HindIII site 
466 for Escherichia coli, Clostridium botulinum 62, 
Bacillus subtilis 542, Enterococcus faecalis 1 296, 
Morganella morganii 70, Staphylococcus epidermidis 
1117, Mycobacterium smegmatis 199, Bacteriod 
esoleiciplenus 577, Corynebacterium diphtheria 437, 

Bacillus megaterium is at 68, Arthrobacter citreus 
195, Campylobacter fetus 65 position. Restriction 
digestion of this region by different restriction 
enzymes showed different restriction patterns with 
MTCC standard 6 genera of coliforms as well as local 
isolates of different drinking water samples. No 

specific changes have been observed in restriction 
patterns of local isolates in comparison with MTCC 
bacteria of coliforms, and not amplified any other 
bacteria as taken as controls. Therefore, coliform 
specific PCR followed by restriction digestion could 
be considered as a simple, sensitive, and swift method 

for the detection and identification of coliform 
bacteria (Girones et al., 2010; Martineau et al., 1998). 
Nested PCR protocols have been used to detect  
E. coli. in drinking water, (Juck et al., 1996) and  
some pathogens (Delabre et al., 1997), while Waage 
et al. (1999a, b) used them to detect low numbers  

of Salmonella spp. and Y. enterocolitica cells  
in water.  

Interestingly, when BseRI and HindIII restriction 
enzymes were able to differentiate the contamination 
level of water by fecal coliform and non fecal 
coliform contaminants, HindIII shown only one 

specific band patterns of Escherichia coli, a fecal 
coliform and BseRI cut the bands in 4 genera of non 
fecal coliforms such as Citrobacter freundii, 
Enterobacter aerogenes, Serratia marcescens, 
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Yersinia enterocolitica as shown in the (Figs 3 & 4 
and Tables 1 & 2). However, it is noted that the 
combination of restriction enzymes such as AflIII, 

BssHII, ClaI, DraI, DraIII, HpaI, NdeI, NsiI, and SalI 
differentiated the amplified products successfully, 
including E. coli, S. marcescens showed identical 
AFLP patterns which reflected the similarity of the 
16S rDNA gene sequences for these two species 
(Okhravi et al., 2000). 

The present study showed that it is possible to  

use molecular assays to detect total coliforms in 

drinking water despite the high genetic variation of 

the total coliform community. Molecular assay 

techniques involving 16S rRNA have demonstrated  

to be precise and highly suggested over culture 

dependent methods (Maheux et al., 2008). The  

overall time required to perform the entire process 

including direct DNA extraction from filters  

was found to be in 3-4 h which is remarkable 

compared to the conventional methods which takes 

two to three days for the identification of bacteria. 

These obtained results and this approach can be used 

by the personnel who are responsible for water quality 

to inform and take decisions about public health and 

water quality management (USEPA.1989). 

 

Conclusion 

Detection of coliforms in water and food is an 

important environmental issue because of health 

problems that can be involved. In the present study 

we have designed novel coliform specific primers 

which could prove to be a rapid and sensitive 

approach (PCR-AFLP) based on gene amplification. 

Investigation of microbial communities at taxonomic 

levels aims to provide a quite different viewpoint to 

that given by abundance estimates at the genus level. 

Use of these newly designed primers and specific 

restriction digestion enzymes will provide a great 

platform for rapid detection, identification of 

coliforms with high sensitivity, specificity and its cost 

effectiveness. 
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Table 1 — Band pattern length 

 Citrobacter 

freundii 

Enterobacter 

aerogenes 

Escherichia Coli Klebsiella 

pneumoniae 

Serratia 

marcescens 

Yersinia 

enterocolitica 

BseRI 

(gaggag) 

 

277/1023 

 

277/1023 

 

X 

 

X 

 

277/1023 

 

277/1023 

HindIII 

(aagctt) 

 

X 

 

X 

 

466/834 

 

X 

 

X 

 

X 
 

Table 2 — Band pattern length with 8 restriction enzymes 

 Citrobacter 

freundii 

Enterobacter 

aerogenes 

Escherichia Coli Klebsiella 

pneumoniae 

Serratia 

marcescens 

Yersinia 

enterocolitica 

BamHI 

(ggatcc) 

 

X 

 

X 

 

X 

 

X 

 

X 

 

X 

Bsp119I 

(ttcgaa) 

 

X 

 

628 

 

X 

 

623 

 

X 

 

X 

Bpil 

(gaagac) 

 

X 

 

X 

 

741 

 

X 

 

742 

 

X 

SexAI 

(gaattc) 

 

X 

 

X 

 

972 

 

969 

 

X 

 

X 

EcoRI 

(gaattc) 

 

662 

 

665 

 

663 

 

660 

 

664 

 

647 

HindIII 

(aagctt) 

 

X 

 

X 

 

637 

 

X 

 

X 

 

X 

pfeI 

(gawtc) 

 

1326 & 1463 

 

1329 & 1466 

 

1327 & 1464 

 

1324 & 1461 

 

1328 & 1465 

 

1312 & 449 

NspI 

(rcatgy) 

 

47 & 939 

 

50 & 942 

 

46 & 1464 

 

47 & 937 

 

47 & 941 

 

30 & 924 
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