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HEAT TRANSFER IMPACTS ON CASSON FLUID FLOW
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and Dr Ch Vijaya Kumari*
I Department of Mathematics, S.S. & N. College, Narasaraopet- 522601, A.P. (INDIA)
2Department of Mathematics, Andhra Christian College, Guntur- 522001, A.P. (INDIA)
3Department of Chemistry, S.S. & N. College, Narasaraopet- 522601, A.P. (INDIA
“*Department of Physics, S.S. & N. College, Narasaraopet- 522601, A.P. (INDIA)
“E-mail: lathabyneni@ gmail.com
Introduction

Ahmadi and Gerold[1] studied on the influence of flow rate, flow behaviour, and
particle attention on the heat transfer coefficient of a CuO/water nanofluid each experimentally
and theoretically and proved enormous enhancement in the heat transfer coefficient relative to
the low concentrations. Buongiorno [2] proposed an alternative rationalization for the
extraordinary heat transfer coefficient increases. Hady et al.[3] explored with the flow and heat
transfer characteristics of a viscous nanofluid over a nonlinearly stretching sheet in the presence
of thermal radiation, covered in the energy equation, and variable wall temperature.Nadeem et
al. [4] introduced the modelling of a two-dimensional Williamson fluid for a stretching
sheet.Hayat et al. [S] modelled and analyzed by the usage of Rheological expressions of
Williamson fluid , the consequence of chemically reactive flow of nanomaterial, involves

thermophoresis and Brownian motion.

The intention of the present work is to attain a numerical solution to the boundary layer
flow, heat and mass transfer of nanofluid over a cylinder with first order velocity and
convective conditions by means of the use of the fourth-order Runge Kutta integration scheme

along with shooting process.
Mathematical Formulation

A regular two-dimensional laminar incompressible boundary layer flow of a Casson

Williamson fluid flowing upon a stretching cylinder with thermal radiation is regarded in this
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study. Let U,(x)= “x”be denote the velocity of the surface, here @ > 0 is a constant quantity

and/ is the characteristic length.
2(uf + Py\/27r)eij

Tl =
Yy
2(;1/, +Py«/2m)eij T <7me

T >

In the above equation g ze‘j e[j and eij denotes the (l’ J ),h component of the
deformation rate, 77 be the product of the component of deformation rate itself, "¢ be a critical
value of this product based on the non-Newtonian model, yf be the plastic dynamic viscosity
of the Casson fluid and Py be the yield stress of the fluid.

The governing equations of the fluid flow can be written as

ox or 6))

ou  ou 1\ou lou T (ou) ouodu| oB;
p—+v—=0 || 14= |4 —| = | + == |-—2u
ox or Blort ror 2r\or or or* oy @)

( or arj a a( ar) oC oT D,(@le
U—+v— |==—|r—|+7| D, ——+=L| —
ox or r or\_ or oror T, 6\or
— —li(rq,)+y(@] +o B’

(p('},)f ror oy

where and Vare the components of velocity of the fluid in the ¥>Y ~ axes respectively, the

©)

Hy
Uf:_

electric charge density is o, the magnetic induction is B, , P’ is the kinematic viscosity of

the fluid, Hris the dynamic viscosity, the density of the fluid is Prand T is the surface
temperature parameter. The temperature on the wall is T, and Cuis the concentration of the
wall, Uy is the stretching velocity, U. is the free stream velocity and the ambient is held at

constant temperature T, and constant concentrationcn,‘ir is the radiative heat flux. The
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a=

thermal diffusivity is (p(” )f , the ratio between the effective heat capacity of the

PC,

C
nanoparticle material and heat capacity of the base fluid is (p s )f

>

u=U,(x)+ 1+l a_u v=0, —kﬁ:hf(TM-T), atr=R,
ﬁ 0r 61’ . (5)

u—>0, I'>T, 6 asr—>»

9 is the radiative heat flux and by using the Roseland approximation it is written as:

—4o, oI

"k, o

(6)
Where 75 the Stephen Boltzmann constant and the mean absorption coefficient are is k. .

4 . . s . . .
The term 1™ | is written as a linear combination of temperature. Taylor series may be used

forexpanding I’ * about a free stream temperature L and deleting terms of higher-order, we

obtain:

T* = 47°T -3T"

()
Then the radiation term in equation (3) converted to the following form
dq, _ 1601} O°T
5 2
or 3ke or (8)
Substituting equations (6) and (8), equation (3) gets modified as
or or 6o, 1’ |0°T 1 160,17 |oT
U—+V—=la+—F"F |+ a+t—F" | —
ox or 3ke( pC, )f or- r 3k, ( pC, )/ or
{D I Dy (1) } Y [,,g) B]
oror T, \or (C); r )
1oy 1oy
w(x,r) s Sy ] S
Let >")be a stream function in the flow field. Here 7 or r ox
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Theequationof continuity (1) is satisfied by the above functions.

The suitable similarity transformations are considered as:

a (r-R? av, T-T
= |— = l—=%R ,6 = x
n ’/u_,[ 55 J,U/ 7 xRf (n),0(n) T T

~ 2 3 _
Ne=eD, e~ te Npogp, Ce=Co py OBl gy _f0d. p O

Lo, vy Pt kk 2 (10

o0

Using these similarity transformations, the governing equations (2), (3) and (9) aretransformed

into the following form:

[1+%J(1+2m])f"'+ n[2+%]f'urﬁ'"—f'z—w'

+ E(1 +2m) nAf "+ A1+ 20m) £ " =0
? (11
a +§Rd)((l +2m7)6"+2n0")

+Pr(f0'- £'0+ Ecf " +M Ec £ *+(1+2m7)(Nb0' '+ Nt 6")) =012

Here 7 is the Curvature parameter, M is the Hartmann number, the radiation parameter is Rd
,Pris the Prandtl number, ¢ is the Schmidt number, the thermophoresis parameter is N, Nb

are the Brownian motion parameter and 4 Wiesenberger number. Now the boundary

conditions become to the following form:

S(0)=0,7"0)=1+e [l +é]f "(0),6'(0) =-Bi,(1-6(0)),

at n=0,
J'(7)—>0,0(n) >0, as n -0

(14)
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r ’a h lv,
a, :E K Bll — _f£ Sl
Where / the first-order velocity is slip parameter, k r\ a is the
v
Bi, _k R ,_f
thermalBiot number D, r\ @ is the concentration Biot number. The skin

Nu Sh,

frictioncoefﬁcienth , the local Nusselt number """~ and the local Sherwood number
arestudied. These parameters denote the surface drag, wall heat transfer rate and mass

transferrate respectively. The definitions of these quantities are given by:

= 27“'1 N L.
U, k(T,-T,) (15)
1 ou 160.1° \(oT
T, = Lepees /u/ = ,q“.:—k 1+ —_— s
In which B or ), 3kk \or) .
or
qm = _D[} [E)
s (16)

While the non-dimensional definitions of skin friction coefficient, Nusselt number

andSherwood number are written as:

Reé C, =|1+ l] £7(0),Nu, Re;; - —[1 X i1«1)6)’(0),
B 3 17)

re - Un(@)x

%

Where Yy s the local Reynolds number?
Results and Discussion

This study analyzes the impacts of the important physical parameters on dimensionless
velocity, temperature distribution, and non-dimensional concentration profiles with the help of
the graphs and tables. To obtain the desired accuracy, we have compared our results with
previously published results by Gnaneswara Reddy et al. [6].Our results agreed with the
previous results as illustrated in Table 1The following values are taken for important

parameters in calculation.

M=Rd=q5 %= Bi_ Bi,_B_ Ni— Nb= A=0.1, Pr=3 Sc=10,n=0.12
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Table 1: Comparison of values of Skin friction coefficient =/"(0) with previous results, when

Pr= 0= Bi_ Bl _Ni = Sc= Rd= B= A=0, Nb=0000001,n=0.12

M Gnaneswara Reddy et al. [22] Present results
0 -1 -1
0.5 1.1180331 1.1180332
1.0 1.4142135 1.4140133
5.0 2.4494896 24414678
10.0 3166241 3166231

0.45

M =0.1,0.2,0.5,0.8

8]

Y]
N

6

Fig.2 Influence of M on velocity profile.

Fig.2 exhibits the decreasing nature of the velocity profile J'(1) and also the boundary

layer thickness for higher values of M . This indicates that the increase in M helps to thin of

the boundary layer. The velocity profiles exponentially reduce to zero at shorter distances from

the sheet for growing values of M .
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n=04,0.6,1.0,1.5

0.05

0!

Fig.3 Influence of " on velocity profile.

[

Fig.3 shows the impact of the curvature parameter on non-dimensional velocity

distribution./'("7) | A rise in the curvature parameter results , decrease in the nondimensional

velocity. Resistance force is created by the magnetic field on the fluid in the boundary layer.

This force causes restriction to the motion of the fluid. So the magnetic parameter reduces the

dimensionless velocity.

0.6

0.5

0.4

3=05,018,1.218

Fig.4 Influence of £ on velocity profile.
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Fig.4 explicates the increasing nature of velocity profile for rising values of Casson

fluid parameter.

0.6

0.5

04

A=0.5,1.0,1.2,15

0.1r

Fig.5 Influence of 4 on velocity profile.

Fig.5 illuminates the effect the Wiesenberger number 4 on velocity profile. It depicts

the velocity profile increased with the increment of 4 .

0.3 T T T

0.25

['(n)

0.15

o = 0.5,0.8,1.0,1.5

0.1

0.05

Fig.6 Influence of % on velocity profile.
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Fig.6 explains the influence of first-order velocity slip parameter on the dimensionless

velocity proﬁlef ‘(") The dimensionless velocity profile J'(1) decreases with increasing

values of the first-order velocity slip parameter %,

0.6

0.4

M =0.1,0.3,0.5,0.8

0.1

Fig.7 Influence of M on temperature profile.

Fig.7 represents the impact of the magnetic parameter on energy distribution. The effect
of magnetic field reduces the fluid velocity whereas it intensifies thermal boundary layer
thickness. Thermal energy is defined as an additional work done required for dragging the fluid
under the influence of the magnetic field. Thermal energy heats up the conducting fluid and
upgrades the temperature profile. Thus, the magnetic field in the flow regime intensifies the

thermal boundary layer thickness.
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0.6

0.4

Nt=1.0,1.2,1.5,1.8

02

7

Fig.8 Influence of N on temperature profile.

Fig.8 exhibits the influence of the thermophoresis parameter on temperature profile.

The energy distribution grows with increment in the values of the thermophoresis parameter.

a, K =0.5,0.38,1.0,1.5

Fig.9 Influence of % on temperature profile.

nt

The impact of first-order velocity slip parameter on temperature profile is explained in

Fig.9, the temperature rises with a rising in first-order velocity slip parameter.
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0.4

0.1

Fig.10 Influence of B on temperature profile.

Fig.10 exhibits the influence of Casson fluid parameter on temperature profile. There

is a decrease in temperature profile for increasing values of Casson fluid parameter.

BiI =0.5,0.8,1.2,1.8

Fig.11 Influence of Bi, on temperature profile.

Fig.11 represents the influence of thermal Biot number on temperature profile. There

is an increment in temperature profile for increasing values of thermal Biot number.
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Pr=0.1,1.0,1.5,2

n
Fig.12 Influence of P on temperature profile.

The impact of Prandtl number on the thermal boundary layer is drawn in Fig.12 the
Prandtl number is a material property. This number varies from one fluid to another fluid. It is
inversely proportional to thermal conductivity and directly proportional to viscosity. Increasing
values of this number reduce the thermal diffusivity. Consequently, the heat flows below the

fluid. And the thermal boundary layer thickness reduces with growing values of
5 CONCLUSION

In the present chapter, the numerical investigations have been carried out the boundary
layerflow, heat transfer of Williamson Casson nanofluid over a cylinder with first-order

velocity slip,thermal and concentration Biot numbers. Discussion about the impacts of different

emergingparameters on velocity profile J'G), temperature distribution O(1) | theskin friction
coefficient, Nusselt number is done with the help of plotsand numerical results are tabulated.

The key observations of this studyare shortly written as:

1.Thenvelocity intensifies with increasing values of Casson parameter, Weissenberg number
and a reverse behavior is found to be true with increasing values of Magnetic parameter,

curvature parameter, first order velocity slip parameter.

ISSN NO: 0022-1945

Page No: 83
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2. The temperature intensifies with increasing values of the magnetic parameter,
thermophoresis parameter, first order velocity slip parameter, thermal Biot number, Radiation
parameter. While the opposite nature is traced out with the growing values of Casson

parameter, Prandtl number, Weissenberg number.
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Abstract: In this paper, we introducing fuzzy neutrosophic supra first countable (FNS - FCS),
fuzzy neutrosophic supra second countable (FNS- SCS) and fuzzy neutrosophic supra compactness
(FNS- compactness), fuzzy neutrosophic supra Q* - compactness (FNS - O - compactness) in
fuzzy neutrosophic supra topological space (FNSTS). we derive the union of two FNS — compact

spaces is also FN'S — compact space and similarly the union of two FNS -Q* - compact spaces is

also FNS - OQ” - compact space. Also we define some theorems using finite intersection property

and productive property. Finally we observe that our notions preserve under one — one, onto and
continuous mapping.

1. Introduction: In 1965, Zadeh [9] introduced the notion of fuzzy sets. The study of fuzzy topological
spaces was first initiated by chang [4] in 1968. K. Atanassov [8] introduced the notion of intuitionistic
fuzzy sets (Ifs) in 1986. Later Coker [5,6] introduced intuitionistic fuzzy topological space. In 1983[2],
Mashhour et al. introduced the concepts of supra topological spaces, supra open sets& supra closed sets.
Later on 1987, ME Abd El-Monsef et al [10] introduced the concept of fuzzy supra topological as a
natural generalization of the notion of supra topological spaces.

In 2002, Florentin Smarandache [15] introduced the extend the IFsets into Nsets. Nset is
classified into 3 independent functions. In 2012, Salama, Alblowi [1,13,14] introduced the NTY. NTSs are
very natural generalizations of FTSs. In 2014, Salama, Smarandache and valeri [14] introduced the
concept of neutrosophic closed sets and continuous functions. Dogen Coker [3,7]& Bayhan introduced
Fuzzy-compactness in IFTSs. In 2018,2019,[11,12] Md.Aman Mahbub introduced some properties of
compactness in IFTSs and On Q-Compactness in IFTSs.

In this paper two definitions of FNS - compactness in ‘fuzzy ‘neutrosophic supra ‘topological
‘space and some of their features are defined.

Conlem from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
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2. Preliminaries:
2.1. Definition:[15]Let X be a nonempty set and P is a fuzzy neutrosophic set (FNS) is an object having
the form P = {(l,TP(I), (), F,(0):1e X}.where the functions

To: X >0, I,:X —>]0l7, Fo: X >0l

denote the degree of membership function (7, (l )) . the degree of indeterminacy function (I, (l )), and the
degree of non membership ( FP(I )) respectively, each element / € X to the set P and
0<T,()<1,(I)< F,(I)<1". foreach / € X .

AFNS P= {(/,Tp(l), L()E, (1)> e X} can be identified to an ordered triple
(1,T,,15,Fp)on T 01" onX.

2.2. Definition: [1,15] Let X be a nonempty set and the ‘FNSs P & R be in the form
P={L.T,0) () F,(1):1 € X} & R={1, T,() I, (1)} F (1)) :1 e X} inX

1. COP)={1-T,()1-I,()1-F,())):l e X}

o

. PC R T,(1) < Ty (1), 1,(1) < I (1), Fp(1) = Fi(), forall 7€ X,

3. P_R:{(l’TP(l)/\FR(/)’IP(])/\(l_IR(/))’FP(/)VTR(]»:IGX}

~

0P ={1.5,() 1, (N -T,(1)): 1 € X}

wn

(OP={L-F 0 L0V E(): 1 e X)
6. 05y =(7,0,0,)and 15, =(7,1,1,0)

2.3. Definition: [15] Let {PJ :jek }be an arbitrary family of FNSs in X, where
P = KI,TPJ (1)1, (). Fy, ()1 € X } then
L AP = (1A Ty DA ey (O o Fr () -1 € X

JeK P,

2 tu:{<I,vﬁKTa(]),v I (I),/\JeKFPl(I)>:IeX}

2.4. Definition: [13,17] A fuzzy neutrosophic supra topology (FNST), Let X be a nonempty set & 7" be a
family of FN'S subsets in X, satisfying the following axioms.
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Opyslpy €7
UM, et VM, ieK}ct”

In the pair, (X 5 r“)is said to be a Fuzzy neutrosophic supra topological space (FNSTS) and any FNSS in

7" is known as Fuzzy neutrosophic supra open set (FNSOS) in X. The element of 7* are called FNSOSs.
The complement of FNSOS in the FNSTS (X 3 z'") is called fuzzy neutrosophic supra closed set
(FNSCS).

2.5. Definition: [3] Let M and N are IFSs on X and Y. Then the product of IFSs M and N denoted by
M x Nis defined by M x N ={(r,1),T,, x T,, F,, x Fy, }where (T,, x T, )(,¢) = min T, (r),T},(z)) and

(£, x Fy Xr,t)=max(F,,(r), Fy, (1)) for all(,7) € X x Y . Obviously 0 < (T, x Ty,) + (Fj, x Fy) < 1.
This definition can be extended to an arbitrary family of IFSs.

2.6 .Definition: [3] Let(X,,Y,),i =1,2 be two IFTSs. The product topology 7, x 7,0n X, x X,is the IFT
generated by {p;”
IFTS {X, x X,,7, X7, } is called the product IFTS of (X,,Y,),i =12 . In this case

S={p;'(V,):V, er,,ie K}isasubbaseand B={V,xV,:V, €7,i=12} is base for 7, x 7,in X, x X,

'(V):V, et,,i =12} where p, : X, x X, — X,,i =1,2 are the projection maps and

I

M2

2.7. Definition: [14] (i) If M =(T,,,
W (M), isa NS inX defined by /™' (M) = (™ (T, ), k™ (1, )07 (F,,)) -
(i) If N= <Ij\,,1A\,.,E\,>is a NS in X, then the image of N under /4, denoted by #(N), is a NS in Y defined

by i(N) = </1(]:\,. ), (1 ,).h(F, )> .

F, ”> isa NS on Y, then the preimage of M under /4, denoted by

2.8 .Definition: [14] Let (X,r“),(Y,o"’) be FNTSs. A function /: X — Y is called neutrosophic
Continuous, if #™(M) € ¥ for all M € c*and h is called Neutrosophic Open, if #(N) € o* for all
Net”.

2.9. Definition. [16] A collection 8 of NS on a set X is called basis ( or base ) for a NTS on X, if

(1) For each py, € X, there exists £ € $suchthatpy, € E,
(i)  If py € E,NE,, where E,E, € Sthen 3E; € Isuch that py, € E, C E, NE,.

2.10. Definition: [11,12](i) Let (X,7") be aNTS and E be a NS on X. If a family
{<],TEJ,IEJ,FE,>:] € K} of NOSs on X satisfies the condition, U {<1,TEl,151,FE, > :leK}=1, ,thenit

is said to be a neutrosophic open cover of X. A finite sub family of neutrosophic open cover
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{<],TE g Fy > :1 € K} of X, which is also NOC of X is called a finite sub cover of
{1.T;.1;,Fy ):1€K}.

3. FNS - First and Second countable space in FNSTS
3.1. Definition: AFNSTS (X, 7")is called fuzzy neutrosophic supra first countable space (FNS — FCS) if
for every FNP Py, there exists a countable local base.

3.2. Example: Let X ={l,m,n}and 7" = {0yl pv, M,,M,,M,}, where

M= ;LL>_ >___>
! 0.2570.4570.75/\0.28 0.3570.5570.65

/ / / > moom >< n >
My = —i N s s e ez s ez sz ) 2nd
N 0.45 0.45 0.55/10.48 0.45 0.52 55 0.55 045
M, - 1 , 1 ’ 1 > m_m__m >< n_m_ _n > _Then(X, ") is a ENSTS.
0.55 045 0.45 .65 0.45 0.35/\0.75 0.55 0.25
teep = (Lo L L) m m A n n e
0.35 0.45 0.65 38 0.45 0.62 045 055 055 J

m m m n n n
0.4870.45°0.52/10.550.55°0.45/ ("
v 1 I i m m m n n n

27 1\0.5570.45°0.45 ’0.45°0.35/\0.75°0.5570.25

Write N'={( ——,——, (2 0 MV % B " \liaFNSNHD of NP P, .
085 055 025 0.8870.5570.22/\0.95°0.550.15 ‘

ThenV,,V,  N'. Therefore H (Py,,)is local base of FNP Py, . Hence (X, 7*)is ENS — FCS.

3.3. Theorem: Let(X,7") & (Y,5") are any FNSTSs and /2 : X — Y is onto Open and FNS — continuous
mapping. If (X,7")is FNS — FCS then (¥,5")is also FNS — FCS.

Proof: Suppose Py, isa FNP on Y. Since /i : (X, z'“)—) (Y, 5") is onto then 3 FNP

B, €Y> /1(13”"): B, . Since (X, 7") is FNS — FCS then 3 a countable local base. Say H of P,,,".
We have to prove that / (H) has a countable local base in Y at PF\, Since H is countable, so /4 (H) is
countable. Let N be a FNSNHD of 7, .

Since / is FNS — continuous then 4 (N)€ 7*such that P,,;" € "/ (N) & 3H" e Hsuchthat P, € H' ¢
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! (N). Since / is open, #(P,,")€h(H) c N.SoPy," € h(H") c G. Hence h (H) is countable local base
for Y. Therefore (Y, " )is also FNS — FCS.

3.4. Definition: A FNSTS (X, 7")is called fuzzy neutrosophic supra second countable space (FNS — SCS)
if it has a countable base.

3.5. Example: Let X ={p,q,r}and " ={0y,K,L,M 1.}, where

K= / I l m m m n >

0.240.4570.76/\0.34° 0 4570.66/\0.44° 0 5570.56
= ! : ! / m m m n 1 and

0.46°0.4570.54/\0.4 0.46/ |

I / / m m m n_n_n i
M. Sl ———— = ——— = . Then(X,7") is a FNSTS.
0.5870.4570.42/\0.64°0.45°0.36/\0.74" 0 5570.26
Let P,y = < / ’ l ’ /i >< m ’ m ’ m >< n ’ n ’ n > be a ENP.
: 0.34 0.45 0.66/\0.38 0.45 0.62/\0.44 0.55 0.56

Here P, e LN and B, € M C N, whereN" = {N/N oL & M}. Then H = {L & M}is countable
base for 7. Hence (X, 7#)is FNS — SCS.

3.6. Theorem: Let(X,7") & (Y,5" ) are any FNSTSs and /2 : X — Y is onto Open and FNS — continuous
mapping. If (X,7*)is FNS — SCS then (¥,5")is also FNS — SCS.

Proof: Suppose (X, 7*)is a FNS — SCS. Then H is countable base for 7*, 1 (H) is countable collection in
Y. Now show that / (H) is countable base for 7. Let V be a FNSNHD of FNP P,;* €Y .So P, €V
and since / is onto AP,,," € X > h(PF;\,‘t ): P," €V .SoB," € h”(V)is ENSNHD of (X, 7*)and it is
FNS-SCSthenIH" e H& H < 7¥such that ;" € Hc ! (V). So h(me)e h(H") < V.So

P, € h(H) c V. Hence h (H) is countable base for 7*. Therefore (Y, 5*)is also FNS - SCS.

4. FNS - Compactness in FNSTS
In this section we define two definitions of fuzzy neutrosophic supra compactness (FNS — Compact) in
fuzzy neutrosophic supra topological space (FNSTS) and established several ‘properties of such notions’.

4.1. Definition: Let(X,7")be a FNSTS. A family {G, :k € K} of ‘fuzzy neutrosophic supra open sets in

X satisfies the condition, U{G, :k € K} =1, . Then it is called fuzzy neutrosophic supra open cover
(FNS-0-C)of X.
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4.2. Example: Let X ={l,m}and t" = {0py,1zys 715 ¥2» V35 ¥4} » Where

LT \fmom m _ / l I m o m o m
n 1’1 015/\1° 17010/ 7> 7]\0.66°0.45°0.34/\0.74 0.45° 026/ [

/ / / m m m / I I\ m m m
e\ N e e (M S e e A e e U -
0.77 0.54 0.23/10.82 0.54 0.25 0.85 0.55 0/10.95 0.55 0
Then (X,7*) is a FNSTS andU{y, : k =12,3,4} = 1,,,. Hence {},,7,,75.7.} is FNS —open cover in
X.

4.3. Definition: Let (X, 7*) be a ENSTS. A finite sub family of fuzzy neutrosophic supra open cover
{Gk :kek } on X, which is also a fuzzy neutrosophic supra open cover of X, is called fuzzy
neutrosophic supra finite sub cover (FNS —F — SC) of X.

4.4. Definition: A FNSTS (X S ) is called FNS — Compact if each FNSO — cover of X has a FNS finite
sub cover.

4.5. Example: Let X ={l,m}andt" = {01, 7,75, 75,74}, Where

_JLr 1 \fmom m _ ]L]>"’l'”>
h T oA\ T 000/ 72T )\0.66 045 034/\0.74 0.45 026/

/ 1 / m m m 1 I 1 m m m
=W\ o N s rad s = e s N e
0.77 0.54 0.23/10.82 0.54 0.25 0.85 0.55 0/10.95 0.55 0

Then (X, 7*) is a ENSTS andU{y, : k = 1,2,3,4} = 1. Hence {y,,%,.7;.7,} is FNS —open cover in
X. And also {y,,7,,7, } is FNS —F — SC of X. Therefore (X, z"’) is a FNS — compact.

4.6. Remark: Every fuzzy neutrosophic supra topological space need not be a FNS — compact following
the example 4.7.

4.7. Example: Let X ={l,m}and 7" ={0,y,1zy,7,,75,7,} , Where
< / I / >< m m m > < ! 1 / >< m m m >
W= N e s )1+ 2 = e N o mm s ee s oes ) 20d
0.45 0.25 0.65/\0.35 0.55 0.75 0.65 0.35 0.45/\0.75 0.65 0.55
¥, = 4 LN m m o om | o (5% isa ENSTS bt
0.55 0.25 0.45/\0.45 0.55 0.65

U{y, :k=123}=y, #1,, . Hence (X,7") is not a FNS — compact of X.

4.8. Theorem: A FNSTS (X, z'*’) is FNS — compact. Let7* < 7*, then (X,7”)is also FNS — compact.
Proof- Let {G, :k € K}be FNS — 0 —C of X. Since 7" 7 .{G, : k € K}be FNS — O - C of X.
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Since X is FNS — compact, 3FNS - F - SC{G, :k € K}of X.
This turn to show that (X, 7*)is also FNS — compact.

4.9. Theorem: Let (X, TH ) be a FNSTS and M, N are FNS — compact subsets of X. Then A/ U N is also
ENS — compact.
Proof: Let (X, g ) be a FNSTS and M, N are FNS — compact subsets of X. To show that A/« N is also

FNS — compact. Let {G, : k € K} bea FNS —O — C of both M, N and A/ U N . Since M, N are FNS —
compact subsets of X. Then M and N have FNS — F - SC. Let {G, : k = lto K }be FNS — F — SC of M and
{G, :1=1t0 L}be FNS —F—SC of N. Then U{G, : k = 1to K} =1,,,,U{G, : 1 =1to L} =1,,.

U{G, :k=1t0 K + L}=1,,, . Hence this FNS -0 - C{G, : k € K} contains FNS —~F -~ SC of M UN .
Therefore A/ « N is FNS — compact.

4.10. Theorem: Let (X STH ) (Y ,5”) be FNSTSs and let /2: X — Y be a FNS — continuous surjection. If
(X s T") is FNS — compact, then (Y ) “) is also FNS — compact.

Proof: Given that h is FNS — continuous and onto and (X e ) is FNS — compact.

Let us consider 7, ={G, :k € K} beaFNS-0-C for Y, thenU y, =1, .

Since / is FNS — continuous, 27 (U7, )= 1" (1) = Un™ (7, ) =1,y

Since y,is FNSO in Y, for every k € K as the map / is FNS — continuous.

Thus the family {h’l(}/,r ):ke K} is a FNS — O — C for X and since X is FNS — compact.

Then 3 a FNS—F -SC{i7(y,): j=1ton} sUP(,): j =1 ton}=1,,.

Now, /1( i K\(y, )) =h(ly)= s l1(l1“(}/k )) =h(ly)= Ui (#,) =1,y (as the map h is
surjective). Therefore Y is FNS — compact space.

4.11. Theorem: Let (X, T~ ) (Y,5“) be FNSTSs and let /2: X — Y be a FNS — open function and

(Y, 6”) be a FNS — compact. Then (X, r") is FNS — compact.

Proof: Leth: X — Y be a FNS — open function and (Y R 5") be a FNS — compact.

Lety, ={G, :k € K} bea FNS — O - C for X. Since / is FNS — open function, h(yk)is aFNS-0-C
of Y. Since Y is FNS — compact, h(,vk)contains aFNS -F -SC, {ll(}/,d, Viers VsVt )} Then

{}/,ﬂ, W Vigsevs }/,m} isa FNS —F — SC for X. Thus X is FNS — compact.

4.12. Theorem: The image of FNS — compact space under a FNS — continuous map is FN'S — compact
space.

Proof: Let h: X — Y be a FNS — continuous map from a FNS — compact space (X, 2'") onto a FNSTS
(Y, 5"). Lety, ={G, :k€K}beaFNS-0-C for(Y,&"). Since / is FNS — continuous,
{h‘l(}/k) ke K} isaFNS-0-C of(X, 7 ) We know that (X, T") is FNS — compact, the FNS — O —
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G {h‘](yk) ke K}of(X, z'") has a FNS —F - SC {h'l(yk) vhe= 1,2,....77}.ThereforeP =Wl h7 ().
Then 1(p) =U)x (7 ). thatis © = Uyg (74 ). Thus {341 740s Zisse v Vi } iS @ FNS = F = SC of
{(}/k) ke K} for(Y,é"). Hence (Y, 5”) is a FNS — compact.

4.13. Definition: (a) Let (X,7*) be a FNSTSs and H is FNSS on X. If a family {G, : k € K} of FNSOSs
on X satisfies the condition, HC U{G, : k € K}, then it is said to be a FNS — O — C of H. A finite
subfamily of the FNS — O —C {G, : k € K} of H, which is also a FNS — O — C of H, is said to be a FNS —
F-SCof{G, :ke K}.

(b) A FNS HinFNSTS(X, r“) is said to be FNS — compact iff every FNS — O — C of H has a FNS —F —
SC.

4.14. Theorem: Let (X, 7t ) (Y,é") be FNSTSs and let /2: X — Y be a FNS — continuous function. If #
is FNS — compact in (X, r") and then / (H) is also FNS — compact in(Y,é‘").

Proof: Let O = {y, : k € K}, where {/}, = (Vj1» V42> 74s): k € K} be a ENS — O - C of h (H.

Then, by the definition of FNS — continuity P = {h’l (7,):ke K} is aFNS — O - C of H. Since H is FNS
— compact, 3 a FNS —F —SC of P, i.e.. there exists {};,74y» V3oV | SUCh that HC U 7' (7).
Hence h (H) < WU}, 17 (7)) c Ui (7 (7,)) € Ui (7). Therefore, h (H) is also FN'S — compact.

4.15. Definition: Let (X A z'“) be a FNSTS then the family {Gk ‘keK } of fuzzy neutrosophic supra
closed sets in X satisfies finite intersection property (FIP) if every finite sub family {Gk ck=12....; m} of
the family satisfies the condition, () {Gk ke K } #0py-

4.16. Theorem: A FNSTS (X A r") is a FNS — compact iff the collection of FNSCSs in X having the FIP
has a non empty intersection.
Proof: Suppose that X is fuzzy neutrosophic supra compact.Let {yk ‘keK } be a family of FNSCSs in X.

Also assume {7k :kek } has finite intersection property. Now we have to show that

N{y, :k € K}# 0, . On the contrary way suppose that ) {}/k ‘keK}= Opy = m = a
= U, e 7 =lay. ClearlyU, . 7, =U{r, ik € K}=1,,.Foreveryk € K, 7, is FNSCS of X.
Therefore y_k is FNSOS of X. Thus {)7,( ke K} is FNS — O — C of X. Since X is FNS — compact,
therefore this FNS — O — C has FNS —F - SC, say, {;/_k k=120 m} = 1oy

Then () {yk wk=12. .,m} = 0, . Thus the above considered family does not satisfy FIP, which is a

contradiction. Therefore, () {yk :kekX } # 0p, . Conversely, assume that the family of FNSCS of X

having FIP has nonempty intersection. To show that X is fuzzy neutrosophic supra compact.
Let {G,r ke K} be a FNS — O — C of X. Suppose that this FNS — O — C has no FNS — F — Sc. That is for
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every finite sub collection of this cover, sayU{G, :k e K} #1,,, = ﬂ{a ckeK}+#0,,. As each G,
is FNSOS of X and each G, is FNSCS of X. Thus, {G, : & € K }is a family of FNSCS of X having FIP.
So by the hypothesis it has nonempty intersection, that is [ {Ek ‘kekK } #0p = U{Gk ‘kekK } # gy

This shows that {G, : k € K }is not ENS — O — C for X. which is a contradiction. Therefore the given
family should have a FNS —F — SC. This shows that X is fuzzy neutrosophic supra compact.

4.17. Theorem: Show that the following statements are equivalent

(I) X is FNS — compact

(I) Forevery{F,}, where F, = <TE Az, FE>0fFNSC subsets of X, with () F, =0, implies {F¥, }
contains FNS — finite subclass {F,, F,, ..., F, } With Fy N Fyeeeo. O F, = 0y,

Proof: (I)=>(II). Suppose() F, =0, . Then by De Morgan’s Law, (\F,)° = (0,,)¢ = UES =1,,.
So {F,C} is a FNS — O — cover of X. Since X is FNS — compact then 3FC, FS ..., FS € {F,C} such that

FSUFS V..t WES =1, . Then

B =l I = (Fllc UFSU...UEf )C = (F,IC)C N (F,f )C N (F,f )C by De Morgan’s Law
F,nF,n,...NE,. Therefore F;, N F,N,.....NF, =0g,. So we have to prove that ()= ().
(1) = (1). Let{G, }be a FNS —O — C of X, where G, = <TG,,IG, »Fg > e UG, =1g,.

By De Morgan’s Law, 0, =(1,,)" =(UG,)* =NGE.

Since, each G,is FNSO, so {G,.C }is a class of FNSCSs & by (). 3G, GS,.....GS € {G,C} Such that
GSNGS ... A GS =0,,. So by De Morgan’s Law,

Lii=1(0 FN)C = (G,f NGS NG )C =G, VG, ....uG,,. Therefore X is FNS — compact. So
we have to prove that (1) = ().

4.18. Theorem: Let FNSTSS(XI, Z'{’) and (Xl, ré’) be a FNS — compact. Then the product FNST 7} x 7}’

on X, x X ,is FNS — compact.

Proof: Consider (Xl, r{') and (Xz, Té‘) be a FNS — compact. Let M, = (1:‘,‘ 3Ly s Foy )e 7 with

UM, =1,yand N, = (zj\f, Ay Fy, )e 7y withUN, = Loy

Now M, x N, = (TM, Ay By )X (rv, Ay Fy, ): (ZM, X Ty Ly <1y, Fy ¥ Fy ) » Where

(T, % Ty, Jors )= min (T, (), Ty (0} (L, Iy N 1) = in (2, (), Ly (O} (B % By Jors1) = max (B, (), By ()
wherer € X,z € X,.So, M, x N, =1, But by definition of product topology, M, x N, € t{' x 7§ . i.e

{M, x N, }is family of FNSOSs in X, x X,. ChooseU (M, x N,) = 1. Since (Xl, 2'1“) is FNS —

compact then {M,} has FNS — finite subclass WU} such that UM, =1, and also (X2 s 2'5‘) is FNS —




Futuristic Research in Modeling of Dynamical Systems (FRMDS 2022) IOP Publishing
Journal of Physics: Conference Series 2332(2022) 012004  doi:10.1088/1742-6596/2332/1/012004

compact then {M } has FNS — finite subclass {N,}JL such thatU N, = 1, where j =12,...,n.
Hence UM, xUN,, =15y . Therefore the product FNST (Xl X X5 Tl % ré‘) is also FN'S — compact.

5.FNS —Q” — compactness in FNSTS

In this section two definitions of FNS — O — compactness in fuzzy neutrosophic supra topological space
and established several properties of such notions are established.

5.1. Definition: Let (X, 7*) be a FNSTS and E be a FNSS in X. A family M = {P :i € I} of ENS sets in
X, where P, = <TP’ a13~F1>, > . Then M is said to be FNS —Q* — cover of E, if E — UP,

T, (1) +T,(I) 2 1y, for each T, and some/ € X . If each £, is FNSO then M is said to be FNS —-0* —

Open cover of E.
A sub family of FNS — Q* — cover of FNSS E in X which is also FNS — O — cover of E is said to be

FNS — O* — sub cover of E.

5.2. Definition: AFNSS E in X is called a FNS — O* — compact if every FNS — O — open cover of E
has a FNS — Q" — finite sub cover. ie. P, P,,......, B, € M such that E  UP,, T;(1) +T, ()2 1py.

>%in

for each TRJ and some/ e X ,j=12,.....m.

5.3. Example: Let X = (r,s,t) & 7" = {015y, B, P, }. where

e r s t
! 0.55,0.55,0.45/10.65,0.55,0.35/10.75,0.55,0.25/ |’

B o= r s ! . Then (X, 7*) is ENSTS.
- 0.58,0.55,0.42/10.68,0.55,0.32/10.78,0.55,0.22

Write E = 4 s ! bea FNSS in X.
0.48,0.55.0.52/\0.52,0.55.0.48/\ 0.63.0.55.0.37

Here E(r) CUB(r), Tp(r)+ Tp(r) 21, E(s) CUR(s). Tz (s)+ Tp(s) > land E(r) c UB(r),
Ty (1) +Tp (1) > 1y . Therefore {B, P, } isa FNS — Q" — open cover of Eand B, or P,isa FNS — 0* —

finite sub cover of E.

5.4. Theorem: Let (X, r“) be a FNSTS and P, R are FNS — O* — compact subsets of(X, r“). Then
P URis FNS — O — compact in(X, s )
Proof: Let (X, r") be a FNSTS and P, R are FNS — O — compact subsets of(X, T"). To show that
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P URIisFNS - Q” ~compactin(X,T"). Let M = {E,
N ={F, :ie I} beaFNS — Q0" — open cover ofRin(X,
=PURCUE,UUF, > PURCUE, UF,),j=

:iel} beaFNS— Q" —open cover of P and
r*'). NowP c UE,and R c UF,.

1,2,....m. By definition of FNS — Q* —
compactness, 75 (7) + T (1) 2 Lpyand T3 () + T () 2 1y, for somer € X .

= TPuR(r)+TE’vF, (r)>1py.ie MUN= {E, uF,} is FNS — O — cover of P U R . Since P is FNS —
0" — compact in(X ] z'“). Then P has FNS — O* — finite sub cover, 3P, P,.,......, P, € E, such that
PclE,, Tp(r)+TEU (r) = 1y for somer € X, j = 1,2,...,mand also R is FNS — O* — compact in
(X, r"). Then R has FNS — O — finite sub cover, 3R, R ,,......, R, € F, such thatR c UF,,,

T()+ T (r) = 1y for somer € X, j=12,...,m. Now P < UE, andR c UF,,

= PURCU(E, UF,), Also T,(r) + T, () = Lpyand T () + Ty, () = Ly , for somer € X .

= Toa(r)+ Ty, or, ()= 1, Hence {EU U Fu} isa FNS — O — finite sub cover of P U R . Therefore

P URis FNS — O — compact in(X, T“).

5.5. Theorem: Let (X, 7*) & (¥, 5*) be FNSTSs and /: X —> ¥ is bijective, FNSO and FNS —
continuous. If FNSS E is FNS — O* — compact in(X, z"‘) and then /i(E)is FNS — Q¥ — compact in
(v,5").

Proof: Let N = {P, € 5"} be a FNS — Q" — open cover of i(E) with #(E) < UP, and

];,(E)(r) + TPU (r) 21, for some r € X . Since P, € 6" then h_l(P,) er”and h(E)c UpP

=S EE h'l(UP,) , forsomer € X = T,.(r) +T1, () 2 1, . Since E is FNS — O* — compact then a

(B)
family H= {h'l(P,) liE 1} is FNS — O* — open cover of E. Further since E is FNS — O* — compact in
(X, T“) then 347" (P,1 e (P,7 T (En )€ 7#such that E Uh_l(PU Yand T, (r)+ 7;,_1(8”) (r)=1gy
, for somer € X i =12

= WT(r))+ h(];,"(pu)xr) 2 (lpy) = Tmz)(")+ Tpu ()= 15y as h is FNS — continuous. But

E cUnh™'(B) = h(E) < l(Uh™(E,)) = h(E) < UF, . Hence P, € 5" such that

hE) cUB, & T, (r) + TP» (r) =2 15, . Therefore h(E)is FNS — O* — compact in(Y, 5").

5.6. Theorem: Let (X, r“) be a FNSTS and E be a FNSS on X. if a family {F, : i € I}of FNSC sub sets of
X with() F, =0, implies {F, } contains finite subclass {F,,, F,,......, F,, } with

>%in
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FE,nE,n.... NF, =0g,.ThenE is FNS — Q”fcompactin(X,r“).

Proof- Given that(1 F, = 0,,. Then by De Morgan’s Law, (F,)¢ =(0,,)°.

=UES =1,,.LetM={H, :i e I}be a FNS — Q*— open cover of E in(X, 2'").

SoE CcUH,, T (r)+ Ty (r) 2 15, for somer € X . Since each H,is FNSO then {H,C}is a class of
FNSCSs and by given condition, 3H S, HS ..., HS € {H,C} suchthat HS MHS Moo 0 HE =0y

So by De Morgan’s Law, 15, =(15,) = (HS " HS A ... mH.C)C = Hyl 0 Usald M,

in

Hence £ c UH, , T (r)+ THV (r) 2 1y, j =12,....,n. for somer € X . Therefore E is FNS — 0% -

)

compact in(X, i )

5.7. Theorem: Let (X, r") be a FNSTS and M, N are FNS — O* — compact on (X, r”). Then (M x N)is
FNS — Q*~ compact in(Xx Xaith % r").

Proof: LetK={H, :i € I}, where H, € 7" x 7" be a FNS — 0* — cover of M x N in(X x X, 7% x*)
.Then M x N C UH, and T}, (r,1) + Ty, (r,1) = 1, for some(r,7)e X x X . Now write

H, =P xR, where P xR, € 7".Thus M x N c UH,

=>MxNcUPBxR)=M cUP,NcUR,. AlsoTy, \(r,1)+ Ty (r,1) 2 1y, for some

(r,t)e X x X .Hence it is clear that 7, () + T, () > 1, for somer € X and T, (1) + TR’ (t) =1, for
somet € X . Therefore{P, :i € I}and{R, :i € I }are FNS — Q" — open cover of M and N. Since M & N
are compacts then {R e I}and {RI iie I}have FNS — O* - finite sub covers of M and N. Say,

{PU el }and {Ru 1j€e I,,}such that M URJ,]?M(r)+TPV(r) =1, for somer € X and
NcUR, T ()+ T, (1) 21y, for somer e X. Thus M x N C U(PU ><RU). =M xNcUH, and
Ty (1) + Ty (7,1) > 1y, for some (r,t) € X x X . Therefore (M x N )is also FNS — O* — compact
on(X x X, 7" x r”).
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ARTICLE INFO BSTRACT

Keywords: Melt quenching technique was used for preparing the glass network 10Li;0-30SrO-(60-x)B,03: xCuO (0 < x < 1,

Glasses' . where x = 0, 0.2, 0.4, 0.6, 0.8, and 1 mol%). The samples were investigated by analysing spectroscopic and

)é::y diffraction dielectric properties. X-ray diffraction (XRD) asserted the glassy nature of the samples. Optical absorption spectra
+

of the specimens displayed a prime band centred nearly at 750 nm due to Cu®* jons. A continuous increase in the
intensity of this band is noticed with a rise in the concentration of CuO. Electron spin resonance (ESR) spectra of
the glasses confirmed the existence of Cu®* ions. Spin-Hamiltonian parameters of the specimens were estimated.
An analysis on the Fourier transform infrared (FTIR) curves confirmed the bands due to conventional borate

units. The dielectric investigations supported the depolymerization of the specimens with an increase in the

Infrared spectroscopy
Optical properties
Dielectric properties

content of CuO.

1. Introduction

Among the different types of glass formers, ByOj is identified as the
best glass former. Borate glasses possess high thermal stability and teeny
melting point. These glasses are used as the basic host materials in
preparing solid state lasers, electro-optic switches, optical converters,
electro-optic modulators, and luminescent materials [1-7]. LizO is one
of the notable glass modifiers. It infiltrates the specimen by bursting
B-O-B links and establishes bonding defects. Lithium ions generate
non-bridging oxygen’s (NBOs) in the system. Optical characteristics of
the samples are modified by NBOs [1-5]. Borate glasses combined with
alkaline earth oxides find technical applications in solar energy con-
verters, phosphors, radiation dosimetry, vacuum ultraviolet optics,
semiconductor lithography, and numerous electronic equipments [3,5].
The quality of borate glasses can be upgraded by adding SrO in a suitable
proportion. The Sr** ions create hollow spaces and trouble-free paths to
facilitate the motion of ions by breaking the B-O-B bonds [3,5].

The ionic and electronic conductivities of lithium borate glasses are
very much improved when they are amalgamated with multivalent
transition metal ions [1-5]. The ionic conductivity is expected owing
to the migration of lithium ions. Electronic conductivity is predicted
because of the electron hopping among polyvalent transition metal ions

* Corresponding author.
E-mail address: syedyusuf1985@gmail.com (S. Yusub).

https://doi.org/10.1016/j.jnoncrysol.2021.121210

[1-5]. Borate glasses alloyed with CuO are used as memory elements [1,
6,7]. cu’, Cu*, Cu®", and Cu®" are the specific valance states of copper
in borate glasses [1,8,9]. As the glass formers, Cu" ions strengthen the
glass network. cu®* ions perform in the same way as those of glass
modifiers. These ions engage octahedral positions and modify the
network [10-12]. Cu®" ions generate Li-O-Cu layers in the glass. Such
glass can be used as the cathode material in new generation’s lithium ion
batteries [6-11]. The collection of Cu” particles augments the mechan-
ical stability of the glasses. This phenomenon is used in designing optical
memory and optoelectronic devices [6-11]. There is a chance for Cu”
ions to transform into Cu’ and Cu?" ions by electrochemical reduction
and oxidation methods continuously. The existence of such copper
particles and ions simultaneously enhances the electrical characteristics
(both polaronic and ionic conductivities) of the glasses [1,10].
Literature survey reveals that B. Ashok et al. prepared the NayO-
Al03-B203-CuO glasses. They carried out electron paramagnetic reso-
nance (EPR) and Optical absorption studies on the Nay0-Al;03-B203
glasses using Cu®" as a spin probe [6]. B. Sumalatha et al. investigated
the spectroscopic properties of 10RO + 30ZnO + 60B,03 (R = Mg, Ca
and Sr) and 10SrO + (30 -x)ZnO + 60B,03 + xCuO (x =0, 0.1, 0.3, 0.5,
and 0.7 wt.%) glasses [7]. B.J.R.S. Swamy et al. studied the thermolu-
minescence (TL) characteristics of y-ray irradiated calcium fluoro
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borophosphate glasses doped with different concentrations of CuO [8].
AM. Abdelghany and Amal Behairy investigated the antibacterial
characteristics and structural correlation of copper ions in cadmium
borate glasses [9]. Although, a significant number of recent research
articles are available on borate glasses doped with copper ions, but most
of them are concentrated on structural studies by means of optical ab-
sorption, ESR, FTIR, and Raman investigations. Virtually, no articles are
found on the dielectric characteristics of Li;O-SrO-B,03 glasses alloyed
with copper ions. In the present study, we have carried out the spec-
troscopic and dielectric properties of the glasses.

The focus of this research article is to examine electronic, ionic
conductivity of the specimens, to estimate the dielectric parameters 6,
¢ and tand (a.c. conductivity, dielectric constant and dielectric loss) over
an extensive range of frequencies and temperature, to detect the valance
state of dopant ions in the samples by taking investigations on optical
absorption, ESR spectra and to explore the structural modifications in
the samples by analyzing FTIR curves.

2. Materials and methods

We selected the composition 10Li;0-30Sr0-(60-x)B,03-xCuO (x = 0,
0.2, 0.4, 0.6, 0.8, and 1 mol%) for the present discussion. The basic
chemicals Li»CO3, SrCO3, H3BO3, and CuO were analytical grade re-
agents, 99.99% pure and from Loba industry, Mumbai, India. These
basic materials were used for preparing the glasses. The chemicals were
blended in proper quantities in an agate mortar. This amalgam was
relocated into a porcelain crucible and melted at 950 °C for 20 minutes.
The resultant flux was poured on a brass plate. This brass plate with flux
was kept in another furnace and maintained at a temperature of 400 °C
for annealing. The prepared samples were free from defects. The color of
the specimens was detected to change from light to dark blue. These
specimens are labelled as follows.

CO0 : 10Li>O — 30510 — 60B,05

C2: 10Li,O — 30570 — 59.8B,0; — 0.2Cu0O
C4 : 10Li;O — 30810 — 59.6B,0; — 0.4Cu0O
C6 : 10Li,O — 305rO — 59.4B,0; — 0.6Cu0O
C8: 10Li,O — 30810 — 59.2B,0; — 0.8Cu0O

C10 : 10Li,0 — 30510 — 59.0B,05 — 1.0Cu0

X-ray diffractometer, SO-DEBYE FLUX 202 model was used in
recording the XRD spectra of the specimens. VIBRA HT device was used
for measuring density of the samples with an exactness of +0.0001 g/
cm®. Density of the glasses was estimated by applying the Archimedes’
principle using O-Xylene (99.99% pure) as the buoyant.

The sizes of the glasses were decreased to 1.0 cm x 1.0 cm x 0.1 cm
and it was ground and polished to the highest optical quality for optical
absorption investigations. These studies were carried out in the wave-
length range 200-1200 nm. Optical absorption studies were investigated
using UV-Vis-NIR spectrophotometer, JASCO V-670 model with a cor-
rectness of +0.1 nm. Powder of 100 mg of glass was taken in a quartz
tube for studying ESR spectra by operating JOEL-FE-1X spectrometer
with a resolution of 2.35 pT at ambient temperature. The X-band fre-
quency of the apparatus was set at 9.154 GHz and the field modulation
frequency at 100 kHz. The strength of the magnetic field was varied up
to 500 mT. FTIR of the specimens were analyzed in the wavenumber
range 400-1600 cm ! with an exactness of 0.1 cm ! by operating the
JASCO-FTIR-5300 spectrometer.

For estimating the dielectric parameters, sizes of the specimens were
modified to 1.0 cm x 1.0 cm x 0.2 cm. The samples were coated with a
thin silver layer on both sides to act as electrodes. LF-impedance
analyzer, Hewlett-Packard model 4192A was used to measure the
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dielectric variables in the temperature range 30-300 °C and the fre-
quency was varied from 1 to 1000 kHz. The exactness in measuring the
values of ¢’ and tand was +0.001 and +0.0001. A.c. voltage breakdown
tester, ITL Model BOV-7 with a correctness of +0.01 kV/cm was used
for measuring the dielectric breakdown strength (DBS) of glasses.

3. Results
3.1. X-Ray diffraction

All synthesized specimens are exhibited in Fig. 1. The glasses CO and
C2 are clear, transparent, and colourless. The color of the samples was
noticed to change from light to dark blue. General examination reveals
that the samples are free from gaps, bubbles, and defects. XRD spectra of
work models CO, C4, and C8 are displayed in Fig. 2. An inspection of
these curves validates the amorphous character of the specimens.

Physical parameters

The measured values of molecular weight (M) and density (p) are
used in estimating the physical parameters of the specimens such as
molar volume (Vy,), copper ion concentration (N;), polaron radius (R;),
interionic distance (R;), and boron-boron separation (dgg). The magni-
tudes of d, M, and N; of the samples were escalated with a rise in the
content of CuO, where as quantities such as Vy,,, dg g, R;, and R;, indicated
the decreasing trend. These physical parameters shed some light on the
structural variations in the glasses. All these physical parameters are
presented in Table 1.

3.2. Optical properties

Optical absorption spectra of LiO-SrO-B,03: CuO samples are pro-
bed in a wavelength range 200-1200 nm. Fig. 3 exhibits the optical
absorption spectra of specimens. No absorption peak is identified for the
undoped glass (C0). From the optical absorption curves, the cut-off
wavelength (A.) is noticed for the glass CO at 284 nm. A gradual in-
crease in the magnitude of X is observed with an increase in the con-
centration of copper ions. A broad absorption band is observed for the
doped glasses. The indirect and direct optical band gaps (E,) of the
specimens are estimated from the Tauc plots as shown in Fig. 4 and
Fig. 5, respectively. The values of E, of the samples are computed by
using the following relation given by Eq. (1) [1,13-16].

a(v) = B(hv — E,)" /ho 1)

All terms in the above equation have usual meanings [1,13]. The
curves are drawn between (uhv)l/ 2 as a variable of hv and (mhv)2 asa
function of hv. These plots are shown in Fig. 4 and Fig. 5. The values of
E, are deduced by extending the linear parts of these curves to the
X-axis. A regular decrease in the value of E,, is discovered for the samples
from CO to C10. Urbach energy (AE) of the specimens is related to a(v) as
given below [1-5].

Lna(v) = (hv/AE) + constant 2)

.The curves drawn between Lna(v) and hv are termed as Urbach
plots. These Urbach plots are demonstrated in Fig. 6. The reciprocals of
the slopes of these curves in the linear parts are described as Urbach
energies of the samples. The estimated values of AE of the glasses in-
crease with a rise in the content of impurity atoms. The synopsis of the
data on optical absorption is furnished in Table 2. Using indirect band
gaps, the refractive indices (n) of the specimens are determined by the
formula given below. The refractive indices of the samples are noticed to
increase with a rise in the concentration of dopant [1,17,18].

n -1 E,

=1—4/— 3
n+2 20 @

The reflection loss (Ry,) of the samples was estimated by taking their
refractive indices. The following equation was used for finding the
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Fig. 1. Physical appearance of the glasses in the present investigation.
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Fig. 2. XRD curves of the 10Li,0-308rO-(60-x)B,03: xCuO glass system for x = 0, 0.4, 0.8 mol% (glasses C0, C4, C8).
Table 1

Physical properties of Li,0-SrO-B,0; glasses doped with CuO.

Glass  Density p (g/cm®  Average molecular Molar Volume V,, Copper ion conc. Nj Boron-Boron Interionic distance Polaron radius R},
(+£0.0001) weight M (g/mol) (cm®/mol) (x10*! jons/cm®) separation dy 5 (A) R; (A) (£0.0001) (A) (£0.0001)
(£0.0001) (£0.001) (£0.0001) (£0.001)

Cco 2.5499 61.0980 23.960 - 3.677 - -

c2 2.5588 61.1177 23.885 5.0432 3.667 5.8312 2.3499

4 2.5677 61.1377 23.810 10.1183 3.657 4.6234 1.8632

Cc6 2.5766 61.1574 23.735 15.2251 3.647 4.0347 1.6259

c8 2.5855 61.1773 23.661 20.3637 3.637 3.6619 1.4757

c10 2.5944 61.1972 23.588 25.5339 3.628 3.3959 1.3685

values of Ry, of specimens [1,17,18].

n?—1

w2 @

R
An increase in the magnitude of Ry is identified with a rise in the
content of CuO. The molar refraction (Ry,) of all models is computed by
taking the relation given below [1,17,18].
(1)

m = ’(—'E+—2‘)Vm (5)

The values of R, of the specimens are observed to escalate with a rise
in the content of impurity atoms. The magnitude of Ry, is maximum for
the glass C10. The molar electronic polarizabilities (ay,) of the specimens
are estimated using the following equation given below [1,17,18].

a 6)

Here N is Avagadro’s number. The evaluated value of «,, is the least
for the glass CO. A continuous rise in the values of «,, of samples is
noticed with a rise in the content of CuO. The values of metallization
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Fig. 3. Optical absorption spectra of Li;0-SrO-B,03: CuO glasses at ambient temperature.
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Fig. 4. Tauc plots to evaluate the indirect optical band gaps of Li,0-SrO-B,03: CuO glasses. Inset shows the error bars in calculating the optical band gap (E,) of the
specimens. The sources of all the lines drawn are the observations evaluated using the values of a (@ = A/t where “A” is the absorbance and “t” is the thickness of the
sample) and hv (hv = he/A). An arrow head (=) is used to show the specimens C6 and C8.

criterion (M) of the samples are determined by applying equation (7). A
decrease in the magnitude of M. is found for the samples from CO to C10
[1,17,18].

-1 _ |[E,

50 @)

M.=1-R=1-1""=
s L n+2 20

Optical electronegativities (y) of the specimens are calculated using
the values of indirect band gap (E,) of the specimens. The given relation

is used for calculating the values of y [1,17,18].
¥ =02688 E, 8)

It is detected that the value of y decreases gradually with an increase
in the concentration of CuO. The electronic polarizability («.) of glasses
is calculated by using the equation given below [1,17,18].

a,=-09y+3.5 )
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Fig. 5. Tauc plots to estimate the direct optical band gaps of Li;0-SrO-B,03: CuO glasses. Inset displays the error bars obtained for the sample C10. The sources of all
the lines drawn are the observations evaluated using the values of « (a = A/t where “A” is the absorbance and “t” is the thickness of the sample) and hv (hv = he/2).

An arrow head (=) is used to show the sample C8.
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Fig. 6. Urbach (AE) plots of Li,O-SrO-B,03: CuO glasses. Inset manifests the error bars obtained for the specimen C10. The sources of all the lines drawn are the
observations calculated using the values of « (« = A/t where “A” is the absorbance and “t” is the thickness of the sample) and photon energy hv (hv = he/A). An arrow

head (=) is used to show the specimens C6 and C8.

An increase in the values of o is recognized for the specimens from
CO to C10.

The optical basicity (Ay,) of the samples was evaluated by using the
equation given below [1].

A = X(Lir0) A (Lix0) + x(SrO) A (Sr0) + x(B203) A (B203) + x(Cu0)
A (Cu0)
(10)

Where x(Li»0), x(Sr0), x(B»03), and x(CuO) are the mole fractions of
the basic materials in this network. The values of Optical basicity of
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Table 2
Summary of the data on optical absorption spectra of Li,O-SrO-B,03 glasses
doped with CuO.

Glass  Cut off Band Indirect Direct Urbach
wavelength 2. position Optical Optical energy AE
(nm) (+0.1) nm ZB‘R - bandgapE,  band gap (eV)
*Bag (eV) E, (eV) (0.001)
(£0.1) (+0.001) (+0.001)
co 284 —_ 4.258 4.337 0.259
c2 303 726 3.989 3.943 0.315
(] 311 736 3.880 3.742 0.374
Cc6 333 749 3.564 3.456 0.432
c8 336 752 3.528 3.400 0.441
C10 344 754 3.462 3.328 0.513

components A(Li,O) = 0.81, A(SrO) = 1.08, A(B2O3) = 0.425, and A
(Cu0) = 1.11. The oxide ion polarizability (a7~) and optical basicity
(Aw) of the specimens are connected by the relation as given below [1,

17,18].
!,) an
g

The computed values of af are detected to increase steadily for the
glasses from CO to C10. The oxygen packing density (OPD) of the spec-
imen is evaluated by making use of the following equation [1,17,19].

Ay = 1.67(1 -

OPD = (12)

_ pxrx 1000
M

Where p is the density of the sample, ‘I’ is the number of oxygen
atoms per formula unit.

M is the molecular weight of a sample. The magnitude of OPD of the
samples exhibited an increasing trend with an increase in the dosage of
CuO. The evaluated quantities of the above variables are furnished in
Table 3.

3.4. ESR

ESR spectra of Li,O-SrO-B,03: CuO glasses are displayed in Fig. 7. As
the sample (CO) is free from the transition metal ions, no ESR signal is
recognized. When CO is doped with different concentrations of copper
ions, four parallel signals and four perpendicular signals are anticipated
due to ®*Cu and ®°Cu nuclei. In the present discussion, three parallel and
three perpendicular components are recognized in the weak and strong
magnetic field zones for all doped samples. Intensity of these compo-
nents increases with an increase in the concentration of copper ions in
the specimens. Spin-Hamiltonian parameters (SHP) g, g, and A are
estimated and recorded in Table 4. These values suggested the avail-
ability of Cu?* ions in the glasses by settling in tetragonally distorted
octahedral sites. The equation for estimating the SHP is given in the
published articles [20-23].
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3.5. FTIR

FTIR studies reveal the structural variations in the glasses. An anal-
ysis of these studies gives information about the vibrating groups in the
specimens. The vibrating bands and their allotments are mentioned in
Table 5. Fig. 8 displays the FTIR curves of the glasses in a wavenumber
scale 400-1600 cm . We detected vibrational bands at 587, 704, 945,
1044, 1247, and 1387 em™! [1-5,16,24]. A poor band at 587 em s
expected due to extending oscillations of Cu-O bonds [9,12,16,24]. The
intensity of this band is recognized to rise with a gain in the concen-
tration of CuO in the doped samples. A band at 704 cm ™ is detected as a
result of B-O-B bending vibrations [1-5,9,12,16,24]. The intensity of
this band rises in accordance with the content of dopant. A broad band at
945 cm ™! and a weak shoulder at 1044 cm ! are expected due to the
waving of B-O bonds in BO4 units [1-5]. Intensity of such bands is
observed to fall with an increase in the number of impurity ions. A weak
band at 1247 and a strong band at 1387 cm ™! are expected as a result of
waving of B-O linkages in BO3 species [1-5]. Intensity of such bands is
escalated with a raise in the quantum of CuO.

3.6. Dielectrics studies

The insulating nature of the specimens was investigated by analysing
the dielectric properties. The values of ¢ and tand were evaluated in a
temperature range 30-300 °C and in a frequency limit 10>-10° Hz. The
computed values of ¢’ and tand for the basic sample CO at 30 °C and at a
frequency of 1 kHz are 6.85 and 0.025 continuously. A regular decrease
in the value of ¢’ and tand is detected with a rise in frequency for the
samples at any temperature. The values of ¢ and tand are identified to
amplify with an increase in temperature and concentration of CuO.
Fig. 9 displays the response of & with temperature at 10 kHz for the
samples. From this figure, it is observed that there is a minute increase in
the value of ¢ at lower temperatures up to 100 °C but increases sharply
at higher temperatures after 250 °C. Fig. 9 confirmed that the values of ¢’
are the least for glass CO and the highest for glass C10 at any temperature
and at a frequency of 10 kHz. Inset discloses the modification of ¢’ at
distinct frequencies for the model C6. The alteration of tand with tem-
perature is exhibited in Fig. 10 for all glasses at 100 kHz.

The values of tand,,ax are shifted towards lower temperature with a
gain in the content of dopant. This phenomenon indicates the relaxation
character of the glasses. The values of tand increased rapidly at higher
temperatures. Inset displays the magnification of tand with temperature
for various frequencies for the test-piece C8. The values of tand,,,y and
the temperature region of relaxation are furnished in Table 6. The
activation energy for dipoles (W) is estimated for all specimens by using
the formula given in Eq. (13) and noted in Table 6 [1-5].

f=texp(—Wa/KT)

The values of Wy are recognized to reduce systematically for the
specimens. Magnitude of Wy is minimum for the glass C10 and maximum
for the specimen CO. The following expression is used for evaluating a.c.
conductivity of (o,) of all glasses [1-5].

(13)

Table 3

Different physical variables of Li;O-SrO-B,0; glasses doped with CuO.
Physical variable co c2 c4 c6 c8 C10
Refractive index n (+0.0001) 2.1036 2.1834 2.2255 2.2628 2.2684 2.2842
Reflection losss Ry, (+0.0001) 0.5456 0.5534 0.5604 0.5766 0.5802 0.5830
Molar Refraction Ry, (cm®/mol) (+0.0001) 13.0734 13.2256 13.3574 13.7069 13.7562 13.7847
Molar electronic polarizability o, (AZ) (£0.0001) 5.1845 5.2448 5.2971 5.4357 5.4553 5.4665
Metallization criterion M, (+0.0001) 0.4543 0.4466 0.4395 0.4234 0.4197 0.4170
Electronegativity y (+£0.0001) 1.1098 1.0722 1.0386 0.9636 0.9472 0.9348
Electron polarizability o. (AR) (+0.0001) 0.2163 0.2194 0.2222 0.2286 0.2301 0.2312
Optical basicity Ag, (:0.0001) 0.6678 0.6691 0.6706 0.6719 0.6733 0.6747
Oxide ion polarizability ao? (A%) (+0.0001) 1.6663 1.6685 1.6709 1.6731 1.6755 1.6779
Oxygen Packing Density OPD (mol/L) (+0.001) 91.813 92.054 92.301 92.548 92.795 93.042
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Fig. 7. ESR spectra of Li;0-SrO-B,03: CuO glasses. In the figure, arrow head is used to indicate g .
The determined least and the highest values of AEC are 0.177 and
:‘a?:le; sl 20 0 0 oms s tosad il Ciio 0.799 for the glasses C10 and CO continuously. Fig. 12 displays the
Spin-Hamiltonian parameters of Li;O-5r0-B,0; glasses doped with CuO. variation of 6, with 1000/T for the sample C4 at various frequencies.
Sample gy fl Ai(xio tem™) 8/An This figure recommends an improvement in 6,c of model C4 with a rise
0:.0001)) (0.5001) ££0.001) 0001 in frequency. The measured dielectric breakdown strength (DBS) of all
2 23913 2.0627 136.983 174.569 models is recorded in Table 7. A steady decrease in the measured values
a4 23821 2.0545 139.683 170:536 of DBS of the specimens is recognized with a gain in the content of CuO.
c6 2.3871 2.0539 133.956 178.200 Th . i tities of DBS are 8.72 and 7.46 kV/cm
8 23933 2.0663 152.386 157.055 € Maximum and minimum quantt : :
c10 23817 2.0602 148.285 160.613 for the glasses CO and C10 continuously.
4. Discussion
Table 5

Various band positions in the FTIR spectra of Li,O-SrO-B,0j3 glasses doped with
CuO.

Wavenumber (cm ') IR band assignment

(£0.1)

1387 B-O extensions in BOj species from various categories of
the borate family.

1247 B-O oscillations in BO species from pyro and ortho borate
family.

1044 Vibrations of BO, tetrahedra, which are present as
tetraborate and diborate groups.

945 B-O vibrations in BO4 groups from various categories of
borate family.

704 Bending vibrations of B-O-B in BOj triangles.

587 Vibrations of Cu-O bonds.

O = WEE tand (14)

All terms have usual meanings [1-5]. Fig. 11 manifests the alteration
of 6, as a variable of 1000/T at 500 kHz for the specimens.

From this figure it is understood that at high temperature the value of
Gqc is maximum. The estimated values of 6, at 100 kHz are listed in
Table 7. The values of activation energy for conduction (AEC) for the
samples are computed from the linear part of the plots and recorded in
Table 7. Inset demonstrates the deviation of o, with AEC for all speci-
mens at a frequency of 100 kHz and at a temperature of 100 °C. This plot
is a straight line showing the linearity between c,. and AEC.

4.1. X-Ray Diffraction

The sample CO is colorless and transparent. This observation supports
that the basic glass CO has no traces of transition metal ions. Light to dark
blue color of the glasses from C2 to C10 indicates the amplification of
copper ions in the divalent state (Fig. 1). Cu®" ions have an unfilled d-
orbital, so these ions are responsible for the color of glasses [1,7-12]. The
sharp Bragg's peaks are absent in XRD of the specimens (Fig. 2). This
outcome suggests the aperiodic nature of glasses. However, the two humps
noticed in the spectra indicate the short periodicity of the specimens.

4.2. Physical Parameters

The variations in the values of density (p) reflect the structural changes
in the models (Table 1). A regular rise in the value of p is expected owing
to a gain in the cross-link density, coordination number, size of internal
cavities, and structural compactness of the network [1-5]. A modification
in the values of p is anticipated owing to the replacement of boron cation
by the copper ion. A gradual decrease in the values of molar volume (V)
suggests a continuous increase of B>* ions in BO3 units. The radius of B**
ions in the BO; units is less than the radius of B*" ions in BO,4 units [1-5].
A systematic rise in the values of N;j indicates the amplification of copper
ions. A decrease in the values of interionic distance R; improves the
polaron hopping between Cu* and Cu?" ions. The decreasing quantities of
dp g validate the compact character of the specimens. The microscopic
quantities of R;, specify the localization of electrons (Table 1) [1-5].
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Table 6
Synopsis of the data on dielectric loss of LiO-SrO-B,0;3 glasses doped with CuO
at 10 kHz.

Glass  (tand)ax Temp. region of relaxation  AE for dipoles (W4)
(4+0.0001) (£1)°C (£0.001) eV
co 0.0234 124-142 6.210
c2 0.0277 101-119 6.054
Cca 0.0303 108-132 5.900
Cc6 0.0332 99-129 5.748
c8 0.0354 91-126 5.598
Cc10 0.0408 83124 5.449

4.3. Optical absorption

A continuous amplification in the intensity of the absorption band
nearly at 750 nm is noticed for the LiO-SrO-B,03 glasses (Fig. 3). This
observation supported the magnification of Cu*" ions in the tetragonally
distorted octahedral locations. This absorption band is allocated to By,
= szg transition of Cu®* ions [12-16]. Widening of this band is credited
to overlapping of ZBIX - 2Eg, 2Blg - ZAIX, and zBlg — ZBZR electron
transitions [1,7-12]. An investigation of absorption plots indicated an
increase of . (absorption edge) with the magnification of Cu®* ions
(Table 2). A decrease in the values of optical band gap (E,) (Fig. 4 and
Fig. 5) specifies an increase in the semiconducting character of the
samples (Table 2). This outcome supported the amplification of Cu®*
ions [1,7-12]. A gain in cu?’ ions causes the magnification of
non-bridging oxygens (NBOs). These NBOs act as donor centres and lead
to a decrease in the value of E,. The amplification of NBOs causes the
generation of deformations analogous to bond angle distortion and
dangling bonds. These defects are the sources for a continuous increase
in the Urbach energy (AE) (Fig. 6 and Table 2) of the models [1,7-12].

A gradual rise in the evaluated values of refractive index (n)
(Table 3) proves the amplification of non-bridging oxygens (NBOs) in
the specimens [1,17,18]. A gain in reflection loss (Ry) confirms the rise
in the metallic temper of the models [1,15]. The molar polarizability

(o) is associated with the molar refractivity (R,,). A rise in the values of
ay, stipulates the strengthening of NBOs [1,17,18]. A decrease in the
values of M. (metallization criterion) hints a rise in the conducting na-
ture of the glasses. The electronegativity (y) of a sample indicates its
covalent nature. A gradual decrease in the amount of y with an increase
in the content of CuO supports a decrease in the covalent nature of the
specimens [1,17,18]. The ionic nature of glasses can be decided by the
magnitude of its electron polarizability («) [1,17,18]. A continuous
gain in the values of «. validates the gradual increase in the ionic temper
of the specimens. Ionic nature of the glass can be assessed by its optical
basicity (Ay,) (Table 3). A systematic rise in the values of Ay, with a gain
in the content of CuO promoted a gradual rise in the ionic essence of the
specimens [1,18]. A gradual increase in the concentration of NBOs is
supported by an improvement in the oxide ion polaxizability(txo2 ) of
the specimens [1,17,18]. Oxygen packing density (OPD) (Table 3) sug-
gests the agglomeration of NBOs in the sample. An increase in the values
of OPD authenticates an amplification of NBOs in the glasses [1,17,18].
These results endorse an increase in the ionic temper of the glasses.

4.4. ESR

ESR spectra confirmed the existence of paramagnetic ions in the
glasses (Fig. 7 and Table 4). Among Cu* and Cu®* jons, Cu®* ion has the
paramagnetic nature [20-23]. These Cu®* ions occupy tetragonally
distorted octahedral sites in the specimens [20-23]. The electron spin of
cu®" ionis S = 1/2 and the nuclear spin I = 3/2 for “*Cu and ®*Cu nuclei
[20-23]. Due to these parameters, four parallel and four perpendicular
components are predicted, but in this discussion three parallel and three
perpendicular components are detected. Intensity of these components
increases in proportionate to the content of CuO. These observations
support the magnification of Cu?* ions in the models. These ions create
NBOs in the glasses resulting in decrease in rigidity of the specimens. An
analysis on g values suggests that g> g,> ge. It is clear evidence that
copper ions in the specimens are coordinated by six ligands [20-23].
Variations in the values of g, g, and A, are anticipated due to the in-
ternal transitions and distortion of ligand field near Cu?* ions. The ratio
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Fig. 11. Variation of o, with 1000/T at 500 kHz for different concentrations of dopant of Li,0-SrO-B,03 glasses. Inset gives the response of 6, with activation
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Table 7
Dossier of the data on ac. conductivity of Li;O-SrO-B,03 glasses doped with CuO
at 100 kHz.

Glass  ©6,,at100  N(Eg) (10% ev-!/cm?) Activation Dielectric
C(10°%  (+0.001) energy for break
(Qcm) ! conduction down
(40.001) (eV) strength

(+0.001) kv/cm
(£0.01)
Austin  Butcher  Pollak

co 0.881 8.234 3.435 8.172 0.799 8.72

c2 0.930 8.016 3.344 8.550 0.602 8.55

(&) 1.714 11177 4.662 11.364  0.557 818

C6 2.403 13.235  5.521 13.456  0.378 7.98

c8 3.303 15.516  6.473 15.775  0.346 7.75

Cc10 4.123 17.334 7.231 17.623 0.177 7.46

of g;/A; confirms the presence of copper (Cu?") ions in models in the
octahedral states [1,20-23]. The gain in Cu?* jons in the glasses is also
supported by the studies on optical absorption spectra.

4.5. FTIR

FTIR of glasses reveals the structural modifications in them (Fig. 8
and Table 5). The glass network Li»O-SrO-BO3: CuO combines glass
modifiers and formers. Addition of modifier oxides like Li,O causes the
breaking of B-O-B bonds [1,2,4]. This leads to depolymerization of the
glass. Addition of SrO to a glass network leads to the conversion of BO4
species into BO3 groups by creating SrO polyhedron when it is sur-
rounded by BOy4 units [3,5,24]. Such an arrangement is treated as a
defect. When CuO is added to the specimen CO, copper ions crumple and
distort the BO4 units. Intensity of vibrational bands owing to BO3 units,
B-O-B bending oscillations, and Cu-O vibration increases at the cost of
intensity of bands owing to BO4 groups with a rise in the quantum of
copper ions. This is a clear indication that impurity ions exist in the
samples in the divalent state and act as modifiers. Such Cu®" ions
enhance NBOs in the specimens which act as donor centres [1,9,16]. Due

10

to these donor centres, the conductivity of the samples increases. This
outcome is also assisted by the decrease in the value of E, and a rise in
the magnitude of AE of the specimens. Amplification of Cu" ions is also
confirmed by an increase in the intensity of ESR signals of the samples.
All these results validated a gradual deterioration in the hardness of the
sample with a rise in the dose of dopant.

4.6. Dielectrics studies

Dielectric studies (Fig. 9 to Fig. 12) are useful in estimating the
insulating properties of glasses. At lower temperatures and for smaller
concentrations of CuO, the dielectric variables such as €' (dielectric
constant), tand (dielectric loss), and o, (a.c. conductivity) are small
(Table 6 and Table 7). It is expected that at lower temperatures Cu” ions
are dominating the Cu®* ions. Cu* ions behave like network formers and
strengthen the glass. As the concentration of CuO is increased, the Cu™
ions are converted into Cu®" ions while preparing the specimens. A
continuous amplification of Cu’* ions in the doped samples is perceived.
The outcome is supported by the studies on optical absorption and ESR
spectra. These Cu®" ions modify the glass like that of Li* ions [1,8]. Such
modifiers create bonding defects and generate non-bridging oxygens
(NBOs). These defects produce free paths for the transport of charge
carriers and enhance the dielectric parameters.

An increase in defects is detected gradually in the glasses from CO to
C10 [1,8]. Because of these defects, the dipoles are aligned in the di-
rection of field. This phenomenon leads to a rise in the magnitude of
tandy,ax and a decrease in the values of activation energy for dipoles in
the glasses from CO to C10. The dielectric relaxation peaks are detected
when copper ions are in the divalent state in the glasses. A contraction of
the relaxation peaks indicates the degree of freedom of the dipoles to
rotate in the direction of field. These results confirmed a systematic
decay in the strength of a sample with a gain in the content of dopant.

Defect model proposed by Ingram is applied for explaining the
electrical conduction in the high temperature zone [25-28]. A plot
sketched against 6, and activation energy for conduction exhibited near
linearity. This event indicates that an increase in conductivity is
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proportional to the movement of charge carriers in the high temperature
region. The massive Sr>* ions are almost motionless within the time
interval of the hopping phenomenon of Li" ions [3,5]. Finally, it is
concluded that in a high temperature region the conductivity is due to
the movement of monovalent Li* ions [1-5]. The concentration of cu?*
ions increases with a rise in the quantum of CuO. Such Cu®" ions
enhance the defects by creating easy paths for the movement of Li" ions,
leading to an increase in the ionic conductivity of the glasses [1,5]. The
electronic conduction is credited to the hopping of electrons between
Cu* and Cu®" ions. At lower concentrations of dopant, the Cu™ ions are
dominating in the specimens [1,8]. The Cu" ions play the role of glass
formers and hamper the movement of Li " ions. Thus, the conductivity is
low at lower concentrations of CuO (Table 7) [1,8].

Amidst various types of conduction techniques in the glasses, con-
duction in a localized state near the Fermi level occurs when o, is in-
dependent of temperature and fluctuates in accordance with the
frequency. Conductivity of current specimens in the lower temperature
region (roughly up to 360 K) can be assigned to this process [1-5]. By
using the quantum mechanical tunnelling model, the values of the
density of energy states N(Eg) are estimated at a temperature of 373 K
and at a frequency of 100 kHz by using the following relation [1].

o(w) = ne*KT{N(Er\'a " w[Ln(v, /o)) } 15)

Where n = /3 [1] = 3.66n%/6 [1] = n/96 [1], with the usual
meanings of notations [1]. A continuous rise in the value of N(Eg) with a
raise in the dose of CuO indicates the amplification of deformation in the
specimens. This outcome suggests a gradual increase in Cu?" ions which
increase the defects in the glasses. The same result is also supported by
an increase in Urbach energy, decrease in the optical band gap, and
studies on the ESR spectra.

By applying an alternating electric field (E) to a dielectric, the heat of
the dielectric loss is extricated. Heat loss per unit volume (L) of a
specimen is denoted by [1]

L(W /m*) = E’wé'e tané (16)
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From the above equation, it is learnt that greater the value of £'tand
larger is the value of L. The large amount of heat released causes an
increase in temperature of the model. This event leads to the breakdown
of the dielectric. Therefore, the dielectric breakdown strength (DBS) of a
glass is inversely proportional to the applied voltage. In the present
investigation, the rise in magnitude of ¢'tand is detected with a gain in
the concentration of CuO. This is a cause for the continuous decrease in
the values of DBS of the glasses from CO to C10. This phenomenon
supports a gradual decrease in the rigidity of the samples with a gain in
the quantum of copper ions. The magnitude of DBS is the least for the
glass C10. This result hints the maximum defects in the sample C10.

Optical absorption and ESR studies of the specimens suggested an
increase in Cu?* ions with an increase in the content of CuO. A decrease
in the optical band gap of glasses hints an increase in the semiconducting
nature of glasses. This result is also supported by an increase in the
dielectric properties of glasses. FTIR spectra reveal an increase in the
intensity of BO3 units with an increase in the concentration of dopant.
This outcome suggests a gradual decrease in the rigidity of the glass. All
results are in support of an increase in conductivity of the glasses with a
rise in the content of dopant.

5. Conclusions

The glass network 10Li;0-30SrO-(60-x)B,03-xCuO (0 < x < 1) was
synthesized by the melt quench and heat treatment process. XRD vali-
dated the aperiodic nature of the glasses. Optical absorption spectra
supported the magnification of Cu?" ions in the models in proportionate
to the quantum of CuO. A gradual decrease in the values of optical band
gap hints a continuous betterment in the semiconducting essence of the
samples. An increase in the value of optical basicity supported the
advancement in the ionic temper of the glasses. ESR spectra approved
the existence and augmentation of Cu®* ions in the glasses with a rise in
the content of CuO. FTIR exhibited an increase in intensity of the bands
owing to BO3 units for the models from CO to C10. Dielectric studies
suggested the gain in the conductivity of the samples with an increase in
the concentration of CuO.
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Indole 3-Acetic Acid Production by Aspergillus Species
Isolated From Chilli Rhizospheres
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ABSTRACT

In the present study soil samples were collected from different chilli rhizospheres in the vicinity of Guntur, Andhra
Pradesh, India and the filed trails were conducted in the year of 2018-2019. A total of 57 microbial strains were
isolated from chilli rhizosphere. All the strains were isolated from potato dextrose agar media by using 10-4 serial
dilutions. Fine and clear colonies were picked and transformed into a culture tubes for further studies. For the
preliminary screening there are 10 isolates were considered as fungal strains based on spore morphology. The
spores are round and irregular in shape with green to light brown in colour. Preliminary identification of these
fungal isolates was based on morphological and cultural characters on potato dextrose agar medium. All ten strains
showed the maximum indole acetic acid production on Czepakdox agar medium. Various optimization studies like
incubation period, pH, temperature and carbon and nitrogen sources were studied by affecting the indole acetic
acid productions i.e., 10 days incubation period, pH 7.0 and 30°C. Carbon and nitrogen sources are also affected
the indole acetic acid production in this optimization. A carbon and nitrogen source in the optimal medium
plays a major role for the production indole acetic acid. Among them, the strain Aspergillus PB-7 in presence
of Glucose and peptone showed the maximum IAA production of 110pg/ml and 75pg/ml. Successful inoculation
of agricultural crops with biocontrol plant growth promoters includes the delivery of sufficient inoculum to the
target, economical production of large quantities of microorganisms. Rhizospheric microbes especially plant growth
promoting microorganism were promising to be developed as multifunctional biofertilizer.

KEY WORDS: PLANT GROWTH PROMOTERS (PGP), INDOLE ACETIC ACID (IAA), POTATO DEXTROSE AGAR (PDA)..

INTRODUCTION

Chilli can be grown in a wide range of Black, Brown,
Red and Clay soils, but black soils which retain moisture
for long periods are suitable for rain fed crop whereas
well drained soils, deltaic soils and sandy loams are
good under irrigated condition. Whereas Sandy and
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loamy soils poorly supported to chilli production when
compare to black soils. Various climatic conditions like
humid and hot weather supports to the chilli plants.
Sometimes environmental conditions are also adversely
affected the chilli growth and fruit production. India is
the largest producer and consumer of chilli among other
major producers in the world. India contributes about 47
per cent to the total world production, and assumes first
position in terms of international trade, exporting 38 per
cent of its total production.

Chilli production in India is moving northwards on
increasing demand from diversified sectors and changing
consumption patterns. Dry chilli production rose by
nearly 52 per by nearly 52 per cent from 9.7 lakh tones in
1997-98 to about 18 lakh tonnes. More than 80% of the
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bacteria isolated from the rhizosphere can produce (IAA)
Indole Acetic Acid (Khalid et al., 2004) in the presence
of precursor, tryptophan either through root exudates
or from the proteins released by the dead bacteria cells
(Patten and Glick, 1996). Indole-3-acetic acid (IAA), a
plant growth hormone compound, is a natural auxin
produced by plants, bacteria, fungi and a diverse group of
organisms. It is a metabolite derived from tryptophan by
many tryptophan dependant and tryptophan independent
pathways in plants as well as bacteria and fungi. These
growth improvers act as biocontrol agents. (Pattern and
Glick, 2002; Wesam et al., 2017).

Various soil microorganisms including bacteria, fungi
(Finnie and Van Staden, 1985) and algae (Stein et
al., 1990; Rifat Hayat et al., 2010) are capable of
producing physiologically active growth hormones like
auxins and gibberellins which may exert prominent
effects on plant growth and development. Many PGPR
(Plant growth promoting) microorganisms associated
in chilli rhizosphere. Chilli is one of the important
agriculture produce Andhra Pradesh also. Chillies from
Andhra Pradesh are well known for their pungency and
good red colour. Several districts like Guntur, Krishna,
Prakasam, Nellore, Chittor and Anantapuram are the
main chilli growing districts in Andhra Pradesh. The
present study was mainly focussed on indole acetic acid
production and optimization studies by fungal strains
isolated from chilli rhizosphere. These strains were used
as bio inoculants in application to the farmer’s fields
and it is useful for sustainable agriculture (Wesam et
al., 2017).

MATERIAL AND METHODS

Isolation of fungi done using the rhizosphere soil samples
from the chilli fields of 10 different areas of Guntur,
district of Andhra Pradesh, India were collected for the
study. Fungal strains were isolated on Potato Dextrose
Agar (PDA) medium by soil dilution plate technique
(Rapilly, 1968) using 10 to 10 dilutions. The plates
were incubated at 28 + 2°C for 5 days. Fungal colonies
appeared in the plates were noted and sub cultured.
After purified by single spore isolation method and
they were maintained on potato dextrose agar (PDA)
slants. Identification of Fungal solates was based on
culture characters as well as microscopic parameters
(conidiophores branching, phialides shape and position,
spore size and shape) (Nagamani et al., 2006). The pure
cultures were stored in the refrigerator at 4°C for further
studies.

Screening of isolates for IAA production was determined
based on the method described by Patten and Glick (2002)
with slight modifications. One milli liter of supernatant
was mixed with 2 ml of Salkowski reagent (1ml of 0.5M
FeCl, in 50mL of 35% HCIO,) and incubated for 1hr.
Development of pink colour indicated the production of

IAA. The quantification of IAA was read at 540 nm in a
UV- Vis spectrophotometer. A standard curve was plotted
for quantification of IAA solution and uninoculated
medium with a reagent as a control. The amount of
IAA in the culture was expressed as pg/ml (Gordon and
Weber, 1951).

Figurel: IAA production (pg/ml) by Aspergillus species
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Figure 2: Effect of incubation period on IAA production
(pg/ml) by Aspergillus species PB 7
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The optimization studies for IAA production to determine
the IAA production, different incubation periods (7, 8,
9, 10, 11 and 12 days), pH levels (4, 5, 6,7, 8 and 9) and
temperature (4,20, 25, 30, 35 and 40°C) were studied.
Various carbon (1%) and nitrogen (0.1%) sources were
studied by using the above method.

For the statistical analysis, all measurements were carried
out in triplicate. Statistical analyses were performed
using one-way analysis of variance (ANOVA), and
the significance of the difference between means was
determined by Duncan’s multiple range tests. Differences
at P < 0.05 were considered statistically significant.

RESULTS AND DISCUSSION

A total of 57 strains were isolated from chilli fields in
the vicinity of Guntur district, Andhra Pradesh, India.
All the strains were tested for IAA production; among
them 10 strains were positive results on Potato dextrose
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agar medium (Figure- 1). The present study mainly reveals
the IAA production of the selected 10 fungal strains.
Maximum IAA production was observed on Aspergillus
sp. PB 7 strain which showed 110 pg/ml of IAA, followed
by Aspergillus sp. PB 5 strain (63 pg/ml). Minimum [AA
production was recorded in Aspergillus sp. PB 4 with 27
pg/ml. IAA productions by ten fungal strains between
the range of 27-110 pg/ml. Aspergillus flavus Promoted
the Growth of Soybean and Sunflower Seedlings which
was reported by Humayun et al., (2019).

Optimization studies for IAA production (pg/ml) by
Aspergillus species PB 7: For the optimization studies
we selected PB 7 Aspergillus strain which showed
maximum [AA production and was tested with the effect
of incubation period, pH and temperatures, carbon and
nitrogen sources.

Effect of incubation period on IAA production by
Aspergillus species PB 7: The IAA production was started
between 7 to 12 days of incubation periods (Figure-2).
The maximum IAA production was observed on 10th
day of incubation (110 pg/ml). Similarly Unyayar et al.,
(2000) and Hansan (2002) reported that the maxumum
amount of IAA was synthesized during the stationnary
phase of growth. May be these reason was that during
stationnary phase the bacterium might be able to get
maximum tryptophan from dead bacterial mass, which
could result in more IAA production. Reduction of IAA
production at the later might be due to release of IAA
degrading enzymes by the bacteria (Hunter, 1989).

Effect of pH on IAA production (pg/ml) by Aspergillus
species PB-7: The pH of the medium showed a significant
influence on the production of IAA by fungal strains. The
maximum [AA production (110 pg/ml) was observed at
pH 7 (Figure-3). For many authors, the optimum pH for
IAA production is between 6 to 9. However, the below
and above pH 8 the production of IAA was less, because
Streptomyces sp population level is more in alkaline soil
than the acidic soil (Shirokikh et al., 2007; Mohite, 2013;
Bharucha et al., 2013; Dasri et al., 2014).

Figure 3: Effect of pH on IAA production (pg/ml) by
Aspergillus species PB-7
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Effect of different temperature on IAA production (pg/
ml) by Aspergillus species PB-7: The effect of different
temperature on IAA production by fungal strains
showed that, the maximum IAA production was
obtained at 30°C (65 pg/ml) followed by 35°C (44 pg/
ml) and 40°C (29 pg/ml) respectively (Figure-4).

Figure 4: Effect of temperature on IAA production (pg/
ml) by Aspergillus species PB-7
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Effect of different carbon source on IAA production
(ng/ml) by Aspergillus species PB-7: Different carbon
sources (mannitol, Starch, glucose, sucrose, fructose,
lactose and Arabinose) were studied for their effect on
IAA production by Aspergillus species PB-7 (Figure-5).
Glucose in the medium gave maximum [AA production
(110 pg/ml) followed by arabinose (51ug/ml) and lactose
(48 pg/ml).

Figure 5: Effect of carbon sources on IAA production (pg/
ml) by Aspergillus species PB-7
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Effect of different nitrogen sources on IAA production
(ng/ml) by Aspergillus species PB-7: Various nitrogenous
compounds (Ammonium sulphate, potassium chloride,
Yeast extract, peptone and beef extract). These nitrogen
source have a significant effect on IAA production
(Figure-6). Among all the nitrogen sources used,
peptone was found to be the best nitrogen source for
IAA production. Organic and inorganic nitrogen sources
can be utilized by Pseudomonas sp. prefers yeast extract
(Balaji, 2012), Pantoea agglomerans PVM prefer beef
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(Apine and Jadhav, 2011), and Ammonium sulphate
was found to be for IAA production of Acefobacter
diazotrophicus L1, the most suitable nitrogen source
(Nita et al., 2011).

Figure 6: Effect of nitrogen sources on IAA production
(ng/ml) by Aspergillus species PB-7
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CONCLUSION

From the results, it is clear that Aspergillus species PB
7 isolated form chilli rhizospheres preferred glucose and
peptone as carbon and nitrogen sources respectively. The
optimum conditions for this culture are incubation 12
days, pH 7.0 and 30°C temperature. There were several
plant growth promoting rhizobacterial (PGPR) inoculants
that seems to promote plant growth through different
mechanism such as plant growth hormone production,
nutrient acquisition and plant disease suppression. Thus
the optimized microbial inoculants may be useful for the
production of multifunctional biofertilizers.
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Abstract

This paper describes production and characterization of L-Asparginase and Lipases from Aspergillus species isolated from chilli thizosphere in
the vicinity of Guntur, Andhra Pradesh. The isolated fungi were screened for L-asparaginase production using Czapek’s agar media. On the basis
of pink colour zone formed, ten fungal strains was selected and identified as Aspergillus species and names as Apergillus sp. DPB-365. This
study investigates the optimization and production of L- Asparagine and Lipase. Days of incubation, temperature, pH, supplementary carbon and
nitrogen sources on the production of L- Asparagine and Lipase was studied and accordingly optimum conditions were determined. The isolated
soil fungi Aspergillus species is a strain that produces high levels of L- Asparagine, under optimized culture conditions, viz., on the third day of
incubation at an optimum pH of 7.5 and temperature of 37°C. The isolate Aspergillus sp. DPB-365 showed highest enzyme L- Asparginase
production 71.2 TU/mg and Lipase production 65.5 TU/mg respectively. L-asparaginase has been used as anti-tumor agent for the effective
treatment of acute lymphoblastic leukemia and as food processing aid to reduce the acrylamide formation during frying of starchy foods at high

temperature.

Keywords: L- Asparginase, Lipase, Aspergillus.

INTRODUCTION

Enzymes are one of the essential products acquired for the
needs of human through microorganisms. Enzymes like
Amylases, Lipases, L- Asparginase, Glutaminase, Proteases
and Cellulases has great industrial value in the present-day
market. Among these Amylases plays a crucial role in enzyme
market. Most of the prominent enzymes like protease, cellulases
and amylase were used in many industries. L-asparaginase
belongs to an amidase group that produces aspartic acid and
ammonia by asparagine hydrolysis (Wriston and Yellin, 1973,
Capizzi et al., 1984). The search for other asparaginase sources,
like eucaryotic microorganisms, can lead to an enzyme with
less adverse effects. The importance of microorganisms as L-
asparaginase sources has been focused since the time it was
obtained from Escherichiacoli and its antineoplastic activity
demonstrated in guinea pig serum (Broome, 1961; Mashburn
and Wriston 1964; Roberts et al., 1966; Schawartz et al., 1966,
Boyse et al., 1967). This enzyme is widely distributed, being
found in L-asparaginase is widely distributed, being found in
animal, microbial and plant sources. Large number of
microorganisms that include Erwiniacarotovora, Pseudomonas
stutzeri, Pseudomonasaeruginosa and E. coli. It has been
observed that eukaryotic microorganisms like yeast and fungi
have a potential for asparaginase production. For example, the
mitosporic fungi genera such as Aspergillus, Penicillium, and
Fusarium, are commonly reported in scientific literature to
produce asparaginase (Abdel Fatteh et al., 2002; Qin and Zhao,
2003; Wade et al., 1971). The literature reports suggested that
the enzyme produced by different microbial strains differed in
some physiological, biochemical, catalytic and immunological
properties. So the continuous screening program is necessary
for the isolation of novel microbial strains that could produce
an effective enzyme.

*Corresponding Author: Darsi Phebe Sarah Koti Ratnam,
Department of Botany & Microbiology, Andhra Christian College, Guntur,
Andhra Pradesh, India.

To our knowledge, reports on the production of L-Asparginase
from bacillus and Aspergillus species is very limited. In the
present investigation, the one-factor-at-a-time approach was
used to select the best combination of incubation period, pH,
temperature, carbon, nitrogen sources studied.

MATERIALS AND METHODS

Isolation of fungi: The rhizosphere soil samples from the
chilli fields of 10 different areas of Guntur, district of Andhra
Pradesh, India were collected for the study. Fungal strains
were isolated on Potato Dextrose Agar (PDA) medium by soil
dilution plate technique (Rapilly, 1968) using 107 to 107
dilutions. The plates were incubated at 28 + 2°C for 5 days.
Fungal colonies appeared in the plates were noted and sub
cultured. After purified by single spore isolation method and
they were maintained on potato dextrose agar (PDA) slants.
Identification of Fungal isolates was based on culture
characters as well as microscopic parameters (conidiophores
branching, phial ides shape and position, spore size and shape)
(Nagamani ef al., 2006). The pure cultures were stored in the
refrigerator at 4°C for further studies.

L- Asparginase production: The production of L-
asparaginase was carried out by using 20 g of carob pod as a
substrate under solid state fermentation. The moisture content
of the flask is 65% were maintained and inoculated 1 ml of
inoculum (1x107spores/ml). The content of the flask were
mixed thoroughly gently beating the flasks on the palm of hand
and incubated in slanting position at 35 0C for 7 days. The pH
4.5 was maintained throughout the fermentation process.

Enzyme Assay: Assay of enzyme was carried out as per
Imadaer al. 0.5 ml of 0.04 M asparagine was taken in a test
tube, to which 0.5 ml of 0.5 M buffer (acetate buffer pH 5.4),
0.5 ml of enzyme and 0.5 ml of distilled water was added to
make up the volume up to 2.0 ml and incubate the reaction
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mixture for 30 min. After the incubation period the reaction
was stopped by adding 0.5 ml of 1.5 M TCA (Trichloroacetic
acid). 0.1 ml was taken from the above reaction mixture and
added to 3.7 ml distilled water and to that 0.2 ml Nessler’s
reagent was added and incubated for 15 to 20 min. The OD
was measured at 450 nm. The blank was run by adding enzyme
preparation after the addition of TCA. The enzyme activity
was expressed in International unit.

Lipase production: One ml of olive oil along with 100 ml
basal salt solution (Peptone: 0.5 g; MgSO4.7H20: 0.05 g;
KCI: 0.05 g; KH2PO4: 0.2 g; NaNO3: 0.05 g) in 250 ml of
Erlenmeyer flask were autoclaved at 15 psi for 15 minutes.
These flasks were inoculated with Aspergillus sp. DPB-365and
incubated at28+1 °C in shaking incubator (80 rpm) for 5 days.

Enzyme assay: Crude enzyme extract was prepared from the
culture supernatant which was centrifuged at 10,000 rpm for
15 min at 4°C. Lipase activity was measured
spectrophotometrically using pnitrophenyl acetate (pNPA) as a
substrate at 45°C in 100 mM phosphate buffer of pH 7.0 (Licia
et al., 2006). The substrate for this reaction was composed of
solution A and B. Solution A contained 40 mg of p-nitro
phenyl actetate dissolved in 12 ml of isopropanol, solution B
contained 0.1 g of gum arabic and 0.4 ml of triton X-100
dissolved in 90 ml of distilled water. The substrate solution
was prepared by adding 1 ml of solution A and 19 ml of
solution B. The assay mixture contained 1 ml of the substrate,
0.5 ml of buffer, 0.1 ml of enzyme and final volume was made
up to 3 ml with distilled water. The enzyme activity was
stopped by adding 0.2 ml isopropanol and liberation of p-
nitrophenol at 28 °C was detected in spectrophotometer at 400
nm. One enzyme unit was defined as 1 pmol of p-nitrophenol
enzymatically released from the substrate per minute Syed et
al., (2010).

Optimization of medium and cultural conditions:
Optimization of different cultural conditions such as
incubation period, pH, temperature, carbon, and nitrogen
sources on the production of L-Asparginase was determined.

Effect of incubation period on L- Asparginaseand lipase
production: To study the effect of incubation period on L-
Aspargine production, the enzyme production by Aspergillus
sp. DPB-365 was studied for every 24 hours up to 96 hours.
For this study, the RN-7 culture was inoculated into 500 ml
conical flask, containing sterile M9 broth and was incubated
from 24 hours up to 96 hours at 37°C and triplicates were
maintained. The optimum time, showing maximum production
was taken for further experiments.

Effect of pH on L- Asparginaseand lipase Production: To
study the effect of different pH on L- Aspargine production,
the isolate Aspergillus sp. DPB-365 was grown in sterile M9
broth with various pH levels ranging from 5.0 to 9.0. and was
maintained by using phosphate buffer. 0.5 ml of the 24-hour
old inoculum was transferred into the sterile M9 broth at
different pH and incubated at 30°C for 48 hrs and assayed for
enzyme activity. The most favourable pH achieved at this step
was used for further study.

Effect of temperature on L- Asparginase and lipase
production: To study the effect of temperature on L-
Aspargine production, the isolate Aspergillus sp. DPB-365 was
grown in sterile M9 broth at different temperatures, ranging

from 30 to 55°C for 48 hrs of incubation and temperature was
maintained by using respective incubators. 0.5 ml of the 24-
hour old inoculum was transferred into a sterile M9 broth and
was incubated and further assayed for enzyme activity.

Optimization of L- Asparginaseand lipase Production by
Aspergillus sp. DPB-365

Effect of Different Carbon Sources on L- Asparginaseand
lipaseproduction: To study the effect of carbon sources on L-
Aspargine production by growing the bacterial strain
Aspergillus sp. DPB-365 on M9 broth, the broth was
supplemented with different carbon sources such as Galactose,
Maltose, Fructose, Starch, Sucrose, and Cellulose, each at a
concentration of 1% (w/v). 0.5 ml of the inoculum was added
to a sterile M9 broth with different carbon sources, incubated
at 30°C for 72 hrs and assayed.

Effect of Different Nitrogen sources on L- Asparginaseand
lipase production: Different nitrogen sources like Yeast
extract, Tryptone, Ammonium sulphate, Urea, Peptone and
Malt extract were added to the M9 broth separately at a rate of
1% (w/v), and 0.5 ml of the inoculum from the bacterial isolate
Aspergillus sp. DPB-365 was added to sterile M9 broth,
incubated at 30°C for 72 hrs and was assayed for enzymatic
activity.

Statistical Analysis: All measurements were carried out in
triplicate. Statistical analyses were performed using one-way
analysis of variance (ANOVA), and the significance of the
difference between means was determined by Duncan’s
multiple range tests. Differences at P< 0.05 were considered
statistically significant.

RESULTS

A total of 10 isolates were obtained from chilli rhizosphere in
the vicinity of Guntur, Andhra Pradesh. The preliminary
characterization like cultural and biochemical characteristics
was done by Bergey’s manual of systemic bacteriology. All the
isolates belong to Aspergillus species according to their
preliminary and biochemical studies. Different incubation (7,
8, 9,10, 11, 12, 13 and 14 days) periods were studied for the
L- Asparginase and Lipase production. Maximum enzyme
production was observed by 12 days of incubation period
(Table-1). In this study enzyme production of each strain is
based on the specific growth rate of the strain. Growth rate and
enzyme synthesis of the culture are the two main
characteristics which are mainly influenced by incubation time
(Ellaiah et al., 2002).

Table 1. Effect of incubation period on L- Aspargine and Lipase
production by Aspergillus sp. DPB365

Incubation L- Aspargine production (IU/mg)  Lipase production (IU/mg)

SLoo: . eiod by Aspergillus sp DPB365 by Aspergillus sp. DPB365
1 7 18 11

2 8 27 17

3 9 36 28

4 10 42 33

5 1 59 45

6 12 712 65.5

7 13 60 447

3 14 55 213

*The overall model is significant with p<0.05

Different pH levels were maintained for the L- Asperginase
and Lipase production by Aspergillus sp. DPB365. Maximum
enzyme production was obtained from neutral pH. Acidic
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phase to a neutral phase enzyme activity increased up to a pH
of 4.0 and upon further increase in pH, enzymatic activity
decreased (Table-2).

Table 2. Effect of pH on L- Aspargine and Lipase production by
Aspergillus sp. DPB365

L- Aspargine production (U/L) sp. ~ Lipase production (IU/mg)

Slno pH

DPB365 by Aspergillus sp. DPB365
1 4 2 18
2 5 16 24
3 6 57 32
4 7 71.2 65.5
5 8 61 41
6 9 44 32
1 10 25 21

*The overall model is significant with p<0.05

Various temperate levels were maintained for the L-
Asperginase and Lipase production by Aspergillus sp.
DPB365. Maximum enzyme production was obtained from
35°C nearly room temperature. Further increase in temperature
enzymatic production was decreased (Table-3).

Table -3. Effect of temperature on L- Aspargine and Lipase
production by Aspergillus sp. DPB365

SLno TEmpcr;llurc L- Aspargine production(U/L) Lipase production (IU/mg)
- by Aspergillussp. DPB365 by Aspergillussp. DPB365

1 4 5 2

2 15 22 14

3 20 35 21

4 25 51 30

9 30 65 42

6 35 71.2 65.5

7 40 60 41

8 45 48 22

*

The overall model is significant with p<0.05

Different carbon sources were tested for L- Asparginase and
Lipase production by Aspergillus sp. DPB365. Maximum enzyme
production was obtained from Glucose was used as carbon source
followed by rhamnose (Table-4). Majority of the carbon sources
greatly influenced the enzyme production by Aspergillus sp.
DPB365.

Table 4. Effect of carbon sources on L- Asparginaseand Lipase
production by Aspergillus sp. DPB365

Sl Carbon L- Asparginase production Lipase pm}lucuon (IU/mg)
sources (IU/mg)Aspergillussp. DPB365 by Aspergillus sp. DPB365

1 Glucose 71.2 36.4

2 Maltose 65 424

3 Rhamnose 70 55.1

4 Fructose 68 526

5 Xylose 55 58.7

6 Arabinose 52 62.7

7 Starch 63 48.4

*The overall model is significant with p<0.05

Different nitrogen sources were tested for L- Asparginase and
Lipase production by Aspergillussp. DPB365. Maximum enzyme
production was obtained from glutamine followed by proline
(Table-5).

Table -5. Effect of nitrogen sources on L- Aspargineand Lipase
production by Aspergillus sp. DPB365

Slno Nitrogen L- Aspargine production Lipase production (IU/mg)
sources (U/mg)sp. DPB365 by Aspergillus sp. DPB365
1 Proline 73.5 425
2 Urea 70 51.6
3 Glutamine 88 438
4 Sodivm 65 314
nitrate
5 Ammonium 60 282
sulphate
6 Peptone 68 60.5
T Beef extract 62 512

*The overall model is significant with p<0.05
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Abstract:

Plant growth promoting bacteria are known to influence the plant growth by various direct or indirect
mechanisms. In search of efficient PGPR strains with multiple activities, a total of 10 bacterial isolates belonging
to Bacillus species isolated from chilli rhizosphere, Guntur district of Andhra Pradesh, India. Out of ten only one
isolate Bacillus sp. PB-3 showed potential activity of producing IAA, Gibberellic acid production, Siderophore
production. Bacillus sp. PB-3 showed the maximum IAA (85 pg/ml ) and Gibberellic acid productions 52 pg/ml
were observed. An orange halo appears around the Bacillus species on CAS agar media indicates the siderophore
production. The optimum conditions for siderophore production in Bacillus sp. PB-3 was selected for this study.
CAS medium was supplemented with mannitol (18.6 pg/ml) and Urea (18.4 pg/ml) was used as carbon and
nitrogen sources showed maximum amount of siderophores. These plant growth promoting abilities can make this

isolate a potential PGPR candidate for its application in sustainable agriculture.

Keywords: Gibberellic acid, Indole Acetic Acid, Siderophore

Introduction:

In agriculture plant growth promoters play a major role for sustainable production. Bacteria and fungi also
play a key role in agriculture. The genus Bacillus sp. stand out as one of the main genus of PGP used to promote of
plant growth. Rhizospheric microorganisms produce vitamins, antibiotics, plant hormones, synthesis of vitamins,
amino acids, auxins, cytokinins and gibberellins which stimulate plant growth and antagonism with potential plant

pathogens and communication molecules that all encourage plant growth. Plant growth hormones (IAA and
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Gibberellic acid) were produced in chemically defined medium using the bacterial strains Bacillus cereus, Bacillus
Licheniformis, B. pumilus and B. subtilis. Bacterial species like Bacillus pumilus and Bacillus licheniformis,
isolated from the rhizosphere of Alnus glutinosa L. Gaertn., both have strong growth promoting activity (Probanza
et al., 1996). Although it was soon found that both were auxin producers (Gutierrez and Manero et al., 1996), the
characteristics of the induced growth are also suggestive of GA-like promotion.

More than 80% of the bacteria isolated from the rhizosphere can produce (IAA) Indole Acetic Acid (Khalid
et al., 2004) as secondary metabolite by obtaining tryptophan either through root exudates or from the proteins
released by the dead bacteria cells (Patten and Glick, 1996). The metabolites obtained from microorganisms.
Indole-3-acetic acid (IAA), a plant hormone compound, is a natural auxin produced by plants, bacteria, fungi and a
diverse group of organisms. Indole Acetic acid is a metabolite derived from tryptophan by many tryptophan
dependant and tryptophan independent mechanism in plants and bacteria. There is more than one mechanism could
be present in a bacteria (Pattern and Glick, 2002). Siderophores are broadly grouped into two main categories, viz.
phenolates and hydroxamates. Bradyrhizobia and rhizobia infecting Cicer, Cajanus, Vigna, Leucrena, Medicago,
cluster bean, peanut and Acacia are known to produce species-specifics siderophores of hydroxamate, catechols

and organic acid type as well as some unknown types of siderophores (Dudeja et al. 1997).

Materials and methods
Isolation

One gram representative soil sample was suspended in 10 ml of sterile distilled water and shaken
thoroughly for 10 minutes. Microorganisms were isolated from collected samples by the serial dilution plate
technique using Nutrient Agar Medium (NAM). Serial dilutions up to 10~ of each sample were prepared by using
sterilized water (Sneath, 1986). Sample dilutions were plated (in triplicates) on NAM and incubated at 35° C for
24 to 48 h. Pure Colonies were picked and maintained on NAM slants at 4° C and further assessed for enzyme

production in liquid medium.
Indole Acetic acid production

To determine the production of IAA, culture suspension of the strain was inoculated in starch tryptone broth
supplemented with 0.5% L-Tryptophan, adjusted to initial pH 7.0 and incubated for 48 h, at 30°C. After
incubation, culture broth was centrifuged at 10,000 rpm for 20 min. The supernatant (5 ml) was mixed with 1ml of
IN HC1 and 4 ml of Salkowski reagent and observed for the development of pink colour. Optical density was read
at 530 nm in a spectrophotometer (Sinha and Basu, 1991). Standard Graph was prepared by using increasing
concentration of authentic IAA (Gordon and Weber 1951).
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Gibberellic acid production:

To determine the production gibberellic acid, the culture suspension was inoculated into starch broth supplemented
with 60 mM concentration of mevalonic acid, adjusted with initial ph 7.0 and incubated at 30° C for 48 h. After
incubation culture broth was centrifused 10000 rpm for 20 min. The supernatant was acidified to pH 2.5 with HCI
and extracted using liquid-liquid (Ethyl acetate/NaHCO3) extraction (Cho et al., 1979). Gibberellic acid in the
ethyl acetate phase was measured by UV spectrophotometer at 254 nm (Bruckner Blechschmidt, 1991).

Siderophore production:

Siderophore production by the plant growth promoting bacteria was estimated by the method described by
Schwyn and Neilands (1987). Siderophore production was indicated by orange halos around the colonies after the
incubation.

Siderophore assays

For the detection of siderophore production in Bacillus sp. PB-3 was grown on the medium containing 0.5

uM of iron, and incubated for 24 h on rotary shaker at 200 rpm at room temperature. A clear orange hallo zone

around the colonies appears on Chrome Azurol S (CAS) agar medium which indicate the siderophore positive.

Chrome Azurol S (CAS) Agar medium

For the detection of siderophore, Bacillus sp. PB-3 isolate was grown in synthetic medium, containing 0.5
uM of iron and incubated for 24 h on a rotary shaker at 200 at 30° C. Culture supernatant was added to the wells
made on the CAS agar plates and incubated at room temperature for 24 h. Formation of yellow to orange coloured
zone around the well indicates siderophore production (Schwyn and Neiland’s, 1987). All glassware used to store
stock solution of the medium were treated with concentrated HNO3 and left to overnight. After 24 h, the acid was

removed and the glassware was rinsed thoroughly with double distilled water.

Optimization for Siderophore production

Various factors like effect of iron concentration, effect of carbon and nitrogen sources influence the siderophore

production. Quantitative estimation of siderophore production was done by using spectrophotometer (480 nm).

Effect of incubation period

For the production of siderophore different incubation periods (24, 48, 72, 96, 120, 144 and 168 h) were carried
out in this study.
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Effect of iron concentration on Siderophore production

In this experiment Different concentrations (10, 20, 30, 40 and 50 uM) of iron (Fecl3) was determined by growing

the rhizobacteria in the basal medium upto 168 h of incubation for siderophore production.
Effect of carbon sources on Siderophore production

To study the siderophore production by using different carbon sources (Mannitol, glucose, sucrose, Succinate and
citrate) were studied. The rhizobacteria were inoculated in the basal medium for 168 h of incubation and estimated

the siderophore production.
Effect of nitrogen sources on Siderophore production

To study the siderophore production by using different nitrogen sources (ammonium sulphate, sodium nitrate,
urea, glutamine and glycine) were replaced with 0.1% yeast extract. The rhizobacteria were inoculated in the basal

medium for 144 h of incubation and estimated the siderophore production.
Results and discussion

Total of 10 isolates were obtained from chilli rhizosphere in the vicinity of Guntur, Andhra Pradesh. The
preliminary characterization like cultural and biochemical characteristics of rhizobia was done by Bergey’s manual
of systemic bacteriology. All the isolates belong to Bacillus species according to their preliminary and biochemical
studies. . All the isolates were designated as Bacillus sp. PB-1 to Bacillus sp. PB-10 and tested for plant growth
promoting study (Table-1). All the isolated showed that the TAA, gibberellic acid and Siderophore productions.
Isolate Bacillus sp. PB-3 showed maximum IAA and gibberellic acid productions. Tryptophan is the main
precursor of IAA biosynthesis (Patten and Glick, 1996). Lee et al., (2004) have reported that L- tryptophan was
more active for IAA production, though bacteria were able to produce IAA in absence of tryptophan

(Jayaprakashvel et al., 2014).
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Table-1 Plant growth promoting characteristics of Bacillus species isolated from chilli rhizosphere

Isolates Indole Acetic Gibberellic acid Siderophore
Acid production | production production
(ng/ml) (ng/ml)

Bacillus sp. PB-1 - 224 -

Bacillus sp. PB-2 - 13.8 -

Bacillus sp. PB-3 85.0 52

Bacillus sp. PB-4 38.2 - -

Bacillus sp. PB-5 45.0 - -

Bacillus sp. PB-6 33.8 - -

Bacillus sp. PB-7 - - +

Bacillus sp. PB-8 - 16.7 +

Bacillus sp. PB-9 - - +

Bacillus sp. PB-10 | 35.1 22.8 -

Effect of incubation period on siderophore production
Siderophore production started after 24 h of incubation time showed by Bacillus sp. PB-1. Maximum zone was observed

after 168 h of incubation (Table-2). Maximum production was obtained at 144 h of incubation. Further increase in incubation

period there is no change in the production.

Table 2: Effect of incubation period on siderophore production by Bacillus sp. PB-3

Incubation periods Siderophore production pg/ml
24 2.40
48 5.20
72 11.8
96 14.4
120 19.6
144 23.0
168 23.0

* The overall model is significant with p<0.05

Effect of iron concentration
Iron concentration influences the siderophore production by bacillus species. Siderophore

production was increase with increasing iron concentrations 10 uM to 50 puM (Table-3). Generally the siderophore
production was observed in the iron restricted medium. Iron stressed conditions lead to production of strong iron-

chelating agents such as siderophores (Diaz ef al., 2002).
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Table - 3.Effect of iron concentration hydroxamate type on Siderophore production

Iron  concentrations | Siderophore production pg/ml
(uM)

10 2.40

20 5.20

30 11.8

40 19.6

50 13.0

* The overall model is significant with p<0.05

Effect of carbon sources

Among the 5 carbon sources tested, maximum siderophore concentration was observed in Glucose
containing medium, Bacillus sp. PB-3 showed the maximum siderophore production with mannitol containing the
medium (18.6 ug/ml ) (Table-4). The amount and the type of the siderophore produced by an organism depend on
the availability of organic and inorganic nutrients (Neilands 1982; Abd-Alla, 1998). Glucose and Mannitol proved
the most suitable carbon source for hydroxamate type of siderophores in Pseudomonas aeruginosa, Aspergillus

nidulans, Pseudomonas chrysogenum and Bradyrhizobium japonicum (Mahmoud and Abd- Alla, 2001).

Table 4: Effect of carbon sources on siderophore production by Bacillus sp. PB-3

Carbon sources Siderophore production pg/ml
Control 1.20
Mannitol 18.6
Glucose 14.0
Sucrose 16.8
Succinate 11.4
Citrate 8.20

* The overall model is significant with p<0.05
Effect of Nitrogen sources

Siderophore production by the tested microorganisms was affected by different nitrogen

sources (Table -5). According to this Urea proved to be the most suitable nitrogen source for Bacillus sp. PB-3.

Table 5: Effect of nitrogen sources on siderophore production by Bacillus sp. PB-3

Nitrogen sources Siderophore production
pg/ml

Control 3.0

Ammonium sulphate 14.2

Sodium nitrate 14.6

Urea 184

Glutamine 12.0

Glycine 13.2

* The overall model is significant with p<0.05
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CONCLUSION

The present strains Bacillus sp. PB-3 isolated from chilli rhizospheres showed that indole acetic acid, Gibberellic
acid and siderophore production. For Optimization studies CAS medium was supplemented with mannitol and urea as carbon
and nitrogen sources showed maximum siderophore production. This isolate may useful for biocontrol, and is evaluated to

improve of siderophore production in agriculture fields.
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Abstract:

From the very beginning, far-reaching incompatibilities were the main factors which led the
Europeans and Aborigines being unable to come to terms with each other. The contrast was enormous in
that one was 'civilised' and 'sophisticated' and the other considered 'uncivilised' and ‘primitive’. Therefore,
it was difficult for Europeans and the Aborigines to understand each other’s complex societies, habits,
intelligence and social values. To the Aborigines, an intrinsic part of their life was deep emotional
attachment to the land, which had mythical and social values of considerable significance. The entire
continent had mythical signs and values related to their tribal system and status. They were completely
dependent on land for their dreams and aspirations. Through it, they had acquired their inspirations for
art, music, dancing, and other forms of cultural standing and lived in comparative harmony with their
environment. Their lives were not at all simple. They were with harsh climate, inhospitable land, droughts,
and fires; they had a lot to contend with. Despite all the adversities, they lived in relative peace and
harmony until the arrival of the Europeans.

Key words: Assimilation policies, genocide, protection boards, terra-nullies etc.

Ever since their introduction, Europeans failed to understand the Aboriginal values of environment
appreciation, respect for the past, and privileges affecting them. These attributes had assured their future
and their survival for over 60,000 years. From the moment Aborigines realised that Europeans had come
not just to visit them but to settle permanently, the Aborigines regarded the intrusion into their lives with
disdain. Many took up their primeval armaments and struggled for their survival. Due to the fact that they
were unable to organise themselves into a fighting force and were against sophisticated British firing
power, they were crushed. Later, most Aboriginal attacks became mere skirmishes on guerrilla basis; they
seldom succeeded in pinning the enemy.

For ages land was the utmost component in the lives of Aboriginal Australians. They were
intimately familiar with all aspects of it, as their dependence was directly related to it. Their everyday
living demanded that they should have adequate knowledge of land. They were in harmony with all living
creatures around them. Through mythical beliefs and dreaming their natural world was included in their
social world. Ceremonial sites were of particular significance, unlike other areas for hunting and
gathering. Not only the ceremonial sites but also the whole concept of land was sacred to them. Their
mythical beliefs came very close to creation of land, and since myth was closely related to their socio-
religious terms, land became the sacred issue in an Aboriginal culture. In British terms, land was a God-
given gift to them. It was highlighted by special significance and related to their sacred beliefs with
spiritual importance. Land was an inalienable and incontrovertible right of possession. Spiritual linkage to
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land by birth thrust a particular tribe to a sector of land, which facilitated food, ceremonial sites, and
everything else for everyday living. Even today, landowning groups can be casily identified all over
Australia. Land holding was a spiritual phenomenon, only truly held by mythical beings. Their human
representations were granted alien on land to hold not for themselves and their future off springs but for the
dead as well. There was definite ownership linkage through birth, myth, and death. Land title was held by
signifying ritual emblems possessed by a particular tribe who had relevant claim. The title was not
transferable. It was inalienable heritage of the particular tribe.

Hot climate necessitate daily hunting, as no food could be stored for any length of time. They all
shared in fishing, hunting, and gathering available plants and seeds. In those circumstances, they had very
little time to do anything else. Every activity related to the commune rather than the individual. Their
system of living and any form of government were quite informal. There was no chief or king or leader as
such. If the clan was not sanctioned by an elder on matters of misdemeanour or disputes, they were left to
float along very much like the unstable nature and variations of the environment. People were not static.
Ecology played a part, where they were bound together in the scale of nature in complex relationships.
There was no competition, little violence, and they lived in comparative peace. They developed a classless
society, where struggle for anything else other than food would be no longer an issue. They buffeted round
ina constantly transforming environment which sometimes brought about for the betterment.

Against this attitude to life, they were persuaded by the white society to be 'civilised', whenever
they were conquered or whenever they came into contact with white missionaries or station owners.
Naturally, it was a giant leap for them to adapt. Those who did not want to be 'civilised' were possibly shot
or cleared away from the white environment by using deceptive strategies. Since the white men placed no
value on the black women's consent, women were taken as they pleased. The Aboriginal girls were viewed
as sexual commodity to be used by pastoral workforce of both whites and black stockman as they deemed
fit. They ended up with all the vices and diseases of the white society. The Aborigines, then as now, could
not overcome the huge obstacles which confronted them. This was largely due to the fact that the white
society had mistakenly assumed that the Aborigines had no culture and badly needed civilising. Later, they
systematically had begun to assimilate them and their children into the white culture, which the Aborigines
consistently tried to reject. Others, such as the outback station owners and missionaries, merely regarded
them as part of the environment which was there for them to exploit.

It is, therefore, no wonder that the Aborigines felt the undesirable, which up to this day they have
constantly resisted. As the ages rolled on, the new age groups have not ready to lose their lawful inherited
lands, most of which have been irretrievably lost to white Australians. Despite the High Court decision in
1992 in Mabo Case, this atlast re-established, inter alia, that home-grown individuals were the native
residents of Australia, and, therefore, the ownership of land rested with them, successive governments
have no guts and ethical staying power to severely put into practice of the High Court's verdict. Pemulwuy
waged aradical war against the British invasion between 1788 and 1802. Due to his fight to the invaders, he
championed himself as one of the most revered and recorded about chronological facts in Australian
aboriginal narration. He was considered as a brave warrior. Pemulwuy, a Bidjigal man from the Botany
Bay area, experienced the witnessed the harm done to Aboriginal society by the invaders. And he was not
tempted to befriend them as Arabanoo and Bennelong has done. He took initiation for several battles on the
settlement from Botany Bay to the Parramatta arca and later to Toongabbee. During this time, he left a
notorious criminal gamekeeper namely John Mclntyre. And he was then sought after for slay. He was
gunshot and hospitalised in a fight during 1797 at Parramatta. Yet he runs away with the help of his hamlet.
Wanted dead or alive, Pemulwuy was at last assassinated in1802 and his head was sent to England. His son
was Tedbury was captivated into custody in 1805. About one hundred years after Philip, the misconception
that Aborigines never legally 'occupied' Australia was put to rest by the Mabo decision by the High Court.
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Previously, judges were bound to follow the legal precedent that Australia was ferra nullius (unoccupied)
at the time of the settlement, and therefore, all Aboriginal land belonged to the Crown. Mabo Case
recognised the principle of enduring native right.

Apart from the burning issues of land rights and reconciliation, improvements in their health and
welfare remain much to bed desired. These pressing issues are dark blights on the whole Australian nation
and source of constant criticisms by progressive nations of the world and those who postulate human rights
and do nothing about them. Politicians of all shades bungle on regardlessly and because of certain attitude
racism has bred through ignorance and xenophobia. The dim light on the horizon for the indigenous people
is likely to remain dim for a very long time.

These Aboriginal people are communally addressed as the 'Stolen Generations' because quite a few
generations were affected. Even today, several Aboriginal people are still search for their routes to roots.
The expression Stolen Generations is used for Aboriginal people compellingly taken away (stolen) from
their families between the 1890s and 1970s. Of these people, none of them have the chance to see neither
their parents nor siblings. Several decades we speak of 'generations' (plural) rather than 'generation'. This is
the most flaming fret for members of the Stolen Generations. While taking the aboriginal children white
community stole Aboriginal people's bright future. The social domains like culture, language, tradition,
knowledge, dances and spirituality could only sustain if moved on to their children. By denying this kind of
life white community destined to abolish Aboriginal civilization within a short time and got out of 'the
Aboriginal problem'. By the early 20th century, underneath the absorption strategy white Australians
thought Aboriginal people would wash out. Within three generations, they thought, Aboriginal genes
would have been 'bred out' when Aboriginal people had children with white people.

It was an assumption for several years that the Aboriginal girls would rise up and get married nice
white boys. There was an unrevealed plan behind them that they would mrge as pleasant fairer kids. If the
children were girls, they would marry white boys again and ultimately the dark colour would wash out. It
was the deceptive sketch of the whites including A.O. Nevellie. The entire deceptive idea of stripping the
children in the name of fostering them was adopted as a policy. It was based on the women because the
women were considered as breed machine. Adult Aboriginal people resisted efforts to be driven out of
towns by simply coming back. But children taken away were much easier to control. “I grew up feeling
alone, a black girl in a white world, and I resented them for trying to make me white but they couldn't wash
away thousands of years of dreaming (Aunty Rhonda Collard, member of the Stolen Generations” (10).

Female children of Aboriginals who were taken away were not treated well. They were also ill fed
and used them for station workers and domestic servants. With this kind of cut-price and time and again
underpaid wages, they were made servants. The White society unable to put up the riches and road and rail
network that helped them prospers without these people. The economy was forcefully taken away and used
for their development. This is how the story of the Stolen Generations and the stolen wages become single
story. The high-hand authorities created the impression that the aboriginal children were as their
Aboriginal parents would neglect them. There are facts, however, that kids were malnourished or famished
because Aboriginal people were not paid the full wages they were to be paid.

The Aborigines were strained to live on the Government reserves or mission stations. Yet they
chiefly lived in filth and dearth. Though, they received the basic necessities like medicine, shelter, a least of
foodstuff that in most places was insufficient to continue a healthy life, and the customary blankets. In a
few places some coaching and basic training in practical skills was also provided. There was a very high
child mortality rate within the reserves. It is noticeable fact, whether the mission or reserve was church or
government run; the original people who were placed there were strictly controlled and strictly punished if
they did not abide by the set of laws set by the whites. Aborigines were put into suffering like mute and
ignorant animals and chained slaves in thieir own Land. They had been disconnected of their previous way
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of life and were not essential to the comfort and security of Aboriginal people in 1900. The land is not mere
rocks or minerals or soil, but a holistic environment that sustains and is sustained by culture and people.
For aboriginal Australians, the land is the centre of all religious mysticism and this relationship and the
spirit of 'country' is inner to the issues that are important to aboriginal people today. Aboriginal Australians
were gatherers and semi-nomadic, with each clan having its own territory from which they 'made their
living'. These dwelling places, customary lands 'traditional lands' were interconnected by geographic
borders such as lakes, rivers, and mountains. They are undeclared and cared for their varied environments,
and attuned to them. “We cultivated our land, but in a way different from the white man. We endeavoured to
live with the land; they seemed to live off it.  was taught to preserve, never to destroy” (98). Aborigine Tom
Daystar aboriginal social contact of the land is simultancous to their exceptional tracking skills based on
their gather life and hunter. This includes the ability to trail down birds, animals, to make out and find
edible vegetation, to find sources of water and fish.

At the same time, Aboriginal literature also adopts strategies of deliberate silence over certain
issues, almost as a means of holding power in hand. It is interesting to look at various arguments about
Aboriginal literature as the outcome of Aboriginal suffering. Critics express the view that Aboriginal
Literature is a protest literature. And majority of the people express the view that Aboriginal literature is the
psychological outcome of social oppression. Hence, we say that an indigenous legendary dialogue
emerges from the Aboriginal pain as the new times gone by (in the short or the longer term) of settled folks
expressing themselves in the language of the colonizer. However, the Aboriginal writers do adopt
strategies of shaping this history by selective disclosure. Yet, although most Native fictional conversation
deals with the colonial quandary, it is not confined to the colonizer or colonized discourse alone. This
research pinpoints how Aboriginal literature works as an foreword to the history people and at hand tight
spot, and an eye opener to non-Aboriginal people. Refusing to fit automatically into any Western
intellectual discourse, Aboriginal literature emerges as a decolorized or decolonizing literature in its spirit,
content, purpose and functions. This literature functions not only as literature, but also as a historical,
social, political and economic discourse, and it also bends the English language inevitably.

It is pertinent to observe that Australian Aboriginal literature and Aboriginal movement had
emerged influenced by the similar political, social and cultural conditions. The referendum of 1967 on the
cultural, ethnical prejudice causes in Australian constitution and the establishment of Aboriginal Tent
Embassy on the lawns of National parliament in 1972 illustrated the arrival of new era in Aboriginal
affairs. The autonomy and the taking sides pressure of Aboriginals increased throughout the entire country
and led to the granting of franchise to Aboriginals in 1961 and 'freedom rides' organized by Charles Perkins
in 1965. These social and political movements consolidated around the values such as sovereignty, self-
determination and community control in the areas of social action. This has brought in the issues of land
rights, cultural heritage, health, education and housing for more concentration and equal availability.

These important socio-political changes altered the Aboriginal culture and prepared them to invite
the literary experiments of Aboriginal literature. This has further consolidated the basic association
between the socio-political environment and indigenous imaginative characters in English. Adam
Shoemaker in Black Words White Page: Aboriginal Literature-1929-1988 (2000) analyses the
relationship that existed between social consciousness and literary consciousness: “It is complex
relationship. It is not one in which the literature demonstrably operates as a direct reaction to socio-
political events (although this is occasionally the case); nor is it a relationship in which literature
observably influences Aboriginal behaviour or political action” (10). Shoemaker is of the view that
Aboriginal literature has to be understood as a close proximate reflection of social events. The naturalism
conveyed in Aboriginal novels and the inspiration espoused by Aboriginal plays stem from the personal
experiences of Aboriginal writers. Most of the Aboriginal characters are modelled upon individuals to a

Literary Endeavour (ISSN 0976-299X) : Vol. XII : Issue: 3 (July, 2021)




AUSTRALIAN ABORIGINE'S CRAVING FOR LIBERATION FROM THE WHITES' SO CALLED LEGITIMATE PROTECTION BOARD ... 66

great extent on the familiarity of Aboriginal writers. In short, it must be examined and evaluated that
Aboriginal literature cannot be studied in isolation but always in terms of social environment, the historical
events and in the midst of responsible circumstances. However, the approach to Aboriginal literature is
explicitly historical, sociological and cultural and it refuses to be deterministic under all the situations.
These perspectives demonstrate that Aboriginal literature is a phenomenon worthy of serious cultural and
critical considerations.

Aboriginal literature is primarily concerned with Aboriginal themes. But, there are also several
White society writers who took up themes of Aboriginals. Some of the Australian writers deriving
inspiration from Aboriginality depicted Aboriginal themes. This has brought in the question of Aboriginal
identity to be defined on the lines of exclusive Aboriginality. The Aboriginal consciousness has defined
that Aboriginal literature strictly should comprise of the writings by Aboriginals only. Though, this
perspective limits the subject of Aboriginality as the property of Aboriginal writers, it has exposed the
politics of representation. Representation of someone on behalf of community, race or class is viewed as
act of domination. It is also viewed as an act of independence and self-proclamation. Every race,
community, class, caste etc., is expected to carry the representation on its own irrespective of the disunity
involved. The sagacity of idealism, progressivism, and humanism is found to be in the efforts involved in
making the subjugated groups learn the act of representation. Ernie Blackmore in Speaking Out Black
(2008) probes the issue of who is speaking out whom in relation to Urban/Indigenous voice reflected in
Australian theatre argues the voice that speaks for the large number of Aboriginals should necessarily be an
Aboriginal voice. Though literature is the product of cross-cultural communication, Aboriginal literature
is particular about the concerns of few Europeans who established genuine criticism against their own
dominant society. It is also very particular about the parallel and contrastive approaches adopted by
Aboriginal and non-Aboriginal writers in dealing with controversial Aboriginal subjects. So, in the
gradual evolution of Aboriginal literature, Aboriginal subjectivity has been shaped and moved from
passive representation to deterministic uncompromising portrayal of ultra-post-colonial Aboriginality.

The Aborigines Protection Board was established to manage reserves and the welfare of the
estimated 9000 Aboriginal people living in New South Wales in the 1880s. It was part of the Department of
Police and was chaired by the Commissioner of Police. The Board had the power to: move Aboriginal
people out of towns; set up managers, local committees and local guardians (police) for the reserves;
control reserves; prevent liquor being sold to Aboriginals; and to stop whites from associating with
Aboriginals or entering the reserves. The Board was renamed the Aborigines Welfare Board in 1940 by the
Aborigines Protection (Amendment) Act 1940, which stipulated that Aboriginal people should be
assimilated into mainstream white society. The existence of Aboriginal communities, many of whom were
calling for “land in our own country”, was a challenge to authorities. The Protection Board, initially
charged with overseeing the gazettal of Aboriginal reserves, quickly took over control from the
missionaries and installed its own managers. 2015 marks 100 years since amendments to the NSW
Aborigines Protection Act gave the board far-reaching powers with consequences that are felt to this day.

The 1915 amendments gave the board complete power to remove Aboriginal children from their
families. They also enabled the acceleration of the revocation of Aboriginal reserves and the casting off of
Aboriginal families from largely independent and successful farms around the state. For many Aboriginal
people of those times, this was a board not of protection, but persecution. The board utterly controlled the
lives and affairs of Aboriginal people in NSW from 1883 until 1969.
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1. INTRODUCTION

Screening of diversified microorganisms from different habitats and their optimum utilization
in industrial sector is the need of the hour. The increasing energy demands has drawn
worldwide attention on the utilization of renewable resources particularly agricultural and
forest residues, the major components of which are cellulose, starch, lignin, xylan and pectin.
These materials have attracted considerable attention as alternative feed stock and energy

source. Since they are available abundantly several microbes are capable of using these
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substances as carbon and energy sources by producing a vast array of enzymes in different

environmental niches. (Antranikian et.al., 1992).

Industrial biotechnology, using microorganisms and biological catalysts “enzymes” to
produce goods and services has come of age. Search for new enzymes for use in commercial
applications with desirable biochemical and physico chemical characteristics and a low

production costs have been the focus of much research (Neetha ef .al, 2011).

Chitinases (EC 3.2.1.14) can catalyze the hydrolysis of chitin to its monomer N-acetyl-D-
glucosamine. Chitinase is an inducible enzyme secreted by many microorganisms in cultures
containing chitin or its oligomers as sole carbon source. Chitinolytic microorganisms are
considered to be more effective antagonists of fungal pathogens because of the direct action
of chitinase alone (Yu et al., 2008) or in combination with other antifungal compounds
produced by the antagonist (De Boer ef al., 1998). Chitinase is known to process diverse
characteristics worthy of detailed enzymatic studies related to their biological role and
structural elucidation (Thamthiankul, Suan-Ngay et al. 2001; Liu, Kao et al., 2003). In
Andhra Pradesh Guntur is famous for chilli production. Majority of the soils contain chilli
rhizosphere. However the present study reveals that the chitinase production by bacillus
species isolated from chilli rhizosphere. Optimization studies also reveal the chitinase activity

on these isolates.

2. MATERIALS AND METHODS

2.1 Isolation

One gram representative soil sample was suspended in 10 ml of sterile distilled water and
shaken thoroughly for 10 minutes. Microorganisms were isolated from collected samples by
the serial dilution plate technique using Nutrient Agar Medium (NAM). Serial dilutions up to
107 of each sample were prepared by using sterilized water. Sample dilutions were plated (in
triplicates) on NAM and incubated at 35° C for 24 to 48 h. Pure Colonies were picked and
maintained on NAM slants at 4° C and further assessed for enzyme production in liquid

medium.

2.2 Screening of chitinolytic microorganisms
Chitinase activity can be qualitatively assayed by determining the clearance zone developed
around the colonies growing on the colloidal chitin agar medium (Cody, 1989; Wirth and

Wolf, 1990). The potency of the isolates for chitinase production is determined on the basis
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of ratio of zone of clearance (CZ) to colony size (CS) (Cody, 1989). This procedure requires
longer incubation time for about 2 to 7 days and is relatively less sensitive because of the
poor visualization of the CZ. Screening the chitinolytic microorganisms by incorporating

calcofluor white M2R (0.001% w/v) in chitin agar has been developed (Vadiya et al., 2003).

2.3 Detection and quantification of chitinases activity

The activity of chitinases can be qualitatively assayed by using chitin agar plate either with or
without fluorescent dye. Activity staining method can also be used for qualitative assay.
Activity staining can be done by incorporating ethylene glycol chitin in the gel (Trudel and
Asselin, 1989). However, this method has limitations since the gel can not be further used for
protein staining and there is problem of mobility of chitinase in the gel because of the
presence of polysaccharide in the gel. These problems have been over come by running
protein sample in the gel without incorporating chitin followed by diffusion on chitin agar
plate containing fluorescent dye (Gohel et al., 2005). Colloidal chitin with Remazol Brilliant
Blue R was also used as a substrate for colorimetric assay of chitinase (Gémez Ramirez ef al.,
2004).

2.4 Optimization studies on chitinase production

In the present study a thematic attempt was made to investigate the effect of various
parameters including incubation period, pH, temperature, carbon (Sucrose, Glucose, Maltose,
Galactose and colloidal chitin) and nitrogen sources (sodium nitrate, ammonium sulphate,
peptone, Yeast extract and glycine) on chitin broth medium. A classical approach using
substrate fermentation medium under standard conditions mention earlier optimization

studies like sub merged fermentation.

3. RESULTS AND DISCUSSION

3.1 Incubation period

A total of 10 isolates were obtained from chilli rhizosphere in the vicinity of Guntur, Andhra
Pradesh. The preliminary characterization like cultural and biochemical characteristics of
rhizobia was done by Bergey’s manual of systemic bacteriology. All the isolates belong to
Bacillus species according to their preliminary and biochemical studies. All the isolates were
designated as Bacillus sp. PB-1 to Bacillus sp. PB-10 and tested for chitinase activity (Table-
1). Among them four isolates i.e. Bacillus sp. PB-3(2.22 TU/ mg), Bacillus sp. PB-5(2.75 TU/
mg), Bacillus sp. PB-6(2.32 U/ mg), and Bacillus sp. PB-8(3.46 IU/ mg) showed chitinase
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production. Optimization studies like incubation period, pH, carbon and nitrogen sources

were determined by these four isolates.

Table 1: Chitinase production (IU/mg) by Bacillus species.

Teaikites Chitinase production
(IU/mg)
Bacillus sp. PB-1 -
Bacillus sp. PB-2 -
Bacillus sp. PB-3 2.22
Bacillus sp. PB-4 -
Bacillus sp. PB-5 2.75
Bacillus sp. PB-6 2.32
Bacillus sp. PB-7 -
Bacillus sp. PB-8 3.46
Bacillus sp. PB-9 -
Bacillus sp. PB-10 -

*Each data is an average of three replicates

3.2 Screening for chitinase production

Further the four strains were screened for chitinase production by different incubation periods
like 2, 3,4, 5, 6 and 7 days. After 2 days of incubation period the clear zone (CZ) was formed
around the bacterial colony. Total colony size and clear zone was measured for 7 days of
incubation period (Table-2). Maximum colony size was observed in 6 days of incubation

period.

Table 2: Screening for chitinase production by Bacillus species.

Clear zone around the colony (mm) at different

S.No. | Bacillus Isolates incubation periods (days)
2 3 4 5 6 7
1 Bacillus sp. PB-3 - 2 4 6 8 8
2 Bacillus sp. PB-5 - 2 4 6 8 8
3 Bacillus sp. PB-6 2 4 6 8 10 10
4 Bacillus sp. PB-8 2 4 6 8 10 10

*Each data is an average of three replicates

3.3 Effect of incubation period on amylase production

Different incubation (2,3,4,5,6 and 7 days) periods were studied for the chitinase production
on chitin broth medium. Maximum chitinase production was observed by 6 days of
incubation period (Table-3). Maximum enzyme production could be obtained only after a
certain incubation time which allows the culture to grow at a study state (Pandey et al.,

2000). Enzyme production of each strain is based on the specific growth rate of the strain.
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Growth rate and enzyme synthesis of the culture are the two main characteristics which are

mainly influenced by incubation time (Ellaiah ef al., 2002).

Table 3: Effect of incubation period on Chitinase production by Bacillus species.

Incubation | Bacillus sp. | Bacillus sp. | Bacillus sp. | Bacillus sp.
periods PB-3 PB-5 PB-6 PB-8
2 0.22 0.75 0.88 0.66
3 0.25 1.05 1.11 0.98
4 0.45 1.45 1.67 1.45
S 0.78 233 2.11 1.98
6 222 215 2.32 3.46

3.4 Effect of pH

Different pH levels were maintained for the chitinase production by all the four species. All

the isolates showed maximum chitinase production on neutral pH. Acidic phase to a neutral

phase enzyme activity increased up to a pH of 4.0 and upon further increase in pH, enzymatic

activity decreased (Table-4). Different organisms have different pH optima and any

modification in their pH optima could result in a decrease in their enzyme activity

(Adinarayana et al, 2005).

Table 4: Effect of pH on Chitinase production by Bacillus species.

Ph Bacillus sp. PB-3 Bacillus sp. PB-5 | Bacillus sp. PB-6 | Bacillus sp. PB-8
pH-4 0.11 0.23 0.34 0.23
pH-5 0.88 0.97 0.88 1.23
pH-6 1.26 1.55 1.65 2.45
pH-7 222 2.75 2.32 3.46
pH-8 1.76 1.23 1.67 1.89

3.5 Influence of carbon sources

Several carbon substrates like Sucrose, Glucose, Maltose, Galactose and colloidal chitin were

tested to evaluate the enzyme production. Among them glucose contain the medium produced

maximum chitinase production (Table-5). Various reports supported to this type of results

like, Glucose and starch when supplemented as additional carbon substrate to the medium has

resulted in enhanced enzyme production. Among the tested substrate sucrose and glucose

resulted in enhanced enzyme production (Prakasham 2007).
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Table 5: Effect of different Carbon sources on Chitinase production by Bacillus species.

Additional Carbon | Bacillus sp. Bacillus sp. | Bacillus sp. | Bacillus sp.
sources PB-3 PB-5 PB-6 PB-8
Control 0.23 0.34 0.45 0.67
Sucrose 1.78 1.11 1.31 1.79
Maltose 2.01 1.23 1.26 1.98
Galactose 1.05 1.76 1.89 2.44
Glucose 2.22 215 2:32 3.46
Colloidal chitin 111 1.99 1.76 1.77

3.6 Influence of nitrogen sources
Various nitrogen sources (sodium nitrate, ammonium sulphate, peptone, Yeast extract and
glycine were induced the chitinase production among them glycine influenced the maximum

(3.46 TU/mg) chitinase production (Table-6).

Table 6: Effect of nitrogen sources on Chitinase production by Bacillus species.

Nitrogen Bacillus sp. | Bacillus sp. | Bacillus sp. | Bacillus sp.
sources PB-3 PB-5 PB-6 PB-8
Control 0.11 0.19 0.23 0.88
NaNo3 1.09 1.67 1.88 1.29
(NH4)SO4 1.16 1.90 1.75 2.89
Yeast extract 1.89 2.22 1.99 233
Glycine 222 2.75 232 3.46
Peptone 1.88 242 1.72 2.56

5. CONCLUSION

In the present study four bacillus species produced chitinase production on colloidal chitin
medium. Among them Bacillus sp. PB-8 showed maximum chitinase production on the basis
of optimization studies. Six days of incubation period and neutral pH was suitable for
maximum chitinase for this strain. Maximum chitinase production was observed by using

Glucose and glycine as carbon and nitrogen sources.
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In the present study soil samples were collected from different chilli rhizospheres
in the vicinity of Guntur, Andhra Pradesh, India and the filed trails were conducted
in the year of 2018-2019. A total of 57 microbial strains were isolated from chilli
rhizosphere. All the strains were isolated from potato dextrose agar media by using
10-4 serial dilutions. Fine and clear colonies were picked and transformed into a
culture tubes for further studies. For the preliminary screening there are 10 isolates
were considered as fungal strains based on spore morphology. The spores are
round and irregular in shape with green to light brown in colour. Preliminary
identification of these fungal isolates was based on morphological and cultural
characters on potato dextrose agar medium. All ten strains showed the maximum
indole acetic acid production on Czepakdox agar medium.

Various optimization studies like incubation period, pH, temperature and carbon
and nitrogen sources were studied by affecting the indole acetic acid productions
i.e., 10 days incubation period, pH 7.0 and 30°C. Carbon and nitrogen sources are
also affected the indole acetic acid production in this optimization. A carbon and
nitrogen source in the optimal medium plays a major role for the production indole
acetic acid. Among them, the strain Aspergillus PB-7 in presence of Glucose and
peptone showed the maximum IAA production of 110pg/ml and 75pg/ml
Successful inoculation of agricultural crops with biocontrol plant growth promoters
includes the delivery of sufficient inoculum to the target, economical production of
large quantities of microorganisms. Rhizospheric microbes especially plant growth
promoting microorganism were promising to be developed as multifunctional
biofertilizer.
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INTRODUCTION

Chilli can be grown in a wide range of Black, Brown, Red and Clay soils, but black
soils which retain moisture for long periods are suitable for rain fed crop whereas
well drained soils, deltaic soils and sandy loams are good under irrigated condition.
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Whereas Sandy and loamy soils poorly supported to chilli production when
compare to black soils. Various climatic conditions like humid and hot weather
supports to the chilli plants. Sometimes environmental conditions are also
adversely affected the chilli growth and fruit production. India is the largest
producer and consumer of chilli among other major producers in the world. India
contributes about 47 per cent to the total world production, and assumes first
position in terms of international trade, exporting 38 per cent of its total
production. Chilli production in India is moving northwards on increasing demand
from diversified sectors and changing consumption patterns.

Dry chilli production rose by nearly 52 per by nearly 52 per cent from 9.7 lakh tones
in 1997-98 to about 18 lakh tonnes. More than 80% of the bacteria isolated from
the rhizosphere can produce (IAA) Indole Acetic Acid (Khalid et al., 2004) in the
presence of precursor, tryptophan either through root exudates or from the proteins
released by the dead bacteria cells (Patten and Glick, 1996). Indole-3-acetic acid
(IAA), a plant growth hormone compound, is a natural auxin produced by plants,
bacteria, fungi and a diverse group of organisms. It is a metabolite derived from
tryptophan by many tryptophan dependant and tryptophan independent pathways
in plants as well as bacteria and fungi. These growth improvers act as biocontrol
agents. (Pattern and Glick, 2002; Wesam et al., 2017).

Various soil microorganisms including bacteria, fungi (Finnie and Van Staden, 1985)
and algae (Stein et al., 1990; Rifat Hayat et al.,, 2010) are capable of producing
physiologically active growth hormones like auxins and gibberellins which may
exert prominent effects on plant growth and development. Many PGPR (Plant
growth promoting) microorganisms associated in chilli rhizosphere. Chilli is one of
the important agriculture produce Andhra Pradesh also. Chillies from Andhra
Pradesh are well known for their pungency and good red colour. Several districts
like Guntur, Krishna, Prakasam, Nellore, Chittor and Anantapuram are the main chilli
growing districts in Andhra Pradesh. The present study was mainly focussed on
indole acetic acid production and optimization studies by fungal strains isolated
from chilli rhizosphere. These strains were used as bio inoculants in application to
the farmer’s fields and it is useful for sustainable agriculture (Wesam et al., 2017).

MATERIAL AND METHODS

Isolation of fungi done using the rhizosphere soil samples from the chilli fields of
10 different areas of Guntur, district of Andhra Pradesh, India were collected for the
study. Fungal strains were isolated on Potato Dextrose Agar (PDA) medium by soil
dilution plate technique (Rapilly, 1968) using 10 to 10 dilutions. The plates were
incubated at 28 * 2°C for 5 days. Fungal colonies appeared in the plates were
noted and sub cultured. After purified by single spore isolation method and they
were maintained on potato dextrose agar (PDA) slants. Identification of Fungal
solates was based on culture characters as well as microscopic parameters
(conidiophores branching, phialides shape and position, spore size and shape)
(Nagamani et al,, 2006). The pure cultures were stored in the refrigerator at 4°C for
further studies.

Screening of isolates for |AA production was determined based on the method
described by Patten and Glick (2002) with slight modifications. One milli liter of
supernatant was mixed with 2 ml of Salkowski reagent (1ml of 0.5M FeClz in 50mL
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of 35% HClO4) and incubated for lhr. Development of pink colour indicated the
production of IAA. The quantification of IAA was read at 540 nm in a UV- Vis
spectrophotometer. A standard curve was plotted for quantification of |AA solution
and uninoculated medium with a reagent as a control. The amount of |AA in the
culture was expressed as ug/ml (Gordon and Weber, 1951).

The optimization studies for IAA production to determine the IAA production,
different incubation periods (7, 8,9, 10,11 and 12 days), pH levels (4,5, 6,7,8 and 9)
and temperature (4,20, 25, 30, 35 and 40°C) were studied. Various carbon (1%) and
nitrogen (0.1%) sources were studied by using the above method.

For the statistical analysis, all measurements were carried out in triplicate.
Statistical analyses were performed using one-way analysis of variance (ANOVA),
and the significance of the difference between means was determined by Duncan’s
multiple range tests. Differences at < 0.05 were considered statistically significant.

RESULTS AND DISCUSSION

A total of 57 strains were isolated from chilli fields in the vicinity of Guntur district,
Andhra Pradesh, India. All the strains were tested for IAA production; among them
10 strains were positive results on Potato dextrose agar medium (Figure-1). The
present study mainly reveals the IAA production of the selected 10 fungal strains.
Maximum IAA production was observed on Aspergillus sp.PB 7 strain which showed
110 pg/ml of IAA, followed by Aspergillus sp. PB 5 strain (63 pg/ml). Minimum |AA
production was recorded in Aspergillus sp. PB 4 with 27 pg/mL IAA productions by
ten fungal strains between the range of 27-110 ug/ml. Aspergillus flavus Promoted
the Growth of Soybean and Sunflower Seedlings which was reported by Humayun
et al, (2019).

Figure 1: IAA production (pug/ml) by Aspergillus species
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Optimization studies for IAA production (pg/ml) by Aspergillus species PB 7: For the
optimization studies we selected PB 7 Aspergillus strain which showed maximum
IAA production and was tested with the effect of incubation period, pH and
temperatures, carbon and nitrogen sources.

Effect of incubation period on IAA production by Aspergillus species PB 7: The |IAA
production was started between 7 to 12 days of incubation periods (Figure-2). The
maximum |AA production was observed on 10" day of incubation (110 pg/ml).
Similarly Unyayar et al., (2000) and Hansan (2002) reported that the maxumum
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amount of IAA was synthesized during the stationnary phase of growth. May be
these reason was that during stationnary phase the bacterium might be able to get
maximum tryptophan from dead bacterial mass, which could result in more |AA
production. Reduction of |AA production at the later might be due to release of IAA
degrading enzymes by the bacteria (Hunter, 1989).

Figure 2: Effect of incubation period on IAA production (ug/ml) by Aspergillus

species PB 7
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Effect of pH on IAA production (ug/ml) by Aspergillus species PB-7: The pH of the
medium showed a significant influence on the production of IAA by fungal strains.
The maximum IAA production (110 pg/ml) was observed at pH 7 (Figure-3). For
many authors, the optimum pH for IAA production is between 6 to 9. However, the
below and above pH 8 the production of IAA was less, because Streptomyces sp
population level is more in alkaline soil than the acidic soil (Shirokikh et al., 2007;
Mohite, 2013; Bharucha et al., 2013; Dasri et al., 2014).

Figure 3: Effect of pH on IAA production (ug/ml) by Aspergillus species PB-7
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Effect of different temperature on IAA production (ug/ml) by Aspergillus species PB-
7: The effect of different temperature on |IAA production by fungal strains showed
that, the maximum IAA production was obtained at 30°C (65 pg/ml) followed by
35°C (44 pg/ml) and 40°C (29 pg/ml) respectively (Figure-4).

Figure 4: Effect of temperature on IAA production (ug/ml) by Aspergillus species
PB-7
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Effect of different carbon source on IAA production (ug/ml) by Aspergillus species
PB-7: Different carbon sources (mannitol, Starch, glucose, sucrose, fructose, lactose
and Arabinose) were studied for their effect on IAA production by Aspergillus
species PB-7 (Figure-5). Glucose in the medium gave maximum |AA production (110
pg/ml) followed by arabinose (51ug/ml) and lactose (48 pg/ml).

Figure 5: Effect of carbon sources on IAA production (ug/ml) by Aspergillus species
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Effect of different nitrogen sources on IAA production (ug/ml) by Aspergillus species
PB-7: Various nitrogenous compounds (Ammonium sulphate, potassium chloride,
Yeast extract, peptone and beef extract). These nitrogen source have a significant
effect on IAA production (Figure-6). Among all the nitrogen sources used, peptone
was found to be the best nitrogen source for |IAA production. Organic and inorganic
nitrogen sources can be utilized by Pseudomonas sp. prefers yeast extract (Balaji,
2012), Pantoea agglomerans PVM prefer beef (Apine and Jadhav, 2011), and
Ammonium sulphate was found to be for IAA production of Acetobacter
diazotrophicus L1, the most suitable nitrogen source (Nita et al., 2011).

Figure 6: Effect of nitrogen sources on IAA production (ug/ml) by Aspergillus
species PB-7
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CONCLUSION

From the results, it is clear that Aspergillus species PB 7 isolated form chilli
rhizospheres preferred glucose and peptone as carbon and nitrogen sources
respectively. The optimum conditions for this culture are incubation 12 days, pH 7.0
and 30°C temperature. There were several plant growth promoting rhizobacterial
(PGPR) inoculants that seems to promote plant growth through different
mechanism such as plant growth hormone production, nutrient acquisition and
plant disease suppression. Thus the optimized microbial inoculants may be useful
for the production of multifunctional biofertilizers.
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Control Of Seasonal Allergic Rhinitis in Adults
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Abstract

Loratadine is a second-generation, non-sedating antihistamine used for the relief of allergic rhinitis symptoms.
Previous studies reported that when loratadine was encapsulated, the onset of action for symptom relief was
180 min. However, unmodified loratadine tablets were not evaluated at that time. Using data from a previously
published Environmental Exposure Unit (EEU) study comparing azelastine nasal spray with loratadine tablets,
cetirizine tablets, and placebo, this post hoc analysis determines the onset of action of loratadine tablets, by
analyzing the total symptom score for the relief of nasal and ocular seasonal allergic rhinitis (SAR) symptoms.

Keywords: Allergic rhinitis, Environmental Exposure, Loratadine, Commencement of action,
Ragweed pollen, Seasonal allergies, Outdoor allergy.
Introduction

A Phase IV, randomized, single-center, double-blind, placebo-controlled, double-dummy, four-way crossover
study was conducted in the EEU. Seventy participants were randomized sequentially into one of the four
treatments during ragweed pollen exposure. Nasal and ocular symptom scores were self-reported by the
participants and recorded. The original study analysis was carried out by evaluating the nasal symptom scores
only. For this post hoc analysis, both nasal and ocular data from the loratadine and placebo treatment arms were
analyzed. The primary endpoint for this analysis was the Commencement of action of loratadine as measured
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by the change in total symptom score (TSS) from baseline in comparison to placebo. The onset of ocular
symptom relief using the total ocular symptom score (TOSS) was also reported.

Method of study Design and Treatment:

The study was conducted in the EEU and was comprised of a screening visit, a priming period, and
four dosing / exposure periods with a 13-day washout between periods (Fig.I). After eligibility was determined,
qualifying participants were randomized to a treatment sequence comprised of one dose of each of the four
study medications, azelastine, nasal spray, loratadine tablet, cetirizine tablet, and placebo. All study
treatments were administered as a combination of an oral tablet (active or placebo) and nasal spray (active or
placebo) to maintain study blinding.

Placebo Cetirizine Loratadine Azelastine
Cetirizine Placebo Azelastine Loratadine
Screening I Priming
Loratadine Azelastine Placebo Cetirizine
Azelastine Loratadine Cetirizine Placebo
Randomization to 13-day washout periods

treatment sequence

Fig: I Study Diagram

Each dosing period consisted of an 8-h ragweed pollen challenge in the EEU (mean pollen levels of
3500 + 500 grains/m?). The level of pollen used is consistent with other EEU studies used to determine the
onset of allergy products and provides consistent symptomatic responses in a predictable time frame at a
relevant pollen exposure level. Participants were administered their assigned treatment 2 h into the challenge.
Nasal and ocular symptom severity was recorded by each participant at designated time points during the
challenge. Symptom severity was rated on a scale of 0-3 (0= none, 1= mild, 2= moderate, 3= severe.) (Table: I).
Appropriate combinations of symptoms comprised the total nasal symptom score (TNSS). total ocular symptom
score (TOSS). and total symptom score (TSS) are an omnibus score comprised of all nasal and ocular
symptoms are given in Fig:2
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Table: I
Rating scale for symptoms of seasonal allergic rhinitis

Score Grade Guideline

0 None No sign/symptom is evident

1 Mild Sign/symptom clearly present, but minimal awareness; easily
tolerated

2 Moderate Definite awareness of sign/symptom that is bothersome, but
tolerable

3 Severe Sign/symptom are hard to tolerate, causes interference in
session activity

Table: 1T

Total Nasal and Total Ocular symptoms of seasonal allergic rhinitis

Symptom TNSS TOSS TSS
Runny Nose X X
Sneezing X X
Nasal Itching X X
Itchy/red/gritty eye X X
Watery eyes X X

TNSS total nasal symptom score, TOSS total ocular symptom score, TSS total symptom score

Total scores were the sum of each individual symptom score (rated between 0 and 3); TNSS (0-9), TOSS (0-
6), TSS (0-15)

Results
Participant demographics

A total of 70 participants were randomized into the study. Four participants did not complete all four dosing
periods and were excluded from the PP population. Briefly, the mean age (SD) was 35 (9.9) years and the
majority of participants were Caucasian (97%) (Table 3). Nasal and ocular composite symptom scores were
measured at baseline and summarized in Table 4.

Table: I1I

Summary of participant demographics

Characteristics Overall (n = 66)
Mean age in years | 35.0 (9.9)
(SD)

Female (%) 39 (59)
Race (%)

Caucasian 64 (97)
Black 0 (0)
Asian 2(3)
American 0(0)
Indian/Alaska

Native

Native 0(0)
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Hawaiian/Other
Pacific Islander
Other 0 (0)
Table: IV
Baseline symptom scores
Baseline symptom | Loratadine (n = 66) Placebo (n = 66)
scores (SD)*
TNSS 6.9 (1.7) 6.5 (1.8)
TOSS 4.0 (1.5) 3.7(1.7)
TSS 10.9 (2.6) 10.2 (3.0)

Baseline symptom scores were collected immediately prior to dosing (i.e. 2 h after the start of allergen
challenge on study day)
Safety

In this study, loratadine was well tolerated. Sixty-eight and 69 participants received one dose of
loratadine and placebo respectively. Serious adverse events or deaths were not reported during the dosing
periods. A total of 12 and 5 adverse events (AEs) were reported in the loratadine (4 mild and 8 moderate) and
placebo (2 mild and 3 moderate) groups respectively. Only one report of mild urticaria was considered possibly
related to the study medication (loratadine) (Table5).

Table: V

Loratadine (n = 68) Placebo (n = 69)
Number of participants 7 (10)
reporting > 1 AEs (%)
Number of AEs |12 S
reported
Serious (%)
No 12 (100) 5(100)
Yes 0(0) 0(0)
Severity of AE (%)
Mild 4 (33) 2 (40)
Moderate 8 (67) 3 (60)
Severe 0(0) 0(0)
Possible relationship to
study medication (%)
Not possibly related 11 (92) 5(100)
Possibly related 1(8) 0(0)
Conclusion

The current post hoc analysis demonstrated an onset of action of 75 min for unmodified loratadine tablets. The
longer onset of action previously reported by Day et al. is most likely attributed to a delayed release of
loratadine from an over-encapsulated tablet that was evaluated in the study. As bioequivalence cannot be
assumed between loratadine dosage forms, and since the active is a BCS Class II drug, one must be mindful
when interpreting onset data generated with dosage forms that have been altered from their origin.
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Abbreviations Used

AR allergic rhinitis

BCS Biopharmaceutics Classification System
EEU Environmental Exposure Unit

SAR seasonal allergic rhinitis

TNSS total nasal symptom score

TOSS total ocular symptom score

TSS total symptom score

PP per protocol
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Abstract

A total 93 cultures of Actinomycetes were screened for their antagonistic activity against major fungal pathogens of soybean
crop. Viz., Colletotrichum lindemuthianum, Fusarium oxysporum, and Rhizoctonia solani. Dual culture assay was performed.
Glucose Casaminoacid yeast extract agar (GCY) plates were prepared. A Smm fungal discs were placed on the one edge (1cm
from the corner) with Actinomycetes streaked on the other edge of the plate (1cm from the corner) followed by incubation at
28 + 2°C for four days. Control plate growth has covered the whole plate. The inhibition of fungal mycelium was measured as
the distance of inhibition in cm. All the plates were maintained in triplicates and mean values were taken. Three isolates
namely NAVS13, KNSS3, CHSS3 inhibited C. lindemuthianum, F. oxysporum, and R. solani. The isolates were further
evaluated for Cellulase, Lipase, Protease, HCN, phosphate solubilization, production of growth hormone IAA, production of
Siderophore, Chitinase, B-1, 3-Glucanase, and physiological properties. The isolates were subjected to molecular

characterization and identified as Streptomyces rochei, Streptomyces cavourensis and Streptomyces alfalfa.

Keywords: soybean, actinomycetes, fungal pathogens, PGP traits, antagonistic activity

Introduction

Soybean (Glycine max (L.) is originated from East Asia. It
is cultivated as one of the important pulse crops in India
with a production of 15.68Metric tons in an area of 3.89
lakh hectares. However, the production can be still
enhanced by limiting the problems due to diseases caused to
Soybean especially from Colletotrichum lindemuthianum,
Fusarium oxysporum, and Rhizoctonia solani. The fungal
diseases cause more than 50 % loss to Soybean cultivation
leading to huge economic losses (Agrio 2000) . In order to
combat the diseases, the farmers are highly dependent on
various harmful chemicals which are not recommended
when the environment and human health is concerned.

The environment-friendly options include the use of plant
growth promoter’s produced by microbes and vermicompost
(Rupela et al., 2005) !, Tt is evident from the past research
that certain bacterial species such as Pseudomonas spp.,
Bacillus spp., Trichoderma spp, and Streptomyces spp.,
acted as bio-control agents against the pathogenic fungi. All
these strains were isolated from the fields of cultivation and
from the vermicompost (Gopalakrishnan et al., 2011a) 1%\
The soil contains a wide range of bacteria that are useful to
the plants by enhancing the production of plant growth
promoting substances, acts as antagonists against pathogenic
fungi (Alekhya e al., 2017) . Vermicomposting is the
process of biological degradation and conversion of
agricultural and household wastes to use manure to plants.
Vermicomposting improves the recycling of waste with
environmentally safe and pollution free approach. It has the
capacity to inhibit the growth of plant pathogens, to
mobilize the nutrients, etc. (Postma et al, 2003; Gopala
krishnan and Rupela 2011a, c.) ['* ° Hence, in the present
study Actinomycetes sps were collected from both soil and
vermicompost to check the presence of useful plant growth
promoting substances that will enhance the disease

resistance capacity of plants and nutrient uptake capability.

Materials & Methods

The soil samples were collected from Soybean (Glycine
max (L.) Merr.) cultivated fields in both Kharif and Rabi
seasons. The samples were collected up to 30cm depth of
the rhizosphere soil and stored in sterile plastic bags, kept at
room temperature. Samples were collected from different
villages of Guntur district, Andhra Pradesh, India and are
given codes as NAVS, KNSS, CHSS

Isolation of Actinomycetes

Ten grams of rhizosphere soil and vermicompost samples
were added separately in to 90ml saline solution (0.85% of
NaCl). The flasks were placed on orbital shaker with
100rpm for 1 hour at room temperature. At the end of the
shaking, the samples were serially diluted up to10* to 10
respectively. Taken 0.1 ml of suspension spread on the
Actinomycetes Isolation Agar (AIA) plate using spread plate
technique. The plates were incubated at 28 = 2°C for four
days. The colonies were observed for morphology and
physical properties, Grams staining (Sreevidya et al., 2016)
123 The pure cultures were subcultured as three replicates
and maintained on Starch Casein Agar slants at 4°C for
further studies.

In-Vitro Antifungal Activity by Dual Culture Assay
(DCA)

A total 93 cultures of Actinonycetes were screened for their
antagonistic activity against major fungal pathogens of
Soybean crop. Viz., Colletotrichum lindemuthianum,
Fusarium oxysporum, and Rhizoctonia solani acquired from
MTCC (Microbial Type Culture Collection and Gene Bank,
Chandigarh, India). Dual culture assay was performed as per
the protocol of Anjaiah ef al, 1998 M. Glucose
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Casaminoacid yeast extract agar (GCY) plates were
prepared. A Smm fungal discs were placed on the one edge
(lem from the corner) with Actinomycetes streaked on the
other edge of the plate (Icm from the corner) followed by
incubation at 28 + 2°C for four days. Control plate growth
has covered the whole plate. The inhibition of fungal
mycelium was measured as the distance of inhibition in cm.
All the plates were maintained in triplicates and mean
values were taken.

Plant growth promoting and enzymatic activity
Cellulase production

Production of cellulase was estimated as per the protocol of
Hendricks et al., 1995 2], Cellulose Congo red agar plates
were prepared and 6mm wells were made with borer.
Actinomycetes (20 to 50pL) cultures were added and
incubated at 28 + 2°C for five days. Formation of the halo
zone around the Actinomycetes colonies indicates the
production of cellulase. Production was recorded on a 0-5
scale as follows: 0 = no halo zone; 1 = halo zone of 1-10
mm; 2 = halo zone of 11-20 mm; 3 = halo zone of 21-30
mm; 4 = halo zone of 31-40 mm; and 5 = 41-50 mm.

Lipase production

Production of lipase was estimated as per the protocol of
Bhattacharya et al., 2009 ©); Gopalakrishnan et al., 2011 a
1. Tween 80 agar media was prepared and 6mm wells were
made with borer. Actinomycetes (20 to 50uL) cultures were
added and incubated at 28 + 2°C for five days. Formation of
halo zone around the cultures was identified as positive for
Lipase production. Observations were record as 0-5 scale as
follows: 0 = no halo zone; 1 = halo zone of the 1-10 mm; 2
= halo zone of 11-20 mm; 3 = halo zone of 21-30 mm; 4 =
halo zone of 31-40 mm; and 5 =41-50 mm.

Protease production

Production of protease was measured as per the protocol
of Bhattacharya et al., 2009 [): Gopalakrishan et al., 2011 a.
Casein agar media were prepared and 6mm wells were made
with borer. Actinomycetes (20 to 50uL) cultures were added
and incubated at 28 £ 2°C for five days. At the end of the
incubation, the plates were observed for the halo zone
around the colonies. Production was recorded on a 0-5 scale
as follows: 0 =no halo zone; 1 = halo zone of 1-10 mm; 2 =
halo zone of 11-20 mm; 3 = halo zone of 21-30 mm; 4 =
halo zone of 31-40 mm; and 5 = 41-50 mm.

B- 1, 3-glucanase assay

The protocol for the B-glucanase assay was carried out
according to the protocol of Singh ef al, 1999. The
Actinomycetes were inoculated into Tryptic soy broth
supplemented with 2% colloidal chitin. The three-day-old
cultures were centrifuged at 10,000xg for 12mins and
supernatant were collected. To ImL of the supernatant,
0.1mL of Laminarin (2%wt /Vol) was added and incubated
at 40°C for lhour. Further, the reaction was stopped by
adding 3mL of Di Nitro salicylic acid (DNS) reagent and
kept them on boiling water bath for 10minutes. The color
change from yellow to red indicated the presence of glucose
produced by the activity of B-glucanase. Concentration of
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Enzyme activity was measured by taking absorbance at 530
nm.

Chitinase assay

Production of chitinase was estimated as per the protocol of
Gopalakrishnan et al., 2011 ?; Hsu and Lockwood 1975.
Minimal media containing chitin was prepared and 6mm
well was made with the borer. Actinomycetes culture (20-
30puL) was inoculated and incubated at 28 + 2°C for five
days. The chitinase produced by Actinomycetes breaks down
the chitin present in the medium and this was measured and
recorded as scale 0 to 5 where 0= No change; 1 = halo zone
of 1-5 mm; 2 = halo zone of 6-10 mm; 3 = halo zone of 11—
15 mm; 4 = halo zone of 16-20 mm; and 5 =21-25 mm.

Indole acetic acid (IAA) production

Actinomycetes isolates were inoculated on Starch casein
broth amended with L-tryptophan and incubated at 28+2 °C
with 180 rpm for five days. The culture was centrifuged at
10000xg for 15minutes, the supernatant was collected. 2mL
of salkowsky’s reagent was added into ImL of supernatant
and incubated for 30 min in a dark place. The color change
to pink color after incubation indicates the presences of
TIAA. The amount of IAA produced by the culture was
estimated by measuring absorbance at 530 nm. A standard
curve was plotted to quantify the IAA (ug ml™') Patten and
Glick1996; Gopalakrishnan ef al., 2011a !,

Hydrocyanic acid (HCN) production

Presence of HCN was estimated qualitatively by the method
of Lorck 1948. For this purpose, Bennet’s agar with glycine
(44 g I'Y) was prepared, poured into plates and
Actinomycetes was streaked. Sterile Whatman filter paper
no.l (8 cm diameter) was soaked in 1% Picric acid and
sprayed with ImL of 10% Sodium carbonate and stuck
underneath the Petri dish lids. The plates were sealed with
Parafilm and incubated at 28+2 °C for five days. The
appearance of reddish brown color on the filter paper
indicates the positive for HCN production. The intensity of
color was measured and noted as scale 0 to 3 which
indicates 0 = no color change; 1= positive (or) light reddish
brown; 2 = medium reddish brown and 3 = dark reddish
brown.

Siderophore production

The production of Siderophore was carried out by using the
protocol of Macgnan ef al.,2008; Schwyn and Neilands
1987 21, Kings’B broth was prepared and inoculated with
Actinomycetes and incubated at 150 rpm in room
temperature for four to five days. After incubation, the
culture was centrifuged at 5000xg forl2minutes and
supernatant was collected. To ImL of the supernatant, an
equal amount of Chrome Azurole Sulphate (CAS) solution
was added and incubated in the dark for 30minutes. The
color change from blue to pink indicated the presence of
siderophore. The amount of siderophore produced by the
culture was estimated by measuring absorbance at 630 nm.
The Siderophore production was estimated using the
formula
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% of Siderophore units = A, — A;/A, X 100
A=
Reference of OD value (un inoculated media +

Where, €AS solution)

A, = reference standard value(culture supernate + CAS solution)

Phosphate solubilization

Phosphate solubilization was estimated as per the protocol
of Gyaneshwar ef al., 1998 ['!l; Alok Ranjan et al., 2013.
Rock phosphate buffer media was prepared and 6 mm wells
were made with borer. Actinomycetes (20 to 50uL) cultures
were added and incubated at 28 + 2°C for five to seven
days. At the end of the incubation, the plates were observed
for the halo zone around the colonies, production was
recorded on a 0-5 scale as follows: 0 = no halo zone; 1 =
halo zone of 1-10 mm; 2 = halo zone of 11-20 mm; 3 =
halo zone of 21-30 mm; 4 = halo zone of 31-40 mm; and 5
=41-50 mm.

Molecular identification of selected Actinomycetes

The pure cultures of Actinomycetes were grown in starch
casein broth medium and genomic DNA was isolated
according to the protocol of Bazzicalupo and Fani 1995 .
The isolated DNA was tested qualitatively and
quantitatively and then sent to Barcode biosciences,
Bangalore for 16s rRNA sequencing. The sequence obtained
from Biosciences was compared with similar sequences of
Gen bank by using the BLAST program Altschul ef al.,1990
B]. The obtained results were aligned using the Clustal W
software Thomposon et al.,1997. The phylogenetic tree was
constructed by the neighbor-joining method using Mega X
software. (Saitou and Nei 1987; Tamura et al., 2007) [20-24],

Experimental Method

1. DNA was isolated from the culture provided by the
scientist. Its quality was evaluated on 1.0 %agarose gel,
a single band of high-molecular weight DNA has been
observed.

2. Fragment of 16S rRNA gene was amplified by
16STRNA-F and 16SrRNA-R primers. A single
discretePCR amplicon band of 1300 bp was observed
when resolved on agarose gel.

3. The PCR amplicon was
contaminants.

4. Forward and reverse DNA sequencing reaction of PCR
amplicon was carried out with 16SrRNA-Fand
16SrRNA-R primers using BDT v3.1 Cycle sequencing
kit on ABI 3730x1 Genetic Analyzer.

5. Consensus sequence of 16S rRNA gene was generated
from forward and reverse sequence data using aligner
software.

6. The 16S rRNA gene sequence was used to carry out
BLAST with the ‘nr’ database of NCBI GenBank
database. Based on maximum identity score first ten
sequences were selected and aligned using multiple
alignment software program Clustal W. Distance matrix
was generated using RDP database and the
phylogenetic tree was constructed using MEGA 6.

purified to remove
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Results

Selection of Actinomycetes with antagonistic activity
against fungal pathogens

A total of 93 isolates were isolated from different soil
samples in the rhizosphere of Soybean. Among these 93
isolates, only three isolates were significantly inhibiting
fungal pathogens. In dual culture assay, the three isolates
significantly inhibited the Fusarium oxysporum (FOC), in
the range of 1.7- 2.7cm, exhibited the antagonistic activity
against Colletotrichum lindemuthianum in the range 0.9-
1.8cm, inhibited Rhizoctonia solani in the range of 1.2-
2.5cm when compared to control.

Plant growth promoting and enzymatic activity

In in-vitro studies, selected isolates showed effect on plant
growth promoting attributes such as cellulase production
(except DVS-11), lipase and protease production in all
isolates, PB-1,3-glucanase production up to 25.9-32.3,
chitinase production, IAA production range is between them
182 to 81 pg/ml HCN, siderophore, phosphate
solubilization is found in all the isolates.

Molecular Identification

16S rDNA sequences of three promising antagonistic
Actinomycetes were analyzed. When running the sequences
in NCBI BLAST all the three isolates showed similarity to
Streptomyces sp., with 98% similarity. Then compared with
the sequences in NCBI and EzTaxon using BLAST
program, aligned sequences with Clustal W software and
constructed the phylogenetic tree (Dendrogram) by the
neighbor-joining method. Sample which was labelled as
NAVS-13 was found to be Streptomyces rochei, sample
which was labeled as KNSS-3 was found to be Streptomyces
cavourensis, sample which was labeled as CHSS-3 was
found to be Streptomyces alfalfae showed high similarity
with Top based on nucleotide homology and phylogenetic
analysis.

Table 1: Antagonisticactivityagainst three fungal pathogens

Colletotrichum | Fusarium |Rhizoctonia
Isolates PR 7 5
it xysporum| Solani
NAVS-13 1.6 1.9 1.5
KNSS-3 1.9 1.6 1.6
CHSS-3 1.8 1.7 1.7
Control 0 0 0
Mean 1.32 1.3 1.20
SE (Standard Error) 0.51 0.50 0.46
SD (Standard Deviation) 0.89 0.87 0.80
CV (coefficient of 0.79 0.76 0.64
variation)

In vitro selected actinomycetes are showing antagonistic
activity against major fungal pathogens in soybean crop.
Values are the mean of 3 experiments (n = 3), each with 3
replicates per treatment. Means were subjected to factorial
ANOVASs separate means.

Table 2: Enzymatic assay

s (Cellulase] Lipase (Protease TAA pgSiderophore{Phosphate| Chitinase |B- 1,3 glucanase
Isolates HCN x A
(mm) (mm) (mm) ml-1 units (mm) (mm) units@
NAVS-13 I8mm | 16 mm | 18 mm 2 18.3 52.6 16 mm 17 mm 289
KNSS-3 16mm | 12mm | 19 mm 0 64.3 39.8 20 mm 16 mm 38.6
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CHSS-3 I4mm | 16 mm | 18 mm 1 29.6 429 18 mm 18 mm 42.8
Control 0 0 0 0 0 0 0 0 0
Mean 12 11 13.75 0.75 | 28.05 33.82 13.5 12:75 27.57
SE (Standard Error) 4.71 4.37 5.299 1.85 15.62 13.39 5.28 4.93 11.13
SD (Standard Deviation) | 66.67 57.33 84.25 2.75 |27.06 23.19 83.66 7291 371.82
CV (coethicient of 68.04 | 68.84 | 6675 | 127.65 | 96.51 |  68.59 67.76 66.97 69.93
variation)
In vitro PGP traits of selected Actinomycete isolates were Table 3: salinity concentration (Nacl%)
o_bserved. HCN, hydroc_yanic acid; IAA, indole ac_etic acid; Teolates N 0% 2% 4% 16% N 8% 110%12%
siderophore, cellulase, lipase and protease production as: 0- NAVS-13 13121 2 131211
no halozone; 1-halozone of<Imm; 2- halozone of 1-3mm; KNSS-3 31212131 21111
3-halozone of 4-6mm and 4-halozone of 7mm and above; CHSS-3 2121 3 1311 2
(i) HCN production as: 0-no colour change; 1-light reddish Control 0olol o 0 o] ol o
brown; 2-medium reddish brown and 3-dark reddish brown; Mean 1.75(1.75/1.25]2.00 |2.00/1.00| 1.00
(iv) -1,3-glucanase (U)- one unit is an amount of enzyme SE (Standard Error)  10.72/0.720.55| 0.81 [0.81 [0.47[0.47
that liberated 1 mol of glucose hour at defined conditions. SD (Standard Deviation) [1.58]1.58/0.83|2.00 |2.00{0.66]0.66
Value son secondary (right) axis indicates IAA production. CV (coefficient of variation)71.9[71.9/66.33|70.71{70.7181.6581.65

Values are the mean of 3 experiments (n=3), each with 3
replicates per treatment. Means were subjected to factorial
ANOVAs separate means.

The selected Actinomycetes were tested in different salts
concentrations. Values are the mean of 3experiments (n=3),
each with 3 replicates per treatment. Means were subjected
to factorial ANOVASs separate means.

Table 4: Effect of Temperature and pH

Isolates 200C300C400Ci500CpH-5pH-7pH-9pH-11pH-13|
NAVS-13 2 2 2 {0000 2 2 2 00
KNSS-3 3 3 3 10000 3 3 3 00
CHSS-3 3 2 1 [00]00| 3 |2 2 00
Control 00 [ 00 | 00 | 00 | 00 | 00 | 00 | 00 [ 00
Mean 20 2 |1.5[00] 00| 2 [1.75]| 1.75| 00
SE (Standard Error) 0.81]0.72{0.74| 00 | 00 [0.8160.72| 0.72 | 00
SD (Standard Deviation) | 2.0 | 2 [1.67| 00 | 00 | 2 [1.58] 1.58 | 00
ICV (coefficient of variation)70.71[71.9086.07] 00 | 00 {70.71/71.9] 71.9 | 00

The sclected Actinomycetes are tested at different Means were subjected to factorial ANOVAs separate

temperature and pH conditions. Values are the mean of 3
experiments (n=3), each with 3 replicates per treatment.

Table 5: Effect of ¢

means.

arbon sources

Isolates Glucose | Sucrose | Fructose | Starch
NAVS-13 2 2 2 00
KNSS-3 3 3 3 00
CHSS-3 3 2 1 00
Control 00 00 00 00
Mean 2.0 2 1.5 00
SE (Standard Error) 0.81 0.72 0.74 00
SD Standard Deviation) 2.0 2 1.67 00
CV (coefficient of variation) 70.71 71.90 86.07 00

The selected actinomycetes Effect of carbon sources. Values
are the mean of 3 experiments (n = 3), each with 3 replicates
per treatment. Means were subjected to factorial ANOVAs

separate means Antagonistic activity against three fungal
pathogens
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(A) Isolation of Actinomycetes Sps.

(B) Antagonistic activity against Colletotrichum lindemuthianum
(C) Antagonistic activity against Fusarium oxysporum.
(D)Antagonistic activity against Rhizoctonia solani

Fig 1

(A)C ponds to cellulase activity. (B) C: sponds to lipase activity (C) Corresponds to protease
activity. (D) Corresponds to HCN production. The cellul lipase and p zone of inhibition is
measured in mm. For HCN production the colour formation is measured 0= no colour change, 1=
positive or slight colour change. 2= medium colour change, 3= good or excellent colour change.
Fig 2
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Fig 3
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and starch

NaCl concentrations.

A. Corresponds to growth of isolated Actinomycetes sps in carbon sources, glucose, sucrose
B. Corresponds to growth of isolated Actinomycetes sps at 2%, 4%, 6%, 8%, 10% and 12% of

C. Corresponds to growth of isolated Actinomycetes sps at 30°C, 40°C and 50°C temperature
D. Corresponds to growth of isolated Actinomycetes sps at pH-5,7,9,11,13

http://www.biosciencejournals.com

Conclusion

Out of the 93 Actinomycetes isolates obtained from different
soil samples collected in the fields of Soybean, and
vermicompost only 29 isolates were found to have
antagonistic activity. When the 29 Actinomycetes isolates
were further evaluated for antagonistic activity against three
fungal pathogens namely C./indemuthianum, F.oxysporum
and R.solani using dual culture assay method, three isolates
namely NAVSI13, KNSS3, CHSS3 inhibited
C.lindemuthianum, F.oxysporum, and R.solani. From these
results it can be concluded that NAVS13, KNSS3 and
CHSS3 have good antagonistic activity and inhibit the three
major fungal pathogens. The isolates were further evaluated
for Cellulase, Lipase, Protease, HCN, phosphate
solubilization, production of growth hormone IAA (Correa
et al., 2005), production of Siderophore, Chitinase, B-1, 3-
Glucanase and physiological properties. The isolates were
identified by molecular characterization as Streptomyces
rochei, Streptomyces cavourensisand Streptomyces alfalfa.
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ABSTRACT

Introduction: Occurrence of diseases in edible carps is due to several factors like decreased resistance, poor water
quality and bad managerial methods. The most significant factor effecting the health of fish is the incidence of
bacterial pathologies in various organs, mainly the primary lymphoid organ, head kidney. Aeromonas liquefaciens
(Bacterium) may behave as opportunistic pathogen by assailing already compromised or streseed paths.
Objectives: With the above background, the present investigations were planned to assay protein and DNA profile
and histological alterations in head kidney of Labeo rohita. Material and Methods: Four groups of experimental
fish were infected with single doses (group A, 107 CFW/fish; group B, 10" CFU/fish; group C, 10~ CFU/fish;
group D, 10® CFU/fish) and two experimental group of fish were infected with multiple doses (4 days interval)
(group E, 10%+107 CFU/fish; group F, 107 + 10 CFU/fish) of A. liguefaciens along with uninfected controls
(groups, 66 fish). Six fish from a, b, c, d, e, f groups A, B, C, D and E, F and controls were necropsied on each day
of eleven observations. Protein and DNA and histology were studied using standard methods. Results and
conclusion: Protein and DNA level in head kidney of experimental fish (groups A, B, C and D) showed a
significant increase and decrease in when compared with controls from hour 1 to 216 of infection. Protein level in
head kidney showed a significant rise in experimental groups A and B when compared with controls; and in
between the experimental groups A and B. Protein level in head kidney showed a significant rise in experimental
groups E and F when compared with controls; and in between the experimental groups E and F. The DNA level in
head kidney showed a significant decrease in experimental groups E and F when compared with controls and in
between the experimental groups E and F. The statistical analysis showed a significant difference in the level of
head kidney protein and DNA when comparison was made between singly infected groups B (10™* CFU/fish) and
D (10 CFU/fish) and repeatedly infected groups E (10~ + 10 CFU/fish) and F (10° + 10° CFU/fish). The DNA
level in head kidney showed a significant decrease in experimental groups A and B when compared with controls
and in between the experimental groups A and B. The statistical analysis showed a significant difference in the
level of head kidney 6protein and DNA when comparison was made between singly infected groups B (10™
CFU/fish) and D (10° CFU/fish) and repeatedly infected groups E (10> + 10> CFU/fish) and F (10° + 107
CFU/fish).Infected carps showed lesions and necrosis in head kidney during experimentation. Present
investigations indicate a high non-specific immune response in experimentally infected fish compared to controls.

KEYWORDS: Immune response, protein, DNA head kidney, histology, edible carp.

INTRODUCTION

Indian major carps are the most farmed fish in the
country and its production is hampered by infectious
microbial pathogens. Aeromonas species are causing
infections in fish found in surface waters, estuarine
water, fresh water, food products, sewage, diseased or
health fish and in humans."™! 4. liquefacines as a food-
borne pathogen, may cause zoonatic diseases and
pathologic reaction in host tissues.!*™ Aeromonas sps.
cause degenerative histopathological changes in kidney,
liver, gills, stomach and spleen of fish.') The carp
immune system has several immune mechanisms
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responsible to defend against pathogenic bacteria
through non-specific and specific (humoural or cell
mediated) immune response. Disease resistance in fish is
offered by natural (non-specific) and specific immune
parameters.”” Fish exposed to bacterial pathogens
showed abnormal changes in biochemical Proﬁle,
immune parameters and organ histology."*'*! Head
kidney, the primary lymphoid organ in fish produce and
mature stem cells. The head kidney is characterized by
the presence of lymphoid follicles and vessels.
Morphological/pathological changes in the lymphoid
organ associated with immune response. Lymphocytes
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are the key effector cells of adaptive immunity and
activated due to the exposure of self and non-self
antigens. Overall, there is a paucity of data on the
function of head kidney and lymphocytes in the present
experimental model, Labeo rohita.

AIMS AND OBJECTIVES

With the above background, the present findings have

planned to:

1. Estimate the protein and DNA content in head
kidney of fish exposed to single and multiple doses
of infection and uninfected controls.

2. Study the histopathological reactions in head kidney
of infected and control fish.

MATERIALS AND METHODS

Fresh water fish, L. rohita were procured from a local
fish farm, Nandivelugu (Guntur District), A.P., India.
Fish were acclimatized in laboratory, fed with pellet feed
and divided into 6 experimental (infected) (A, B, C, D,
E, F; 66 fish in each group) and 6 control a,b,c.de, f
groups.

The bacterial infection provided from Chandigarh
(MTCC No. 2654) and pure culture of bacteria prepared
by streak plate method. Four groups (A, B, C, D) of fish
received infection (intramuscularly below the region of
dorsal fin) as a single dose @ 10~ CFU/fish (Group A),
10* CFU/fish (Group B), 10 CFU/fish (Group C) and
10" CFU/fish (Group D); 2 groups received infection via
similar route as a repeated dose at 4 days interval @ 107
+ 107 CFU/fish (Group E) and 107 + 10° CFU/fish
(Group F) . 6 fish from the experimental (A, B, C, D)
and control (a, b, c, d) groups were necroposied at hour
1,3,6,12, 18, 24, 36, 48, 72, 96 and 216 of experimental
period. 6 fish from experimental groups E, F and Control
groups e, f were also mecropsied on the same designated
hours (after infection). Protein and DNA were estimated
from head kidney following™ and Diphenyl amine
method. For the histopathological studies, tissue
specimens of head kidney were excised, embedded in
paraffin and sectioned at 5 p and tissue sections were
stained with H and E method.

RESULTS AND DISCUSSION

Protein Activity In Head Kidney (Table 1)

Fish of group A (treated @10‘2 CFU/fish) showe a
decrease of protein from hour 1 to 216 when compared
to controls (below normal level) There was a gradual
decrease from hour 1 (62.41 mg/ml) 18 (57.58 mg/ml)
and a slight increase (below normal level) from hour 18-
216. In fish of group B, protein level decreased to below
normal level on hour1(60.34 mg/ml) 3(61.72 mg/ml) and
6 (62.41 mg/ml) in comparison with controls (63.80
mg/ml). In group C protein level is slightly higher than
control on hour 1 and a slight decrease from hour 1 to
216 (below normal levels). Higher level of protein was
found on hour 1, 3, 6, 12 and 18; with highest increase
on hour 6 (66.71 mg/ml). Decreased level of protein was
found from 1 to 216 in groups E and F (below normal
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values) during the period of experimentation when
compared with controls. There was a marked decrease of
protein and DNA content the head kidney of both the
experimental groups (A and B) from hour 1 to 216 of
refection (except the slight increase of DNA on hour 1
and 6 in group B)

Dna Activity In Head Kidney (Table 1)

In case of groups A, B and C, there was decrease in
DNA content from hour 1 to 216 of infection period in
comparison with controls; all these values are found as
below normals. In group D (10°° CFU/fish), there was a
marked increase of DNA from hour 1 to 72 and a
decrease from hour 96 and 216 when compared with
gontrols. In case gf group E which received infection (10
“ CFU/fish +107), the level of DNA was lower than
controls on hour 1, 3 and 6,12,18,24,36,48,72,96 and
216; it was below normal throughout the infection
period. Fish of group F showed a higher level of DNA on
hour 1 of infection (12.22 mg/ml) from hour 1 to 6
(15.55 mg/ml), there is a gradual increase and all these
increased values are higher than that of control values
11.11 mg/ml), a peak increase on hour 18 of reflection.
The DNA level decreased to normal level from the hour
18 onwards till the day 9 of experimental period, the
gradual decrease of DNA was (lower than that of control
value.

In group A, there was a decrease in DNA content from
hour 1 to 216, and these values are found to be lower
than that of values of uninfected with C group (except
the normal level on hour 48). Higher level of DNA was
found in group B on hour 1 of infection, there is a
decrease in DNA content (10.06 mg/ml)(below normal
values). Group C showed a higher amount of DNA on
hour 1(13.33 mg/ml) and from hour 1 to 12 of
experimental period, there was a gradual decline of
DNA. There was a significant decrease of protein in
groups A and C when compared with controls (Table-1).
Differences in the level of protein were statistically non-
significant in the groups C and D when compared with
controls and in between groups A and B, A and C and B
and C; groups A, B and C showed significant difference
when compared with group D. In comparision with
controls. There was a significant increase of DNA in
group D and significant decrease in groups A and B.
There was no significant difference when compared in
between groups C and controls, and A and C. There was
a significant difference in group B when compared with
groups C, D and A.
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Table 1: Content of protein (mg/ml) and DNA (mg/ml) in the head kidney of experimental fish (group A, B, C, D, E 4nd F) treated with
10” CFU/fish, 10" CFU/fish, 10* CFU/fish, 10¢ CFU/fish, 10° CFU/fish + 10° CFU/fish and 10° CFU/fish + 10 Aeromonay
liguifaciens ot diflerent periods of infection and control (group G). Values ore expressed in mean derived from five obgervations.

Experimental groups Control Group

Hours of Group-A Croup-I Group-C Croup-D Group-E Croup-F Croup-G
Neerupsy

Pratein DNA Prowcin | DNA Protzin DNA Protsin =~ DNA Protein | DNA Protein DNA Proteir DNA

1 6241 | 100 | 6034 | 1333 | 64.13 | 1333  65.86 18.88 | 5896 | 100 | 5275 | 1222 6379  1LI1
3 6172 | 90 | 61.72 | 1006 | 61.72 | 100 & 6517 1666 | 5827 | 777 | 5068 | 1333  63.79 1112

6 5827 | 777 | 6241 | BB | 61.72 | IL.1l @ 66.79 | 1555 | 5551 | 797 | 48.62 | 1555 @ 6377  1Lll

12 5793 888 | 6310 | 777 | 60.34 | 838 6551 1444 | 5482 | 666 | 4793  IL11 @ 6377 1109
18 5758 | 100 | 63.7% | 7.78 | 60.96 | 1444 = 6413 | 1222 | 5206 | 555 | 4517 | 100 | 63.78 | 1LI1

24 6034 666 | 6241 | 777 | 6137 | 100 @ 6379 1666 | 5137 | 444 | 5689 | BB 6378 1112

36 61.03  RE8 | 6172 | 776 | 6106 | 100 = 6275 1666 | 5103 | LIl | 5758 | 7.77 6378 1113

43 6172 | LL11 | 6206 | 7.77 | 6172 | 7.77  62.06 1555 | 5137 | 555 | 57.93  6.66 6378 1109
(7] 6241 100 | 6241 | 666 | 60.72 | 555 6379 1444 | 5689 | 444 | 5586 555 0 6379 1L11

96 6034 666 | 6206 | 555 | 6068 | 444 6241 1006 | S862 | S55 | 5758 | 554 6378 1110

216 59.65 | 444 | 6310 | 222 | 6034 | 444  63.79 999 | 5862 | 444 | 5827 | 555 | 63.77 | 1LII

Table 2: ‘t’ values obtained for different groups of fish infected with 107 (group A), 107 (group B), 107 (group C)
and 10°° (group D) CFU/fish

Experi tal (2 C and D) and Control (a. b.cand d
A a B b C & D d
Head Kidney Protein
Mean 6030 63.76 6228 63.78 6134 6378 6419 63.78
A a B b C < D d
[ | [ | [ I L |
t value =6.55% t=2.298 =7.65* +=0.888
P<0.05) (P=0.03) (P<0.05) P=0.05)
A B A C A D
| | [ | |
=2.208 =1678 =5.56*
P=0.03) F=0.03) (P<0.05)
B C B D C D
\ | \ J I
=2.248 =3.60* £5.13*
P=0.03) (P<0.05) (P<0.05)
Head Kidney DNA
Mean 849 111 7.78 11.01 9.08 11.01 1464 111
A a B b C [} D 4
[ I [ | I |
tvalue =4.45% =4.04% +=2.01 =4.15*
P<0.03) P<0.03) P=0.03) ®P<0.03)
A B A C A D
[ | [ | [ J
=232 =018 =3.94%
(P<0.05) (P=0.05) (P<0.05)
B C B D C D
| | [ |
=2.41* t=5.79* =420%
(P<0.05) (P<0.05) (P<0.05)

P value at 5% level of significance is 2.306 *Statistically significant values @Statislically non-significant values
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Table 2: ‘t’ values obtained for different groups of fish infected with 10 + 107 (group E), and 107 + 10~ (group
F) CFU/fish.

Expenmental (E and F) and Controal (e and f) groups
E e F £
Head Kidney
Protein
Mean 55.22 63.78 53.56 63.78
E e F f E F
| | | | | |
t value t=8.68* t=7.13* t=4.10%
(P<0.05) (P<0.05) (P<0.05)
Head Kidney
DNA
Mean 575 113 il | 939 11.1
E -} F £ E F
| | | | L i)
t value t=7.64* t=2.75* t=3.05*
(P<0.05) (P<0.05) (P<0.05)
t values obtained for groups B (10~ CFU/fish) and E and for
groups D (108 CFU/fish) and F
B E D F
Head Kidney
Protein
Mean 62.28 55.22 63.91 53.56
B E D )
| | | |
t value t=6.91* t=7.07*
(P<0.05) (P<0.05)
Head Kidney
DNA
Mean 7.78 575 14.64 039
B E D E
| | | |
t value t=2.33" t=3.98"
(P<0.05) (P<0.05)

P value at 5% level of significance is 2.306
*Statistically significant values ®Statistically non-significant values

E F

Figure showing head kidney from control (a) and infected (A,B,C,D,E andF) fish
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HISTOPATHOLOGY

The multiple sections of normal head kidney showed
normal parenchyma and interstitial tissue without any
proliferation. The renal corpuscle is composed of
glomerulas and its capsule showed intact texture. In
group A and B, at day 9 post infection, the head kidney
showed congestion of blood capillaries and glomerular
tufts with heavy necrotic tissue. The hematopoietic tissue
in the kidney was disrupted and the glomeruli were
enlarged. Heavy infiltration of lymphocytes and
macrophages were observed. Accumulation of pus and
severe inflammation of sinusoids and serous membrane
were observed(Fig.1 A). The multiple sections of the
head kidney study in group B revealed heavy necrotic
tissue. The hematopoietic tissue in the in the kidney was
disrupted by the heavy infestation of bacteria. Glomeruli
were enlarged and showed cell proliferation.
Accumulation of pus and severe inflammation of
sinusoids and serous membrane were observed. The
glomeruli showed nodular out growths due to serious
bacterial infestation (Fig.1B). In group C, head kidney
showed severe necrosis, congestion of the renal
capillaries and several accumulation of granular
cosinophilic cells. Accumulation of pus, severe
inflammation of sinusoids and serous membrane were
observed. Hematopoietic tissue was severely disrupted.
Glomeruli were enlarged (Fig.1 C). The multiple sections
of the study revealed heavy necrosis and severe blood
clots, heavy inflammation and enlargement of glomeruli
in fish of group D. Accumulation of pus ans severe
inflammation of sinusoids and serous membrane were
observed. Severe infiltration of lymphocytes and
neutrophils was observed (Fig.1D). Pathogenic
bacterium (via intramuscular route) caused infiltration of
lymphocytes, atrophy and necrosis throughout the
infection period (from hour 1 to 216). In group E which
received 107 + 107 CFU/fish, there was heavy
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destruction and damage of entire tissue due to bacterial
invasion. Inflammatory reaction was evident by
moderate increase of macrophages, lymphocytes and
cosinophils and highly congested blood vessels.
Glomeruli sparseley congested (Fig 1E). Heavy necrotic
tissue and severe blood clots were seen in fish which
received double dose of infection (10°+107 CFU/fish).
Serous membranes of renal corpusles showed vacular
degeneration and proliferative inflammation. The
hematopoietic tissue was disrupted by the heavy
infestation of bacteria. Glomeruli were enlarged with
heavy cellular proliferation (Fig. 1 F). Renal capillaries
showed congestion, proliferation and hyperplasia.
Accumulation of pus and severe inflammation of
sinusoids and serous membrane were observed. The
glomeruli showed modular out growths due to severe
bacterial infestation.

The virulent infectious A. liquefaciens might have caused
abnormality in the level of protein and DNA in head
kidney at different hours of experimental period in the
present sludy.[”'”] also suggested that the infectious
pathogenic bacteria may produce ill effects thereby
disturbing the physiological mechanism of fish.">'”! also
reported that fish exposed to toxicants show impaired
protein metabolism. The reduced level of protein at some
hours of infection in the infected fish confirm that of!"”
who reported that the lowered level of protein was due to
reduction in the synthesis of proteins.

Fish suffering due to acromoniasis (groups A,B,C and D)
showed atrophy and necrosis in renal haemopiotic tissues
as explored by!"" in Eel (4nguilla japonica) infected by
aeromonads species. 19 also explained that head kidney
is one of the target organ influenced by 4. hydrophila
and both acute and severe infection cause damage to the
head kidney. The changes like necrotic lesion and
aggregation of melanin containing macrophages in the
head kidney of infected fish (during the entire
experimental period) indicate the pathogenic effect of
microbial organism in the head kidney; this is an
indication of stressful condition of infected fish. These
results compare well with that of™ who also reported
necrotic lesions and aggregation of melanin filled
macrophages in kidney and spleen of fingerlings of
L.rohita infected with 4. hydrophilla.

These results confirm the observations of 14 who also
observed biochemical alterations in liver and muscle
tissue in fish, Clarius batracus during insecticide
treatment. The alteration of tissue protein level in head
kidney might be due to the synthesis of stress proteins as
reported by.”” Various authors®? ¢ 2! reported
synthesis of stress proteins due to heavy metal treatment.
In the present study, pathogenic aeromonads was pound
as effective inducer of stress protein in altering the tissue
protein fractions of experimental fish (exposed to various
doses of 4. liguefactions). The histopathological changes
in head kidney explain the involvement of stress in
aeromoniasis, the change like necrotic lesions and
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aggregations of melanin containing macrophages were
observed in the present study. The pathological changes
brought out in fish by pathogenic bacteria strongly
indicate that these lymphoid organs could provide
sensitive indicator of stressful conditions in the aquatic
environment. Fingerlings of L.rohita infected with A.

hydrophila

also indicated necrotic lesions and

aggregation of melanine filled macrophages in kidney
and spleen.”
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ARTICLE INFO ABSTRACT

Keywords: The melt quench technique was involved in synthesizing the glass system LiF-SrO-B,0, alloyed with Cr,03 in the

FTIR range of 0 to 0.25mol%. The aperoidic nature of these glasses was affirmed by the X-ray diffraction (XRD). These

ESR glasses were analyzed by contemplating the dielectric characteristics (a.c. conductivity, o, dielectric constant,

Optical band gap ¢, and dielectric loss, tand etc.,), spectroscopic properties such as electron spin resonance (ESR) optical ab-

:Z';::C::: dffzsﬁf sorption and Fourier transform infrared (FTIR) analysis. The optical absorption spectra evinced two bands which
are features of Cr®* ions in the octahedral domain. Using absorption edges, Urbach energies and optical band
gap of these samples were estimated. The hike in the Cr’* ions in the glass C5 (0.05 mol% of Cr,03) is confirmed
by the proliferation in the ESR signal intensity and optical absorption peak. The maximum a.c. conductivity of
glass C5 was due to the dominant presence of Cr®* ions. FTIR bands revealed that at 0.05mol% of Cr,0s, BO,
units were converted into BO; units. It is perceived that the semiconducting nature of glass C5 was the highest
among all the prepared glasses.

1. Introduction

B,O3 is an excellent glass former which can be incorporated in
different types of glasses as a flux substance in order to achieve the
materials with distinct remarkable chemical and physical character-
istics useful for high technological and scientific applications [1,2].
Borate glasses are excellent vitreous components as they find pro-
spective applications in the domain of modern science and technology.
Boron forms BO3 and BO,4 structural units by changing the coordination
with oxygen [3-5]. Alkali and alkaline earth ions influence the chem-
istry of boron. When alkali fluorides are integrated with B,O3 then the
glasses are expected to become more moisture resistant. The fluorine's
of LiF burst the local symmetry of the glass. The Li* ions populate the
interstitial positions of the glass and develop coordinate imperfections
known as dangling bonds [6,7]. The lithium fluoroborate glasses are
suitable for radiation dosimetry applications. These LiF-B,O3 glasses are
assessed as the best materials as solar energy converters, laser host
materials, phosphors and in a number of other electronic components
[8,9]. Desirable changes can be done by incorporating the alkaline
earth oxides in a borate glass system. The element “strontium” is a good

* Corresponding author.
E-mail address: syedyusuf1985@gmail.com (S. Yusub).

https://doi.org/10.1016/j.jnoncrysol.2019.05.004

modifier. The robustness of glasses can be enhanced substantially, by
mixing them with SrO in suitable proportion. SrO is an excellent
modifier and it penetrates the glass by disintegrating the random matrix
[10,11]. The oxygens of such oxide fracture the internal regularity
whereas the Sr** ions settle in the interstitial sites of the glass matrix.
sr?* ions launch the bonding imperfections by cracking the borate
bonds (B-O-B) which produces empty gaps and easy tracks for the other
doped ions. Glasses combined with SrO expands the reticulation and
rigidity of the network due to strong field strength values of Sr>* ions.
The glasses become more moisture resistant when SrO is added to them.
Glasses containing SrO and their corresponding glass-ceramics can be
used as gamma-ray shielding tools. The role of strontium is vital in the
domain of bone restoration. It can enhance the metabolism of the bone
[12-15].

The glasses amalgamated with transition metal ions have drawn
much attention as they are widely used as magnetic materials, cathode
materials in the batteries, memory and photo conducting devices
[16-20]. Borate glasses are wonderful host materials for incorporation
of chromium ions. Chromium is a transition metal ion which exhibits
paramagnetic nature. When it deliquesces in the glasses then it makes

Received 16 February 2019; Received in revised form 3 May 2019; Accepted 4 May 2019

0022-3093/ © 2019 Elsevier B.V. All rights reserved.
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Table 1
Physical characteristics of LiF-SrO-B,05: Cr,0; glasses.
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Glass Conc. Cr,03 Density p (g/cm’) Molar volume V,, (cm®)  Conc. of cromium ions N; (x10?'  Inter ionic distance of cromium Polaron radius R, (.3.)
(mol%) x ( %= 0.0001) (£ 0.001) ions/em®) ( % 0.001) ions R; (A) (= 0.001) (% 0.001)

co 0 2.5400 23.589 - - -

c5 0.05 2.6456 22.668 1.328 9.097 3.665

Cc10  0.10 2.5429 23.603 2.552 7.318 2.949

C15 0.15 2.5483 23.563 3.833 6.390 2.575

C20 0.20 25617 23.460 5.135 5.796 2.336

€25 025 2.5628 23.467 6.417 5.381 2.168

them colored. These ions have a powerful hold on the spectroscopic
properties and semiconducting nature of the samples. Chromium ions
subsist in various valence positions in the samples. Among the different
valence states of chromium ions, Cr>* ions act like modifiers. These
ions are in the form of CrOg structural frames in the glass whereas Cr®*
and Cr°* ions infiltrate the glass system like network formers with
Cr0,>~ and CrO4%~ frames. The Cr®" jon is a most stable ion. It is
widely used as a luminescent material and luminescence sensitizer in
different glasses [21]. The glasses integrated with chromium ions can
be used as high pressure-calibrants, high-temperature sensors and solid-
state lasers [22-24].

The objective of this article is to have a comprehensive under-
standing over the topology and valence states of chromium ions in LiF-
SrO-B,0; glass system, by a systematic study on dielectric properties
coupled with spectroscopic investigations (optical absorption, ESR and
IR spectra). These glasses are used as materials for optical components
such as tunable solid state lasers, optical materials, optical filters, IR
domes, memories, modulators, luminescence materials, phosphors,
solar energy converters, fiber optic communication devices, radiation
dosimetry, cathode materials in batteries and in a number of electronic
gadgets. Glasses combined with mixed valence chromium ions are used
as cathode materials in rechargeable batteries because of their high
energy density and lofty capacitance [1-7].

In the present investigation, the concentration of Cr,Oj is varied
with respect to B,O3, to analyze the action of chromium ions on the
semiconducting nature of the glasses. A systematic study has been
carried out on the dielectric properties of the glasses in a frequency
scale 10°-10° Hz and in the temperature scale 30-300 °C by estimating
the values of dielectric breakdown strength in air, €', tand and o,.
Different valence levels of chromium ions in the glasses were in-
vestigated by analyzing the Optical absorption, ESR spectra and FTIR.

2. Material and methods

The Glass system 30LiF-10SrO-(60-x) B,Os: XCr,05 (varying x from
0 to 0.25mol%) was selected for the present analysis. The samples are
tagged as given below:

CO: 30LiF-10SrO-60 B;03.

C5: 30LiF-10Sr0-59.95 B,03: 0.05 Cr,03.

C10: 30LiF-10Sr0-59.90 B;03: 0.10 Cry0s.

C15: 30LiF-108r0-59.85 B,05: 0.15 Cr,0s.

C20: 30LiF-10Sr0-59.80 B,03: 0.20 Cr,03.

C25: 30LiF-10Sr0-59.75 B,03: 0.25 Cry0s.

The basic chemicals viz., LiF, SrCO3;, H3BO3 and Cr,0; were used in
synthesizing the glasses. The materials were of Analar (AR) grade
standard. These basic materials were weighed in an electrical balance to
a reliability of 0.0001 g. The chemicals were assorted minutely in an
agate mortar. This mixture was heated in a porcelain crucible at around
980 °C for 15 min so that deliquesce was free from the bubbles. The flux
was then shifted on a brass slab placed at an ambient temperature. This
flux was eventually annealed at 350 °C for 3 h. The XRD spectra of these
samples were obtained by operating the XRD model, SO-DEBYE FLUX
202. Densities of these samples were determined to the correctness
of + 0.0001. O-xylene was used as a buoyant liquid. Employing the KBr

pellet technique, FTIR spectra of the specimen were noted in a wave
number scale 400-1600cm ™' with JASCO FTIR 6200 Spectrometer.
The glasses were cut, ground, polished and the thickness was reduced to
1mm for recording optical absorption spectra. These spectra of the
samples were obtained in the wavelength gauge 200-1000 nm. A UV-
VIS-NIR double beam spectrophotometer JASCO-670V with a resolu-
tion of 0.1 nm was used for the purpose. For recording the ESR spectra
of the glasses, 100 mg moisture less powder of the samples were filled
in a quartz tube. The spectra were procured using ESR spectrometer
JEOL-FE-IX. This device functions at a frequency of 9.4 GHz. The field
modulation frequency of the instrument was 100 kHz and the magnetic
field was varied from 0 to 500 G with a micro power of 10 mW. For
dielectric studies, the samples were painted with a thin layer of silver to
work like electrodes. LF-impedance analyzer was employed for
studying the dielectric properties. Hewlett-Packard model 4192A was
used in measuring the dielectric parameters like ¢ and tan 8. These
values were recorded in a frequency guage of 10°-10°Hz and the
temperature was varied from 30 to 300 °C. The exactness in measuring
the tand and ¢ values was ~0.001 and ~0.01. A breakdown tester was
used for estimating the dielectric breakdown strength of the samples.
ITL BDV-7 model working at a voltage of 230V + 10%, at a frequency
of 50 Hz was operated for the purpose.

3. Results
3.1. Characterization and physical parameters

The evaluated physical parameters of the glasses were listed in
Table 1. The initial sample CO was colorless. The color of the samples

was changed gradually from light green to dark green (for the glasses
from C5-C25). Fig. 1 displays the XRD pattern of CO, C10 and C25
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Fig. 1. XRD spectra of the 30LiF-10SrO-(60-x)B,03: XCr,05 system for x = 0,
0.1, 0.25 mol%.
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Fig. 2. Optical absorption spectra of LiF-SrO-B,0; glass system alloyed with
Cr,03.

glasses. Sharp Bragg peaks are absent in the XRD patterns of the glasses,
confirming the amorphous character of the specimen. The parameters
like density (p), molar volume (V,,), inter ionic distance of Chromium
ions (R;), polaran radius (R;) are helpful to elucidate the magnitude of
structural entities and transport properties as a variable of modifier
oxide. The density of glass CO is noticed to be 2.540 g/cm® and is es-
calated to 2.562 g/cm® (C25) with a gradual increase of Cr,0s. Inter-
estingly the density (2.645 g/cm®) of C5 glass sample is higher than that
of 0.1 mol% of Cr,05 doped C10 glass sample.

3.2. Optical absorption

Fig. 2 exhibits the optical absorption spectra of as prepared samples
in the wavelength scale ranging from 250 to 800 nm. Glass CO (Cr,03
free) has not shown any absorption peak, but with 0.05 mol% doping of
Cr;03 two broad absorption bands centered at 424, 620 nm are ob-
served along with two feeble bands around 372 and 688 nm. In addition
a kink around 407 nm at shoulder of 424 nm peak also observed with
further addition of Cr,O3 the baseline of absorption is decreased with
red shift of 424 nm peak and blue shift of 620 nm, moreover the in-
tensity of feeble band around 688 nm is increased at the expense of
372 nm as one goes through higher concentration.

The cutoff wavelength of the samples is determined from the optical
absorption spectra and noted in Table 2. The cutoff wavelength of CO
detected at 210 nm red-shifted to 264.5nm with a hike in the magni-
tude of Cr,03. By extending the linear segment of the curves sketched
between (ahv)'/? versus photon energy (hv), to X-axis where (ahv)Y/
2 = 0, the optical band gaps (Eg) of the glasses are estimated. These
curves are demonstrated in Fig. 3. The magnitudes of E, are recorded in
Table 2. The optical band gap of CO is perceived to be the highest
4.25eV for the glass CO and is systematically decreased to 3.299 eV

Table 2
Dossier of optical absorption spectra of LiF-SrO-B,03: Cr,0; glasses.
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Fig. 3. Tauc plots of LiF-SrO-B,0;: Cr,03 glasses.

with a raise in the content of dopant from 0.1 to 0.25 mol%. The least
value of Eg, 3.217 eV is observed for the glass C5.

The Urbach law connects a(v) and Urbach energy (AE) as given
below [21].
In a(v) = (hv/AE) + constant (€3]

The width of the tail of localized states in the band gap (AE) are
estimated by drawing the curves between In (a) (a = absorption
coefficient) and hv (photon energy) as shown in Fig. 4. These curves are
called Urbach curves. The reciprocal of the slopes in the linear part of
the parts give the AE values of the glasses. The AE values of the glasses
are recorded in Table 2. The least and the highest values of AE are
0.08 eV and 0.117 eV for the glasses CO and C5 respectively. Inset of
Fig. 4 exhibits the modification of E; and AE as a function of Cr,03.

3.3. Electron spin magnetic resonance

The basic glass CO does not contribute any ESR signal. This result
indicates that the glass CO has no paramagnetic ions. Because of adding
the chromium ions to the basic glass, it exhibits the resonance signal in
the spectrum of the sample. This resonance signal is due to Cr** ions
infiltrating the glass system as paramagnetic agents. Fig. 6 manifests the
ESR spectra of LiF-SrO-B,0; samples alloyed with disparate mol% of
Cr,0s. A profound absorption signal centered at g = 1.976 is noticed in
the spectra of all the glasses. Two absorption lines are observed at
g = 4.26 and 5.21 with a raise in the quantity of dopant. No change in
the value of g is noticed with a hike in the content of Cr,O; but an
upswing in the strength of the signal is noticed with a hike in the
content of Cr,O3 for the glasses from C10 to C25. The intensity of the
signal is maximum for C5 glass. A resonance signal at g = 2.43 on the
immediate lower magnetic field side of g = 1.976 is also observed.

Sample A, (nm) (% 0.1) *A, — *T,(F) band positions of Cr’* ions (nm) “A,— *T, band positions of Cr** ions (nm) Eg (eV) (£ 0.001) AE (eV) (£ 0.001)
(+01) (+0.1)
co 210.0 - - 4.250 0.0801
Cs5 264.5 417 620 3.217 0.1171
Cc10 2325 425 618 3.976 0.0858
C15 245.0 425 618 3.604 0.0935
c20 247.0 426 619 3.537 0.0966
C25 250.5 429 618 3.299 0.1024
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Fig. 4. Plots of In (a) versus photon energy (hv) of LiF-SrO-B,0; network in-
tegrated with Cr,Os. Inset displays the variation of optical band gap (E;) and
Urbach energy (AE) as a function of dopant concentration.

3.4. FTIR

Fig. 5 exhibits the FTIR spectra of the glasses. The assignments of
the corresponding bands are listed in Table 3. Three important standard
and wide bands are noticed in the spectra of glasses. These bands are
anticipated to be formed due to the borate groups. A band at about
1383 cm ! is expected to be created as a result of BO; units; the bands
at around 1018 and 900 cm ™! are envisaged due to BO4 groups. A band
at 690 cm ! is noticed on account of B-O-B bending vibrations. These
three wide bands are formed as a result of entanglement of the discrete
bands with one another. In the spectrum of pure glass C0, a weak band
is noticed at 754 cm ™. A fresh feeble band is found at 532 cm ™! when
Cr,0; is added to the basic glass. Intensity of this signal is detected to
rise with a hike in the magnitude of Cr,03. The bands at 1018 and
900 cm ™! are combined together to produce a fresh band at 980 cm ™!
when the pure specimen CO is alloyed with Cr,Oj3 initially. When the
quantity of dopant is enhanced, the intensity of the signal at around
980, 690 cm ™! is spotted to diminish, whereas the intensity of the
signal at 1383 cm ™! is found to rise.

%T(a.u.)

T T T
1000 800 600 400

r 1
Wavenumber cm

T T
1600 1400 1200

Fig. 5. FTIR spectra of LiF-SrO-B,03: Cr,03 glasses.
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Fig. 6. ESR spectra of LiF-SrO-B,03 glasses combined with Cr,0;.

3.5. Dielectric properties

The measured values of dielectric constant ¢’ and dielectric loss tand
at an ambient temperature for the glass CO (30LiF-10SrO-60B,03) at
500 KHz are 4.19 and 0.008 specifically. The magnitudes of these
variables are observed to rise with a fall in frequency for all the glasses.
The value of ¢’ is noticed to escalate at room temperature with a hike in
the content of Cr,O5 from 0.1 to 0.25mol% (glass C10-C25) at any
frequency. It is observed that ¢’ is maximum for the glass C5 (0.05 mol%
of Cr,03). Same tendency is perceived for tand at ambient temperature
at any frequency. The values of tand also varied in a similar way with
dopant concentration as that of ¢’. The modification in the magnitudes
of ¢ and tand with the content of Cr,0O3 at a frequency of 500 Hz is
disclosed in Fig. 7. The response of ¢’ as a function of temperature for
distinct magnitudes of Cr,O3 at 1 kHz is manifested in Fig. 8. Inset
exhibits the response of ¢’ as a function of temperature for the glass C20
(0.2mol% of Cry03). The value of ¢’ showed a significant growth at
higher temperatures, predominantly at lower frequencies. The ¢ and
tand values are escalated with a proliferation in the impurity content
from 0.1 to 0.25 mol% of Cr,05 (C10-C25). These values are found to be
maximum for the glass C5. Fig. 9 manifests the variation of tand for
different contents of Cr,03; computed at 10 kHz. This figure reveals the
fact that the values of tand decreases with a hike in the frequency. Inset
of Fig. 9 indicates the alteration of tan8 as a function of temperature for
the specimen C5. The plots of pure and doped samples evidenced dif-
ferent maxima. With raising frequency the distinct maxima relocated
towards higher temperature. When the temperature is increased the
frequency maximum moves towards higher frequency. This phenom-
enon indicates the dielectric relaxation nature of tand of all the samples.
The inspections on the fluctuation of tand against temperature for
various concentrations of Cr,O; demonstrate a continuous hike in
broadness and (tan8),.x of the relaxation curves with raise in the
concentration from 0.1 to 0.25mol% of Cr,05 (glass C10-C25). Espe-
cially glass C5 has maximum value with a transfer of relaxation zone
towards lower temperature. The analysis on the relaxation of effects of
LiF-SrO-B,03: Cr,03 glass is listed in Table 4 along with activation
energy for dipoles and breakdown strength. The activation energy (AE)
Wy, for the dipoles is estimated employing the relation [21].

£ = f, exp.(~Wy/KT) @




A.R. Babu, et al. Journal of Non-Crystalline Solids 520 (2019) 119428
Table 3
Allotment of absorption bands in the FTIR spectra of LiF-SrO-B,0,: Cr,05 Glasses.
co C5 c10 C15 c20 Cc25 Assignment
— 1522 Stretching vibrations of B=O~ in BO,O ™ units from different borate groups
1543 —_ e — St
1383 1384 1384 1384 1384 1384 B-O y, stretching in BO; units from different kinds of borate groups
1280 1271 1265 1269 1267 1267 B-O gy stretching in BO3 units from pyro and ortho borate family
1018 Stretching vibrations of B—O bonds in BO, units from tri, tetra, penta borate species
900 975 980 970 979 973 Stretching vibrations of B—O bonds in BO3 units
754 765 765 768 765 763 04B-0-BO; bending vibrations
690 691 692 691 689 689 B-O-B bending vibrations
- 536 532 538 538 534 0-B-O bending vibrations
; : ; ; : — 12 0207 45 ’
plkHz C5
A 4
ok
0.040 | 0’215 10kHz 25
]
8 F7 100kHz =
2 2!
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Fig. 7. Response of ¢ and tan § as a function of dopant concentration at 1 kHz
for the LiF-SrO-B,0; glasses.

It is found that W, is maximum for glass CO and least for the glass
C5. Table 4 contains the data related to dielectric loss.

The a.c. conductivity o, of all the glasses at different temperatures
is estimated using the relation [21]:

Oy = @ €'g, tand 3)

(Where ¢ is the vacuum dielectric constant)
The curves of o ,. versus 1/T at different frequencies for the sample
C25 is shown in Fig. 10. From these curves, the activation energy for

Temperature in C

Fig. 9. Variation of tan 8 with temperature at 10 kHz for different contents of
Cr,0; in LiF-SrO-B,0; glasses. Inset displays the modification of tan8 with
temperature at different frequencies of the glass Cs.

conduction (AEC) in the high temperature scale from the linear part of
curves are estimated for all samples. These parameters are recorded in
Table 5. The AEC value is the least for the glass C5 and noticed to
escalate with further hike in the content of dopant. The response of 0,
with 1/T for all the glasses alloyed with different contents of Cr,05 at
10kHz is presented in Fig. 11. This figure clearly indicates that o,
escalates with a hike in the content of Cr,O3; from 0.1 to 0.25 mol%
(glass C10-C25). The value of o, is the highest for glass C5. The line-
arity between activation energy and conductivity is displayed in the
inset of Fig. 11.

The dielectric breakdown strength (DBS) is the highest 9.43kV/cm
for the glass CO and noticed to diminish with a hike in the content of
Cr,03 from 0.1 to 0.25 mol% of Cr,03 (glass C10-C25). The DBS is the
minimum for glass C5. These parameters are mentioned in Table 4.
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Fig. 8. Modification of ¢ with temperature at 1 kHz for disparate concentra-
tions of Cr,03 in LiF-SrO-B,0; glasses. Inset (a) exhibits the alteration of ¢ with
temperature for various frequencies of glass C20.

Table 4
Epitome of the report on dielectric loss of LiF-SrO-B,05 glasses at 1 kHz.
Glass  (Tan8) ., X Temp. region of AE for dipoles Breakdown
1073 relaxation (+1)  (+0.001)eV  strength ( + 0.01)
% kv/em
co 0.361 146-164 3.722 9.43
cs5 0.577 81-115 2.912 8.97
C10  0.394 119-140 3.552 9.36
C15 0.438 110-135 3.386 9.29
C20 0.483 99-128 3.224 9.18
Cc25 0515 90-121 3.066 9.07
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Fig. 10. Response of o,. with 1/T for the specimen C25 at different frequencies.

4. Discussion
4.1. Physical parameters

The densities of the glasses play a vital role in probing the structural
changes. Density is a function of the magnitude of interstitial gaps,
structural compactness/softening, crosslink density, change in geome-
trical configuration and coordination number of the glass [25]. The
density of the glass is tremendously influenced by the atomic weight
and ionic size of the impurities [25]. An increase in the density of
glasses as a function of Cr,03 is envisaged due to a substitution of
lighter cation B*>* by massive one Cr>* ions. The maximum density and
minimum molar volume are due to its compact nature of glass C5 when
compared to that of the glass C10. The reason for the increase in density
of the glass C5 is as follows: When Cr,05 is incorporated in the basic
LiF-SrO-B,03 glass with an initial doping of 0.05 mol%, and then the
chromium ions settle in the interstices of borate glass system by gen-
erating the Sr-O-Cr and B-O-Cr linkages, in succession with transfor-
mation of BO4 groups to BOs structural groups. The radii of B>" ions
(0.25 ;\) in BO4 structural units are greater than the radii of B** ions
(0.15;%) in BOj3 structural units [26]. The values of polaron radius (R;,)
are small which indicate that the polarons are highly localized.

4.2. Optical absorption

No bands are perceived in the optical absorption spectra of pure
glass CO. With an initial doping of 0.05 mol% of Cr,0; in the basic glass
CO, five absorption bands are noticed at 372nm, 407 nm, 429 nm,
620 nm and 688 nm in the spectra. These bands are designated to the
transitions *As, — %Ay, *A*T1(F), *A2T 1 (F) (peak 1), *A;"T,(F)
(peak 2) and °A2-)2EE(G) respectively. Two prime bands perceived at
429 and 620 nm are due to the presence of Cr>* ions in the glass in
octahedral symmetry [27-30]. The intensity of these bands is re-
cognized to raise with a change in the content of Cr,O3 from 0.1 to

Table 5
Synopsis of the data on a.c. conductivity of LiF-SrO-B,03: Cr,0O; glasses at
1 kHz.

Glass o0, at70°C N(Eg) (102 eV~ /em®) Activation energy for

(107" (Q-cm) ! ion (eV)
Austin  Butcher  Pollak
co 0.951 2.088 0.871 2123 1.153
Cs5 2.752 3.552 1.482 3.612 0.741
c10 1.249 2.393 0.999 2.433 1.038
C15 1.574 2.687 1121 2.731 0.944
c20 1.848 2911 1.215 2.960 0.865
C25 2.220 3.191 1.331 3.244 0.799
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Fig. 11. Modification of o,. with 1/T at 10 kHz for different concentrations of
Cr,0; in LiF-SrO-B,0; glasses. Inset gives the variation of o,. with activation
energy at 70 °C of LiF-SrO-B,0; glasses at 10 kHz.

0.25mol% (C10-C25) but with the maximum intensity, with an in-
creased baseline for the glass C5 (0.05 mol%). A feeble band is noticed
at 372nm due to Cr®* ions. These Cr®* ions infiltrate the glass as
network formers in CrO,>~ frames whereas Cr®* ions invade the
system as network modifiers [31]. When the quantity of Cr,0; is en-
hanced above 0.05mol% then the band at 372nm expected to be
merged with an intense band at 429 nm (peak 1). This situation is
aroused because of the progressive change of Cr®* ions into Cr** ions
in the glasses. A tiny crimp witnessed at 688 nm owes to the spin and
parity forbidden transitions. The intensity of this band escalates slowly
and it merges with a dominant band at 620 nm when the dopant con-
centration in the glass is 0.25mol% (glass C25).

The hike in intensity of absorption bands at *T; and *T, in the
spectra of samples C10 to C25 is due to the gain in content of Cr** ions
at the cost of Cr®" ions. This growth in magnitude of Cr*>* ions in the
specimen causes an augment in the assembly of non-bridging oxygens
(NBO) [28]. The existence of these donor centres leads to the decrease
in the E; of the samples. Due to this reason, the absorption edge of the
glasses shifted towards the longer wavelength side. Especially, in the
glass C5 the bridging oxygens create bonds with Cr®* ions resulting in
the collapse of the glass system. This leads to a reduction in energy
band gap of the glass [29].

The maximum Urbach energy for the glass C5 (0.1171 eV) specify
the broad spread of the tails among the samples. The escalating AE
values with a hike in the content of Cr,O3 in the glasses from C10 to
C25 is envisaged owing to the creation of imperfections like dangling
bonds and fluctuations in bond angle distortions [32,33]. The other
component which enhances the edge widening is a static disorder
which raises the density of localized states N(Ey) of these defects [26].

4.3. Electron spin magnetic resonance

Two resonance signals are detected in ESR spectra of the specimens
at g = 4.26 and g = 1.976. As per Laundry, the lower field spectral line
at g = 4.26 is ascribed to the isolated Cr®* ions and that of the high
field spectral line is associated with the exchange coupled Cr** ion
pairs [34]. The intensity of these resonance signal increases in the
glasses C10 to C25 but with a maximum intensity for the glass C5. The
maximum intensity of the signal at g = 4.26 indicates the maximum
content of isolated Cr®* ions engrossing the distorted octahedral posi-
tion in all the samples. The signal observed at g = 1.976 is expected due
to the exchange coupled Cr®*-Cr®* pairs [35]. The line width and
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intensity of these signals are noticed to rise with a hike in the content of
dopant. This result confirms the hike in the magnitude of Cr** ions
which behave like glass modifiers and increases the agglomeration of
NBOs in the specimen. These NBOs acts as donor centers and minimize
the E; of the glasses. A resonance signal at g = 2.43 is noticed owing to
the large gap between two Kramer's doublets. A shoulder at g = 5.21 is
also noticed in the spectra of all the glasses.

4.4. FTIR

FTIR spectra disclose the structural modifications of the glasses.
When LiF is added to borate glass, it converts the BO3 groups into BO,4
units. These BO4 groups are more stable, and they form a long link of
tetrahedral groups. When SrO is incorporated in the glass, the BO,
groups are transformed into BO3 groups by generating SrO polyhedron
when it is circumjacent by BO, units. This pattern acts like an im-
perfection in the specimen [7,8,10]. When LiF-SrO-B,0; glass is alloyed
with Cr,03, it will crush or deform the interlinked BO,4 units and in-
creases disorder of the system. When the content of Cr,05 is increased
the intensity of the vibration bands BO3; and the oscillations of B-O-B
units also increase [21]. The progressive hike in the content of Cr,05
from 0.1 to 0.25mol% (C10-C25) raises the intensity of the vibration
band at around 1383 cm ™! at the cost of vibration band at 980 cm ™.
This result is anticipated owing to the transformation of BO,4 groups
into BO3 groups. Interestingly a maximum intensity of the BO3 band is
noticed when the glass is doped with 0.05mol% of Cr,0; (glass C5). It
is observed that the vibration band at 766 cm ~! corresponding to the
04B-0-BO; structural units to vanish gradually and the decay in the
intensity and blue shift of the B-O-B bending oscillations at 690 cm ™.
These changes are due to the production of a new type of linkages such
as B-O-Cr by cracking B-O-B links and a plunge in the content of B,O3 in
the glasses. An extra band at around 536 cm ™! is perceived due to the
0O-B-O bending units [21].

When Cr,05 is mixed to the LiF-SrO-B,03 glass network, it resulted
in a cross-linking of asymmetrical BO3 units. This hike in the intensity
of such a vibration band at lower content of Cr,0; (for the glass C5)
indicates the increase of CrOg octahedral groups [21]. This leads to the
hike in the Urbach energy, decay in the optical band gap and a hike in
the ESR signal intensity in the glass C5.

4.5. Dielectric properties

The dielectric constant of a sample depends on the space charge,
dipolar, ionic and electronic polarizations. Space charge polarization is
a key factor in constructing the dielectric constant of a material [35].
It's a function of quality and perfectness of the material. A maximum
hike in the magnitudes of o,,, tand and ¢’ is detected due to the addition
of Cr,03 with a concentration of 0.05mol% to the initial glass LiF-SrO-
B,03. At a particular frequency, these values are noticed to increase
with a raise in temperature of the specimen. This result is expected due
to gain in the quantity of Cr>* ions at the cost of Cr®* ions with a hike
in the content of Cr,0; in the glasses from C10 to C25 but with a
maximum raise of these Cr>* ions in the sample C5. These Cr®" ions
along with Sr?* ions act like modifiers and generate the imperfections
by cracking Sr-O-Cr, B-O-Cr, B-O-Sr and B-O-B bonds [8]. These defi-
ciencies produce easy tracks for the relocation of charge carriers. These
factors construct a space charge polarization and enhance the dielectric
variables [8]. The magnitudes of AEC and DBS are the least for the glass
CS.

The dielectric relaxation effects are attributed to the strontium
(Sr?*) ions. These Sr** ions in combination with cationic vacancies
establish the dipoles and demonstrate the relaxation effects [8]. The
value of tand,.x is the highest for the glass C5 whereas these values
increase gradually for the glasses from C10 to C25. This increase in the
tandnyax values discloses the raise in the liberty for dipoles to rotate and
align in the direction of the field. The transfer of relaxation region
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towards lower temperatures and decline in activation energy for dipoles
for the glass C5 indicates reduction in the strength of glass.

The defect model given by Ingram is used to illustrate the conduc-
tion process in the maximum temperature zone [21]. When a curve is
plotted between logo(w) versus AEC a linearity is detected. This line-
arity indicates the augmentation of conductivity suggesting the esca-
lation in the ability of charge carriers to move in the high-temperature
zone. The Sr?* jons are massive and immobile so the lighter and mobile
Li* ions are accountable for the conductivity in the glasses at this
temperature region [8]. The increase in the conductivity of the glasses
is noticed when the content of Cr,03 is escalated from 0.1 to 0.25 mol
%, but the conductivity is observed to be the highest at a concentration
of 0.05mol% for the glass C5. It is expected owing to improved mod-
ifying action of Cr®* ions in the sample C5.

There are different strategies of conduction in the glassy substances
namely conduction in localized states near the Fermi level, conduction
in localized states near the band edge, band conduction and conduction
in extended states. Conduction in the localized states at the Fermi level
arises when o, is independent of temperature and changes proportio-
nately with frequency up to a temperature of 343 K. This fact could be
described by quantum mechanical tunneling model (QMT) [21]. The
conduction in these samples in the low-temperature zone (343 K) may
be ascribed to occur by this process. The density of defect energy states
near Fermi level N(Ep), is estimated by the relation (4) [21,25].

(@) = e?KT[N(Ep) Pa—*w(In(vpn/w)]*, )

where 1 = 7/3 (Austin and Mott) [25] = 3.66 n 2/6 (Butcher and
Hyden) [25] = n */96 (Pollak) [25]. The symbols in this equation have
normal meanings. The estimated values of N(Eg) are listed in Table 5.
The highest value of N(Eg) indicates a maximum disorder in the glass
C5. The breakdown strength of a glass is a function of rate of growth of
¢'tand with temperature. It is observed to be maximum for a glass C5.
The heat energy emancipated at the time of breakdown by giving a
voltage across the glass increases ¢'tand value. The DBS is inversely
proportional to 'tand [25]. The magnitude of e'tan8 is maximum for the
glass C5 so the DBS is the least for the specimen C5. This result supports
a weak internal structure of the sample C5.

5. Conclusions

Glasses are fabricated with the composition 30LiF-10SrO-(60-x)
B,03: XCry03 (x taking the values from 0 to 0.25mol%) by the melt
quench and heat treatment process. The XRD spectra manifested the
amorphous character of the samples. The intensity of optical absorption
bands at 429 and 630 nm is increased gradually due to the hike of Cr**
ions in the glasses from C10 to C25. These ions occupy the octahedral
sites in the samples. The intensities of these bands are perceived to be
the highest for the glass C5 with a maximum baseline. The optical band
gap of the samples decreases from C10 to C25 with a hike in the
quantity of Cr,Os. The value of E, is the least for the glass C5. The
Urbach energy values are observed to increase in the glasses from C10
to C25, with the highest value for the glass C5. These results are ex-
pected due to a raise in the density of localized states and the gain in the
concentration of Cr®* jons. ESR spectral studies of the glasses showed
the existence of Cr®* ions in the octahedral sites. The content of such
ions is maximum for the glass C5. FTIR analysis exhibited the con-
ventional bands due to the borate groups. The dielectric studies au-
thenticate the best semiconducting nature of the glass C5.
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Abstract:This paper is a study on the decomposition of Pre A*- algebra. In fact, it is proved that if A is a
Pre A*- algebra and x € A, then the set, My = {s € A / s < x} is a Pre A*- algebra under the induced
operations A,v where the complementation is defined by s* = x As™, the relation < (less than or equal
to) defined on Pre A*- algebra A by s < xif s A x = x A s = s. Based on the well known result, if B is a
Boolean algebra and a € B, the set (a] = {x € B/ x =< a} ([a) = {x € B/ a < x}) is a Boolean algebra under
the induced operations A, v where the complementation is defined by x* = a Ax" (x* =a vx'), and then B
is isomorphic to (a] x [a), it is attested a similar decompositions for a Pre A*- algebra as well.

Keywords: Centre of Pre A*- Algebra, Decomposition of Pre A*- Algebra, Pre A*- Algebra, Pre A*-
Isomorphism.

1. Introduction: Koteswara Rao (1994) firstly introduced the notion of A*- algebras and if-then-else
structures based on Manes (1993) Adas and the Equational Theory of If-then-else. Later, Venkateswara
Rao (2000) introduced the concept of Pre A*- algebras as a reduct of A*- algebra. Venkateswara Rao and
Srinivasa Rao (2010) studied the well known Cayley's theorem on centre of Pre A*- algebras.
Furthermore, Venkateswara Rao et.al., (2011) observed a decomposition of Pre A*- algebra.

In this manuscript, we will continue our study to establish some more results in this conception.

2. Preliminaries:

Definition: An algebra (A, A, v, (-)") where A is a nonempty set with 1; A, v are binary operations and (-
) is an unary operation satisfying

(i) x =xforallxeA (ii)) x Ax =x, forall x e A

(iii) x Ay=yAx, forallx,yeA (iv) (xAy) =x vy ,forallx,ye A

(v) xa(yaz)=(xAy)azforallx,y,ze A (vi)xAa(yvz)=(xay)Vv(xnaz),foralxy zeA

(vil) xAy=xA(x vy), forallx,y €A, is called a Pre A*- algebra.

Example: 3 = {0, 1, 2} with operations A, v, (=) defined below is a Pre A*- algebra.

AlO 1 2 vi|io 1 2 X | X
o|j]o0o o 2 o o 1 2 0|1
1 o 1 2 1 1 1 2 1 o
2 2 2 2 2 2 2 2 212
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Definition: Let A be a Pre A*- algebra. An element x € A is called central element of A if x v x "=1and
the set {x € A / x v x =1} of all central elements of A is called the centre of A and it is denoted by B (A).

Definition: Let (A,, v, A, (-)) and (A,, v, A, (-)) be two Pre A*- algebras. A mapping f: A,— A, is called
a Pre A*- homomorphism if

(i) f(@nb)=f(a) Af(b); (ii) f(av b)=f(a) v f(b);(ii) f(a)=(f(a)) .

If the homomorphism f: A,— A, is onto, then, fis called an epimorphism.

If the homomorphism f: A,— A, is one-one, then, fis called a monomorphism.

If the homomorphism f: A,— A, is one - one and onto, then, fis called an isomorphism, and A,
A, are said to be isomorphic, denoted in symbols A= A, .

Definition: Let A be a Pre A*- algebra and x € A, then M, = {s € A / s < x} with the operation < defined
byssxifsax=xAs=s.

Note:M,is a Pre A*- algebra under the induced operations A, v where the complementation is defined
by s*=xAs™.

3. Decompositions of Pre A*- Algebra: If B is a Boolean algebra and a € B, then we know that B is
isomorphic to (a] x [a). In this paper we prove a similar decomposition for a Pre A*- algebra.

Lemma: Let A be a Pre A*- algebra with1,a € B (A) and x, y € A. Then we have,anx=a Ay, a"Ax=
aAyex=y.

Theorem: If A is a Pre A*- algebra with1and a € B (A), then A can be embedded into M, X M,~.

Note: In the above theorem, for a = 0, we have M, = {0, 2}, M.~ = {o, 1, 2} and M, x
M,~={(0, 0), (0, 1), (0, 2), (2, 0), (2, 1), (2, 2). So we can’t find x such that « (x) = (2, 0). Hence « is not an
onto mapping. But we have the following theorem.

Theorem: IfA is a Pre A*- algebra with1anda € B(A), M, = {s € B(A) /s <a}and
M,~={te B(A)/t<a"}, thenB (A) =M, X M,~.

Theorem: Let A be a pre A*- algebra with 1and A,, A, be pre A*- algebras with 1,1, respectively such
that A = A, x A,. Then there exists an element a € B (A) such that A, =M, and A,=M,~
Proof: Let ¢: A= A; X A; be an isomorphism and a = $71(14,0,) ( where 1,1, denote the A=
identities of A, and A, respectively).
Consider, (1, 0.) € B(A,) X B(A.) =B (A,X A,).
So, we have, (1,, 0,) € B (A, X A,).
This leads to, a = ¢ ' (1;,0,) € B (A) (as A = A,x A,).
Hence by the above we can define f: A,—M, by f(x,) = ¢ "*(x,, 0,) for all x; €A,.
Consider, a Ad ™" (x4, 0,)
=071, 0,) A7 (x, 0,)
= 07" (x, 0,) (since ¢ " is a homomorphism)
So, a /\¢)_1(xx, 0,) = d)_l(x,, 0.):
This results, ¢~ (x,, 0,) €M, (by definition of M,) = f (x,) €M,.
Thus fis well defined.
One can evidently examine that f preserves A, v and that f is one-one.
Now we prove that f preserves the unary operations (=)~
Let x;€A;.
Consider, f(x;") = ¢7'(x,", 03)
= 67 (1A%, 03n13)
=071 (14, 0)A0 7 (%,7,1,)(since, ¢~ is a homomorphism)
=an(@ ((x, 05))
=anf(x)™ =f(x)".
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Therefore, we have that f(x;™) = (f(x,))".
Finally we prove that fis onto.
Let x eM,.
Then ¢(x) = (x;, X,) for some x; €A, and x,€A,.
Consider, (X, X3) =¢(x)
=danx)

=¢(@nd(x)

= (14, 02)A (x4, X2)

= (x1,02).
Therefore, (x;, X;) = (X1,0,).
Thus, x, = 0, and f (x;) = ¢71(x1, 0,) = dfl(xl, x,) = x(by above).
Hence, fis onto.
Thus, A, =M,
Similarly, one can verify that, A, = M,~ .
Hence, we conclude that,

A=A, XA,
=M, X M,~

Hence we must have, A = M, X M,~.
Note: We remark that for a,b € B(A) withaab =0 (we can call such a pair (a, b) as distinct
orthogonal), we derive a necessary and sufficient condition for M,to be isomorphic to M,,.

Lemma: If A is a Pre A*- algebra with 1,a € B (A), x eM, andy €M, _, then
(i) any=oanda Ax=o0
(i) an(xvy)=x=aalyvx) anda Axvy)=y=a"A(y vXx).
Proof: Let x eM, and y €M, ..
Then we have, x <aandy <a~.
This leads to, xAa =xandyAa™ =y.
Consider, any.
any =an(yaa”) (since,y=yna")

=(ana”)Ay

=0AYy

=o.
Hence,aAy =o.
Also Consider a™A x
a“Ax =a"axaa (asxAna=x)

=(@"A a)Ax

= OAX

=o.
So,a"A X='0.
Hence by above, we must have,any =0 =a"Ax.
Furthermore, consider, a A (x v y)
an(xvy) =@ax)v(aay)

=X Vo
=X.
Hence, an(XVv y) = x.
Further,aA(y v x) =(aAy)v(anx)
=ov x (by above)
2R,

Hence, we have a A(y v X) = x
Therefore, a A(y v x) =an (xVv y) (By above).
In the same way, we can observe that a”A(x v y) = a~A (Y v X).

Lemma: Let A be a pre A*- algebra with 1. Then, forany a, b € B (A), aanb € B(M,).
Proof: Clearly we have,anb < a.
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Henceanb €M, (asM, = {s € B(A)/s < a}.
Consider, (aAb)v(aab)*

= (aAb)v (aa(aab)™) (By definitions of *).
=(aab)v(an(a~vb™))

=(aab)v((ana™)v(anab™))

=(anb)v (ov(aanb™)) (since,arna™ =oasae B (A))
=(anb)v(anb™)

aa(bvb™)

anl

=a.

Hence, (aAb)v(aab)* =a.

Therefore,a Ab € B (M,) (as (-)* is an operation in M, to satisfy the condition for an element in B (M,)).

Theorem: Let A, A, A, be Pre A*- algebras with 1, 1, 1, respectively such that A = A, x A,. Let
a,b € B (A) such that aanb = o. Then M, is isomorphic to M, if and only if there exists an isomorphism
a: A - Asuchthata(a) =b.
Proof: Let a,b € B(A) withaab =o.
Let us suppose that ¢ : M, = M, be an isomorphism.
Considera~Ab = (a~Ab)vo

=(@Ab)v(aanb)(asanb=o0)

=(a~va)ab

=1Ab (asaeB(A), ava=1)

=b.
This implies, a~Ab = b.
This results, b eM,~ (By definition of M,~)and b* =a~Ab".
Asa~Ab = b, in the same way one can observe that b™A a = a (Simply by inter-changing the roles of a
and b). Then we have the following:
(i) A =A, xA,

=M, X M,~

=M, X My~,p X M(z~,py* (follows by the sequence of decompositions and isomorphisms)
=M, X My, X M,~,,~ (since,asa>Ab =band (a~Ab)* =a~Ab™)

The above holds under the isomorphism, x E) (anx, bax (@“Ab™)AX).
Similarly,
(ii))A = My X My~

IR

My, X Mp~,a X My~ ay°
=M, X M, X M ~,~

The above holds under the isomorphism, x % (bAax, anx, (@“Ab™)AX).
Similarly we have,

(iii) M, X My X My~ p~ = My, X M, X M,~,,~holds under the isomorphism, (%, y, z) 5 ), 07 ), 2).
Now define o : A > Abya = a™'0 8 0 B, where, 0 denotes the composition of mappings.
Then a is an isomorphism of A onto A and
a(@=("080p)(@
=y 1((a, 0, 0)) (sinccbra=0=anra”)
=y~ (b, 0, 0) (since, p(a) = b, ¢ (0) = 0)
= b (since y (b) = (b, 0, 0)).
Hence, a is an isomorphism of A such that a(a) = b.
Conversely, suppose that, a: A — A is an isomorphism such that a (a) = b.
Let A be the restriction of a to M,,.
Now, we prove that, A is an isomorphism of M, onto My.

Forx eM,,

consider, bAA(X) = baa (x)
= a(a)aa (x)
=a(@aAx)
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= o (x)
= A (X).
Hence we have, b A A (x) = A (x). This leads to A (x)eM,,.
Hence 2 is well defined.
One can easily verify that, A is a homomorphism and one-one.
We shall prove that A is onto.
Let x eMy,. Since o is onto, there exists y € A such that a(y) = x.
Consider,any €M,.
Then,A(any) =a(any) = a(a)aa (y)
=bax
= x (since,x < b).
Hence, we have A (any) = x.
Hence A is an isomorphism of M, onto My,.

Concluding Remarks: This study made us to conclude the following:

If A is a Pre A*- algebra and x € A, then the set M, = {s € A / s < x} with the operation < defined by s < x
if s AX=xAs=sisaPre A*- algebra under the induced operations A,v where the complementation is
defined by s* =x As™.

If A is a Pre A*- algebra with 1, a € B (A) and x, y € A, then we have obtained, a A x = a Ay,
a“Ax=a"Ayifand onlyif x=y.

If A is a Pre A*- algebra with 1and a € B (A), then A can be embedded into M, X M,~.

We note that in the above theorem, for a = o, we have M, ={0,2}, M,~ = {0, 1, 2} and
M, X M,~={(o, 0), (0,1), (0, 2), (2, 0), (2,1), (2, 2)}. So we can’t find x such that a (x) = (2, 0). Hence a is
not an onto mapping.

If A is a Pre A*- algebra with1anda e B(A),M, ={s € B(A) /s<a}and M,~={te B(A) /t=<a~}, thenB
(A) =M, x M,-.

If A is a Pre A*- algebra with 1 and A,, A, are Pre A*- algebras with 1, 1, respectively such that
A = A, x A, then there exists an element a € B (A) such that A, =M, and A,=M,~.

We remarked that for a,b € B (A) with a A b = o, we derive a necessary and sufficient condition for M, to
be isomorphic to M,,.

We obtained that if A is a Pre A*- algebra with 1, a € B (A), x €M, andy €M, __, then

(i) aay=oanda”Ax=o0

(ii)) aaxvy)=x=aa(yvx) anda A(xv y)=y=2a"A(y vX).

Further, if A is a Pre A*- algebra with 1, then, for anya, b € B(A), anb e B(M,).

It is observed that if A, A,, A, be a Pre A*- algebras with 1, 1,, 1, respectively such that A = A, x A,. and
a,b € B (A) such that aa b = o, then M, is isomorphic to My, if and only if there exists an isomorphism
a: A— Asuchthata(a) =b.
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ABSTRACT

The preseat anwdy explore the primary  pliytochiomion’? stady  wsing  gar  chrommdog rophy mmass
spectrascigry (GO-MS) wesd i witrn antimicrotsal shufy (rgaiest grom positive docterin and grim
megotive Facteria) wor pecformed on me-fetame) U0« Bewceme (25%)+ 25% ethamo stem extroct of
Vennlago demiculoen. Prelimisuary pliviochemsical screening revealed thur plos congans 1 7hio active
compounds widh differvnt comcentraniony. Qualicarive anmdvis of rhe planr parts the presence of
wiriows compaients of therspeutic impovtance inclinling fanming saponims. plsenalic comyprovmdy,
sivevnides, flavonoids eve., The present viady provides iformurhon abowe the aovatlatliny of some M
active phytocvmutitnents, which cow be ssepisl to provide dietary elementy and 12 oy alves help in
developiog aew drug formulations. There war o need o0 evalinae the extracte of the plast in arder 1o
provide scienrific proof for by applicathon amd to expiore the possiiulicy of reanny wirkows diseases
wesd disorslees. Literature review inoioates that very fess work b Seen dome o i plamr g there is
@ wide scope for invesrd garkon.
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INTRODUCTION

Pl secondinry mesabolites have beca refemred 1o v phytocheaical compouscds that are matseally
ovcurnng and bive pe lal d= hituting cupubelities. Fhytochemscals se exoellen sources of
many bloactive compounds, sech as volutide odls, steroeds, ulkaloids sad saural anthoxidesss, | e,
flavosolds and ather phwnolic compownds, with beneficial effects va human bealih (1) Herbal
medicine has been practiced worldwide snd it i recognized by WHO as essential building blocks foe
ponry bealth cure. WHO has estimaned that up to 30 % of peaple sull rely on wraditional sesmedies,
whech are 21,000 plants sound the wordil, among them 2500 species are in India, vul of these 150
spoecies are commerceally wsed (2] Heoce standsrdization of medicnal plasts amd natural prodects
will provide useful informution with regarnds 10 (o comvea emtity and will help 1o Siferestiate from
other chosely related species as well as from other comenercially aviilable crude drugs

The develoganent of mécrobual resistance tawands anthictios tus highlighned the teporance of the
search for oew potential effoctive plants umd plant comtiuents agsmt puthogeme micronrgenisms
13 Amimicrobial screeming af plamt extucs asd the phytochemicnl represent & stasting poim foe
amsmicrobinl drug discovery (4] V. dentlowdans (Rhang Dang) beloaging o the fumily Rlumsacese
(Figere 1) 1t is comsidered as un tmportant medicined plas by the tosditional people of ribal people in
Inds Various parns of the plasts osed for treutment of maay Ssesses. The plant s rich in muny ?
prarmacoutical active ingredients. The stem bark contmm Friodel in and several asthiraguinones that /
can be spplied 1o treat skin Sisemses und sprains. The 1ol o« anthe i A and 2
B, wed for & tonic dyspepsia, muld fever and debility. The feaves give lupe«l hcunm:mmnl aml e
glucoside |5). The ethanolic estract of plant also shoes ami-enflammuation amnd anti-emicroblal activity
6] V. denriowlota leaves are oflen saed as ben products. Frequentl y deunk. it can belp 1o diseetic cuy,
redioce cholesterol and hlood sugor, serve e » relasant, strengthen health, anhnte, redece blood
owessare amd dist. The oresest study reports on the phvochemical unal vsis and ssstimicoobial activities
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ABSTRACT

Vegeotuhle sanpriey of green chvilly, cobbuge, somato amd hrtmgol coliected from mackes in five segions
of Vipavawada municipalizy in Apeil 2017, Selected vegetables sested for the presence of pesticide
ressdues like pyvethroids. ovgane cidonne coopourds and organo phosphornmes compounds urley o
pas chrowmanogerapd equipped with electron capesre amd Thenme sewaitive detectors af the sampies
twnwed chilly, cabtwege, Tomatn wd brinfal were foumd 1o kave pexcivide residues in afneve the
pevmiviible revidves. Among the organe chlarime compounds a-endosaifan, war detected in 2.3 "6 o
the sampiey with rexidues. Theve were tuken from green ol amd cobbage sampdes Precanbsroid
residues, such ax delromethrin detectnd in 1024 20 of the samples with restdues In cooares and hrirgal,
ewgone phosphote compowed resifes such ay cldorgrarifon and Malahion were fosl in J8 26 of the
sampiey with residies, which were tlben fromm wll vegetable of the positive wompdes, 102 % were
found connan resifwes exceeding the prescribed masomass rexidue lmis The waverage pesticide
revhdive conteret acroes afl the vepesafle sumpdes war ranging from (004 o 1024 ppm
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INTRODUCTION

Pesticiches are chesnicnl subwtances vsed 1o KIE boects and animals thet destroy crops. They we
churacterized by prosounced persisence mnnl mmh.nl Miclogical degrudutson, hph environmental
mability, strong tendency for lasce int and A thannes, sold significsnt Lmpaces
on humsin henlth and the enviromment, even o extremely low concestrations (1] Pestcicdes such s
mvecticides, herbvades, fusgiodes and scaronds e an sbundant and diverse group of chemical
compounds, Pesticides ure widely apphiad durisg culiivation und postharyvest storage w0 improve the
gastities and quality of crops and food (2] India iv vee of the larges sgricultural pesticide
consymers worddwide asd s e secom! largest smosdicsurer of pesticides in Asia, Theee s 0
seqguent lal nise (n the prodi § <x wlon of pesticides in India duning last theee decades. The
consitinption pattern of pesticides differs from redd of the woeld, = in Ind. In Andhra Prodesh,
vegetable coltivation bas (screased in recent yenn becuue of grester market desuund, highes returm,
amd am increased swareness among turmers, This has led (o Large stretches of vegetable growing sceas
with inlensive management practices. Such smtemsave cultivaton, coupled with the availing s d
opical climute, bas resulied In iscressed pest and doscee Incidesce. As the vegetables are grown in
A49.2 B only, the per capita pesticide consumpeion in the vegetable growing dreas of Amdhra Pradesh
(1580 ) Lar excoeds the mational average of 450 ¢ [3].

The imensive cultivation of vegetables has gained momentum in recent years with excessive pesticide
wage due 10 increased market demand. As the presesce of pesticide residoss in food prodoce i o
secionm comeenn and no dati are avallable on the levels of pesticide ressdoe in vegetables, = study was
condicted (0 mscertain the presesce of pesticide resldum in major vegetables used locally in
Vijuyawada town of Asdhra Pradesh at defferem Socations
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