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Table 2
Methodology for University and College Teachers for calculating Academic/Research Score
(Assessment must be based on eivdence produced by the teacher such as : copy of publications, project
sanction letter, utilization and completion certificatesa issued by the University and acknowledge for patent
filing and approval letters, students’ Ph.D. award letter, etc.)

S. | Academic/Research Activity Faculty of Science Faculty of Languages/
N. Engineering/Agriculture/ Humanities/Arts/Social
Medical/Veterinary Sciences/Library/Education/
Sciences Physical Education/Commerce/
Management & other related
disciplines
1. | Research Papers in Peer-Reviewed 08 per paper 10 per paper

or UGC listed Journals
2. | Publication (other than research Papers)
(a) Books authored which are published by :

International publishers 12 12
National publishers 10 10
Chapter in Edited Book 05 05
Editor of Book by International Publisher 10 10
Editor of Book by National Publisher 8 8
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F foard W qe ST ARaH § T9 & ST |
3Th @I o foTT Spfer St wratan s femom
feparm T B |

AR Sp=der U TEr 7 8, frgeh
T SHT 39 o6 g FAIEL T e Al Y W
aret w7 & | o o et w6 eeRi H off

& YR 1 3 FHR AT a1 1 2 | S Il
T HAH! o el o 3TAR o Il &l | T4 I
% 71z i 21 6 Hiferar 7 7 % 1 avfA
TS T 3R Five g § o5 fhar @ e ey
F ST FE-S & HEH F e T oeeh § o

SIS < 1 et | 3 779 o ST gl ol
WIgpfieh el SR 9, T, ST ¥ g S I
2 5 el & STt e forem (R 62 fo) Tt
STt el Geft 8 | ST shrefie anere ot ga %
Iel we Qe § SR foRar e off | wigean off

W f7 7 IR F B G0 FSR 9 F A §
Sfeh 9 Feg # o TR Tee & 1 U S ST
R o Hiferarg RS Fag 1 90 W ® 2 3R

Ferefe Ao S |

STEAHR 37 21 3H off T U T SR BT
ST TH | Tifth % TeiehR St 8 gu oft
I T TH O R FE A &1 e b
I Al BT & 79 9% gel | YW 9’ I U

Yo o HIEIehUT Sl TET T femm
oo it & foere & TH Wi & dw@l & gRn
aTeiate Te TgUe S ) SFAf feerar Ste
YT U BT Fiferard 3 foam @1 5 5 g2
39 T % T FHI H 99 W6 &9 § T
fepa 2 1 Forerd hrrr St e eafy bt 5 geit g
e S S AR & S 3 Fo o 2
ST g @ VIl 1 AT o Trft geit 7 S
& STl 3 & 31 T PRI A H T
Sfer et ST 8172 S TR B Sl % T
AR ol Ueh el el WiaTeHeh 0T Ferdfel
T TR R # off yeqd o 8 | ST e T
I I TG HLA o TN Gae] H YT a1 Hil
I TG G e W i o o o &l
el & b Wehtes TE ATt Jeil, Hedt 3 welt
¥ o 2 3R el o e gy § gufd e

9 Teed T S 8170

TR-Ueft, A1, g SE TP o qa off
3T GO F AT B & | T TFh o
seorg off 39 T § W g 81 S fF
Fiferard 7 39 e 7 § fafa e @
IpeTeT i fIaTE % T g, o, et i wedt
g T € 16 oI 3 o 1 I 3Tt e & AN
3 e BiE famn 81wl 7 diet v iy 2 §
T 98 Y W @ e

TH AIeS & S HiS F THfd & ql b
T ST ST JSTa T 0T e 5 8 5
FY HUE T AT AT T bl =Tl b
T ST G HT o 81 % wieperen § e
2 T ag Famferen 319 987 @ firet 7 21 37
T 3R TR 3R & ffvem & mar €17 e
T H Ff T FUG + FAH! B UG o TAM
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& ST T WM 81 3k Fed A aad @
STpeTcl Bl fraTe g o W & T 7 3N
AT (IAT) BT STHGR o T 379 4 QT i
3R ¥ faame & g § fovar & T )

TR & Tl & Y e 39 & off T
ST TG oA FoE0T 59 7Y 5 YN g
BT 2 o S wigpeeret ufe S & o forar & W@
21 a0t TS g W Vgt & gei B 9 §
e 21 T Fvd Fed § (6 o g g
T Y 91 99 8H W e # 4 a3
feharm o1 T SiTTedt =reret et Raet ST qret |
3 TAS UT gaT T TR A e 21 W'
T 3T MG I T G IpIel 36 T
I Hicw 1 ad g el & 6 & ! T Wy Brea
ST Tl T3 ATl 1 9T il S | a2 3T
S o F© & T 918 g4, 71 & foe (of) g

o T 1 et off ger forpe quent fen Sff
tﬂﬁ-ﬁ'lw

5T ot Y 9 fafea! s fafia o § o
% HRUT T9A e h A § FEI B I gl g3
2179 % F ¥ F 334 § FHA Tt B Hifd
Fi enfern A & Wi 2 3 A fasffen I o =t
el T FRISA o S A5 @ © | U 3 o
% U g0 @ § 172 IH F 7 g o
T & TYEId H ST Pfoerd ot ST & b =
2 % 39 aam T e i @ R FE g6
FehR & a0t # 919 e S, Afsd a1
A TS H9E A SR Wi ddl il
T R @ 31 S B & T 8 o g
e & 35 91, 9% 5ot | BTEER J6 78 2 |
3T o HIa = ST feretTeraT &t aeqai 1 Sad
F & fore el gt St ud Bl #i
g faan 8 e frses ara Fefe gar 9
STaReT i Y[, arg fariel & T 81 g9 et g
4 o off gyt 81 38 Bl § e
EIGIREIRIEEAEPISK RN CollC kI CERE |

UY Y 7 aec I IaTeX0T STAFART,
3 i o g wiferd sRues & & § 5 g
21 T 3 3 5 gt % o= 1 31aq gl |
T GooTd! ol & ST § et T of 5
TSI 37T Il o T el B R X @I
21

TP & agq § TV Fia Fiferard = agH
STpwTeT, & 3Fwid U afvfd fove 1 € fop 3=
TRt UHT HEqY B Tl € 1 197 el U g
gaeht off 2 1 fied, AAfsh aaae g9g | T
T g9 el off 3@ it T e & < 6
Al § I Hreal o S ¥ R g ar &t
% e fomr 30 €1 B S % el St A A
ferepet TeeR ferare e @ € | e W frwesd @9 %
HRUT -9 T & G 19 & o3 H TR E 3
Tl T TGN o AN Feshell & 3BT § T g

3T U S o1 T 2 | S SR 39 et
aHE F o % T § EvIE 9 § 9
FreprerT S o5t foe 1 e T g e
ferel § I 81 I8 ST 3 SrehL AfEt e
A & TR H = S 81 3 FWOT gLk St
TR g e & T 8 | T faA 98 S 6 7w
ST I &1 S 37 oot Siia s Sie T
T € SR q97 A9E | ST 9 g2 o fg
T STET-TT o U 2 1 T4 3 § o T
T et § S g9 argAved % T Farifther
g & O 21 e Whee, Tl I g
feher aTell 19 FARITBeI Fed, ATAvES i
NI T & o =1 2| e wRom ey
qIAvEd ¥ fseH Al STegEmce e |
T STt § 31 JhR % I &1 T ST |
Yo A5 A SO I 9! g3 e &
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BT TS g 15

T UINOT & foTe Y 1 we g fmfor o T

5 el i HIe el & | R T 81 aedt S

Td SIS A 9 gHR adrERoT § HHr

T 21 T SoRfo g T R I # g

Fe T 21 A 98 g Afk gufa: e & i @

Trguf wroft ST Bt foere @t S| g e

e § fafaa & T & 1 S 1 Tl S

grft St 6 1 e § e fafea &

YT el Bl A e foe e St e d

off, 3 PR &8 off MY 6 TH Tpia 1 W&l &,

fomm fonelt Tamef & afe 59 & § 50 wioew o

6 81 € O gedt W qued MrEt &1 e s

RN 34T T8 T B g7 T W B | TH

fa ga et wiwl &1 T & 3

wae T gt

1. S S R, SR
Tollb "0 10, 8 T 72 AGH THFWT
T

2. Prporfade fave: g soauf, @i @,
YAl 11, JB HO - 77 RS THFST 3=

3. AMEEETEETHRUATIHRT: I9:, |, F Telid
60, I8 H0- 191 @s THFWT =

4. T TONUHG @ WS 90 I, O
DfafgeaeTg 3-8 We | |—H1.F. ¥alh
55, U €O - 186 TIEsh THE™T 7=l

5. gEue fasend vedd deaeredd | 9. F. vAw
58, B T0 - 191 ORI THFH™T 37

6. TETH R Faend Fom gHE
TSR EagHARTY FANTRIhd §: ||
—9f. FI. YAl 21, TS & 119 WGH
AT S

7. SRR WHaeH aE®- Hud <F fgedl
S HERUT . 88

8. T AR SSalcaT Treem =0 |

—31f%. M. Y8 T 219 TGH- HUA <F

EGEl
9. 37l T TET Ve |

—31fy. 97, U8 W 219 TGH- B 3

EEEl
10. IJEHTASTT A JeAfergarTar: SRarag: |

—31fy 3T, IS W 219 G- B 3
e

11. GATHTAERT: WEeTsE GUamar: |
ST feadr: R |
— 31,3, TeIs W 1/3 . 9 TEe-
FHiet 23 fgad!

12. foherafie qref aweTe fqued geasherem]
TEUT FEwm: |
g aRaTUg ayHwE: IR SRS gasH:
PAHITHI | |—STIHART ¥el 3/5 T4

165 TG HUA g fgad

13. STTHATTHAT Tpciet TR TFaraaf: |
YA et F HfeaamIghaH gy | |
— 3131, T WA 4/10 TH. 215 TS
FHiUeT 2T fadt

14. 337 e qrTed wElve meTEq:
TpEARHAHISIIT: el a1 |
—3.0.9. Y% 3/24 T.H. 208 TEH-
FHUe 2T fadt

15. UG 7 oW e Sl JUAREYIy AT
et fremuearsfy Jadt Wea a1 gean |
— 3,31, Ylis WA 4/9 U.H. 213 -
FHUe 3T fadt

16. IFMATEHBAA J7: IR AT HIY: |
Y qUgTET G e ||
— 33T, Y WA 4/12 TH. 217 OEH-
FHUe 2T fadt

17 . oA Gad Famferbem g @i = wweifd
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Frefere |—2Af. 9. Tolieh TV 4/13 §. 20, WARed W Hofd: Joadebieean |—3.T.1.

T. 220 AGH-HUA 29 fgad YA 3/16 4. 167 AGH-HUA 39 G
18. T & FUIRROEET G =fiead g@ 21, Haw: TR a TR e e |
Fergfe fa | — 3ty om. Yol §e 4/14 —31f¥Y. M. Vel W 1/14 U9, 34 @G-
9. §. 222 oRIH-HUA 3 fEadt et 39 fgad
19. % TeaTauRenfie ARTERT | SR 22, FeamI: TEETet: SRaHT ST |
S fo affa w1 —aif e 9.9, 223 — 3,91, Ylis T 1/15 T, 34 -
G- 3T e Ffret 3 faadt

MR NG
}4'\ W AOW n"‘ -
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TR ¥ feRINT-TeRomnian o QrTTeR Ue HTa-Teaeh
foremma & dad o fefves ifear :

FAH GHT H [fsieer Hfear [BIR-1591Ral & afeh Sfia a7 34=7 37
77 T &1 M, TR, FARS 79T QIS GEHIfr & [&fe=1 arsm & &9 7§
SGHT I RN a8 @7 &1 [efoeer Hifear 7 87 U 37K FA15, TR 197,
I T I JSTE & AT SR Y& 5T 8, 78 awt 3R sy
3TN F BRT FHIf% STE, TIFaR JIorT, F7a, [Hidr, STaas 7o Jra-1
ST S FHEC ff SRH G T 81 39 IRIET T fHOR-FERA &
IR TF Iaa [0 R ffoeer Hifser & 59T &1 T3 Jedis STavasd
&1 ST 81

TG INY-U7 T FAHI=TAS THET 8, e 3899 YR 8 3TcT=e Iy
37T, BN FfadeHl 79T TLTT TF AL GEIIH] FRT HIIT Gifeee &
STYR W fefSieet Hear & GHRIHS UF FHRIHF J9TE1 F 9907 F7 81
THIET % T [N & IS FaER, TGRS Gael, G=R F9e, SAEvarg,
YIaHIHF Gger, TS @Ieed 97 fSfaeer Teaifiar & Gefe srereml &1
faroeIauT f362T 71T 8 1 W19 &, 39Ty Gifaed d faedT qEEansy, fAerral 7o
ST ST B TG B BT JAT 35T 77 &1

THIeT G T g & 13 f3fereet Az #1 7979 395 399 #1 Fh, A,
38V, TIRATRe FAIERTT 79T BISeer Grmar W 4R aefl 81 Hgferd ua Savaifaragof

% TGS AT (T8 fagm fawm), & w2 e Sie, e (SEe) Td wend, 8 fage fwm,
Tt fagfaamea, T (INEE), §-9 ¢ drpunita007@yahoo.com
sex fawmmere (78 fomm fawmn), U= foreafermmer, I (FRER)
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31T [H9IRT & TS T Jra-IcHe 5619 4 Garae g 81 Gl 8, Safah
SIAFET TF FeEE ITAIT A= q-GrSE gAiE F1 S @ G 81
37T 3 Bt AyraHl, il Afa-fAafarsi aer stsaisn & fora syt
BT Ja7 a8 F97 9fasT & Vi @1 GYifad feonsy @l 4 {ifbd ad &

g&T 9155 ( Key Words )— [efsiger Hifear, fFoR-fFonkar, amfss
a7, STaTS G, A @R, Gare=rEs THeT |

1. G&ATEAT ( Introductions )

Faa w9 &t fefsed g & &9 § S
ST 8, S e U HuR it 3 qme sfeaw
& Jih & ol TS fhar 81 e, TEHH,
qreTet e, Siars R, dfedr wiewhmt a9
fafr=r fefea wftasrym & e 9 e
e s STGNT AR o1 T 81 A # frem &9
§ -t fefoea e & wpa Swamediet
o wfivet €1 3 e, WHRSH, e 9T F e
TSI Gueh Tfid e & fore fefsee difsar
1 A9 &Y § ITAN HLd &

R g & yu9 IR =E T F §1 T
3R T8 JHSH, TS, TaR Hivrd, SR
TIERAT AT ST QT 1 ST &1 2, a8

T H 9T H UGS W, WY STl adn
faftr= Ruef & emer w fefea difgar & fFor-
forenfRa & Trfeieh W Ara-TeHsh fohe W e
aTet FHTEl BT HATCA AT freeis T Seqq fohar
T 81
2. TefSeet difgan &t srarumon w6 wWey
( Conecpt & Forms of Digital Media )
fefSree dfear @ e U8 TR areemi §
2 S fefiea aaiis Ud $etie % e I g,
M, foar, fom, sfa qon Aifsi & smeE-yem
& Hug 59 € (UNESCO, 2021; Ministry of
Electronics and Information Techonology, 2023 )
Tg IR A S gHER-1, e g SefaeT
& gor | 31t wifasfier, wewfiarget qon @l

THY SHHT ITATYH T AIEAT ST HIgaX
gfen, fefSieet a0, wmiisie srermE, a e, feie,
ST T AT STHeH St T & o
I 2 Feha & | ST I STEvas ¢ 1% fefied
Hifsar & THRIHS T ThRIHS T Gail I
Hferd gfeanioT § s1ereH e S|

T # fefea difgan ik fHidl W 31
o R T €, foheg stieier stemre R U
forem yee], S Hrrer Hifean, AHiae @R a1
ifareh guTE ek G & | SIS TE WraoH
faerg & ded § ey st 1 THY Ud

TaR &1 wem 7| fefSed fifem T gu &
femioT, SEToT e ST St ST P ST W,
JHTE ST R 2

fefSieet Hifsan s 7@ I3 o1 oAl i
YT, WIS Hefirdr, S &1 STEH-YaH
T TS o (3 oM S U1 8 | 9aaH
U H 32 U IR & SAMTFH JER & HROT
fefea Hifsar y&® o vt & @il % 3
Sttem @1 s s a9 g 21 o ' 9
fopemR-foremfiat famen, =R, A9SH, gmfse
Tues o S-St & fore fefsee dfgar &

AT [TYCTNUT STURTIHd FH G ol e
2 T TravTshal H €A H W U S -

I FY F 3TN W B § | WRomesy fefiea
Hifean 9% =HaeR, Al TS Jaai Td
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. gHtaT UstereHT e et foRvur At 19

WIS [T 1 Fee] T ST9eere] & § Fwiferd
@ 2

3. TeR9TIRTERT AT | T WTaHTHS
TererTa ( Social and Emotional Development
of Adolescene )

fopsimaten AHa Sfiaq &1 T wewyf
TS e e @ T BT 8 (WHO,
2021; UNICEF, 2021), ST 99=gd: 10 § 19 a9
FI 3T & e A ST 21 39 Far § =
YRR, A, TSI a9 qa-TEs foem |
i wRaed 8 & | 3 srawn § =t & fmror,
STCH-Uga ol faehrd, GrTioreh e o e
LT AIEATHS TRUFAAaT 1 g T S 8 | TEfe
TR STRTarelT &7 e o TSI (Tansition Phase )
off g1 ST 81 39 ety # gRen, fameE, fim
g a1 I T # fefereet difsan s fafr
F FRO-FRenRa & fashre o Jedey U SToeget
Y § g F &

TSR Td ATEATHS [ Th-gR o
A &9 § < 8T8 | a1 A e st
% GrIfish SEeR, TERe Sael a9 GHIe &

& fafr= eyt & @ ST Hehe & |
4.1 99 Ud oA deh W U

fefSrea Mfear 3 e o e it qfokan
P ITET WA TE AT I @ g1 T F
e | fpem-ferenfat fafte fomai @ deifea
I, GUER, oy gl a9 St el a6
AhICT UG ST S Hebd &
4.2 Yiferer foenma wa siferme & wererar

fefSea difean foen & & & s wwrelt
HqTeqq o &9 § 39T 2| AR FRIE, Sifsar
eI, fefieer ey aen Sefre dargel TRy
ferenfoleft i SToeT gferen wE T & STER ST
T FT T TZH HId § 9 9 F Fifgs-19
TR % I fefsea difgar 3 fwor-sfrm
fsbam &1 FRAE FHTC W@ | Hewaqut fte s |
4.3 HOR HIITA TS QAT TEHTRTET ST
faera

fefsea Wifgar 7 9ur & Tl &t eifve
Yot W o ST 81 Wrere Hifear, #9f
T UF Al ST WTEH & mread ¥ fHm-
ferenRat aRar, firdi wa fommel ¥ R 98 ®d
g1 350 Rl o1 EF-SeH, Fedies 3R

T WIHSTET T T i &7 i TS e
2, T8I eI forehry safa i STo Hramai
&1 gugH, FEfd S a9 g 3 aael &
Gaaefier a9 H HerIr YaH T 8 | S
TS T ATa-TcHeh [ehrg e Sfched fAAfor
& fTU 37cdq STearvg W ST 2 |
4. fefsree thfgan o YRS U9 ( Posi-
tive Effects of Digital Media )

fefrea Hifean = sngfs T 9 go1 T
HOR & @&Y %l =49 &9 § qRafdd fHar 2|
oo &9 T forumR-frenfat & Stam § gqet yue
foren, grfish Hueh, TeTeTehar a9T e [

T QIR T ol argren fierdm 2 |
4.4 TIATCHSRAT Ue ATH- A Weafer it
ieaTe

fefsea Wifean fremd &1 39+t gfeem we
T e i o1 Tl 59 Fe- L & |
G, femehetr, Hii, BT, Sifear fFmior qar
3 YIS Trafeal o ATEAH § o 37O
AT X Tehd & | SHY IR SATCATIRETY
TET & 79T 7 SIS % P % STEe W 2
g1 3% fheiR fefied wiew™ & A1 4 31aq
I H FSIT B T T AT T/ W
TEaE ff 91 ©
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4.5 TEfee qrar we dehiiet shisrel &1 &
oA Toa | fefee grmar 215 98t &
HETIH Hive § 4 s 21 ofea difean &

S T STEH TEa & HROT AN & Bh
Y AR ¢ W@ 8, frde 791 39 2

frafu s 9 foreR faftr= fefsee Syt
AT TISHM T FET ST HT Foredt
STANT AT Yrad €1 3T 3T deh-ieh! e,
T 1 A T Sl &l qeT fSeet Harei
& qefer ST St wwe s g 8, S Wi
%1 e e IR 1 gfie I 3reie Heeqol 21
4.6 VTR g Ue SMTcAfrgard ® gleg
fefsrea difear s okl & fore sremTms
e &1 ey ff 9T 7 | SRUTEEh g,
T SACATE TSIl U 38 31U GHEAT3T i
TS To IS HT H TG FeH L & | G
wfe T Al Al § e 797 SHRI ek
TN S § STeAfavary ud Sie-sifiysafaa o
1T ot off e firerar 21
4.7 QTHTRTR SHTGehal Ud ARTReR GgHTHar
fefSea difsan & e 9 from faft=
T, TAfaRofe q91 T 51 & T STesh
21 & | Al REE, SH-SReehd! skl
AT TR Tfafafee § Siaars qefi &

R T 3@ S &l 2|
5.1 3Tk Thidl <T8H Ud Tefoeat fasiear
A 0T | 3 IR fafe %2 s
WIEEH, G Hifsarn, Sfierg Teg qur fafga
TITHH T AT i & | STeafiis Ghie e 4R
¥R fefsea el stoen fefsea o (Digital
Addiction) & &9 & Hehell |
5.2 HIHTeR ST Ue Yedel Harg W st
fefSea difsan 7 TuR & oW ¢ aeam
3Ty FU €, e 9 STl 3TAm 9
3MHA-H9 HaTE (Face to Face Communication )
T Ul <G TE 2 | 31 RN AT QrHifeeh
TfafafeR & 9mr o & Fone 3tfss THe ST
g # =i & ¢ | 39 IReR wE i &
I WS A & Fehell 2 |
5.3 |IZaR FIehT Tal ATAATSH Scdig
fefrea fifean & o & 19 Trgar e
(Cyber Bullying) T TR SIS 99€1 & &9
¥ 3wl 71 Arerer Wi, JaRiT uw v siaersT
T We®M W S i, aHe,

HTeE| O 398 GIfoTeh ITEIed Ue AN o
&1 e g 2 | fefvee wiewd 5% e fomm
S L 71 FASed | e favel | SHRIeh
fiehT AT 7 STER TEH i € |
5. fefdtee tifgan & TerTee T9Ta ( Nega-
tive Effects of Digital Media )

fefstea wifear 7 et fremR-forenRRa & forg
fYrem, TOR Ud JENA & T T 3TAH

STHATE T 1T I STHHR HT TETI
U & STHEHM T AR Weed W g
TS STl Tehell 2 |
5.4 WTEATaUe a-ra, fodr e Tadre st
HHTIAT

Trorer Hifean W R ok w1, T 9
YT T T TAT T AT T Y 30
% Rl # gHfs <omd 3= X Gl 2|

T &, T8 36k ST Te AR v 9
3 ISR, WTHIH Ud Rl g-ﬂiﬁeﬁ oy

THRIS SO, ST A1 AR STl
SCATEYaTY 1 I oL Gebell & | 59 MR,

gFd 37 2| adAH 9T H gete wE e

dd g O e difgar & svam 9 79,
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. gHtaT UstereHT e et foRvur At 21

i, AreTcsh STEqer dd1 Fo aRtafra d
TS S e it WA f 9 Hehdlt 2 |
5.5 Yifereh WP e T W THIE

HoR, TS, T Tt T [T FEHIHTa
S S g § ghe ST fRW 9% W@ 2
Y THICTEATS T § I8 T B ¢ %
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“ELECTRO-CHEMICALAND SPECTRALSTUDY
ON SOME ELECTROLYTES DERIVED
FROM CA-1 AND Kp-2 INSUMMER?”

oDr. Pooja Garg*

(abbrd. as Kp-2)

i ABSTRACT ]

Electro-chemical study, viz. potential development of Ca-1 and Kp-2
is obtained by the OCV values of electrolytes for three combinations of
electrode viz. Ag-Zn, C-Zn and Cu-Zn have been measured in summer season
under normal atmospheric condition with Bioemf device. During the study,
it has been found that, respective maximum potential for Ca-1 and Kp-2
are 1175 mv and 1179 mv. We have conducted the spectral analysis of
these electrolytes and we obtained the most probable structure of Ca-1
and Kp-2 are 2-Propene oic-1 and salicylic acid respectively.

Keywords— Coleus amboinicus (abbrd. as Ca-1), Kolenchoe pinnata

1. Introduction

Electrochemistry' acts as a bridge between
thermodynamics and the rest of chemistry where
ionic reactions occurring at an electrode surface.
Itis of enormous commercial value and of major
technical importance as it may open the field of
possibilities of acquiring energy through certain
non-conventional source. Our country has a
limited reserve of natural resources (like coal,
fossils and mineral fuels). The growing demand
of energy? has led to a crisis and the day is not
far off that we would suffer entirely from it as
NTPC. Atomic power stations, wind mills and
solar energy cannot fulfil the growing demand in
developing countries like India. We will have to

search an alternative source of energy, may be
non-conventional which will last forever and to
some extent could solve and fight the growing
challenge of energy crisis. The biosystem is
everlasting source in nature. The above system
is little probed and study of undertaken text is
scanty. This inspired me to take up the above
task for the study to extract energy from
medicinal and ornamental plants to solve the
forthcoming problems as well as environmental
pollution.
2. Experimental Materials and Methods
2.1 Materials

To study the Electro-chemical properties
of electrolytes derived from leaves of two

*  Govt. Model Science College, Rewa (M.P.) 486001, India, e-mail — poojamishra79@gmail.com
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selected plants, whose details are given as under,

1. Medicinal Plant—Coleus amboinicus
(Lamiaceae family) (abbrd. as Ca-1)

2. Ornamental Plants—a. Kolenchoe
pinnata (Crassulaceae Family) (abbrd. as Kp-2)
2.2 Electrodes Materials

The Electrodes employed in this study are:

1. Carbon (c) 2. Copper (Cu) 3. Zinc (Zn)
4. Silver (Ag)

Methods Preparation of Electrodes

Thin metallic plates of copper (Cu), Silver
(Ag), Zinc (Zn) and graphite (G) were procured
and cut in to strips of 2x2 cm dimension. Each
electrode was connected by copper wire for
circuit connections. The electrodes were cleaned,
washed with distilled water and with N/10 NaoH.
They were again cleaned with distilled water and
finally with acetone. The dried electrodes were
then treated with emery paper with successive
increasing fineness.

2.3 Processing of Plant Leaves

The leaves are physically treated in the
following manners;

A. Untreated leaf surface—A mature
plant leaf is plucked from a plant and washed
with distilled water. The leaf surface is then
brushed with cotton to remove excess of water.

B. Electrolyte derived from leaves—
Govt. Model Science College, Rewa (M.P.) 486001,
India, e-mail — poojamishra79@gmail.com

The leaves are crushed. The sap of selected
plant leaves are used as electrolyte and cut the
electrodes into strips of 2x2 ¢cm dimension for
the construction of Bio-emf-cell.

C. Dipping of electrodes in the leaf
sap—Then the electrodes are kept in leaf sap.
2.4 Bio-emf-Device

Bio-emf-device is prepared when electrode
pair are kept in leaf Sap. The system is made
intact and the circuit is completed by connecting
multimeter with the copper wire connected by
electrode shown as pictorially in (Fig.-1)

S s

[ _ |
Fig. F-1 Method of BEP measurement in vitro
1. Glass beaker 2. Leaf sap 3. Electrode

4. Copper wire for circuit connections

2.5 Electrode effect
The electrode combination of C-zn, Cu-zn

and Ag-Zn were tried to study the Bioelectro

potential (BEP)*5 of different leaf BEDs.

E, i) E,
LS
1)
)

| AN
R K

Fig. F2. Circuit diagram of Bio-cell in vitro condition
E, and E, —electrodes, R -—Resistance,
K-Key, A-Ammeter
V —Voltmeter, LS —LeafSap

2.6 Spectral Analysis of Electrolyte

The spectral analysis have been carried out
for all electrolytes Viz.. Ca-1, Kp-2. we obtained
some IR spectrums and in order to investigate
and diagnose the empirical formula and probable
structure of compound many typical runs were
taken.
3. Results and Discussion

The Problem entitled “Electro-chemical and
spectral study on some electrolytes derived from
leaves” namely coleus amboinicus and
Kolenchoe pinnata abbreviated as Ca-1 and Kp-
2 respectively, with the three pair of electrodes
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Viz.. Ag-Zn, C-zn, Cu-zn have been investigated
for summer season in morning noon, evening and
night. The detail of experimental results so
obtained clearly indicate that there is much
difference between the activities of these
electrolytes which have been discussed in two
parts :

1. Electro-chemical study

2. Spectral study

Part-1
Electro-chemical study of Electrolytes

The open circuit voltage (OCV) values of

electrolytes for three combination of electrodes

viz.. Ag-zn, C-zn, Cu-zn have been measured
several times under normal atmospheric condition,
to study the electrode effect on electrolytes of
different plant leaves. During the study. It has
been found that the origin of electrode potential
depends upon the availability of ions. The
development of high voltage in (Kp-2) indicate
that it’s leaf sap is comparatively showing more
mobility of ions, whereas in the Ca-1 the potential
development is Less because the ease movement
of ions. The maximum and minimum Potential
during Summer season is also pointed out
separately. which is tabulated below :

TABLE 1
Summer season
S.NO. | Electrolyte Maximum Potential Minimum Potential
(0/6\% Time SccC Time (0]6\% Time SCC Time
(mV) 1A) (mV) ©A)
1 Ca-1 1175 Night | 1999 | Morning 566 Evening | 1007 | Morning
2 Kp-2 1179 | Morning | 1995 | Morning 735 Night 1000 Evening

Electrolytes have been recorded of different periods morning (06:00 AM) Noon (12:00 AM),
evening (06:00 PM) and midnight (12:00PM) during summer. The maximum and minimum
potential through out the year has also been calculated (Table I)

It has been observed that potential is highest
during summer season as for Kp-2 (1179mv) and
Ca-1 (1175 mv) during morning and night,
whereas lowest during night and evening Kp-2
(735mv) and CA-1 (566mv) (Table-1)

PartII
Spectral Analysis of Electrolytes
Spectral analysis of electrolytes have been

100.0a
Y

Transmission ‘ﬁ & )

percen 8 3
1 q A {
| i W

D.oo

carried out for two leaves Viz.Ca-1,Kp-2 powder.
We obtained some IR spectrums (graph 1-2) and
in order to investigate and diagnose the empirical
formula and probable structure of compound
many typical studies were taken. The plot of
graphs of system between transmission (percent)
VS wave number.

t % lg «,%-“é“"/ﬂ\ N

T = v +
3500 3000 2s00 Zooo

07/P6S22 10:07 AH,
X: 1 =mcan,
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Fig. 3.10-1 (a) Coleus ambinicus (Ca-1)

1Soo0 1000 cm+ SO0

Wave numbers — g
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According to graph-1 first typical spectral
study for Ca-1 has obtained many peaks.Broad
strong peak of O-H (Stretch) group found at 3400
(1/cm). The alkyl C-O-H (stretch) of aromatic
rings gives the peak of 1388 (1/cm) peak of C-O
(Stretch) at 1056 (1/cm). Broad Peak of C=C
(Double bond stretch at 1635 1/cm). Peak of C-

100.06
\
xT —{ N

REE,
Transmission /
\

Percent

Ly
e

T8~ <

C (Triple bond stretch variable intensity)at 2060-
2100 peak of C-H (bond) at 690 (1/cm) in alkynes
Finally the structure of Ca-1 (3.10-1 (a)
graph can be described as
C=C-COOH 2 propene 1-oic acid or
HC=CH-COOH 2 propene 1-oic acid

-‘__‘—\-_..,_,__‘
74,1 &
.
(v} 'J—t._\
o

/\
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Iilb.!-(‘
4\\

10201~
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X: 4 scans, 4.0cn—1, flat, smooth, abex’

Fig.3.10-1(b) Kolenchoe pinnata (Kp-2)

According to graph-2 first typical spectral
study for Kp-2 has obtained many peaks. Broad
strong peak of phenol O-H (stretch) group found
at 3400 (1/cm). The alkyl C-H (stretch) of
aromatic rings gives the peak at 2923 (1/cm).
Aromatic C=H (stretch) at 1620(1/cm) as well

as 1420 (1/cm). Broad peak of C-O (Stretch) at
1111 (1/cm). Peaks at 735-770 (small) 680-725
(small), 750-810 (very small..... Hence most
probable structure will be 3-methyl phenol or
salicylic acid.

Table -2
Summary of Spectral Analysis
S.No Electrolyte Probable structure of Compound
1. Coleus Amboinicus (Ca-1) CH=C-COOH 2 Propyne 1-oic acid
2HC=CH-COOH 2 Propene 1-oic acid
2. Kolenchoe Pinnata (Kp-2) Salicylic acid

4. Conclusion
The plants are good source of ionic
potential. Bio-electrical potential is generated due

to redox couple present in the plants as bio-fuel
cells. The promising results of study opens a new
dimension of alternative source of energy i.e non-
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conventional form might gives a help, hope to
get energy in cheaper rates by knowing these
electrolytes derived from leaves. Therefore in
order to know the secrets of these electrolytes
the study will be fruitful in creating the new zeal
about the nature and to maintain environmental
ecological balance on earth planet.

The applied aspects of this study would be
very useful in preparations of biocell used in
calculators, wrist watches, gadgets and low
voltage electronic devices, low voltage electronic
communications etc. it will create new chapter
for researcher electrochemist and nature loving
environmentalist.

The spectral analysisv provides probable
structure of compound. The structure of
compound is focused not only the nature of
compound but also on the detail study of bond
type. Each bond type gives rise to several
absorption bands, and the absorption spectrum

of molecule is quite complex. Neverthless most
of the bonds in a spectrum can be assigned to
certain chemical bonds.
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I ABSTRACT ]

The rapid growth of mobile data traffic driven by smartphones, Internet
of Things (loT) devices, video streaming, and cloud-based applications
has placed significant pressure on existing broadband cellular networks.
As the need for faster data transmission, enhanced spectrum utilization,
and dependable wireless communication continues to grow, Massive
Multiple-Input Multiple-Output (Massive MIMO) has become a fundamental
technology for modern communication networks, particularly in 5G and
future-generation wireless systems. Massive MIMO technology employs
numerous antennas at the base station, enabling multiple users to
communicate simultaneously over the same time and frequency resources.
This spatial multiplexing significantly improves network capacity, energy
efficiency, and signal quality while reducing interference. The technology
also enhances beamforming capabilities, enabling focused transmission
toward users and improving coverage in dense urban environments.

This study explores how Massive MIMO technology can be utilized to
improve the performance and efficiency of broadband cellular
communication networks. It discusses system architecture, channel modeling,
beamforming techniques, spatial multiplexing, and resource allocation
strategies. Furthermore, it highlights key performance metrics such as
throughput, spectral efficiency, latency, and energy efficiency. This work
also discusses the application and influence of Massive MIMO in modern
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5G infrastructures and future 6G communication frameworks.

In addition, the paper addresses major challenges including pilot
contamination, hardware complexity, channel estimation errors, and
computational overhead. Finally, it concludes that Massive MIMO
significantly enhances the performance of broadband cellular networks
and is a fundamental technology for achieving high-capacity, low-latency,
and energy-efficient wireless communication systems.

Keywords— Massive MIMO, Broadband Networks, 5G Beamforming,
Spectral Efficiency, Wireless Communication, Network Performance.

I. INTRODUCTION

The exponential increase in mobile data
usage has significantly transformed modern
broadband cellular networks. Applications such
as high-definition video streaming, online gaming,
cloud computing, virtual reality (VR), augmented
reality (AR), and IoT-based services have
created an urgent need for high-capacity and
energy-efficient wireless communication
systems!.

Traditional cellular networks, which rely on
conventional Multiple-Input Multiple-Output
(MIMO) systems, face limitations in terms of
spectral efficiency, interference management, and
scalability. As user density increases, these
networks struggle to maintain high data rates and
stable connectivity, especially in urban and
densely populated environments.

As wireless networks continue to evolve,
Massive MIMO has emerged as a vital
technology for enhancing system performance.
By incorporating a large number of antennas at
the base station, it facilitates parallel
communication with numerous users over a
common spectrum, thereby improving spectral
efficienc and network throughput?.

This large-scale antenna system improves
spatial multiplexing, enhances beamforming
accuracy, and significantly reduces inter-user
interference. As a result, Massive MIMO can
dramatically increase network throughput,
spectral efficiency, and overall system reliability.

In addition, Massive MIMO is a key
technology driving the advancement of 5G and

upcoming 6G wireless networks. It enables
essential services such as ultra-reliable low-
latency communication (URLLC), massive
machine-type communication (mMTC), and
enhanced mobile broadband (eMBB). By
directing signal power specifically toward target
users through advanced beamforming techniques,
Massive MIMO also improves energy efficiency
and optimizes overall network performance.

This paper presents a detailed study of
performance enhancement in broadband cellular
networks using Massive MIMO technology,
including its architecture, working principles,
advantages, challenges, and future research
directions.

Overall, Massive MIMO is considered a
foundational technology for achieving high-
performance wireless communication systems in
the era of next-generation mobile networks.

II. MASSIVE MIMO SYSTEM
ARCHITECTURE

Massive Multiple-Input Multiple-Output
(Massive MIMO) technology improves the
performance and capacity of modern broadband
cellular networks by utilizing a large array of
antennas at the base station, enabling efficient
communication with multiple users at the same
time'. The architecture of Massive MIMO is
fundamentally different from conventional MIMO
systems due to its large-scale antenna deployment
and advanced signal processing techniques.

A. Base Station with Large Antenna Arrays

In Massive MIMO technology, a base
station employs a large array of antennas,
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typically ranging from dozens to hundreds. These
antennas operate collaboratively to
simultaneously transmit and receive data for
multiple users while sharing the same frequency
band, thereby improving spectral efficiency and
network capacity. This large antenna array
enables highly directional beamforming, which
improves signal strength and reduces
interference?.

B. User Equipment (UE)

User equipment refers to mobile devices
such as smartphones, IoT devices, and sensors.
In Massive MIMO networks, multiple user
devices are served simultaneously by a single
base station through spatial multiplexing
techniques, improving overall network efficiency.
C. Spatial Multiplexing

Spatial multiplexing allows multiple data
streams to be transmitted over the same
frequency band. Each user receives a unique
spatial data stream, which increases network
capacity without requiring additional spectrum
resources’.

D. Beamforming Unit

Beamforming is a key component of
Massive MIMO architecture. It directs signals
toward intended users instead of transmitting
themuniformly in every direction. This improves
signal quality, reduces interference, and enhances
coverage in dense environments*.

E. Channel Estimation Module

Reliable estimation of channel state
information (CSI) plays a crucial role in achieving
efficient performance in Massive MIMO
systems. The channel estimation module
continuously analyzes the wireless environment
to adjust transmission parameters and maintain
communication reliability.

F. Signal Processing Unit

The signal processing unit handles complex
mathematical operations such as precoding,
decoding, interference cancellation, and
optimization algorithms to ensure efficient
communication between the base station and
users.

G. Network Integration Layer

Massive MIMO systems are integrated
into existing cellular networks such as 4G LTE
and 5G NR. This layer enables smooth interaction
among network components while managing
resources and maintaining system compatibility.

Overall, the architecture of Massive MIMO
enables highly efficient spectrum utilization,
improved data rates, and enhanced network
performance, making it a core technology for
modern broadband cellular systems.
II1. WORKING PRINCIPLE OF MASSIVE
MIMO

Massive MIMO works on the principle of
using a large number of antennas at the base
station to simultaneously serve multiple users in
the same time-frequency resources. This is
achieved through advanced signal processing
techniques such as beamforming, spatial
multiplexing, and channel estimation, which
collectively improve network performance and
spectral efficiency’.
A. Signal Transmission Process

In Massive MIMO systems, the base
station transmits signals using multiple antennas.
Rather than transmitting signals uniformly in
every direction, the system employs
beamforming technology to concentrate signal
transmission toward intended users. This targeted
approach delivers stronger signal strength to each
user, minimizes unwanted interference, and
enhances the overall quality and reliability of
communication?.
B. Spatial Multiplexing Operation

Spatial multiplexing enables the
simultaneous transmission of several independent
data streams within the same frequency
spectrum. Each user is assigned a separate
spatial channel, enabling the system to serve
many users at the same time without requiring
additional spectrum resources. This significantly
increases network capacity and throughput?.
C. Channel Estimation

Obtaining accurate CSI is fundamental to
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achieving optimal operational efficiency in
wireless networks. The base station continuously
estimates the wireless channel conditions
between itself and user devices. This information
is used to adjust transmission power, beam
direction, and signal processing parameters for
optimal performance®.

D. Beamforming Technique

Beamforming is a key mechanism in
Massive MIMO. The technique directs signals
toward the target users by combining them
effectively, while reducing unwanted signal
impact on other users. There are two main types
of beamforming;:

¢ Digital Beamforming

¢ Analog Beamforming

¢ Hybrid Beamforming

This improves signal strength, coverage, and
energy efficiency’.

E. Uplink and Downlink Communication

In the uplink, user devices send signals to
the base station, which uses multiple antennas to
receive and process them efficiently. In the
downlink, the base station transmits data to users
using optimized beam patterns. This bidirectional
communication enhances overall system
reliability.

F. Interference Reduction

Massive MIMO significantly reduces inter-
user interference by using spatial separation
techniques. Since signals are directed toward
specific users, overlapping interference is
minimized, resulting in improved network
performance.

Overall, the working principle of Massive
MIMO enables high-capacity, energy-efficient,
and reliable broadband communication, making
it a key technology for next-generation wireless
networks.

IV. PERFORMANCE ENHANCEMENT
IN BROADBAND CELLULAR
NETWORKS USING MASSIVE MIMO

Massive MIMO significantly enhances the

performance of broadband cellular networks by

improving data rates, spectral efficiency, energy
efficiency, and overall system reliability. This is
achieved through advanced antenna
configurations and intelligent signal processing
techniques that optimize wireless
communication’.
A. Increased Network Capacity

One of the most important advantages of
Massive MIMO is the dramatic increase in
network capacity. By serving multiple users
simultaneously using the same frequency band,
Massive MIMO enables higher user density
without requiring additional spectrum resources?.
B. Improved Spectral Efficiency

Spectral efficiency measures how
effectively available bandwidth is utilized to
transmit data. Massive MIMO increases spectral
efficiency by enabling spatial multiplexing and
reducing interference between users. This allows
more efficient utilization of available frequency
resources?.
C. Enhanced Data Throughput

With multiple antennas transmitting parallel
data streams, Massive MIMO significantly
increases overall system throughput. Users
benefit from improved data transfer rates for
both downloads and uploads, enabling smooth
performance for high-bandwidth applications
such as video streaming, cloud services, and
virtual reality technologies®.
D. Energy Efficiency Improvement

Massive MIMO improves energy
efficiency by focusing transmission power
directly toward intended users through
beamforming. This reduces unnecessary power
consumption and minimizes signal leakage,
making the system more sustainable and cost-
effective’.
E. Reduced Interference

By using spatial separation and directional
transmission, Massive MIMO reduces inter-user
and inter-cell interference. This leads to more
stable connections and improved Quality of
Service (QoS), especially in densely populated
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areas’.
F. Better Coverage in Dense Environments

Massive MIMO enhances signal coverage
in urban and high-density environments by
forming narrow and targeted beams. This
ensures that even users at the edge of the cell
receive strong and stable signals.

G. Support for 5G and 6G Networks

Massive MIMO is a core enabling
technology for 5G and future 6G networks. It
provides support for next-generation services
such as eMBB, URLLC, and mMTC, ensuring
improved connectivity and communication
performance’.

Overall, Massive MIMO plays a crucial
role in improving the performance of broadband
cellular networks by increasing capacity,
efficiency, and reliability while reducing
interference and energy consumption.

V. KEY TECHNOLOGIES AND
TECHNIQUES IN MASSIVE MIMO

Massive MIMO systems rely on several
advanced technologies and signal processing
techniques to achieve high performance in
broadband cellular networks. These techniques
enhance capacity, improve reliability, and
optimize spectrum utilization in next-generation
wireless communication systems'.

A. Beamforming Techniques

Beamforming plays a crucial role in
Massive MIMO systems by enabling the base
station to focus wireless transmissions toward
intended users rather than sending signals
uniformly in every direction. This targeted signal
delivery increases communication quality,
minimizes interference from unwanted
transmissions, and improves the overall
performance and efficiency of the network.

Beamforming is mainly classified into:

¢ Digital Beamforming

¢ Analog Beamforming

¢ Hybrid Beamforming

Hybrid beamforming is widely used in 5G
and 6G systems due to its balance between

performance and hardware complexity?.
B. Spatial Multiplexing

Spatial multiplexing allows several
independent data streams to be sent at the same
time using a single frequency channel. This
increases network capacity without requiring
additional spectrum resources, making it highly
efficient for dense user environments?.
C. Channel State Information (CSI)

Accurate Channel State Information (CSI)
plays a vital role in achieving efficient Massive
MIMO operation, as it reflects the condition of
the wireless communication link between the base
station and connected users. CSI is used for
beamforming, power control, and interference
management*.
D. Precoding Techniques

Precoding is applied at the transmitting end
to enhance signal performance and minimize
interference during communication. It ensures
that transmitted signals are properly aligned with
the channel conditions, enhancing overall system
performance.
E. Detection Techniques

At the receiver side, advanced detection
algorithms are used to separate multiple user
signals. Common techniques include:

e Zero Forcing (ZF)

e Minimum Mean Square Error (MMSE)

e Maximum Likelihood Detection

These techniques improve signal accuracy
and reduce errors in data transmission’.
F. Antenna Array Design

The design of large antenna arrays plays a
critical role in Massive MIMO performance.
Proper spacing and configuration of antennas
help in achieving better beamforming and spatial
diversity.
G. Pilot Design and Estimation

Pilot signals help determine the current state
of the communication channel. Efficient pilot
design helps reduce overhead and improves
system accuracy in dynamic wireless
environments.
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Overall, these technologies and techniques
collectively enable Massive MIMO systems to
deliver high-capacity, energy-efficient, and
reliable broadband communication services in
modern cellular networks.

VI. CHALLENGES AND LIMITATIONS
OF MASSIVE MIMO

Although Massive MIMO significantly
improves broadband cellular network
performance, it also introduces several technical
and practical challenges that must be addressed
for efficient real-world deployment'.

A. Pilot Contamination

Pilot contamination continues to be a critical
factor that hinders the efficiency of Massive
MIMO systems. It occurs when pilot signals from
different users or neighboring cells overlap,
leading to inaccurate channel estimation and
degraded system performance?.

B. High Hardware Complexity

Massive MIMO requires a large number
of antennas, RF chains, and transceivers at the
base station. This increases hardware complexity,
cost, and physical space requirements, making
deployment more challenging?.

C. Computational Complexity

Signal processing in Massive MIMO
systems involves complex mathematical
operations such as matrix inversion, beamforming,
and channel estimation. These computations
require high processing power and can introduce
delays in real-time systems®.

D. Channel Estimation Challenges

Reliable Channel State Information (CSI)
plays a crucial role in achieving optimal system
performance. However, in highly dynamic
environments with mobility and interference,
obtaining accurate CSI becomes difficult and
resource-intensive.

E. Energy Consumption

Although Massive MIMO improves energy
efficiency at the transmission level, the large
number of active antennas and signal processing
units increases overall power consumption at the

base station®.
F. Deployment Complexity

Integrating Massive MIMO into existing
cellular infrastructure requires significant
upgrades and careful planning. Compatibility with
legacy systems can also create implementation
challenges.
G. Mobility Issues

In high-mobility scenarios such as vehicles
and trains, channel conditions change rapidly,
making it difficult for Massive MIMO systems
to maintain accurate beamforming and stable
connections.
H. Cost Constraints

The deployment of Massive MIMO
systems involves high installation and
maintenance costs, which may limit adoption in

developing regions.
Although Massive MIMO provides
substantial improvements in network

performance, addressing its associated
challenges is crucial for successful
implementation in next-generation broadband
cellular systems.
VII. FUTURE SCOPE OF MASSIVE
MIMO IN BROADBAND NETWORKS

The future of Massive MIMO technology
is highly promising as wireless communication
systems continue to evolve toward 5G-Advanced
and 6G networks. Ongoing research is focused
on improving scalability, efficiency, and
intelligence in Massive MIMO-based broadband
cellular systems'.
A. Integration with 6G Networks

In future 6G communication systems,
Massive MIMO will be combined with terahertz
communication, intelligent reflecting surfaces
(IRS), and Al-driven networking to achieve ultra-
high data rates and near-zero latency
communication?,
B. AI-Driven Massive MIMO Systems

Artificial Intelligence (AI) and Machine
Learning (ML) are expected to significantly
enhance the efficiency and performance of
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Massive MIMO systems. Al-based systems will
enable intelligent beamforming, adaptive resource
allocation, and real-time channel prediction for
improved network efficiency?.
C. Cell-Free Massive MIMO
Future studies are expected to focus on cell-
free Massive MIMO systems, where several
geographically distributed access points
collaborate to provide seamless service to users
without relying on conventional cell structures.
This approach improves coverage uniformity and
reduces inter-cell interference®.
D. Energy-Efficient Communication
Future Massive MIMO systems will focus
on reducing energy consumption through smart
antenna activation, sleep modes, and energy-
aware signal processing techniques. This will
support green and sustainable communication
networks®.
E. Integration with Edge Computing
Edge computing will enhance Massive
MIMO systems by enabling faster local
processing of channel data and reducing latency.
This integration will improve real-time decision-
making in dense network environments®.
F. Advanced Beamforming Techniques
Future beamforming methods will become
more adaptive and intelligent, using Al algorithms
to dynamically adjust beam patterns based on
user mobility and network conditions.
G. Support for Emerging Applications
Massive MIMO will support advanced
applications such as:
Autonomous vehicles
Holographic communication
Smart cities
Industrial IoT
Extended reality (XR) systems’
H. Satellite and UAV Integration
Future networks will integrate Massive
MIMO with satellite and UAV-based commu-
nication systems to provide seamless global
connectivity, including remote and rural areas.
Overall, Massive MIMO will remain a core

enabling technology for future wireless
communication systems, significantly improving
network performance, capacity, and efficiency.
VIII. CONCLUSION

Massive MIMO technology has emerged
as a fundamental solution for enhancing the
performance of broadband cellular networks. By
utilizing a large number of antennas at the base
station, it significantly improves spectral
efficiency, network capacity, energy efficiency,
and overall system reliability.

This paper has presented a detailed analysis
of Massive MIMO systems, including their
architecture, working principles, key technologies,
performance benefits, challenges, and future
scope. The study highlights how techniques such
as beamforming, spatial multiplexing, and
advanced channel estimation enable simultaneous
communication with multiple users, leading to
higher data throughput and reduced interference.

Despite its advantages, Massive MIMO
faces several challenges such as pilot
contamination, hardware complexity, channel
estimation issues, and high computational
requirements. However, ongoing research in Al-
driven optimization, cell-free architectures, and
energy-efficient designs is expected to overcome
these limitations.

In future wireless communication systems,
especially 5G-Advanced and 6G networks,
Massive MIMO will play a crucial role in
supporting ultra-high-speed communication,
massive device connectivity, and intelligent
network management. The incorporation of
advanced technologies such as Artificial
Intelligence, edge computing, and terahertz
communication is expected to significantly
improve the system’s performance and
functionality.

Overall, Massive MIMO is a key enabling
technology for next-generation broadband
networks, ensuring high performance, scalability,
and efficiency in modern wireless communication
systems.
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I ABSTRACT ]

Ethnomedicinal plants remain central to rural health care in western
India, but climate change is increasingly threatening their availability,
quality, and traditional use. In Panhala taluka, Kolhapur district, local
surveys show continued reliance on wild medicinal species for antidotes
and common ailments, yet these plants are already under pressure from
habitat disturbance and knowledge erosion. Climate change can intensify
these threats by altering rainfall, temperature, phenology, and secondary
metabolite production in medicinal plants. This article argues that the
vulnerability of ethnomedicinal plants in Panhala is best understood as a
coupled ecological and cultural problem. Sustainable use will require
documentation, habitat protection, cultivation, and communityled

Keywords— Ethnomedicinal plants, climate change, Panhala,
Maharashtra, vulnerability, sustainable use.

1. Introduction

Medicinal plants constitute one of the oldest
and most reliable sources of healthcare in human
civilization. Across the world, traditional medicine
continues to play a significant role in maintaining
community health, particularly in regions where
access to modern healthcare facilities remains
limited. India, recognized as one of the world’s
megadiverse countries, possesses an

exceptionally rich heritage of medicinal plant
resources and traditional healing systems that
have evolved over thousands of years. The
country’s diverse climatic conditions, varied
ecosystems, and cultural diversity have
collectively contributed to the development of an
extensive body of ethnomedicinal knowledge.
Traditional systems such as Ayurveda, Siddha,
Unani, and numerous indigenous healing practices
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rely heavily on medicinal plants for the prevention
and treatment of diseases. In rural and tribal
communities, where healthcare infrastructure
may be inadequate or inaccessible, medicinal
plants continue to serve as the primary source
of healthcare. Plant-based remedies are deeply
integrated into daily life and are used for treating
common ailments such as fever, digestive
disorders, skin infections, respiratory illnesses,
musculoskeletal problems, and reproductive
health conditions. The continued dependence on
medicinal plants demonstrates not only their
therapeutic value but also the resilience of
traditional knowledge systems that have been
transmitted across generations through
observation, experience, and oral communication
(Harish et al., 2012; Shruti et al., 2024).

India is estimated to possess thousands of
medicinal plant species, many of which occur in
natural forests, grasslands, wetlands, and
agricultural landscapes. These plants contribute
significantly to the country’s healthcare traditions
as well as to the pharmaceutical, herbal, and
nutraceutical industries. However, beyond their
economic and medicinal significance, these
species represent an important component of
India’s biocultural heritage. The knowledge
associated with their identification, collection,
preparation, dosage, and therapeutic application
has been preserved by tribal communities, village
elders, traditional healers, and local herbal
practitioners over centuriesBalunas, M.J. and
Kinghorn, A.D. (2005). Such knowledge reflects
close interactions between people and their
surrounding environments and often includes
detailed understanding of seasonal availability,
habitat preferences, harvesting methods, and
sustainable utilization practices. Consequently,
ethnomedicinal knowledge is not merely a record
of medicinal plant use but also an expression of
traditional ecological knowledge that supports
biodiversity conservation and sustainable
resource management.

The state of Maharashtra occupies a unique

position in India’s ethnobotanical landscape
because of its remarkable ecological diversity.
The Western Ghats, recognized globally as one
of the world’s biodiversity hotspots, extend
through the western part of the state and support
numerous endemic and medicinally important
plant species. Forests, lateritic plateaus, hill ranges,
and agricultural landscapes collectively create a
mosaic of habitats that sustain rich plant diversity.
Several indigenous communities, including tribal
populations and rural farming communities, have
maintained strong relationships with local
vegetation through traditional healthcare
practices. Over the years, ethnobotanical
investigations conducted in different regions of
Mabharashtra have documented hundreds of
medicinal plant species used for treating a wide
range of human and veterinary ailments. These
studies have highlighted the remarkable depth of
indigenous knowledge while also emphasizing its
importance for biodiversity conservation,
healthcare security, and scientific researchChen,
et al., (2016).

Kolhapur district, situated in the southern
part of Maharashtra, possesses particularly
favorable ecological conditions that support a
diverse assemblage of medicinal plant species.
The district receives substantial monsoon rainfall,
contains moist deciduous and semi-evergreen
forests, and forms part of the northern Western
Ghats landscape. These environmental
characteristics have enabled the persistence of
numerous medicinal plant taxa that continue to
be utilized by local communities. Within Kolhapur
district, Panhala taluka is especially noteworthy
because of'its rich biological diversity, historical
significance, and cultural heritage. The region
comprises forests, grasslands, agricultural lands,
and hill ecosystems that provide habitats for a
wide variety of medicinal plants. Local
communities have developed extensive
knowledge regarding the medicinal uses of these
species, relying on them for primary healthcare
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as well as preventive medicineEngelmann, F.
(2004).

Previous ethnobotanical investigations
conducted in Panhala and neighbouring areas
have documented numerous medicinal plant
species utilized by villagers and traditional healers
for treating ailments affecting different body
systems (Soman, 2014). These investigations
demonstrate that ethnomedicinal practices remain
active and continue to contribute substantially to
community healthcare despite increasing
availability of modern medicine. Traditional
healers possess detailed knowledge regarding the
appropriate parts of plants to be used, methods
of preparation such as decoctions, powders,
pastes, infusions, and extracts, dosage
recommendations, and possible combinations
with other medicinal ingredients. Many
households also retain knowledge of commonly
used medicinal plants for treating everyday
illnesses, thereby reducing dependence on
commercial pharmaceuticals. This continued
practice reflects the enduring cultural importance
of medicinal plants and highlights their role in
maintaining local health resilienceKala, C.P.
(2005).

However, the  persistence of
ethnomedicinal knowledge cannot be taken for
granted. Traditional knowledge systems are
inherently vulnerable because they rely
predominantly on oral transmission rather than
written documentation. Knowledge is typically
transferred from elders to younger generations
through direct participation in plant collection,
preparation of remedies, and practical healing
experiences. Rapid socioeconomic trans-
formation, urbanization, modernization, changing
lifestyles, migration, formal education, and
declining interest among younger generations
have collectively contributed to the erosion of
traditional knowledge. As experienced healers
age without adequately transferring their
knowledge, valuable information concerning
medicinal plants and their applications may

disappear permanently. Consequently,
documenting ethnomedicinal knowledge has
become an urgent scientific priority, not only for
preserving cultural heritage but also for
identifying potential medicinal resources that may
contribute to future pharmacological research and
sustainable healthcare development.

The survival of traditional medicinal
systems is closely linked to the conservation of
natural ecosystems that provide medicinal plant
resources. Loss of forests, habitat fragmentation,
unsustainable harvesting, agricultural expansion,
infrastructure development, and biological
invasions have reduced the availability of many
medicinal plant species across India. In regions
such as Panhala, where local communities
depend on naturally occurring vegetation for
healthcare, any decline in plant diversity directly
affects the availability of traditional remedies.
The relationship between biodiversity and
traditional healthcare is therefore reciprocal:
healthy ecosystems support medicinal plant
diversity, while traditional ecological knowledge
often promotes sustainable harvesting practices
that contribute to ecosystem conservation.

In recent decades, climate change has
emerged as an additional and increasingly
significant threat to medicinal plant diversity and
traditional healthcare systems. Global climate
change is altering environmental conditions
through increasing temperatures, changing
rainfall patterns, prolonged droughts, shifting
seasons, and more frequent extreme weather
events. These climatic changes affect ecological
processes at multiple levels, influencing species
distribution, flowering and fruiting periods, seed
germination, pollinator interactions, and
regeneration success. Medicinal plants are
particularly sensitive because many species
occupy specific ecological niches and require
narrow environmental conditions for optimal
growth. Alterations in temperature and moisture
regimes may reduce survival rates, limit
reproductive success, and force species to shift
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their geographic distributions toward more
favorable habitats (Harish et al., 2012; Shruti et
al., 2024; Sudhakaran, 2025).

Climate change may also influence the
quality and medicinal efficacy of plant resources.
The production of bioactive secondary
metabolites responsible for therapeutic properties
is strongly influenced by environmental factors
such as temperature, soil moisture, solar radiation,
and nutrient availability. Variations in these
factors may alter the concentration of alkaloids,
flavonoids, phenolics, terpenoids, glycosides, and
other pharmacologically active compounds.
Consequently, even when medicinal plant species
continue to survive under changing climatic
conditions, their medicinal effectiveness may
vary due to changes in chemical composition.
Such changes have important implications for
traditional healthcare because remedies prepared
using the same species may no longer produce
comparable therapeutic outcomes under altered
environmental conditions.

For ecologically sensitive regions such as
Panhala, the consequences of climate change
may be particularly pronounced. Variability in
monsoon rainfall, increasing temperatures,
prolonged dry periods, and extreme rainfall events
have the potential to modify local vegetation
patterns and reduce the abundance of medicinal
plant populations. Species that depend on moist
forest habitats or seasonal water availability may
become increasingly vulnerable to climatic stress.
Reduced plant abundance would directly affect
the availability of medicinal resources for local
communities and traditional healers, forcing
greater dependence on commercially available
medicines or alternative plant species. Such
transitions may gradually weaken traditional
healthcare systems that have developed over
generations in close association with local
biodiversity.

Climate change also threatens the cultural
dimensions of ethnomedicinal knowledge.
Seasonal observations, ecological indicators,

flowering times, fruiting periods, and harvesting
calendars form an integral part of indigenous
knowledge systems. These traditional practices
have evolved through long-term observation of
relatively stable environmental patterns. As
climate variability disrupts seasonal cycles,
traditional ecological knowledge may become
increasingly difficult to apply. Plants may flower
earlier or later than expected, become less
abundant in familiar locations, or disappear
entirely from areas where they were once
commonly collected. Such ecological changes
reduce opportunities for younger generations to
learn plant identification, harvesting techniques,
and medicinal applications, thereby accelerating
the erosion of traditional knowledge.

The combined effects of biodiversity loss,
knowledge erosion, and climate change present
a significant challenge for the conservation of
ethnomedicinal heritage in regions such as
Panhala. Addressing these challenges requires
comprehensive documentation of medicinal plant
diversity together with associated traditional
knowledge, assessment of species vulnerability
to environmental change, and development of
community-based conservation strategies.
Integrating indigenous knowledge with ecological
and climate research can provide valuable
insights into the adaptive capacity of local
communities while supporting sustainable
management of medicinal plant resources. Such
an approach recognizes that biodiversity
conservation, cultural preservation, and climate
resilience are closely interconnected.
Documenting ethnomedicinal plants today
therefore contributes not only to preserving
valuable healthcare traditions but also to
safeguarding an important component of India’s
biological and cultural heritage for future
generations.

Regional context

Panhala taluka lies within the biodiverse
Kolhapur region, where folk medicine is strongly
tied to locally available wild flora (Soman, 2014;
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regional folk-medicine studies from Kolhapur also
document wild plant use). Published work from
the area records species used for snakebite,
scorpionbite, and other common ailments,
indicating a strong dependence on wild plant
resources (Soman, 2014). The problem is not only
plant loss but also loss of dependable seasonal
availability, which matters in a system where
collection is often tied to specific habitats and
weather windows.

The region’s rural communities depend on
a mosaic of forest patches, field margins, scrub,
and moist seasonal habitats. Climate stress
combined with land use change can reduce the
resilience of these habitats, making medicinal
plants less abundant and less predictable over
time (Harish et al., 2012; Shruti et al., 2024). That
makes Panhala a useful case for studying the
sustainability of ethnomedicinal use under climate
pressure.
Vulnerability pathways

The main vulnerability pathways are
summarized in Table 1. Climate exposure
interacts with biological sensitivity and human
harvesting pressure, producing cumulative risk
(Harish et al., 2012). Species that are wild
collected, slow growing, or harvested for roots
and bark are especially vulnerable because loss
of individuals reduces regeneration potential
(Shruti et al., 2024; Sudhakaran, 2025).

Climate change can also affect
phytochemistry. Stress conditions may alter the
concentration of bioactive compounds, meaning
that even when a species remains present, its
medicinal quality may change (Harish et al., 2012;
Shruti et al., 2024). For traditional medicine, this
creates a hidden risk because users may not
immediately recognize the loss of efficacy.
Methodology
Study design

This study was designed as a descriptive
and analytical ethnobotanical assessment
combined with a vulnerability oriented ecological
framework. The design was informed by prior

ethnomedicinal surveys from Panhala taluka,
which documented medicinal plants used by local
villagers, Vaidus, and elderly knowledge holders
for antidotes and other ailments (Soman, 2014).
Because the present article is a conceptual
research manuscript rather than a completed field
report, the methodology is proposed as a
replicable framework for assessing climate
vulnerability of ethnomedicinal plants in Panhala.
Study area

The study area comprises Panhala taluka
in Kolhapur district, Maharashtra, a region known
for local medicinal plant use and rural dependence
on wild biodiversity for primary health care
(Soman, 2014). The area includes forest edges,
scrub patches, agricultural margins, and seasonal
moist habitats that support ethnomedicinal flora.
These habitat types are likely to be sensitive to
rainfall variability, heat stress, and land use
fragmentation, making them appropriate for
climate vulnerability assessment (Harish et al.,
2012; Shruti et al., 2024).
Ethnobotanical data collection

Ethnobotanical data should be collected
through repeated field visits across different
seasons to capture variation in plant availability
and use. Following the approach used in earlier
Panhala studies, data collection should include
semi-structured interviews with local healers
(Vaidus), elderly villagers, and other knowledge
holders, along with participant observation and
guided field walks (Soman, 2014). For each
species, the following information should be
recorded: local name, botanical identity, plant part
used, mode of preparation, ailment treated,
habitat, and season of collection. Voucher
specimens should be collected with prior consent
and verified using standard floras and herbarium
comparison.
Ecological assessment

To evaluate vulnerability, plant populations
should be surveyed using transects and quadrats
placed across representative habitats. For each
species, abundance, frequency, regeneration
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status, and habitat specificity should be
documented. Special attention should be given
to wild harvested species, species with root or
bark use, and species with limited distribution,
since these are more vulnerable to
overexploitation and climate stress (Harish et al.,
2012; Sudhakaran, 2025). Phenological
observations should also be made to record
flowering, fruiting, and seedling emergence across
seasons.
Climate exposure assessment

Climate exposure should be estimated using
local meteorological records on rainfall,
temperature, and seasonal variability. If available,
long-term trends from district-level or gridded
climate datasets should be examined to identify
warming trends, delayed monsoons, dry spells,
and extreme rainfall events. These variables are
important because medicinal plants are known
to respond strongly to altered temperature and
precipitation regimes, which can affect growth,
reproduction, and secondary metabolite
production (Harish et al., 2012; Shruti et al., 2024;
Sudhakaran, 2025).
Vulnerability scoring

Each ethnomedicinal species should be
scored using a three-component vulnerability
framework: exposure, sensitivity, and adaptive
capacity. Exposure refers to climatic stress
experienced by the species; sensitivity refers to
dependence on narrow habitat conditions, slow

RESULTS AND DISCUSSIONS

regeneration, or destructive harvesting of roots
and bark; and adaptive capacity refers to the
ability to regenerate, disperse, or be cultivated
successfully (Harish et al., 2012; climate-
sustainability framework studies also emphasize
these factors). A simple ranking system such as
low, moderate, and high vulnerability may be used
to prioritize conservation action.
Data analysis

Interview responses should be summarized
using descriptive statistics to identify the most
frequently used species, most common ailments,
and most vulnerable plant parts. Species should
be grouped by life form, habitat, and use category
to compare vulnerability patterns. For ecological
data, relative abundance and regeneration trends
should be interpreted qualitatively or quantitatively
depending on sample size. The final output should
integrate ethnobotanical importance with climate
sensitivity to identify priority species for
conservation and cultivation.
Ethical considerations

Prior informed consent should be obtained
from all informants before interviews, following
ethnobotanical research ethics. Local knowledge
holders should be acknowledged, and information
should be used with respect for community
ownership and benefit-sharing. Because the data
involve traditional medicine, care should be taken
not to overexpose sensitive knowledge without
community agreement (Soman, 2014).

Table 1. Main climate change vulnerability pathways for ethnomedicinal plants in Panhala

Driver Likely ecological effect Traditional use implication

Rising temperature | Heat stress, reduced growth, earlier | Shorter harvesting window, lower
flowering biomass

Erratic rainfall Poor germination, drought stress, Scarcity of seasonal species
regeneration failure

Extreme events Habitat damage, uprooting, soil Local disappearance from
erosion accessible sites

Land-use Smaller and isolated populations Reduced availability and genetic

fragmentation resilience
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Harvest pressure | Over collection of roots, bark, Population decline and loss of
whole plants medicinal stock

Phenological shift | Mismatch between flowering/harvest | Lower quality and unreliable
timing and use collection

Species level concerns

Although a full field based vulnerability
index is still needed, the regional studies help
identify likely high-risk groups (Soman, 2014; field
ethnobotanical surveys in Kolhapur district also
support this pattern). Species used as emergency
antidotes or for frequent household remedies may

be harvested repeatedly from the wild, especially
if they are close to villages or forest edges. Plants
with underground parts used medicinally are
typically more vulnerable because harvesting
destroys the plant (Shruti et al., 2024; Harish et
al., 2012).

Table 2. Qualitative risk ranking for ethnomedicinal species in Panhala

Risk category Species traits

Example vulnerability

garden species

High Wild harvested, slow regeneration, Population decline under repeated
root/bark use collection

Medium Common species, mixed wild and Local scarcity during dry years
cultivated supply

Low Easily propagated herbs, household Lower sensitivity if cultivation is

adopted

This ranking is qualitative and should be
validated with field abundance data, but it
provides a practical way to prioritize conservation
action (Harish et al., 2012; Sudhakaran, 2025).
The most urgent conservation concern is the group
that is both culturally important and ecologically
fragile.pubmed.ncbi.nlm.nih+1
Sustainable use

Sustainable use in Panhala should combine
conservation and livelihood needs rather than

treating them as separate goals. Documentation
of local names, parts used, seasonality, and healer
knowledge is urgent because traditional
knowledge is already described as being at risk
of extinction (Soman, 2014; ethnomedicinal
documentation from Panhala emphasizes the
need for conservation). Community-based
inventories can also identify which species are
most heavily collected and which can be
substituted with cultivated material.

Table 3. Sustainable use options for Panhala

Strategy Purpose Expected benefit
Community Record knowledge and use Prevent knowledge loss
documentation patterns

Home garden Reduce wild harvest pressure Improve local access
cultivation

Habitat restoration | Protect moist and edge habitats Support natural regeneration
Nursery and seed | Conserve vulnerable taxa Secure planting material
banks

Harvest guidelines | Limit destructive collection Allow population recovery
Local monitoring Track abundance and phenology Early warning of decline
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These measures are consistent with
broader recommendations in medicinal-plant
climate research, which emphasize conservation,
propagation, and adaptive management (Harish

et al., 2012; Shruti et al., 2024). In Panhala,
cultivation is likely to be especially useful for
widely used species that are currently harvested
from the wild.

Table 4. Suggested research framework for a Panhala vulnerability study

specificity

Component Variables Method

Ethnobotany Use value, healer dependence, plant Interviews, focus groups
parts used

Ecology Abundance, regeneration, habitat Transect and quadrat surveys

Climate exposure

Rainfall variability, temperature trends

Local meteorological data

Sensitivity

Reproductive success, drought response

Seasonal monitoring

Adaptive capacity

Cultivation potential, seed viability

Nursery and propagation trials

Such a framework would make the study
publishable in a stronger form because it links
traditional use to measurable ecological change.
It would also provide a basis for future
management planning and policy support.
Policy implications

Policy should recognize ethnomedicinal
plants as part of both biodiversity conservation
and rural health security. Regional studies show
that Panhala and Kolhapur still retain important
ethnomedicinal knowledge, but the literature also
warns that this knowledge is fragile and requires
special effort for documentation and sustainable
use (Soman, 2014; regional studies from Kolhapur
district). State and district biodiversity planning
should therefore include medicinal plant
monitoring and community participation.

A useful policy shift would be to support
medicinal plant gardens, nurseries, and restoration
of degraded commons. This would reduce
pressure on wild stocks while improving access
to locally trusted remedies (Harish et al., 2012;
Shruti et al., 2024). Climate adaptation plans
should also include seasonal early warnings and
guidance on sustainable harvesting during drought
years.

Conclusion

Ethnomedicinal plants in Panhala are

vulnerable because climate change, habitat

disturbance, and harvesting pressure act
together. The most vulnerable species are likely
to be those that are wild collected, slow to
regenerate, and culturally important in emergency
treatment. Sustaining their use will require
conservation that is community based, climate
aware, and linked to cultivation and habitat
restoration.
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STH At Ff T AT HiS ATHIRAT
I Fafr=T st 3t sl B o e wHEn
3 3= qug fopan | =gl @ Wil i & e o
R Afensi it uRaft gF ok 7 did F w5,
FietsT 3 fryafeare™ R W 59 arg & 9ied
% forar 3T e Taen a1eq &7 # 7@ e
37T AfGAT HABRI H Igell Higel qaell aTael
g0 3Ta 30 e W 38 dect o eraehal
T TeoH H1 3TN 3% 3T T | YT T
AT fear oa % farenfafa s f¥eror qa
qael S TLERT S ST ST 39k g U
“qETeS] 3N deet 3 T 3N TR T 8
T 2

TS T qh STHRIEN o TGS b §
I T A S Aol R &9 9 e
e J9ROT foRar St ot SRelt S Wo W
FMAT S TG & T Heloaerd § T
AR & &G A qoA SNfeehl & &G H I

T ot S wfeh it frg s el # faRiva
TRl o T8 SROTETT a1 | FaT darereR Far
it ST SR I SIfGehT & o Wehet e S e
ifter fRreqor & wfehar & | GAET BS- AT H A
i T b We-Te qere e % e H o
SeRE e e |

g AR e, merfermer § off &2
ST AT TaeT NfeHd S Gl SO §
Tl sfireer e T € SR ST TN § 39 el
B TYE W W 2| AR qeen arfewsi
TNTET et W oo Wi el 2 | aifesh g wigen
et = T e e i af¥meror & & 7 o
et yfte fag 21 Wi % & § afzen
FHATHN Bt AR o TI-H1Y THS § el &
i TR ST STkl &1 agraT el 2 31 37
% T | HE ot Al HehRl & Hg-|1e
fergaferameral 3K Hvia Seami # sreamgss & &
@ 2| S Hige deren §iia & off @fshan 2|

SerE 81 341 e ¥ faeeh favafamea & Hiia
fersyeT &1 STo <ATaTET YR BT AT 347 B 1°
ST TEET aTad o &7 § gUR < o %
S S S R B e A b i
59 W S AT fgaa ¥ gt @ 2
ST 16T <97 f4ewT § 1ol S wenie! §

51 AT & W A el e bl e TEw
ot fireft 2 fefveer aregdl afit divrer difean &
I 3T el A AT b Uge W & S
Tre-gry fafrT Sepfaat & @ifia & g o o
T &1 T 2 | 37T den Fige el foat
T fo wfafeq agdt o @& @ ‘ot & A

ST & ST Tet AfSel hetlshRl o fordl SR
T I a1 I g i T ST 9fes
yeqfer T8 o +ff ferefa s e 1
fereenT 9 311t RSy oIk wamssanifear Beie
g forea ot weelt 49t Afger AT W €,
ST I 4 30 | A AW & 7,000/ §
sfereh Trfier wreishul  wdv foam 21

fear fRrem s 78 Gl A sferrTet dere
et # T SeoiaHig 81 3 U 3F H &
ST Fq Hl T ST Felr TR A
Y& A& | R Seft % e smyfae s

JA e A @ i foae & 9@ e
foremea & 99 T Fel @ 9 3T N 8
T e wfa wae aret R et § o T @
T STIE W hi T G Gt # el
T AT Lt 21778

T T & A qael afeshst & aRa
e AU Ui, SRUTETa 37 3T
Teaqul 21 3= I8 fag fear @ f wifi
Ipred! foftT TR foref 78 et aifoes ST Sfow
3 o W 3R Bt @ 37 FeABRI % Fe
T § T A& Sl Th 3 (490 91 g3 e
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T et 99 B9 & TN TA # AR G
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o TS 31 31k Sooraet g et &
T T gt
1. Taen Qu—do e v fag, O 4. 60

SR TR T TS FraTa e
R 9T WG F T IAEA O Tgae §
Teeerqut fivet Tt | 31 et ST Webell @
o AT TaeT afeHIST Hi ARG Hd A T
T AT SR TG S T TA  Aferrsit
fRerfer =BT At e H SR AT el o SER-
YR H 3T Weyul FMTEH Tl 81 39 W19 g9
7 +ff g "ehd ¢ fF fren, Tt gfarensi oik
WIS ST o HROT fos § wfgensti &

2. e [U—do fasg v fay, 99 A, 175

3. At 9= (9T 3)—30 fIRer == diars,
S Ho 148

4. O 9R=F (9 3)—Mo RS T Hers,
S H0 149

5. Ot 9REE (91 3)—30 FIier == diars,
9 o 50

6. T Gae—mo BReT I e, Ust . 81
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fsgareT et &t ATHeRtuT : SHgfaal @1 T
ATATMTHS TIgeTouT

0 & Hehd AR Tiehd”

I INET-|RIIT |
BT 1 TR BT AHSHRT Dadl BB AeRT BT FANT el il dfodh
Iz 39 &3 ! faRtre gawfQ, Sfa—<igeii @ ugRar, YRMfores \xes ar
Bl Feagel e g d &1 U Siidd 3R SFfd qxardst gidl
2 | fogarst #evcy & <l 9T # Rerd 2 | 98 wagsiad & Sl
G &3 B AT AT © | 7ol & AHSBROT BT IR G- i
(BT @ gell @1 9gerdn), agoia (Rigl &1 9geta), TRl AR (A
Jgael gR1 Afd aren) ofR #=rer |<r (Ricarsy) Sl aFd ST
<RIl | TEford © | IR SE—UF H g1 941 Sl &1 faeeiyor o
fRerd @ik aafds RIS Jard & 9F & AR & Wedl & q1T
R B BT TN fhar 1T 2|
I we— f¥aareT, AHax,

Rigarer, fRicarsT|

el A1 Ufeiyes TR BT AHDR
DI BB JeR| BT AANT 2! Bill, dlod a8
39 & 3l fafre gawafd, Sha—sigel o
TR, RN e a1 fhdl Agcayul
UfcreTiie geshA &1 T Siiad IR S

STl BIAT & | FAYST & ST dIged

SfedIor ¥ I8 AT AaeIH 81 ol © (b
1 URURE SHgferi &R HiRgsd gfos™
T U] HHIOE YRR e

SFARIT 3R AT D el b 1T JATHD
Aegid- fhaT ST, difds fHerd iR aRdfdd
Ve aomel & 99 & GeH 3R B

g § Reyd fogdrsTt & ATHGRUT BT T
A WM WX W s dRg I Hean,
fpagicrdl iR SRl Sreda 3 I

STETE § yaferd & | JThiefid 3R IRG

% ERID YTeATId (g
fo<arer ([Y)

AT b A1 NWifhd fhar 51 dd | I8
9 WS BT T ST T |
dafera e &1 FHe

feearsT fo7al & 3fera vd Svafa 4

), ST iR INaH HAa] d=a1 JelfdeTer,
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T 3P T IuSTET 2| AINAL IHA

I, TFhr, WARGT, &8, od, 91 NS

gRI FHIed Ad Uild=id feRgde Toifer
fo=aarsT (1907) vd w.uH. el gRT wrfed
ARy fSRgae Toifear fo<arsT (1995)
STl 1 RToTfe, JemalTe Td Hepidd

RoTel 1 g Al g1 fSfel § U fawme
Y—HNT WR 99 9 9 2 54 39 fhe
& GRIH YgRAT ¥ S © | 59 SifaRad
ofiem, |rat, 99T, 994, 9 sAMe & g

STFBRI Y& HRd & | AT0{RTd Adhe g
1993 ¥ forRad ey ‘fowaarer farfas tet a1
JrTifores Rerfdy, VTR =i vd Ser ™
AP IR fIRIa gao1er ST & | Hiterad
foat g1 foRRaa v fosarer quor #
fogarer & <o Jerd U9 faara am=m @t

JgdRId | UY 9 7 P fegar R @
If3gE SR H Bl BT 3RIH YUSK & | I
R &3 Ug 941 & Fbe 8H & BRI
Terdell BTl Biesd & A9 I ST ST © P
et o amaiRe wfafafe=y den du=tar
ge™ H sAGT faoy A8« & & Rl #

[RR ¥ SMeRT &1 AT 8 | 35T HAR

ied wf & & Uldicidle, dIifearEne),

S g1 foRad vd Hdy HAR 991 & gRI

BDHSIITIT STTYUTT, T8I, QaTS bl fdbeT,

FHIed Yo HEIUQYl H @il AIH—
fgarsr # RTel & wW@efivar 99y R R
J =t B S B

fe=1 yrerRoft SAfafy fosareT g1 void

Mesed, diaals SR FUsTerd sTQ
=
fogarsr el @1 Ufsie gy

SRICH AARIE (1960) TG QU Siadl THARIE
& JIER (1997—98) W Hfd FAMHI I

T U 3R TARGemen ¥eT © | URifagiRie
BT § 39 &7 § A9 1Rdcd b W AT

Y19 fhar AT | 59 uf3prel # fPedre]
et @1 Wimifers, Yfeie, Amfos Tg
ARpis Rt R garer e 11 2| 39
THR fSTel & ST Td FiRGpid gioerd
W T e AEqUl U U 7 oA
fgareT @ AM®RYT |adl fafder Sasgfaa
BT fqeror fear ar g1 ugd wEud o
SWRIaa i # U 7y fafa= sraemRomet vd
Sl BT e SR BT 9N fhar
T B
fBaareT foTal &1 ¥imfad aRka™
fgareT STl Aegvcel # JdgsT udd
sf@er & sfero—uled a3 H§ Red | 59
Tel T &3 10,293 a°f fh#H. 21 59
Rt & A\ feror § weRTe g B
ARTYR f37el, SR H BImEE iR ARREAEYR
foreti, ufeam # uigor [ret ok g # faae
7ol T WY FRA © | U=, FoH, Horaes],

Tl & I, ST, ORdT, HATetaTl,
YRl 8, TeNTE, Ud SHTPIE ol &l o
Qrot U et iR At A fFerd g 1
9 fSTel & T&d 31 arell Y—HIT QRI07 H
g TUSHRUT BT g8 AT W ' ST
IR URT BT ST YRd W Siledl 2 I°
YR g # Ig Rrerm A1, g, Araare,
qIdhTCd Ud IMEhHT FNG MSTaell & FeAT
UG qa &1 ARl 8T 8 | aqIhIed AR Javvid
fadiia & R arel wie S 234 99 H Ud
TR T 9, fFearer el § U gU 2 1°
T IR STl & -Ioihvd] ATHG W o
T WS Wiveld T 8ol & form e
IS G &1 oot fAerar 217
191 I 1391 A B SR I8 e
PRl DI AR AP FI ¥ 9 &
WAl AH & YHIG H &7 | II9ard 59
&9 TR SIS P s XTolael 7 I b,

Journal Starting Year-2015, Frequency- Quarterly, Subject- Multidisciplinary, Language-Hindi & English, Publishers- Sushil Kumar Kushwaha,
Publishing Body- GH. Publication, Prayagraj, U.P-211003 (India), Email Id:- ghpublication@gmail.com, Mob.: 9532481205, 9807520344




54 SHODH CHETNA-YEAR-12, VOL. 3 (July to Sept., 2026)

59 T oIfh Bg & ®U § AT BT BT

T g8 e 9R—49R U 8IS ARG

Y Sedl HI Sl € 1 Id89 H TS

IoR & WU # AeRid 89 o | 39 wI=

foaarsT Rt 9 <for—uf¥=m feem # o
40 fHarier R HAlBES b & i
wftaferd 81 a6 & "M TS oG ®
9T 39 &9 W HHI: FRIe] ud fafew
e <enfid 81 AT fEdarsT el @

BI Ugel ¥ BT g8l HET T, S a8 |
fSearst & wu ¥ ufrg & |
wmaﬂgﬁfzﬁw o9 &3 WX
SECRIER] <|\ﬂ|3ﬁa7rw:r9ﬂ|?ﬂ?r?§’c|¥ﬁ
9 I8l B TohlelE TTael TG B g§ H

I &1 fAuiRor gom IR fafesr saeaTe
@ SR 1854 3941 § fdbar 7 o ° 54
91e TII—9I TR 396! AR # gRadd
foar T | 1 TR 1956 $HGT B ALY

RISTT fhaT &R o9 & UR 3191 =07
Senfia fdar | S99 &3 &I Siad @ 91 Id+
Rgaell o Udh 9 Bl gl Big Q1| 98
FHRI FOTRT I R SR 96 TS, SaiF ST

T & e & JaaR W fBadarsT el

BT W1 geefee fobhdm 1 [ 9 2023 H fFadrsT

fSTel 3 UTGUI <1 3T R HEIUQ ST P 5541

e =1 fo=m T 2 |

fesgaret STl & AR Haeh Sasgfaar
fEarsT &1 M ®ad Udh TS

Uga el €, dfch I8 AdYSl B A o

SIS 1 YA AR 0 BR (fhel) @ fig
T 3R T WY I BRI Bl Aig B A
Shifad w1 fear | fogarst # e U=
) @ foar & a9y e & Rad Niax
T QRN TRl &1 AdGM | 39D aR H
HAET ST & 6 98 399 Igael &1 o |2
1857—58 Bl goI Hifd I gl f¥garsT § Udh

T ISHITD, AMISTS IR Aot aRacd=i
B Sad Ted 2| 39 AR H Alh—heATif
3R fafeer s@Te & UfeTRie anedl e
FHBICA AT DI Y& PR Y I8
TS BT TN far a1 ' 6 fod uaR
fogarsT v faff=T wrorgsi § Rigarsr,
Apiaes oy ¥ [T gom 21 g
$4 TR & AHEGRUT Al IR g
JTIROMT aferd & |

(1) yarT ARl (d9 Igae) & a1
Haedl Ao— WY A0 & AR,
A IR U & SAAT-hoEIg & o
MY TP AHE TR & AR o | 99 o
39 &F ¥ 31y, d9 JBf BT & Ul Bl 9RAR
ofT 3R I&I Yeb BICT AT I o7 | I+ vgaehi

O 9 JA1G o7 | HB 99 & ol 39 -
DI HHEC! BIA & (oY TRI—AT 8 B
AR R ggad fear war o |

(2) gaufa emerRa @@ (g @
geT)— 39 Ad D AR, U BIet H 59
g H ¥ @ Usi & AP WRAR o |
qrel BT 7t BIAT & 9T, T ~rary eI |
3d: e & Usl 9 forT 831 e a1 g
B B BRUT THI B AT $HBT 1 fearsT
IS AT M IR, ). el gRT [uIfed dgal
nfda SReae TR Baarer SReae
(1907) H e Y ¥ Seord fHar T B P
fSearsr vreg YT g W URT B
R 1T 3T Y 39 99 BT Ga 8o
IR e #Md € Fife urEE & #
AHHROT TR T DI WIMferd aaafaray

= I8l I8 3R 3199 AR & foIv s qT]
IR fHAT| 96 JFTHA & 918 I I
I—eel 3R RedeR 4T T8T xR a9 Y,

@ IR TR Bl BIAT T | T4y menlRa Ad
BT Alfdhd IRIeTT 3 iR arer (FxiT /<oI)
P T BT SIERTBR AR 99T I
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HIH YIS A & | FAYST & 39 USRI
&3 3l e 3R STarary fos & geil & oA
@ forg oreafdes sradt <& € | /et 1 Rrel
& I el | f¥T & Us 9gad H o
ST A © | o1d: fogaret &1 o1 f¥g & usi
DI TR dTell AT BT IR TRE J=A1f+eh
3R qHFTd gdid e 2 |

(3) Sfla—wig (fHg) emenRa #d—
T I IAARD AqH AThDHAT b AR,
9 &3 BT YA ®Tel § RiggR a1 IRT BT
39 g+l T1fedl | U9 991 Ud uddi & 914,

YR IZARIT H Wegs [doR0 BRd o | 59

@ ®9 § yaferd 8 TAT| Seoi B b
Y YRd H WRIST 9T & [OWR &
SR, WAl & W Al §oenfie
AN Riferar derm e | Sretavma Rifern
B FATRA B e R wemmid <@
off | HHA: 371 AT ST AT WikAel ANADI
@ A OEIGe AHsidl b Rgarie |
Riferar |91 @1 Bra=! I1 96 ufafAfery a1
Tdh b 9 &7 # W efid garm o | fag
fafeer o1a @ NfSHIR®G xdaS, § 349
Riforar el w1 &1 B3 Wte a1 urRIfAE
Jeoig el e § | §9d STfaRad aRNIYRT

BRI AT 59 RIBERT de o ' e
IS gdl gRI dulfed Sl gerde! &
SRl @ @1 arer § RiggaRT we @
Ieerg fAerdr 8, [ e ot A fegaret
AET BT

HTAR H (8 §R ¥Tea 8 A9 & A1
R e iR Fd qiferdl & gvma @
BRUT UHT BIHY faars] a1 17| fobg
IR TR WR Yeford I8 S8fa dlp—drd
@ ARG IR PIged & forg dr ors g,
AfhT THIEAE ®U A 59 WHR B g
®icA & | sfasr H Bl v Sirel a3] &
A IR QX1 {1 AT YR DT ATHDRO]
M & IRV AT g © | Rig gR @1
yy fafeer ora @ <ol # SfeaRad
RiggR (FAYST BT Y9l §R) 1T T TR
gfe 9§ frarviiy €1 afe Rig gR e &1
YT g3 &I, A1 g8 Ryerdret 9+, | fob
IRECISIE

(4) fHfe@T @1 arer Gl Aa-Uh
3 TRV b AJAR ARIST TRER AT
AT SleraRTa RS &7 FarT e fogarsT
& UPh 9N RRIYRT & e o ST RysareT
PEATAT AT T8I g PBlellaR H fogdrs!

chdTe, YA Sa IF AT Rl &1

AT 39 Ad @1 Hfevear ua oxar 2 |
9 UbR fSarsT &1 giasrd ArHHRol

@ SRCHIV | AT FIE ©, HI(d I8l P

fa e @ ), gl (Rigaren), yari

TR (ka1 Ygaeh) iR #RraT | (Rifdram)

& U9IG Th AT <@d & fed g1 g

TETs W fITelvor o1 OR gl Haell A7a

Jafd fog gell &1 9gerar & 39 &9

GO Heell Faiftrd Sugad udfia gram
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ASSESSMENT OF THE SPREAD AND IMPACT OF
PARTHENIUM HYSTEROPHORUS ON NATIVE FLORAIN
AGRICULTURALAND ROADSIDE HABITATS OF SOLAPUR
DISTRICT, MAHARASHTRA

o Tolnure Pratiksha Prakash®
o Dr. Dinesh Kumar Singh**
o Dr. Ravindra P. Jadhav***

I ABSTRACT ]

Partheniumhysterophorus L. (Asteraceae), an aggressive neotropical
invasive weed introduced into India in the mid-1950s, has become one of
the most widespread and ecologically damaging alien plants in the Indian
subcontinent. This study evaluates the extent of P. hysterophorus invasion
and its impact on native flora across agricultural and roadside habitats of
Solapur district, a semi-arid, rain-shadow tract of the Deccan Plateau in
Maharashtra, India. Vegetation was sampled using the quadrat method (1
m x I m; n = 900 quadrats) across six representative talukas (Solapur
North, Solapur South, Akkalkot, Barshi, Pandharpur and Mohol) during
the post-monsoon growing season, stratified between cultivated field
margins/fallow croplands and roadside verges of state and rural roads.
Density, frequency, percentage cover, and Importance Value Index (I1VI)
were computed for Parthenium and co-occurring native species, and native
species richness, Shannon Wiener diversity (H2 ), Simpson’s index (D),
and evenness (J2 ) were compared between invaded and less-invaded plots.
Parthenium recorded significantly higher density, frequency and IVI in
roadside habitats (mean density 38.4 = 6.2 plants m{ ?) than in agricultural
habitats (mean density 21.7 £ 4.8 plants m{ ?) (p < 0.05), reflecting the
roadside corridor’s higher disturbance and propagule pressure from
vehicular traffic. Native species richness and Shannon diversity declined
significantly with increasing Parthenium density (r = “0.71, p < 0.01),
with herbaceous Poaceae and Fabaceae taxa most severely displaced,
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while a small set of grazingand disturbance tolerant natives (e.g.,
Cynodondactylon, Prosopis cineraria) persisted in co-dominance. These
findings confirm that roadside networks function as active invasion
corridors facilitating secondary spread into adjoining farmland, and
underscore the need for an integrated, landscape scale weed management
strategy combining early mechanical removal, biological control, and road
verge management across the district.

Keywords— Partheniumhysterophorus, Biological invasion, Roadside
vegetation, Agroecosystem. Species diversity, Solapur, Deccan Plateau.

1. Introduction

Biological invasions by alien plant species
are now recognized as one of the principal drivers
of biodiversity loss, ecosystem function alteration
and agricultural productivity decline worldwide.
Among the invasive alien flora of the Indian
subcontinent, Partheniumhysterophorus L.,
commonly known as carrot grass or congress
grass, ranks among the most economically and
ecologically damaging'. Native to the neotropics
of Mexico and the southern United States, the
species is believed to have entered India as a
contaminant of imported wheat grain during the
mid-1950s, with its first formal botanical record
from Pune, Maharashtra.

Since its introduction, P. iysterophorus has
spread across virtually every agro climatic zone
of India, colonizing wastelands, pastures,
roadsides, riverbanks, urban open spaces and
cultivated fields. Its invasive success is attributed
to a combination of traits: an extremely short life
cycle permitting several generations per year,
prolific seed output (a single plant may produce
tens of thousands of seeds), long lived and readily
dispersed achenes, high phenotypic plasticity
across moisture and soil-fertility gradients, and
strong allelopathic interference mediated by
sesquiterpene lactones such as parthenin that
suppress the germination and growth of
neighbouring plants®. A further contributing factor
is the weed’s relative escape from co-evolved
natural enemies in the introduced range, which
has historically limited biotic resistance to its

spread.

The ecological consequences of
Parthenium invasion are well documented across
Indian grasslands and croplands: declines in
native species richness and evenness,
homogenization of vegetation structure into near-
monospecific stands, alteration of soil nutrient
cycling (particularly nitrogen availability), and
disruption of pollinator and herbivore
communities®. Beyond biodiversity impacts, the
weed poses direct threats to human and livestock
health through contact dermatitis, allergic rhinitis
and asthma associated with its airborne pollen
and trichomederived allergens, and it depresses
forage quality and crop yields through allelopathic
and competitive suppression.

Maharashtra occupies a particularly
significant position in the invasion history of this
species, being both the site of its earliest Indian
record and, subsequently, one of the states
reporting the highest density and geographic
spread of the weed. Solapur district, situated in
the semi-arid rain-shadow belt of the western
Deccan Plateau, presents an agro ecological
setting that is especially conducive to Parthenium
establishment: extensive road networks servicing
a predominantly rain fed agricultural economy,
large tracts of fallow and marginal land, low and
erratic rainfall that favours ruderal over perennial
vegetation, and heavy livestock and vehicular
movement that facilitate propagule dispersal.
Despite this vulnerability, habitat specific,
quantitative assessments of Parthenium invasion
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and its impact on native flora remain scarce for
the district*.

Roadside verges and agricultural field
margins represent two habitat types with
contrasting disturbance regimes, management
intensity and propagule pressure, and are widely
regarded as the principal conduits through which
Parthenium infiltrates otherwise less disturbed
landscapes®. A comparative, quadrat-based
evaluation of these two habitats is therefore
essential to understanding the invasion dynamics
of'the species at the district scale and to informing
targeted management. Accordingly, the present
study was designed with the following objectives:
(i) to quantify the density, frequency and
Importance Value Index (IVI) of P
hysterophorus across agricultural and roadside
habitats of Solapur district; (ii) to assess the
impact of the invasion on native species richness
and diversity in each habitat; (iii) to identify native
plant families and growth forms most vulnerable
to displacement; and (iv) to propose management
priorities appropriate to the district’s agro-
ecological setting.

A substantial body of research from other
Indian regions provides a comparative backdrop
for the present study. Investigations in the
grasslands of the Indo Gangetic plains have
shown that P. hysterophorusinvasion
measurably alters soil nitrogen pools and
mineralization rates, and that these belowground
changes are correlated with shifts in vegetation
composition, richness and evenness, suggesting
a feedback loop in which the weed both benefits
from and further modifies the nutrient
environment in its favour. Similar structural and
functional alterations attributable to the species
have been reported from grassland, pastoral and
urban fringe ecosystems more broadly,
reinforcing the view that its invasion success is
not attributable to a single trait but to a suite of
interacting competitive, allelopathic and edaphic
mechanisms®. Regional floristic assessments

from Vidarbha and other parts of Maharashtra
have similarly flagged Parthenium among the
state’s most consequential invasive alien species,
though most such assessments have been broad,
multi-species inventories rather than habitat-
specific quantitative evaluations of the kind
undertaken here.

At the same time, research on the biological
control agent Zygogrammabicolorata, a leaf
feeding beetle native to Mexico that was
introduced into India in 1983, indicates that
resident arthropod communities and asynchronies
between the beetle’s diapause cycle and the
weed’s own phenology can constrain the agent’s
field efficacy, meaning that biological suppression
cannot be assumed to be uniformly effective
across India’s climatically diverse invaded
range7. This underscores the importance of
generating site- and habitat specific baseline data
of the kind produced in the present study before
biological control or other interventions are
prioritized for a given district.

2. Study area

Solapur district (17°102 —-18°322 N, 74°422
—76°152 E) lies in the south-eastern part of
Mabharashtra state and forms part of the semi-
arid Western Maharashtra Scarcity Zone of the
Deccan Plateau. The district covers roughly 1,501
thousand hectares distributed across eleven
talukas and lies almost entirely within a rain-
shadow tract of the Sahyadri (Western Ghats),
receiving a mean annual rainfall of 448—750 mm
that is markedly uncertain in both timing and
quantity, with a bimodal pattern in which the south
west monsoon (June to September) accounts for
roughly three quarters of the annual total and
September typically the wettest month. Mean
maximum temperatures reach 40-45 °C in
summer, while winter minima fall to 5-8 °C. Soils
are predominantly derived from underlying basalt
(Deccan Trap) and comprise deep, medium deep
and shallow black (regur) soils of varying
moisture holding capacity, interspersed with
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murum and calcareous soils on drier uplands.

The district’s natural vegetation, where it
persists, corresponds to southern tropical dry
deciduous forest, thorny scrub forest and open
grassland formations, though extensive tracts
have been converted to rain fed and, along the
Bhima river system and its canal irrigated
command areas, irrigated agriculture (sorghum,
pearl millet, groundnut, sugarcane, pomegranate,
grapes). Draught prone conditions affect all
eleven talukas, and a substantial proportion of
land (grassland, herb-land and wasteland
categories together exceed 1,900 sq. km) exists
as fallow, degraded or marginal land precisely
the disturbed, open, low competition habitat
favoured by Parthenium.

For the present study, six talukas were
selected to represent the district’s range of agro
ecological and land use conditions: Solapur North
and Solapur South (peri-urban, high traffic
density), Akkalkot and Barshi (rain fed cropping
belt), and Pandharpur and Mohol (canal irrigated
Bhima command area with high pilgrim and
vehicular traffic along state highways). Within
each taluka, three agricultural sites (field margins
and fallow cropland) and three roadside sites
(state highway and rural road verges, sampled
within 5 m of the carriageway edge) were
selected, yielding 36 sampling sites overall.

This selection deliberately spans the
principal gradients relevant to Parthenium
invasion risk within the district: proximity to urban
centres and associated traffic and waste-disposal
disturbance (Solapur North and South);
dependence on rain fed, low input cropping with
comparatively limited mechanization (Akkalkot
and Barshi) and canal irrigation combined with
exceptionally heavy seasonal pilgrim traffic along
the Pandharpur highway corridor, one of the
busiest religious travel routes in the state during
the Ashadhi and Kartiki Wari festivals. Including
this range of conditions allows the resulting
density and diversity patterns to be interpreted

not merely as a district average but as a function
of identifiable land use and disturbance drivers,
which in turn strengthens the basis for spatially
targeted management recommendations.
3. Materials and methods
3.1 Sampling design

Field surveys were conducted over two
consecutive post monsoon seasons (October to
December), when Parthenium attains peak
vegetative and flowering biomass in the region.
At each of the 36 sites, vegetation was sampled
using the quadrat method witha 1 m x 1 m
quadrat, following standard phytosociological
procedure. Twenty-five quadrats were laid at 10
m intervals along a randomly oriented 250 m
transect at each site, giving a total of 900 quadrats
(450 agricultural, 450 roadside) across the district.
Within each quadrat, all vascular plant species
were recorded, and the number of individuals of
P. hysterophorus and of each native species
was counted.
3.2 Vegetation analysis

Density, frequency and abundance were
calculated using standard phytosociological
formulae. Relative density, relative frequency and
relative cover were summed to derive the
Importance Value Index (IVI, maximum 300) for
each species, following the Curtis and McIntosh
method. Native species richness (S), the Shannon
Wiener diversity index (H2 = “X pi In pi),
Simpson’s dominance index (D = X pi?) and
Pielou’s evenness (J2 = H2 / In S) were
computed per quadrat and averaged per habitat
and per taluka. Quadrats were additionally
classified into three invasion intensity classes
based on Parthenium density (low: <15 plants
mO?; moderate: 15-35 plants mO?; high: >35
plants m?) to examine the relationship between
invasion intensity and native diversity loss.
3.3 Statistical analysis

Differences in Parthenium density,
frequency and cover between agricultural and
roadside habitats were tested using independent-
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samples t-tests, and differences among talukas
using one-way ANOVA followed by Tukey’s
HSD post-hoc test. The relationship between
Parthenium density and native species richness/
Shannon diversity was examined using Pearson’s
correlation coefficient. All analyses were
performed using R (v4.3) with significance
accepted at p < 0.05. Voucher specimens of
native species were identified with the help of
regional floras and deposited at the departmental
herbarium.

Prior to inferential testing, density and cover
data were checked for normality (Shapiro Wilk
test) and homogeneity of variance (Levene’s
test); where assumptions were violated, the non-
parametric Mann Whitney U test was used as a
cross check alongside the parametric t-test, and
results were consistent in direction and
significance across both approaches. Quadrat
level data were nested within site and taluka, and
site was treated as the unit of replication for
ANOVA to avoid pseudo replication arising from
spatial autocorrelation among quadrats within the
same 250 m transect. Surface soil samples (0—
15 cm) were additionally collected from a subset

of nine sites (three per invasion intensity class)
for measurement of pH, organic carbon
(WalkleyBlack method) and available nitrogen
(alkaline permanganate method), to provide
preliminary insight into edaphic correlates of
invasion intensity; these soil data are treated as
exploratory given the limited sample size.
4. Results
4.1 Distribution and abundance of
Partheniumhysterophorus
Partheniumhysterophorus was recorded
in 100% of roadside sites and 94% of agricultural
sites surveyed, confirming its status as a near
ubiquitous element of the district’s disturbed land
flora. Averaged across talukas, roadside habitats
supported significantly higher Parthenium density,
frequency and percentage cover than agricultural
habitats (Table 1). Peri-urban talukas (Solapur
North, Solapur South) and the high traffic pilgrim
corridor through Pandharpur recorded the highest
roadside densities, consistent with elevated
propagule pressure from vehicular movement,
while rain fed Akkalkot and Barshi recorded
comparatively lower but still substantial infestation
levels.

Table 1: - Density, frequency and cover of Partheniumhysterophorus in agricultural
and roadside habitats across six talukas of Solapur district (mean + SE)

Taluka Habitat Density (plants m[0*) | Frequency (%) | Cover (%) M

Solapur North Roadside 44.6+5.1 9% 582 1624
Solapur North Agricultural 248+4.0 R 36.5 121.7
Solapur South Roadside 41.9+4.7 R 550 1579
Solapur South Agricultural 22.6+3.6 80 338 1163
Barshi Roadside 33.5+4.2 88 476 1442
Barshi Agricultural 18.9+3.1 72 284 102.8
Akkalkot Roadside 31.2+3.9 &4 449 139.6
Akkalkot Agricultural 174+29 68 26.1 975

Pandharpur Roadside 42.8+53 A 564 160.1
Pandharpur Agricultural 23.9+3.8 RY) 352 1194
Mohol Roadside 36.4+4.5 90 503 1489
Mohol Agricultural 22.5+34 78 327 113.6
District mean Roadside 384+6.2 90.7 521 1522
District mean Agricultural 21.7+4.8 773 32.1 1119
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An independent samples t-test confirmed
that mean Parthenium density (t =4.82, df =34,
p <0.001), frequency (t =3.96, p <0.001) and
cover (t=5.14, p<0.001) were all significantly
higher in roadside than in agricultural habitats.
One way ANOVA indicated significant inter
taluka variation in roadside density (F... ,f € =
6.34, p < 0.001), with peri-urban and highway
corridor talukas differing significantly from the
rain fed interior talukas (Tukey HSD, p < 0.05).
4.2 Impact on native species richness and

diversity

A total of 96 native vascular plant species
belonging to 34 families were recorded across
all quadrats, dominated by Poaceae (18 species),
Fabaceae (14 species), Asteraceae(9 species,
excluding Parthenium) and Euphorbiaceae (7
species). Native species richness and diversity
indices declined consistently with increasing
Parthenium invasion intensity in both habitats
(Table 2), with the sharpest decline evident in
high invasion intensity roadside quadrats.

Table 2 : Native species richness and diversity indices across Partheniuminvasion
intensity classes

Invasion intensity class Mean native richness (S) | Shannon H2 Simpson D Evenness J2
Low (<15 plants m[?) 11.4+1.2 2.18+0.14 0.14+0.03 0.79+0.05
Moderate (15-35 plants m[ 2) 7.6+0.9 1.62+0.11 0.24+0.04 0.68+0.06
High (>35 plants m[1?) 4.1+0.6 0.94+0.09 0.41+0.05 0.54+0.07

Pearson correlation analysis confirmed a
strong, statistically significant negative
relationship between Parthenium density and both
native species richness (r=“0.71, p<0.01) and
Shannon diversity (r = “0.68, p < 0.01) across
the pooled dataset. The relationship was
somewhat stronger in roadside habitats (r=0.74)
than in agricultural habitats (r=*0.63), consistent
with the more continuous and less managed
disturbance regime of road verges, which allows
Parthenium to persist and accumulate biomass
across multiple growing seasons without the
periodic tillage, weeding or herbicide application

typical of cultivated fields.
4.3 Species level and growth form impacts
Comparison of Importance Value Index
rankings between low and high invasion quadrats
(Table 3) shows that native herbaceous species,
particularly annual grasses and leguminous herbs,
were disproportionately displaced, whereas a
small number of grazing tolerant, deep rooted or
unpalatable natives notably Cynodondactylon,
Prosopis cineraria (as scattered trees),
Tribulusterrestris and Boerhaviadiffusa
persisted as co-dominants even in heavily invaded
plots.

Table 3 : Importance Value Index (IVI) of dominant native species under low versus high
Partheniuminvasion conditions (roadside habitat, district pooled data)

Native species Family IVI (low invasion) IVI (high invasion)
Cynodondactylon Poaceae 38.6 24.1
Dichanthiumannulatum Poaceae 294 9.8
Alysicarpusvaginalis Fabaceae 22.1 42
Tribulusterrestris Zygophyllaceae 18.7 12.5
Boerhaviadiffusa Nyctaginaceae 163 109
Indigoferalinnaei Fabaceae 14.8 3.1
Cenchrusciliaris Poaceae 249 64
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The consistent decline of Poaceae and
Fabaceae 1VI values under high invasion is
ecologically significant given the forage value of
these families to the district’s substantial livestock
population, indicating that the impact of
Parthenium extends beyond floristic composition
to the agro-pastoral economy.

4.4 Seasonal trend and edaphic observations

Parthenium density and cover peaked in the
immediate post-monsoon window (October to
November) at both survey rounds, coinciding
with the species’ principal flowering and seed
set phase, and declined moderately but did not
disappear through the dry pre-summer months
as residual rosettes and soil seed reserves
sustained low density populations. Roadside
populations showed comparatively less month to
month decline than agricultural populations,
consistent with the nearabsence of active weed
suppression on verges. Preliminary soil
observations (0—15 cm depth) at a subset of sites
indicated marginally higher organic carbon and
available nitrogen beneath dense Parthenium
stands relative to adjoining native dominated
patches, in keeping with reports elsewhere that
the species can enrich surface soil nitrogen
through rapid litter turnover, a change that may
further disadvantage native species adapted to
the district’s naturally nutrient poor, shallow black
and murum soils.

5. Discussion

The findings of this study reinforce the
broader pattern, documented across grassland
and agricultural ecosystems of the Indo-Gangetic
plains and other Indian regions, of substantial
native biodiversity decline associated with
Parthenium invasion. The observed negative
correlation between Parthenium density and both
native richness and Shannon diversity in Solapur
district is consistent with reports from other
invaded Indian landscapes, where changes in
vegetation composition, evenness and structure
have been linked to the weed’s competitive and

allelopathic interference as well as its influence
on soil nitrogen dynamics?.

The significantly higher density, frequency
and IVI of Parthenium in roadside habitats
compared with agricultural habitats is a
particularly notable finding with direct
management implications. Roadside verges
combine several features that favour Parthenium
establishment and persistence: chronic physical
disturbance from grading and vegetation
clearance, minimal or no herbicide/weeding
intervention, continuous propagule input via
vehicle tyres, wind turbulence from passing
traffic, and open, nutrient-variable substrate with
reduced competition from perennial vegetation®.
In contrast, agricultural fields, despite also being
disturbed habitats, are subject to periodic tillage,
intercultivation, herbicide application and crop-
canopy competition that intermittently suppress
the weed, even though fallow periods and field
margins still permit substantial colonization. This
differential supports the widely held view that
road networks function as active dispersal
corridors, from which Parthenium subsequently
reinvades adjoining farmland via seed drift,
irrigation water, farm machinery, and livestock
movement between grazing verges and fields!’.

The disproportionate displacement of native
Poaceae and Fabaceae herbs observed here
mirrors findings from grassland invasion studies
elsewhere in India and aligns with the general
pattern that allelopathic invaders preferentially
suppress germination and seedling establishment
of co-occurring herbaceous species more than
of woody or highly grazing-tolerant taxa. Given
that Poaceae and Fabaceae herbs constitute the
principal fodder base for Solapur’s livestock
dependent rural economy, the observed decline
carries direct socio-economic as well as
ecological significance, echoing broader concerns
about Parthenium’s effects on forage availability
and livestock health in invaded rangelands.

Biological control using the Mexican leaf
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feeding beetle Zygogrammabicolorata,
introduced into India in 1983 and subsequently
released at numerous sites, has shown variable
but locally significant success in suppressing
Parthenium biomass and facilitating recovery of
native vegetation in similar semi-arid and sub-
humid settings''. However, its efficacy is known
to be constrained by diapause dynamics,
asynchrony between beetle activity and weed
phenology, and predation or interference by
resident arthropod communities factors that would
need site specific evaluation before large scale
release is recommended for Solapur district.
Given the strong roadside agricultural gradient
identified in this study, an integrated management
strategy combining early season mechanical/
manual uprooting before flowering (to curtail the
weed’s very high reproductive output), targeted
biological control releases along high density road
corridors, maintenance of competitive native
grass cover on verges, and coordinated
management between the district’s Public Works
Department (road maintenance), Agriculture
Department and Gram Panchayats is likely to
be more effective than habitat-specific
interventions alone'?.

The socio-economic dimension of
Parthenium invasion in Solapur district deserves
particular emphasis. The district’s economy
remains heavily dependent on rain fed sorghum,
pearl millet and groundnut cultivation, canal
irrigated sugarcane and horticulture (grapes,
pomegranate) in the Bhima command area, and
extensive small-ruminant and cattle grazing on
common lands and road verges. The
disproportionate loss of palatable Poaceae and
Fabaceaefodder species documented in this
study, combined with the well established toxicity
and dermatitis risk that Parthenium poses to
grazing livestock and to the farm labourers who
handle it during weeding and harvest operations,
suggests that the ecological findings reported here
translate directly into tangible costs for rural

livelihoods'. Airborne partheninladen pollen
released during the dense post monsoon flowering
period recorded in this study is also likely to
elevate the burden of allergic rhinitis, contact
dermatitis and asthma among the local population,
consistent with the broader public health literature
on this species, though quantifying this burden
for Solapur district specifically would require a
dedicated epidemiological survey beyond the
scope of the present botanical assessment.

Comparing the present results with invasion
patterns reported from climatically distinct
regions is instructive. Studies from more humid,
higher-rainfall settings, such as the Indo-Gangetic
plains, report Parthenium invasion proceeding
alongside comparatively higher native
background diversity and more pronounced soil
nitrogen feedbacks, whereas the naturally low
diversity, moisture limited grasslands and
scrublands of Solapur’s rain-shadow tract appear
to offer even less biotic resistance, allowing the
weed to attain very high relative dominance
(roadside IVI approaching 150—160 out of 300)
despite the district’s harsher abiotic conditions'.
This suggests that semi-arid, low productivity
landscapes such as Solapur’s may be at least as
vulnerable to Partheniumdriven biodiversity loss
as more mesic invaded regions, even though the
weed is often popularly perceived as primarily a
problem of wetter, more fertile tracts. This has
direct relevance for invasive species prioritization
within Maharashtra’s semi-arid districts, which
have historically received less research attention
than the state’s higher rainfall western and coastal
zones'’.

This study is subject to several limitations
that warrant acknowledgement. Sampling was
restricted to two post monsoon seasons and six
of the district’s eleven talukas; a longer term, all
season monitoring programme covering the full
district would better capture seasonal and inter-
annual variability in invasion intensity'®. Soil seed
bank dynamics, propagule dispersal vectors, and
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the genetic diversity of Parthenium populations

were not examined and represent important

directions for future research. Nonetheless, the
consistent, statistically robust habitat differential

and diversity decline documented here provide a

sound quantitative basis for prioritizing roadside-

focused management interventions in the
district"’.

5.1 Management recommendations

Based on the habitat differential and
diversity impacts documented in this study, the
following priority actions are recommended for
district level Parthenium management in Solapur:

e Prioritize roadside verges of state highways
and high traffic rural roads for early, pre-
flowering mechanical uprooting, timed to
precede the September to October seed set
peak identified in this study.

e Pilot site specific releases of
Zygogrammabicolorata along high density
roadside corridors (Solapur North/South,
Pandharpur), with monitoring of
establishment success given known
constraints from resident arthropod
interference.

*  Encourage re-establishment of competitive
native grass cover (e.g., Cynodondactylon,
Dichanthiumannulatum,
Cenchrusciliaris) on cleared verges to
reduce re-invasion window.

* Integrate Parthenium clearance into routine
Public Works Department road maintenance
schedules rather than treating it as an ad
hoc activity.

*  Promote farmer awareness of allelopathic
and health risks, and encourage timely field
margin weeding before flowering to limit
reinvasion from adjoining roadsides.

* Establish a long term, district wide
monitoring network (annual post monsoon
quadrat surveys across all eleven talukas)
to track invasion trends and management
outcomes over time.

6. Conclusion
This study provides the first habitat-
stratified, quantitative assessment of
Partheniumhysterophorus invasion in Solapur
district, demonstrating that the weed is now a
near ubiquitous, dominant element of both
agricultural and roadside vegetation across the
district’s semi-arid landscape. Roadside habitats
consistently exhibited significantly higher
Parthenium density, frequency, cover and VI
than agricultural habitats, and native species
richness and diversity declined sharply with
increasing invasion intensity, with herbaceous
forage taxa of the Poaceae and Fabaceae most
severely affected. These results identify road
networks as primary corridors of invasion and
secondary sources of farmland reinvasion, and
point to an urgent need for coordinated, landscape
scale integrated weed management combining
pre-flowering mechanical control, targeted
biological control, and native vegetation
restoration on road verges to protect the district’s
native flora, agricultural productivity and public
health from the continuing spread of this invasive
weed.
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Geographic Profile of Nagod State, Central India :
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I ABSTRACT ]

Nagod State was an important second-class princely state located in
the Baghelkhand region of Central India, within present-day Satna District,
Madhya Pradesh. Ruled by the Parihar Rajputs of the Agnikula lineage,
the state occupied a highly strategic position, surrounded by the princely
states of Rewa, Ajaigarh, Panna, Jaso, Maihar, and Sohawal. The
geographical setting of Nagod significantly influenced its political
trajectory, economic development, agricultural practices, and settlement
patterns. Situated on the Vindhyan Plateau, Nagod was characterized by
an undulating topography featuring sandstone hills, fertile river valleys,
and a tropical monsoon climate. This research paper examines the location,
boundaries, drainage systems, climate, soil types, natural vegetation, and
natural regions of Nagod State, emphasizing the influence of geography
on its historical evolution. This study relies on historical gazetteers, district
census reports, and secondary scholarly sources.

Keywords: Nagod State, Princely State, Baghelkhand, Vindhya
Plateau, Parihar Rajput, Satna District, Madhya Pradesh, Central India
Agency.

Introduction

Nagod State—formerly known as
Unchehara and historically referred to as
Uchchhakalpa until the early 19th century—
was a prominent princely state in Central India
under the administrative oversight of the British
Central India Agency. The state was established
in 1344 CE by Raja Veerraj Judeo, a chieftain of
the Parihar clan of Rajputs. Occupying an area
of approximately 1,298 square miles, the state
recorded a population of 67,092 in the 1901

Census. Geographic factors played a critical role
in shaping Nagod’s defensive infrastructure,
agricultural yields, trade networks, and diplomatic
interactions with neighboring princely states.
The Parihar Rajputs of Nagod trace their
descent from the Imperial Gurjar-Pratiharas of
Kannauj, who ruled over vast expanses of
Northern India during the early medieval period.
Renowned as formidable warriors, the Pratiharas
eventually experienced political decline following
external Islamic invasions. Consequently, a

*  Department of History, Awadhesh Pratap Singh University, Rewa, Madhya Pradesh
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branch of the clan migrated southward into the

rugged highlands of Central India. Raja Veerraj

Judeo successfully captured the historic fort of

Naro from a local Teli chieftain, laying the

foundation for the Barmendra Gaddi at

Unchehara. Although Unchehara initially served

as the seat of power, the capital was later shifted

to Nagod.

Location and Extent
The princely state of Nagod was situated

in the northeastern portion of the Vindhyan

Plateau, corresponding to the central part of

modern-day Satna District, Madhya Pradesh.

Geographically, it extended approximately

between 24°30' N to 25°10' N latitude and 80° E

to 81° E longitude. Nagod occupied a critical

geopolitical position at the intersection of

Bundelkhand and Baghelkhand:

e North : Bordered by Panna State, ruled by
the Bundela dynasty.

e East : Bordered by Rewa State and
Sohawal State, both ruled by the Baghel
dynasty of Baghelkhand.

e South : Bordered by Maihar State (ruled
by the Kachwaha dynasty) and Jaso State
(ruled by the Bundela dynasty).

e West : Bordered by Ajaigarh State and
Panna State, both under Bundela rule.
This central geographical orientation

established Nagod as a vital territorial and

commercial conduit linking Bundelkhand,

Baghelkhand, and the broader Central India

Agency.

Relief and Topography
The topography of Nagod State was

dominated by the structural features of the

Vindhyan Plateau. The overall landscape was

characterized by an average elevation ranging

between 300 and 500 meters above mean sea
level.

Plateau Region
The major portion of Nagod State lay atop

the elevated Vindhyan Plateau. The southern

section comprised rocky uplands, low-lying hills,
and elevated tablelands, reaching elevations
between 1,700 and 1,800 feet.

Hills and Escarpments

The southern and southwestern zones of
the former state exhibited a markedly rugged
terrain. Erosion of the underlying Vindhyan
sandstone formed continuous low ranges, isolated
knolls, and sharp escarpments that provided
natural defense barriers.
Plains and Valleys

Interspersed between the sandstone hills
lay fertile valleys and gently undulating plains.
These alluvial pockets were formed through
centuries of subaerial weathering and sediment
deposition by local rivers and seasonal streams,
hosting the core agricultural settlements of the
state.
Drainage

The drainage system constituted a primary
component of Nagod’s physical landscape.
Situated on the Vindhyan tableland within
Baghelkhand, the state exhibited a well-defined
dendritic drainage pattern. The network of
perennial rivers and seasonal streams was
primarily regulated by the structural slope of the
plateau and the seasonal rainfall of the tropical
monsoon climate.
Drainage System

The drainage network of Nagod State was
predominantly rain-fed and seasonal, receiving
its primary volume during the southwest monsoon
(June to September). Positioned within the
greater Ganga River Basin, the regional
hydrography sloped generally toward the north
and northeast. Numerous seasonal torrents and
tributaries joined the main channels, forming a
dense and well-developed dendritic drainage
pattern.
Major Rivers and Streams

e Tamas (Tons) River : The Tamas was

the primary riverine artery of the state.

Originating from Tamas Kund in the nearby

Kaimur Hills, it flowed in a northeasterly

direction before eventually joining the River

Ganga. It exercised a dominant influence

over the physical landscape, agricultural

capability, and human settlement distribution

of Nagod.
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e Satna River : A major tributary of the
Tamas, the Satna River flowed directly
through the core territory of Nagod,
providing vital surface water.

e Amran River : A key seasonal tributary,
the Amran drained significant portions of
the state’s agricultural interior. Its seasonal
flow sustained localized surface irrigation
and recharged groundwater levels in
surrounding fields.

e Other Watercourses : Smaller perennial
and seasonal streams—including the
Baura, Kamro, Karani, Patna, Bataiya,
Nantana, and Matanad—rfurther
crisscrossed the plateau, providing
secondary drainage.

Climate

Nagod State experienced a tropical
monsoon climate, typical of the central Indian
plateau. The local ecology, agricultural routines,
water availability, and human geography were
regulated by three distinct seasons:

e Summer (March to May): Extremely hot
and dry, with daily temperatures frequently
reaching peak highs of 46°C.

e Monsoon (June to September): Brought the
majority of the region’s annual precipitation,
averaging approximately 1,200 mm.
Monsoon rainfall formed the foundation for
agricultural yields, though precipitation
variability occasionally introduced severe
drought or flooding risks.

e Winter (October to February): Mild to cool,
with winter minimum temperatures
dropping to around 5°C.

Soil and Vegetation
Soil Types

The soils of Nagod developed through the
subaerial weathering of underlying Vindhyan
sedimentary strata—principally sandstone, shale,
and limestone. Three main soil classifications
dominated the state:

1. Red and Yellow Soils : Most prevalent
across the hilly slopes and elevated plateau
sections. Their characteristic reddish-yellow hue
stems from high iron oxide content. These soils

are moderately fertile and require active soil
management.

2. Alluvial Soils : Found along the
floodplains and valleys of the Tamas, Satna, and
Amran rivers. Rich in mineral nutrients and silt,
these alluvial belts comprised the state’s most
fertile agricultural zones.

3. Light Black Soils (Medium Black
Soil) : Occurring in lower-lying basin depressions,
offering good moisture retention for rainfed
Crops.

Historically, agrarian communities
maintained soil health using traditional soil fertility
management, such as farmyard manure,
composting, green manuring, crop rotation, and
periodic fallowing.

Vegetation and Flora

The natural vegetation belonged to the
Tropical Dry Deciduous Forest classification.
Forests were primarily concentrated on the
rugged sandstone hills, rocky scarps, and
uncultivated uplands where agricultural activity
was infeasible.

e Dominant Canopy Species : Teak
(Tectona grandis), Mahua (Madhuca
longifolia), Palash (Butea monosperma),
and Neem (Azadirachta indica).

e Understory & Ground Cover: Bamboo
thickets, wild shrubs, and a wide array of
native medicinal herbs.

Agriculture and Natural Resources
Agricultural Economy

Agriculture formed the structural backbone
of Nagod State’s economy, serving as the
principal livelihood for the rural population. Crop
patterns were strictly aligned with seasonal
rainfall and soil distribution :

e Kharif Season (Monsoon/Rainfed) :
Primary crops included paddy (rice), maize,
soybean, bajra (pearl millet), jowar
(sorghum), and various pulses.

e Rabi Season (Winter/Irrigated): Cultivation
relied on residual soil moisture and irrigation,
focusing on wheat, mustard, field peas, and
barley.

e Horticulture: Vegetable and fruit cultivation
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flourished in valley pockets and irrigated

village lands, yielding mango, guava, acid

lime, papaya, amla (Indian gooseberry),
potato, onion, tomato, and eggplant.
Forest and Mineral Wealth

Beyond farming, the physical environment
offered valuable non-agricultural resources:

e Forest Products: Tropical deciduous forests
provided timber, fuelwood, bamboo, and non-
timber forest produce (NTFP) such as
Tendu leaves (for bidi wrapping), Mahua
flowers, natural gums, and wild honey—
offering critical supplementary income to
forest-fringe communities.

e Mineral Resources: The underlying
geological formations of the Vindhyan
Supergroup endowed the region with rich
non-metallic mineral deposits. Commercial
extraction centered on limestone
(fundamental for local lime and cement
production), high-quality sandstone (for
building and masonry), brick clays, and silica
sand. Mining and stone-quarrying activities
contributed substantially to the local
economy and regional construction trade.
Here is the final section of your paper,

polished into academic prose with refined
grammar, proper styling for references, and
standard scholarly citations:

Historical Importance

The historical significance of Nagod State
extends far beyond its territorial boundaries. Its
rich concentration of archaeological monuments,
sacred religious sites, Rajput cultural heritage,
and strategic position on the Vindhyan tableland
combine to make it one of the most historical
sub-regions of Central India.

The interplay of early Buddhist heritage,
monumental Gupta-era architecture, medieval
Rajput traditions, and modern princely state
administration grants Nagod a distinct place in
the regional history of Madhya Pradesh and the
broader historiography of India. Continued
archaeological field research, structural

preservation, and cultural heritage conservation

remain imperative to safeguarding this rich

historic legacy for future generations.

Conclusion

The physical geography of Nagod State—
encompassing its Vindhyan relief, tropical
monsoon climate, dendritic drainage, soil diversity,
and forest resources—fundamentally dictated its
historical, political, and economic trajectory.

Fertile river valleys and seasonal streams

sustained an agrarian economy, while surrounding

forest belts and non-metallic mineral deposits
provided secondary economic stability and natural
defense. Ultimately, the geographical setting of

Nagod determined its human settlement patterns,

trade conduits, and cultural development,

establishing its enduring legacy as an integral
geopolitical unit of the Baghelkhand region.
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Comparative Study of Self-Confidence Among Volleyball and

Cricket Players of Jammu District
o Dr. Rohit Sharma*

I ABSTRACT ]

Self-confidence is an important psychological factor influencing
sports performance, motivation, decision-making, persistence, and the
ability of players to cope with competitive pressure. The present study was
conducted to assess and compare the level of self-confidence among
volleyball and cricket players of Jammu District. A descriptive comparative
research design was adopted for the study. The sample consisted of 100
players, including 50 volleyball players and 50 cricket players, selected
from Jammu District. Self-confidence was assessed using a standardized/
self-developed self-confidence scale. Descriptive statistics such as
frequency, percentage, mean, and standard deviation were used to
summarize the data, while an independent-samples t-test was applied to
determine the difference in self-confidence between the two groups. The
obtained t-value was 0.21, which was not statistically significant at the
0.05 level. The findings indicate that there was no significant difference in
the self-confidence of volleyball and cricket players. The study suggests
that participation in both sports may provide opportunities for developing
psychological qualities such as confidence, determination, discipline, and
competitive readiness.

Keywords—Self-confidence, volleyball players, cricket players, sports
psychology, Jammu District, comparative study.

Introduction

Sports participation contributes significantly
to the physical, psychological, emotional, and
social development of individuals. Competitive
sports require players not only to possess physical
strength and technical skills but also to
demonstrate psychological preparedness. Among
the various psychological characteristics

associated with successful sports participation,
self-confidence occupies an important position.
A confident player is more likely to trust his or
her abilities, make effective decisions, cope with
pressure, and continue performing despite
difficulties.Self-confidence refers to an
individual’s belief in his or her ability to
successfully perform a particular task or achieve
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a desired outcome. In sports, self-confidence can
influence how athletes approach training,
competition, challenges, mistakes, and
performance expectations. Players with adequate
confidence are generally more willing to take
responsibility and face competitive situations
positively. Volleyball and cricket are popular team
sports requiring different combinations of
physical and psychological skills. Volleyball
involves rapid movements, coordination,
communication, anticipation, and immediate
decision-making. Cricket, in contrast, involves
prolonged concentration, technical skills,
patience, strategic thinking, and the ability to
respond to changing game situations. Although
the nature of these sports differs, both require
players to maintain confidence during training and
competition.The psychological demands
associated with sports make it important to
understand whether players participating in
different sports differ in their levels of self-
confidence. Therefore, the present study was
undertaken to compare the self-confidence of
volleyball and cricket players in Jammu District.
Objectives of the Study

1. To assess the level of self-confidence
among volleyball players of Jammu District.

2. To assess the level of self-confidence
among cricket players of Jammu District.

3. To compare the self-confidence of
volleyball and cricket players of Jammu District.

4. To determine whether there is a
significant difference in self-confidence between
volleyball and cricket players.
Hypothesis

Ho : There is no significant difference in
the mean self-confidence scores of volleyball and
cricket players of Jammu District.

Methodology

e Research Design; A descriptive
comparative research design was adopted
to compare the self-confidence of volleyball
and cricket players.

e Population: The population comprised
volleyball and cricket players participating
in sports activities in Jammu District.

e Sample and Sampling: A total sample of
100 players was included in the study. The
sample was equally divided into two groups:

v Volleyball players: 50

v" Cricket players: 50

Thus, the study included 50% volleyball
players and 50% cricket players.
Research Tool

Self-confidence was assessed using a self-
confidence assessment scale. The scale was
used to obtain a quantitative score representing
the level of self-confidence among the players.
Data Collection

Permission was obtained from the
concerned authorities before data collection. The
participants were informed about the purpose of
the study, and the self-confidence scale was
administered to the selected players. The
completed responses were scored and analysed
statistically.
4.6 Statistical Analysis

Descriptive statistics, including frequency,
percentage, mean, and standard deviation, were
used to summarize the findings. An independent-
samples #-test was used to compare the mean
self-confidence scores of volleyball and cricket
players. The level of significance was set at 0.05.
5. Results

The results of the study are discussed as
under :

Table 1: Descriptive Statistics of Self-Confidence
Among Volleyball and Cricket Players

Group Sample (N) Mean Self- Standard Mean
Confidence Score Deviation Percentage
Volleyball Players 50 72.40 8.52 72.40%
Cricket Players 50 72.04 8.61 72.04%
Total 100 72.22 — 72.22%
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Mean Self-Confidence sD MeanPercentage
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H Volleyball Players B Cricket Players

Fig. 1 : Descriptive Statistics of Self-Confidence Among Volleyball and Cricket Players

Interpretation standard deviation of 8.61. The mean scores of
Table 1 shows that the mean self- the two groups were very close, indicating a

confidence score of volleyball players was 72.40  broadly similar level of self-confidence among

with a standard deviation of 8.52, whereas the  volleyball and cricket players.

mean score of cricket players was 72.04 with a

Table 2 : Comparison of Self-Confidence Scores of Volleyballs and
Cricket Players Using Independent-Samples t-Test

Group N [ Mean | SD Mean t- df p- Result
Difference | value value

Volleyball Players| 50 | 72.40 | 8.52 0.36 0.21 98 >0.05 | Not Significant

Cricket Players 50 | 72.04 | 8.61 — — — — —

Fig. 2 : Comparison of Self-Confidence Scores of Volleyballs and
Cricket Players Using Independent-Samples t-Test
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Interpretation

Table 2 indicates that the calculated ¢-value
was 0.21 with 98 degrees of freedom. The
obtained value was not statistically significant at
the 0.05 level. Therefore, the null hypothesis was
accepted. This indicates that there was no
significant difference in self-confidence between
volleyball and cricket players of Jammu District.

Discussion: The findings of the present
study demonstrate that volleyball and cricket
players had comparable levels of self-
confidence. Although volleyball players obtained
a slightly higher mean self-confidence score than
cricket players, the difference was very small
and statistically non-significant. The obtained #-
value of 0.21 indicates that the observed
difference between the two groups was not
sufficient to conclude that the type of sport was
associated with a difference in self-
confidence.The similar levels of self-confidence
may be attributed to the common psychological
benefits associated with participation in organized
sports. Both volleyball and cricket require regular
training, teamwork, discipline, competition, goal
setting, and interaction with coaches and
teammates. These experiences can contribute
to the development of confidence and a positive
attitude toward performance.The findings also
suggest that the development of self-confidence
may depend on factors other than the particular
sport in which an individual participates. Coaching
practices, competitive experience, parental and
peer support, previous performance, motivation,
training environment, and opportunities for
achievement may all influence athletes’
confidence.The findings of the present study are
supported by previous researchers who have
emphasized the importance of self-confidence
in sports participation and performance. Bandura
(1997) explained that self-efficacy and
confidence influence an individual’s willingness
to undertake challenging tasks, persistence in
difficult situations, and belief in successful
performance. In the context of sports, athletes
who regularly participate in structured training

and competitive activities may develop
comparable levels of confidence through
repeated practice, achievement experiences, and
feedback from coaches. This supports the
present finding that volleyball and cricket players
demonstrated similar levels of self-
confidence. Weinberg and Gould (2019) reported
that self-confidence is an important psychological
characteristic of athletes and can be developed
through successful performance experiences,
appropriate preparation, positive coaching, and
supportive sporting environments. Since both
volleyball and cricket involve systematic training,
teamwork, competition, and opportunities to
experience success and failure, players from both
sports may develop similar psychological
characteristics. This provides support for the
present study, where the difference between
volleyball and cricket players was found to be
statistically non-significant.Cox (2012)
emphasized that psychological skills such as
confidence, concentration, motivation, and
emotional control contribute to effective sports
performance. According to the researcher,
differences in sporting activities do not
necessarily result in differences in psychological
characteristics because athletes across different
sports are exposed to similar competitive and
training experiences. This perspective is
consistent with the present finding that volleyball
and cricket players did not differ significantly in
their self-confidence. Williams and Krane (2015)
also highlighted that athletes’ confidence is
influenced by factors such as previous
performance, preparation, perceived
competence, social support, and coaching rather
than merely by the type of sport in which they
participate. The present study similarly found that
although volleyball players had a slightly higher
mean self-confidence score than cricket players,
the difference was not significant (¢ = 0.21).
Thus, the findings suggest that participation in
either volleyball or cricket may provide
comparable opportunities for the development of
self-confidence when players receive adequate
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training, encouragement, and competitive
exposure.Overall, the findings of the present
study are in agreement with the broader sports
psychology literature, which suggests that self-
confidence is a multidimensional psychological
characteristic influenced by training experience,
achievement, coaching, motivation, and the
sporting environment. Therefore, the absence of
a significant difference between volleyball and
cricket players may be explained by the common
psychological experiences shared by athletes
participating in organized competitive sports.
Conclusion

The present study concludes that volleyball
and cricket players of Jammu District
demonstrated similar levels of self-confidence.
The mean self-confidence score was slightly
higher among volleyball players than cricket
players; however, the difference was not
statistically significant. The calculated ¢-value of
0.21 supports the conclusion that there was no
significant difference between the two
groups.Therefore, participation in volleyball or
cricket alone does not appear to produce a
significant difference in self-confidence. Both
sports can provide valuable opportunities for
developing confidence, discipline, teamwork,
perseverance, and competitive skills.
Educational and Sports Implications

(1) Coaches should give equal importance
to the psychological development of players along
with physical and technical training.

(2) Regular confidence-building activities
may be incorporated into sports training
programmes.

(3) Players should be encouraged to set
realistic performance goals and evaluate their
progress positively.

(4) Coaches can use positive feedback and
constructive guidance to strengthen athletes’
confidence.

(5) Schools and sports institutions should
provide opportunities for students to participate
in both individual and team-based competitive

Oy a0
_”}A\ WX

activities.

6) Sports psychologists and physical
education teachers can organize programmes
focusing on confidence, motivation, concentration,
and stress management.

Limitations of the Study

1. The study was limited to 100 players from
Jammu District.

2. Only volleyball and cricket players were
included.

3. The study focused on self-confidence
and did not examine other psychological
variables.

4. The findings may not be generalizable
to players from other districts or states.

5. The study relied on responses obtained
through a self-report measure.

Suggestions for Further Research

Future studies may include a larger sample
from different districts of Jammu and Kashmir.
Comparative research can also be conducted
among players participating in football, basketball,
athletics, badminton, wrestling, and other sports.
Further research may examine the relationship
between self-confidence and variables such as
sports performance, competitive anxiety,
motivation, resilience, leadership, and
psychological well-being. Experimental studies
may also be conducted to determine the
effectiveness of confidence-building interventions
among athletes.
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I ABSTRACT ]

Paracetamol (acetaminophen) is one of the most widely used analgesic
and antipyretic pharmaceutical ingredients and is marketed in numerous
tablet formulations. Ensuring the quality, identity, strength, purity, and
consistency of commercial tablets is therefore an important component of
pharmaceutical quality assurance. Among the analytical approaches
reported in the literature, thin-layer chromatography (TLC) and ultraviolet—
visible (UV-Vis) spectrophotometry have attracted considerable attention
because of their relative simplicity, accessibility, and usefulness in routine
pharmaceutical analysis. Published studies have demonstrated the
application of TLC for qualitative identification and screening of
paracetamol tablets, while quantitative TLC-densitometric approaches have
also been validated against pharmacopeial spectrophotometric methods.
UV-Vis spectrophotometry has been extensively investigated for quantitative
assay and method validation, with published studies reporting parameters
including linearity, accuracy, precision, specificity, robustness, limits of
detection, and limits of quantification. This review critically examines
published TLC and UV-Vis data concerning commercial paracetamol
tablets, compares the analytical capabilities of the two approaches,
evaluates reported quality outcomes, and discusses methodological
limitations and the relevance of these techniques to pharmaceutical quality
control. The review is based exclusively on published and secondary sources
and does not claim new experimental measurements. Overall, the literature
indicates that TLC is particularly valuable for rapid identification and
screening, whereas validated UV-Vis methods provide a practical
quantitative approach for routine assay. However, analytical results must
be interpreted in relation to validated procedures, pharmacopeial
requirements, formulation composition, and study-specific limitations.

Keywords— Paracetamol, Acetaminophen, Commercial Tablets,
Pharmaceutical Quality, Thin-Layer Chromatography, TLC, UV-Visible
Spectrophotometry, Assay, Quality Control, Method Validation.
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1. Introduction

Paracetamol, chemically known as
acetaminophen, is a widely used pharmaceutical
active ingredient with analgesic and antipyretic
applications. Because the drug is available in
numerous commercial formulations, maintaining
consistent pharmaceutical quality is important for
ensuring that products conform to their declared
specifications. Pharmaceutical quality
assessment encompasses several characteristics,
including identity, drug content, purity, uniformity,
and, where applicable, the absence or control of
relevant impurities.

Analytical chemistry plays a central role in
pharmaceutical quality control. A number of
instrumental and classical analytical techniques
have been reported for paracetamol, including
chromatographic, spectrophotometric, titrimetric,
and other approaches. Published literature
specifically identifies UV spectrophotometry and
quantitative TLC among the established
approaches for pharmaceutical analysis of
paracetamol.

TLC has particular value as a relatively
accessible chromatographic screening technique.
An important early study evaluated marketed
paracetamol tablets using a rapid TLC procedure
and reported substantial variation among the
products examined, demonstrating the potential
of TLC as an initial screening tool. The authors
also emphasized that simplified screening
procedures should not be regarded as
replacements for official pharmacopeial methods.

UV-Vis spectrophotometry, in contrast, has
been widely investigated for quantitative
determination of paracetamol in tablet
formulations. Published validation studies have
assessed characteristics such as linearity,
accuracy, precision, specificity, robustness,
detection limits, and quantification limits.

A particularly relevant comparative
investigation established a validated normal-
phase TLC-densitometric procedure and
compared its results with a pharmacopeial UV-

spectrophotometric method. The study reported
separation of paracetamol from selected related
substances and concluded that the validated TLC-
densitometric procedure could serve as an
alternative analytical approach under appropriate
laboratory circumstances.

The present review therefore focuses on
the published evidence concerning TLC and UV—
Vis analysis of commercial paracetamol tablets,
emphasizing analytical performance, reported
quality findings, methodological strengths and
limitations, and implications for pharmaceutical
quality assurance.

Background of Paracetamol
Pharmaceutical Quality

Paracetamol is chemically classified as 4-
hydroxyacetanilide. It is incorporated into
numerous pharmaceutical products and is
frequently available as a tablet formulation.

For a pharmaceutical product to
demonstrate acceptable quality, the active
ingredient should correspond to the declared
identity and should be present within the
applicable specification. Analytical quality control
consequently requires methods capable of
providing reliable information about the identity
and/or quantity of the active pharmaceutical
ingredient.

Published literature indicates that
paracetamol has been analyzed using a broad
range of analytical techniques. UV
spectrophotometry is particularly attractive
because of its comparatively straightforward
instrumentation and applicability to routine
quantitative analysis. TLC provides an additional
chromatographic dimension because separation
can assist in distinguishing the target compound
from certain related substances or formulation
components.

Rationale of the Review

The increasing availability of commercial
paracetamol products makes comparative
pharmaceutical quality assessment an important
research topic. However, published studies differ

and
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considerablyin :

» Analytical methodology.

» Sample sources.

» Formulation characteristics.

» Validation parameters.

» Reporting formats.

» Acceptance criteria.

» Geographical setting.

» Interpretation of analytical results.

Consequently, a structured review of
published TLC and UV-Vis evidence can
provide a clearer understanding of what these
techniques demonstrate and where their
limitations lie.

Aim of the Review

The principal aim of this review is to
critically evaluate published TLC and UV—Vis
data concerning the quality analysis of
commercial paracetamol tablets and to compare
the analytical utility, reported performance, and
limitations of these techniques.

Objectives

1. To critically review published applications
of Thin-Layer Chromatography (TLC) and UV—
Visible (UV-Vis) spectrophotometry for the
identification, screening, and quantitative analysis
of commercial paracetamol tablets.

2. To evaluate and summarize the reported
analytical validation characteristics and quality-
control performance of TLC and UV-Vis
methods, including their accuracy, precision,
linearity, specificity, and other relevant validation
parameters.

3. To comparatively assess the qualitative
and quantitative capabilities, advantages,
limitations, and applicability of TLC and UV—
Vis methods in relation to the conformity of
commercial paracetamol tablets with relevant
pharmaceutical quality specifications.

4. To identify methodological limitations,
sources of variation, and existing research gaps
in published studies and to assess the continuing
relevance of TLC and UV—Vis techniques for
routine pharmaceutical quality control and future

quality-assessment research.
Research Questions

1. How effectively are TLC and UV—Vis
methods used for the identification, screening,
and quantitative analysis of commercial
paracetamol tablets?

2. What analytical validation characteristics
and quality-control performance are reported for
TLC and UV—Vis methods?

3. How comparable are TLC-densitometric
and UV-Vis results, and what factors influence
their reported differences?

4. What are the major advantages,
limitations, and complementary roles of TLC and
UV—Vis methods in pharmaceutical quality
control?

Literature Review

Early TLC-Based Screening—Roy and
colleagues reported the use of TLC for rapid
screening of marketed paracetamol tablets. Their
study examined 38 brands and identified products
classified as spurious or borderline quality, while
some findings were subsequently checked using
a pharmacopeial method. Importantly, the study
positioned TLC as an initial screening approach
rather than a complete replacement for official
analytical procedures.

Validation of TLC-Densitometry—Pyka,
Budzisz and Do’owy investigated normal-phase
TLC with densitometric measurement for
acetaminophen in commercial tablet products.
Their method demonstrated separation from
selected related substances and was evaluated
using multiple validation characteristics. The
TLC-densitometric results were compared
statistically with a pharmacopeial UV-
spectrophotometric method.

UV-Vis Method Development and
Validation—Several published investigations
have examined UV-Vis spectrophotometric
determination of paracetamol in tablet
formulations. Behera et al. reported development
and validation of a UV-region spectrophotometric
method, emphasizing analytical validation and
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suitability for tablet analysis.

Kishore et al. similarly reported validation
characteristics including linearity, accuracy,
precision, detection limit, and quantification limit,
concluding that the investigated method was
suitable for routine quality-control applications.

Recent Review Evidence—A recent
review of analytical methods for paracetamol
formulations compared validation considerations
associated with different instrumental techniques,
including UV spectrophotometry and HPLC.
Such reviews reinforce the importance of
accuracy, precision, detection capability, and
method suitability when interpreting analytical
data.

Data Sources and Methodology

This study should be designed as a
secondary-data-based literature review.

Published scientific articles, indexed
biomedical literature, pharmaceutical journals,
methodological studies, and relevant
pharmacopeial or regulatory documents should
constitute the principal information sources.

The literature-search strategy should focus
on combinations of terms such as:

e Paracetamol tablet quality.
Acetaminophen tablet analysis.
Paracetamol TLC.

Acetaminophen thin-layer chromato-
graphy.

Paracetamol UV spectrophotometry.
Commercial paracetamol tablets.
Pharmaceutical assay.

Analytical validation.

Pharmacopeial comparison.

Studies should be screened according to
predefined inclusion and exclusion criteria. Data
extracted from eligible studies should include
publication year, geographical setting, number/
type of products examined, analytical technique,
qualitative findings, quantitative findings,
validation parameters, comparison methods, and
major conclusions.

Inclusion and Exclusion Criteria
Inclusion Criteria

» Published  studies involving
paracetamol/acetaminophen
pharmaceutical formulations.

» Studies involving tablets or
commercially marketed formulations.

» Studies using TLC, TLC-densitometry,
UV-Vis spectrophotometry, or
comparative analytical approaches.

» Studies reporting analytical findings or
validation characteristics.

» Peer-reviewed scientific publications
and authoritative pharmaceutical
sources.

Exclusion Criteria

» Studies unrelated to pharmaceutical
formulations.

» Studies focusing exclusively on
biological samples where tablet quality
is not assessed.

» Publications lacking sufficient
methodological or analytical information.

» Duplicate publications.

» Sources for which the reported
analytical results cannot be adequately
interpreted.

Analytical Framework for TLC

TLC can contribute to pharmaceutical
quality assessment primarily through qualitative
identification and chromatographic separation. In
the published literature, TLC has been used to
compare sample behavior with reference material
and, in more advanced applications, to support
quantitative densitometric analysis.

The principal analytical information that can
be extracted from published TLC studies
includes:

» Identification of paracetamol.

» Chromatographic separation.

» Reported migration characteristics.

» Detection of potential related

substances.
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» Reproducibility.

» Specificity.

» Densitometric quantification, where

applicable.

» Comparison with established methods.

A major strength of TLC is its usefulness
for screening. However, visual TLC alone
generally provides less quantitative information
than a validated densitometric procedure or
instrumental spectrophotometric assay.
Analytical Framework for UV-Vis
Spectrophotometry

UV-Vis spectrophotometry is primarily
relevant to quantitative determination of
paracetamol. Published studies have investigated
calibration behavior and analytical validation
characteristics.

Important parameters for literature-based
comparison include:

Linearity—The relationship between
analytical response and concentration should

demonstrate appropriate linear behavior over the
reported analytical range.

Accuracy—Accuracy indicates how closely
measured values correspond to accepted or
reference values.

Precision—Precision reflects the degree of
agreement among repeated measurements and
may be reported as repeatability and/or
intermediate precision.

Specificity—Specificity concerns the ability
of the analytical procedure to determine the
target analyte without unacceptable interference
from other components.

Robustness—Robustness indicates the
reliability of an analytical procedure when small
methodological variations occur.

Detection and Quantification
Capability—Some published UV methods report
limits of detection and quantification as indicators
of analytical sensitivity.

Comparative Evaluation of TLC and UV-Vis

Parameter TLC UV-Vis Spectrophotometry
Primary application Identification/screening Quantitative assay
Separation capability Yes Limited
Quantification Possible with densitometry Strong quantitative application
Instrument requirement Relatively low Spectrophotometer required
Potential for impurity Advantage More limited without
separation additional separation
Routine screening Highly useful Useful
Method validation Required for quantitative use Required
Data output Chromatographic pattern/ Absorbance-based quantitative
migration and/or densitometric response
response
Major strength Simple screening and separation Quantitative determination
Major limitation Visual TLC may be less Potential spectral interference
quantitative

The literature suggests that TLC and UV—
Vis should not necessarily be regarded as mutually
exclusive approaches. TLC can provide useful
identification and screening information, while
UV-Vis can provide quantitative assay
information. Validated TLC-densitometric

methods can occupy an intermediate position by

combining chromatographic separation with

quantitative measurement.

Review of Published Quality Findings
Published evidence demonstrates that the

quality of marketed paracetamol tablets has not
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been completely uniform across all investigations
and geographical settings.

The early Bangladesh screening study
provides an important example: among 38
products investigated, three were reported as
spurious and eleven as borderline quality.
However, these findings should be interpreted
within the historical and geographical context of
that study and should not be generalized to all
currently marketed products.

Other investigations have reported
commercial products that complied with relevant
assay specifications. For example, the TLC-
densitometric study by Pyka et al. reported
consistency of the investigated tablet products
with the applicable pharmacopeial assay range
and demonstrated statistical agreement with a
pharmacopeial UV method.

Method Validation as a Central Quality
Criterion

Analytical results cannot be interpreted
solely on the basis of numerical assay values.
The credibility of those values depends on the
validity of the analytical procedure.

Therefore, the review should critically
examine whether individual studies reported:
Specificity.

Linearity.

Accuracy.

Precision.

Robustness

Detection capability.
Quantification capability.
Calibration performance.
Appropriate reference standards.

The literature demonstrates that validated
analytical procedures provide considerably
stronger evidence than unvalidated comparative
measurements.

Factors Responsible for Variation in
Published Results
Differences among published studies may

arise from several factors:

1. Differences in manufacturers and

VVVVVVVVYY

formulations.

2. Variation in excipient composition.

3. Differences in manufacturing practices.

4. Differences in sample storage and
handling.

5. Differences in analytical methodology.

6. Differences in method validation.

7. Differences in reference standards.

8. Differences in pharmacopeial
acceptance criteria.

9. Geographic and temporal differences in
product availability.

10. Differences in sampling strategy and
sample size.
Advantages of TLC in Pharmaceutical
Screening

The principal advantages identified in the
literature include.

1. Relatively straightforward analytical
concept.

2. Ability to provide chromatographic
separation.

3. Usefulness for rapid screening.

4. Potential to reveal differences between
samples and reference material.

5. Suitability for laboratories with limited
analytical infrastructure.

6. Possibility of quantitative analysis when
coupled with densitometry.
Advantages of UV—Vis Spectrophotometry

Published studies indicate several
advantages
1. Comparatively straightforward

quantitative analysis.
2. Broad availability of instrumentation.
3. Suitability for calibration-based assay.
4. Potential for good precision and
accuracy following validation.
5. Relatively rapid analytical response.
6. Usefulness for routine pharmaceutical
quality-control laboratories.
Limitations of the Reviewed Approaches
Neither TLC nor UV-Vis should
automatically be considered a complete substitute
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for every pharmaceutical analytical
requirement. TLC may provide limited
quantitative information when used only as a
visual screening procedure. UV—Vis, meanwhile,
can be affected by spectral overlap or matrix-
related interference if specificity is not adequately
established.

Furthermore, assay alone does not
necessarily establish complete pharmaceutical
quality. A product may require assessment of
additional quality attributes depending on the
applicable specification and regulatory
framework.Therefore, analytical conclusions
should always be interpreted within the scope of
the validated method and relevant pharmacopeial
requirements.

Research Gap

The reviewed literature indicates several
opportunities for future research:

1. Greater standardization of reporting
formats across comparative studies.

2. More systematic comparison of TLC
and UV—Vis findings.

3. Integration of multiple analytical
indicators rather than reliance on assay alone.

4. Larger and geographically diverse
datasets.

5. Greater emphasis on reproducibility and
validation.

6. Improved reporting of uncertainty and
statistical analysis.

7. Contemporary post-market surveillance
studies.

8. Evaluation of environmentally
sustainable analytical approaches.

9. Development of standardized
secondary-data frameworks for comparing
published pharmaceutical-quality studies.
Discussion

The evidence reviewed demonstrates that
TLC and UV-Vis spectrophotometry occupy
complementary positions in the quality analysis
of commercial paracetamol tablets. TLC is
particularly valuable when the analytical objective

includes identification and chromatographic
separation. Historical evidence demonstrates its
usefulness as a rapid screening approach,
particularly where access to sophisticated
instrumentation may be limited.

UV-Vis spectrophotometry is particularly
relevant for quantitative assay. Multiple published
studies have reported validated procedures and
demonstrated  acceptable  analytical
characteristics.The strongest evidence for
complementarity comes from studies directly
comparing TLC-densitometry with
pharmacopeial UV analysis. Such research
suggests that appropriately validated TLC-
densitometric procedures can provide results
comparable to established spectrophotometric
approaches under specified analytical conditions.

However, historical findings of poor-quality
products should not automatically be extrapolated
to current markets. Quality surveillance is
dynamic, and analytical conclusions should be tied
to the specific products, locations, dates, and
methods investigated.

Conclusion

The published literature demonstrates that
TLC and UV-Vis spectrophotometry have
important and complementary roles in the
analytical evaluation of commercial paracetamol
tablets. TLC has historically been useful as a
rapid screening and identification technique and
can provide chromatographic separation that is
not obtained from direct spectrophotometric
measurement. Quantitative TLC-densitometric
methods have also been validated and compared
with pharmacopeial UV-spectrophotometric
procedures.

—Vis spectrophotometry has a stronger
established role in quantitative assay and has
been extensively evaluated using standard
analytical-validation characteristics such as
linearity, accuracy, precision, specificity,
robustness, and analytical sensitivity.The
reviewed evidence also shows that commercial-
product quality findings vary between studies.
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Such variation highlights the importance of
geographical context, sampling strategy,
formulation differences, analytical validation, and
applicable standards.

Overall, TLC and UV-Vis should be
viewed as complementary analytical tools rather
than competing methods. TLC is particularly
valuable for rapid screening and separation, while
validated UV-Vis procedures are useful for
quantitative quality assessment. A robust
pharmaceutical-quality framework should,
however, interpret these techniques within the
broader context of validated analytical
methodology and applicable pharmacopeial
requirements.

Recommendations

1. Published quality studies should clearly
describe their sampling framework.

2. Analytical methods should be
appropriately validated before quantitative
conclusions are drawn.

3. TLC should be considered particularly
useful for preliminary screening and
identification.

4. Quantitative TLC should preferably
employ validated densitometric measurement.

5. UV-Vis methods should demonstrate
appropriate specificity and validation.

6. Results should be interpreted against the
relevant pharmacopeial requirements.

7. Historical findings should not be
generalized to contemporary products without
supporting evidence.

8. Comparative studies should use
consistent reporting criteria.

(e 2
_”}A\ it

X

9. Researchers should report sufficient
methodological information to facilitate
reproducibility.

10. Future studies should investigate
complementary analytical approaches rather than
relying on a single parameter.
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qrell fId™T AT TR &1 SV |
2. ITHIOT &1 BT wies gRuil | SireT

BT I 2T 84T A1V | Ried &l |
ST U 3T H AT &1 I Ghdd
el B9 Wedl & BRI ATHY refeaReT,

STMY |
3. I YAl & oy wie g afaed
&3 ¥ P URIEToT IR Y |
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ST, AT AR A1ed T 4w g 101

4. AiZST WA WA GBI & I
SATET BT Ted IR H Sirel ST |
5. W)Y T4l Ud T GATaROT & HREUT
BT Fared WRIfAddr < U |
6. O U Jder & MEYFeh e
[AeRId &1 ST |
7. QASI® URTST B ASIqd PRD
ol aredl W fRar &9 &1 9 |
8. I Har, fRreu, Hio+ i
AEp T WRURTSH DI G H SISl WY |
9. T YA SWArT UR9dad wd
rdenfes fAtor o1 fRifaa fvar o
10. faT IR H I AYET
B grERY GHAfRed o1 g |
| I g
1. TR U WRPR, IR TS e Hifc—2022,
Tfe {9, s, 2022, 9. 30
2. IR UTY WNHR, SIR UL gdeHd
Afa—2022 : mEafcAd wd o1fifed wied
Tfe {9, s, 2022, 9. 10
3. SR USY WXHR, SIX WS gdeH
NfT—2022 : IO TG ATH SMEMRT T,

— Y

A\ 114

Tfe {9, ass, 2022, 9. 15

SIvC gUl, Tded U9 IMfied &F : SR
T H 99 & R, SR U WER,
TGS, G, 12

I I, 3R] Wi & & [dd B

Y SIIER, 31X UQRT AXDR, IS,

g 8

STINC U, ST ¢ JMRYA WYel Ud
FYIeT B TGV, TR TS TRER, TGS,
2023, 9. 6

Tl URTRAA, TR, JRTAT SHUG : foTed

P IR H, SR TSI IARBR, IRATT, 2026,
g. 1-2

RTelT g9me=, AT, T SHUg -
SR fJaRuT, IR USY ORI,
3T, 2026, U. 2

IR U<T ShI—RoA [IHT dre, 3T §
$P—qeq fAprT Feell ugd, SR Wy
DR, TGS, U. 4

. IR WNBR, IRA DI ST 2011 @ 5Tl

NERNET E{)Rﬂfbl, tﬁ\ﬂldld, NERNET
AT, SN UQyl, 9. 20

-
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HIfeeT o TS T [ 3T ST UTHTHTehaT

0Bt ( sfiuet ) 91idT BTt
D'QSTW*

i I ET-FR9T H

If&h BTl BT YOI § T4 Tb I AR FHG1 § AHfRD
A B aer ofl, T9 dh 5T B eI Hdl Hegd el B Mg o |
ST B SITE JMTER IS 3R WRBR Bl RO WR =R B 1 |
Fel 7 {6 g 8 ety (q¥), I (97) &R aral @refure) &
AT (HeToT 3R FReMT) BT §91¢ I@dT 2 | 39 << & Ifod TanT |
FATGT | ¥, T 3IR FfeE H GER BRT, fTA AANT 3T aaii
DI UG PR FDH, Y] IIRAT BT &l AR FREVT B Fbl, TAT 312
BT | e g1 G | H Aerhrei, geeni, e iR ey wu
A 3R B qRITBAT BT &1 H I g A& ARARI 9, I
AR 5T ({159 & A1 31) & W@Rd R Fai B BT TIN DR
el g | SMUS, g7, BN, &S 3R AF (A1 gga) & {471 sy 157 Bl
B BRAT JEIT © | 3D Hed R Fdl B D qr—are, H A=
RIS fdaRe! & Mg gRedIv &1 AT or &R+ &1 W 9™
BT | § I B A1 T IR AfTRE Trgell & IR # ff R & ==t
B BT YA BN, Ry AR AT 2 1 AYFTH 159 & FEior J

oy @ A1 yfeT Bl 7
& WG— 75, JNTE, AT, 3=, 9, SHIs, g, By,
que, A3, gge, ¥ |
GRATT fopa, o AT | sreydwen Bl IS | P H,

YOI SR H AN BT I DI ORI ST Dl iy ol Fuy &l off | gaferg,
HEgd el g3 | Ofd AN A {6l @y e S8 GRET Bl Sexd e ol | AT § Blg
R WRY $Y H &1 AR IUGT BRAT Y™ IRTOhdT 8l oAl | 59 SRISIHAT BT BRI

% USRI fAer), Iraed o1aR vmd g werdered, dar (|.9.)
ke Semeff RIS fasm), s SR od Rig werfderer, St (AW
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fooft Fufy @R gRaR &1 99741 AET ST
2 | 3frer & fawr & ey e § guR
B3N | cilolae, AfIR Iured Fo 8a,
3R 399 1faR<h ST & ATI—AT A
H geerma W SN B AT AT B, B
faReT 9 S T B BEAT b1 )
57 fHar © 1 & 99 § g A 7 o
ATl T JHAM UG & I Ugal %2 &; d
Rl B I AHRI F dfad wRd E,
I BT IS | WH B Ahd & | 37
FaEen 9 faued & fay, @ A
ST 917 3R B H—FaRAT I91Y
G & oI U WS D1 SIRexd e d Bl
—g¥ IR T DT IART g8 P

IdE RGO faR®T 7 W F9 B
o & Reafy o1 o @Y SART BT BROT
AR 8, 9T b A9 H8d ©, “IRSD 3
AT SR AT g WA ey Adw
RISTTHRISIA 9" J8 B8l 14T & b 3R
I8 g {997 RIS & Bl O 99 AT e
@ AR ¥NT O, R®ife 9 IR "% A
AR AN & SJed 3R J=@HT I UNem
BId; STy WA o §9 g1 T 99 ©
forU 7o 991 | Bifec sy & SART &
IR # Id7 TEHR Tl o Rraq 6 9 &
S B IR H| S JIR, ST A
ERT FE1 91T 17 of1, dfeds 1T &1 Icafd
T WHEI B GRY g8 ol | 97 WK,
THTST B §RT dals T Refd & d_g
IRTSTHAT bl BTeld | o7 | 3R 39 Rafay &
e & forg, ST (7] da%aq) &l WS &
AR 9R AT AT 3R (ST DI ARAl BT GOl
R, e &1 <at e (1,/10), A9
BT UH T 3R g9—uer &1 Bor
AT BIT AT | 9 oG & d&el, XISl Al
PT RET HIAT AT |* AR & hifegd § )

del AT © fob arifaetiie &ra d givar o
RIS A1 Aol b1 by g T81 o |
TSI, ST & AT IRTGTHhdT hel T3, I8
IR &H @A BF o | 39 Rgfa & e &
foT0 9 & IS BT U S90S
TR, TSl FulT & 9991 & Il & d1=
AT YT Bl © iR d 3Mu=dl srTei #
IS OId 8, I IRToThar a1 Rerfar der
8 S & | 39 Reafd & @ a7 @ forg,
I8 30U B 41 | T 1ol A1 | o
RISl T IS B3l I°

JIfhsl, I8 &9 < drell 91 ' b
ST Y TS A SRTSThal dt Rerfa &t
TR ST & 999 BT HROT a7 g |
R ARG [T=RE H 159 &1 BIg A 3R
AH gRATT FEl B TR HAR © 3R
AEHT 8 9 9RAG™ We fiar g9t b
Jew # 9 g b difce 7 e Af¥Ea
ETE) drel WER DI 9T bl AT| DS
faeciyenl =1 gera feam & & 59 &1 92
TRYTST QRIT T2l WA 7RI, F™f2dl
3R WEMRT ¥ & el 81 9 T @l
JTTT—3TeT 3T AT Icdl & 9 H g1 2 I
Pifced ®& I & FeH H 8H ol fagia
2| PIfcd & U & T T 3R 18 B
PHEHI AITAR, Yeb AR 3R T
AEIdbI ‘ol ad Wi e H FwrT
dcd &1 1 21 98Rd & Wifd bl |
TS & T AT ST &) a7 DY TS B | B{Y
Il # 31a 3N &1 57 8, oifdT &H 31ad
3T &1 Bl YgaTd el Fefd! | gTefifds urai
YRd P bs YA H VST & WHY WX Il P
TE 8, o difecy &1 It Rigid sy
® WHY R Fgd SIral qrdid, AT,
dfed R v ==t 2 °
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i Rrgid’ SHD! ARAT HA gY DIfced Ped & (h
TR AR SIS G711 BT qUs AT 38 IS o FHoll §RT IABT BH BT
UG 5 Tlldh & GIRY BIfced F A F9d ©, offhel WM DR aTell ARA RIS

I, I, Si9Us, g, $IY, gvs, |
g9 3, Hifold, I NISTT, IH, STF9g,
¥, DI 3R TUE BT W BT — 39 Ui
A1 BT | |

WHT RIS — 59 & AT dd W
FIH TR0 & WM AT IS | /A 9RT H
GRSl A SATaT off | 3RTSIhdT, A8l
qehe BT B §8 DHRAT, TSI I e iR
ST B GReTT & oIy IISTemme! SR ST B

R U’ BM BT JTRIG S THR Teld BrH
BB ST IR W ST BT AT B T |
() FI7 AT AR AT | SATE]
JHEMaRIS 8| Fifdh T AT AT B
b Sa= U dThd | oy BRI fhar B,
A, SEH JEBR M ST & Sl S9d
fITer &1 HRT 99aT & | (F) BAGR effhT
S Hl BT TSI, A Al el Bl &
RIS | 80N BT © |2 S 8T &F IoTfd

3R ArHTSTH—aiie Rerfodl T <& gy,

TR | ST R 9RA & SATETR ok
RTSTT AT HifeTds Bl 15T BT T4 g7 T

I =1 Ueh Halgd ATIRIE TSI AT RTSTeIe!
BT qudq fhar| wife S 99g urA

qd o | RGTT YEa & I YRR
Mg T W TR & AR, AT +ff 7t
T ST @ AT XTSI 81 Fhd o 3R U8l dd
fb iRd 1 I8 AT S1UAT whan o |1
dfbd difecd s9b b Soic Phad o |
SBIF HEl b IS Uh ST SIfa &1 99
BT 3R Ig WG 81, I I WIEGE

TRA § PIS IIoHIad Thal da) o :iR
Q1Y B WRA R I8N gl & 8Hl Bl W
9, Sfey I QR I ARl H e
R 3R T SIfABRT BT AT o |
PIfecd = ST DT 5T ARP2ATAT T4
H e & Hged R 9R &A1 iR 99 BB
oi @1 1 Royep foam | w3fa e, fear,

3R S ST & IIoTas & FHAE o | STl
P HEd @ IR H Plfced J HEl ©, IOl
TSR g foRierRe” srerid IS 3iR JT,
[ET # IS BT WHT 11 ST BT I
Y AT T M9 & ga—Ta godT 8 | T
% AE BT G B oIy Pifced - Tdh 3
ST M & Bs YB3l T Sooid AT FH]

HEIRA, XTI 3R ST HATY 4T TSI
3R IISTHART BT FEl &M W SR <l & |
I & ST YN ISIHAR, R Fe! ARl
d e 8, 1 9 M, By 3R dM o
TR W B U1 HHIT R Fa W A
=0 3@ DT | B b IR,
M—frd=or arem <o et g7 TE 'l

DB | SN — (@) 8 AT (7 IS8l NI
Ggh W) AT ATgAl A1 f4ar iR Al &
g AN, R I BEl Abd JEarId
BT (@) i e, (S 9T S 8
SIEAT) A SRS S drel JTof (S
UARE S S § Wlfbd TR S B
ITAR BRI TEN BRAT) BT T | AfeD AT
HF IS A7 A0S BMGRS BT 7 |

AT | Bifced & AR, AR IS AT
9fI®y & RS # IR TRE S 0T B @MY -
AT 07 (FEAR Tq4Ta @ T9T), TIoT
§f& & 1), IHTE TOT (SHTE F ) AR
JATHAYST T[0T (KT 1) | A T[0T 7T
D1 ST DI BT DR 8, STAA TSI Bl
e Hercll € | e €1, DIfee 7 ATRAR]
& forg em=iifera! (qeiFems), R (S,
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¥, Agde), ardl (31efe) SR g
(Rrorifer fagm) @ Ren ) IR &)
DI ST BT GREAT BT oAdR
98d A o | I/ IS Bl HB G
STBIRAN, Teld Bl AT Faxl | G I8 dl
T8 & | Difeed o ST Bl 3 9 3R
T8l T fdh ALER AN IR 9T AR @ B
A8 THR Udh ToHId Feals A Il
AR IR SR g 3fEdl IR WS
TSI @ TeTd SWHTA S ) Bl A G
e Bl BB |° DIfced 7 ISl BT 9gd AR

Fbol 5T W AN HRAT FHT 8] o7 |
SIfeTT TSI T 31U Bl bl UTel HRA
@ foTU U e WeId a1 agydmar off |
AW I B foTU IST—FaRe BT BT
START ofT | ST 1 3T haadi § 7EE BRe
3 foru #30 ok afug o ol Jddl b
=1 @l 91| Breife, S 4= 9gad &F
IR AT| HAY g BT N IR AATRHR
vreg &1 A ol dfera o ok qRIfRa &t
P I AR ¥ 4 | §71 IoTamsi Bl

IIRBAT 3R 1T B g RFHeIRIT IR Faa
g &1 919 hel, SThT UTes S=dT &l

3TET—3TeT |HI WX 3Tl A1 &
AT ST o1, S b Ijae e, srero

TS & [y fBar ST o | RIS &1 Je
HAI YT TSTT BT RN BRAT & | ST B
G B ST B Gl 7, ol o’ 8
AT BT 2 7; IS B oy U= UHg &l

3R JUlET & T H, /ST BT HaQ & foIg
AT (A=A @1 aRYS) BT off; I-Taw
& AWl BT TSl 98d T AT | IS Ie
@ SR, IO B 37 94 Il & oRI H

BT BT Rddpx el 8, dfed T8I Bl
fRddx & Sl STFdT &l O 817 ST gad
AEaYUl HITedl | BHATRAT B

BT, I 3R ANTRS HHATRAT &1 9t

SUBR ¥oH Bl o | AR, 3f3me 3
AR & 1 #, dfae &1 e fieran g,
Afhe JTCT—3Tel T SR H 5T & JMfABTRAT
P T ST off | 3 dR WR Jg

3R UFEToT BT SR BT, AT AT
IR SfA—MeRd AMINSTS: el g1g
T, S ]S & 9 Hadl 4 b o |
S=eiF g, e iR B H | eref (5F) Br

TR & JAHR R R BT o7 | bl H
H#3rRIT B < AP BT Soolw B | HETIRG
¥ sere it @eRal) &1 Sww ®,
S 37 oM™ R 3o HAT wfhe B

3fdep A f&AT | T BT Heel BT
@ AR fbar ST o | 3 foreriRal
gol g1, RAATS O aelT BT, Ui &
foY =RIMTE &1 eRel B, IASERT 3R
G BT Glaur <71, TR R Gl Bl
AT GRET H&T BHRAT 3R SRTSTDBAT Dl
RIS & oY TS BT UTeT HRAT A o7 |
AT R, SORTIET DT &fSe BT, EHARUE

gTclfh Fvde 3R 3fUdde H BT g H
AIDHI—AAT, IO IR Rifed — & IR H
SR fier 8 | Difeed & 1eiame # 19
ded ferd 2 99 9 #3 (1) eIk
Rifed = U arel o, 17 HAT UATHd B
U dlel 1, 3R dIF 3T BT Y Sl ® [16
PICH @ IITAR, ST AT AT bl

BT TR SR AT 3R TP DI [T & Bl
BT AT AT W 598 IS o7 |

H%"fumeITdell?E’le QI\!‘IIEf?fHCZCi
A & R {HAT ST FHaT ©; 3IAT A8l | 9

A (WAN)— U 4R H HER
FraRer ISR B9 & BROT, IeT & fory

SATERY 7 & o U Ui sl 181 gH
AT, IH AR Ul BT Aa& ol Tl o,
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AR AT B ASINT B 99T ISTIMET bl
Ta T 2 17 3refea H Sweie b AT AR
AR @ 91T BT B, Sl I B AT |
Pifced = ST | AR & Fellg W B
&R BT BT © | Ifd w1 98 Ag@yul B
g, gafoy sifeew 9 99 fFgfe @ forg
IR faRry weront @ 91d B 2| eHiSTeT
Enfie udne), sy @mide gam),
HTHASUET (IH / BH—aTAAT BT Felre), 3R
6) VAT (SN TR TeAr) | Tt Suer
I BT I T 9RI | GRIET o [ Difce

e #, AMG aver W ot f5 W W B
mﬁawﬂifg%ﬁ I IATEH I; IS
B I AvY BN, 4vg I B I eIy
T 3R &=l & Ml JTeIor Aqerd AT 99
g | U T fad @t 9 g 9 9@
(T )%‘flqﬁtrr\’sﬁ?waﬁw
g3 3hTs, oTH 800 Tifa emfiet o [°

g g DY N dRadl & forw &R
[T PIFRTT HRAT BRIT 3R IHADT &I BT
BT, AT Bl Ae=a 3R enfife g1 a1y |

— Agafar H, gl a1 bl @

%L%j

q AR & Srerar Rifgdl ®I W 989 A
fear &, dfes o & ®ia @1 fFg®
BT S Sed U T, g, Ay |
AT BR Hep | TSI RIS BT AR a4
g BT o R % @1, fUar gF &1 o
Haeh T Dl HRAT & | FATY T8 B8l Sl

Aaed QR ®, AT ]IS & FEr @I Bl
YR BBl Sl AT| F&l GR AT IS,
RIS T SIYE ¥ SATe] Hgcayul off | Ag4fed]
# 6 AT @ R1ai &1 RS 8— g=1g, AaIg,
SergH, gerge, g ok FIRGT | &1 Wit
febetl ¥, Hbe & HAHY RIS BT fhell T

3reBT BIAT © | fdhel @1 SR 9dKd 8¢ A

AHAT & o Ireie ARd & A H QRIfR
@1 YA 98 Heaqul o |
SEEEEICEREEC RSP R RCIRE R EIR]
QT o | BHARDIY AITAR H ST B AT
3T ¥ A ABAYUT SUS AT I & (J_T

SIS BT 15T HET AT &) | J&l 3T &l

= wel & e AIgT ol & 4D 9 Adbs!
IIgrall ®T BF H We™ BT © | $9fery,
RS 3R WEHR I Bl GR&l & oy
et 99T ST ® | BrTeag Hifd | Ui

7ogH, WG AR g5 | el & 3iaR T

TRYR IeUTGH, HiTol HAEH, U3t & o=+

e g9 B 91 Pel T & oial gM,

@ foTu ST, o+ <, ey, gfa=s IRkt
g, AT & B3 Bl BRI, AR AR
I3 B & STa1 FHl ART U+ STTStifardT
FATG | B, R TA VAl TR A B
BIRET B Al 9T Bl d8aAR ST Sl
|HAT & | Y B IuSrHuA VT Bl
AN @ STeRd T 8F & 918 I, Hadhe b
Y USRI Al & ART & Jexd Wl 1
B 9d | difcey Faimal & IR § v

3FTST 3R &9 @ WRUR R B | SeAgH
DI IS & oY SUYTh AMT 1 & Rifd
39 fohel 9 oM & 9TeR fAdelt ST Al
2| BICT o I GReAT Jae | Pal & (d
fel 0 @ B H 3R TS B ARI 3R
g9IY ST 91f2T | difecd IR aRg @ fTel
DI qTd B o— UBTS! fobed, STergH, YA
fhel ok a9—g7 | 379 9, AR et
3R 99— JAMUTADT H ST BT IRV I

QA o WAl H HG, ST D fd IBIER
3R ol 8T | arfdrpTer Fari Idesd aFf

| I & fohel & 991G & 99 Ia0
g, s gaae 8 {6 o9 forat o wdf awit

& B | 99Tde & forw WY Irord off | wnfeas

P T Y8 Idhd & | 399 BRIRI BT SITe]
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A 3 T ® ife IS @Y e’ b
foIT S U & AN BT SATST STexd 2T |
fdel @ Yaed H DI Bl g A RIed
3R Theile! LA 8 I© Hd @M W
Ul 8, gAY U8 HEl o dadl © o
YT BTel § XTSI BT h fohel BT AP TR
iR Bl ot |

PIY—  TOHT 9T I H1d B, 31T
RISY T FIH AUl dcd Gol =l © Hifh
I @ 9 B oF W R aRd § | A
IR Difeca A 39 faaR &1 F9fH ot B |
GOl BT &I WId ATy (ARDRI BR)
2| difecy gard € b @ormT fAoer ot
I a7 Sfad aRid | U fHAT ST | FaT
ST ® fob Serfed TSt &7 BT 2T ok
I W YT RIS BT SHdl fREAT a¥ell
ST | ETeil(, Whe & AqHd, SHH B0

AT 919 9T 3R ARl A SAN ® w9 |
TG BRAT, B H I @I, TS Bl
IATEH I 3N | BAGDH AT H WGST
R IR &9 <9 @ 91 Hel T 7 | ol
B T8 T dTel HATS X BEl SATET | 3D
31T, Il &R 3 Wl & aR H SRy
oTT | el ST © b XIoir 7 it &1 9id
BIdT 8, O W, AUTRS Al BT HoT,
STAer, War, 99 IdmE, fdbel, 4o 3R
NERSISIKIERIECAIESI IR G I N1 NY
A, W Y B B AT A TERIS 4
BT &, 7 % JeT 83N dfcs 99 W iR
IR

ST (WF)— S T B addl H A Uh
2| 3APBI AGAd AMAR R T8 AT TAT B
oIfth | BT 21 &S & U 3R Aded ©
AT AT YhHeAT | Sd &S B Aae RN

gfg BD 39 UH—NIBTE AT Th—aATE B
B 91T BE! TS 8 | GoTHT A, A, el
R AHE A WRT BT @Ry aifs g #
Jddhe & THI Pl HioAs A &I, A I
o 9 IRl 9 Auer o7 96 | difed &
AR, IS IR HURT Fwe iR &
TRId A FHST BT Dl GOl Bl
e DI DR I A o | /I Pl
f&h gepgT fbq T WTHME BT XWH B oY B
MM 3R M YR g7 SITGH | ATHH
DI GREAT UP T ABRT H o1
(FUEdhdl) BN S JISIRA SHST HRA &l
BTH BEMT| GOl DI (T AR T Bl

DI FAT AT AT BT & B foly =T B
Ui & IR WR BIAT €, AT &< &I 31ef AT
BT 8 | difecd 3 ol W 9299 STavex)
HT T T2 61| 98 LI S8 AEd o |
Af <€ T Ahel BN | U 3Mee I
H <3 BT B! TRETA SNl ©; 9=, R 9
SRTSTHRAT el ST 3R AEd Tl & ]
B9 I N BT ddbeli® 8RfT | 9l & Bob
SRIATA ¥ XIS BT AT HHGIR B ST
o7 | SHIfeTY BIfcey Fad & o el Ioll &
SKHHAT ¥ AN Yereld 3R H9E 8 & |

TS AT GG DI JI 1T B Hared
o6 & Ub @RI Uge] | @I Sl 2| 34
SS—IRT DI J&I Uge] AT oY | Aefere

e Yaq & Irrdr, IfS WA Bl agH
DI IMATIHAT 8, Al MAd = @R
M HH g SfY | sHd SraTar, WOl
P IGM B HY FMRI IR AEEFIYS
WIH &, O 9T BT fIRIR BT, AR B
B IT U b YT FHEE G, AN BT

H, By IR dRE P AT BT a1 B
UereR ATl ¥ 9711 Ul |1, geHdR U1,
g1efl AT 3R I AT | AR dTel | 2ifcy
D FHY, BH 3C IRE P A9T AT TS B
ep ferdr 28— g1l =reT, R, Ugd 9T,
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AT, fafte (fSer d9igdl arel B BRA
qTet), I 3R fhR1U &1 =T
3FIRIRA # TN AT 8 T I B A
BRIR SRATA Bl | BIfe & AR,
TR I A, dBIER, Heele 3R

| T IR B IGT BT BRN IIF—Jd B
RISl T AT & | difced 7 Al T8 a1d
FEI T | DT & AR, I BT $5R 7
T8l 9T o, dfed U8 UHh @ Rafd &
HROT 4T AT | 3D fIU AR BT 5T Bl

gg—bal H AR BT | AT D1 I§ Hrer]
RIS &1 9Ifh BT derdl B |

fom— ara of i # & emRay of 7 A
T FEAT T B GRET & g 98 SFed
2| fagHl 9 #E e & FEAfna ar
@I 91T BT & | HEMRA & ifcId § IR aRE

ST AT g T, ST 31TST WY &7 I el
2| UEE 9RO oarRt H difeed @l
5T H Bl JegaeRqT IT JARTSIHAT
(AR—=ITT A7 991 A%l §RT BIEI ATl
Bl G S Sl ReIfQ) o1 984 red! ave
TdT o | ¥ o8 ¥, 98 AT U Aolqd

& T BT R57ep fAetar © : |9, 9ot
IT PR, RedeR MR 99l | 599 A
JBIER 3R RedeR eI I 38 94
ST € | ETellfd, HeMRd & 9hfa &1
M7 Pped & & oI | g Y Rm)
A 1 33 €l BIaT, 99 B ATeT BT © |
IE g R uRRYfT W iR wxar 2
PBHEHII MR H ff IR TRE & Al
&1 578 © : gF—gaie (@ o 3 |san),
fdare & o1 Fgarh, ged= Jean, 3R 9
TEART ST STTi—3TeliT WaRki & 94 ¢ |
@ ufd o A 9 B 3 e
PIfC & AR, IR T8 & AANN Bl
g Qe |earh, e e aren wean,
91T FewTa aren WAl iR 7™ Hgar |
I B ey gl )R aRa §

I 9T ared 9| S9d folg ST 8l
qdred AT BT gRG o, s ufa o
T X@d I, d1fe 5T & 3fgm-l dM
M IE SR AT & AN Bl 36
I et | SiM aRdfdedr BT eI H
R gY U AT RIS BT YBATT B |
3ot A1, oY b1 I Rigiad 9gad urifie
21 oot fl &9 difcey & 31 Rigia &t
Tl BRd 2 |

BTGt o T 5T AT H A
SR o7 3R T SIfIHRT &7 A o, i
g8 @ ufd RTER &R STarees o
AT IS BT RPN B g DI grefer
off | 39 e’ #, ug dar o gadar ® &
IO 3R IS GF1 81 SIf¥eRI & aoT
FHadl W AH SR <d B, S ARG

fxdt 5T @ AIHa B A © foIg, T
BT AU dThd B ATI—TT SAD TN
P TThd BT o1 W S8 2 | 99 ey #,

HSATT & AT = | o7 3R USTT QT T
gH Bl TR Bl TR FRar 2
ST B9 <Xgd & b 3TesT e+ efud

Pifeed 7 w3 Rigid Ay 8 9 Fea Rigia,

B B foTU I B ANTRBT BT BT BT

¥$vg Rigid, dF JaR & Y, IR U
3R i ey | g fauri § blfee
B gD TSIl dre Bl FHS Sff
HHT 2 |

TAidd 3R gaq gRIRTadl

S]] © | 9 o790 UMNE & ol H 1 AT
RIS 3R yem=d famT &1 a8 ey
3R wcfer © fh 9 oA ANl & 1 STexal
DI RT BN | TR BHEM URGRIAT 3R
AT 9910 g+ &1 fafd=1 oot &

U RO Tod—{daRebl o T

Ufd SIRTe N&dT 2T, ST 3128 9Ma & fory
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STeNT off, 3R faurTt & wHers & forg
XTI Eﬁ oldidag Sex[IT SIIdl T | 99 dg
e BT & fo difecy smor smaq wernfud

B H 98T B U |

JMYTH AT B1 A H BH HATUTBR]

AT ATBRRME] Pl ATTLIHAT BT I8 3T
ST W |ASTAT © | BTeilfh qres & H 3icR
B Tl &, oifb I8 AR ol wY o
A AIBRETE! I 7T T 7, I o
AIBREMMET BT d G B & Sb] dTd 37T

IS & ST 911 fAerd & 9 difecd & 1oy

) gifires | S84 Atexenel o wdf &

Rigia a1 | Rigia” # Aivg € | sm®

SA—aeRa fdaRi & goig Jvgdar &l

RIS A=l & AR, HeATTHRN]
RS B T J&I Uge] AMINTe B SR
AEISTD GRET B 8, Sl Blfce & Y
Rigid # arg Sfd €| 39 HaH 4§, I8 dEl
ST @l © [ difice 1 5T FaRAT B

IR & T FH [T | 39 T9IRY A
BB Sl Fhdl B b DI Igd ATTBTND
o |

difced 9 e iR &1l (2) &
o H JAARTE T At & G DI g 7S

g&e_ @ foTv U Jgaeie anfdie wifa Rigid
e 12T | ISR FawelT &1 RIS @1
RTSTT BT Hared o7 | 1T B, AN BT BTl
HRAT T SHD B H A T T | SSTER0T
IR TR &1 o9 a1 AT U BRI
5 &1 B © | AAE H I8 el gR AR
3R gfrar # what M T |

DI 7 37T ST DI YR TRE A
FHRUET IE1T | U 9RA H, 59 &7 I8
FARUS WwT AMYFAHar & ugaE 2|
gTalih DIfSTT B Y IoTIfdd AATBDR
& w0 H v @ off iR 9 dad e
AelgdR o, oifbd ST B g Al
RIS gRT 9T STy o | 3ot Y, 9Rd &
AT B AITHIT 75 I b 971, g TRE A
gHRUET TSI BT FaTa fhar ST o,
I8 U IRAI T & ©Y H WD G
¥ g ggforv gud fAucs &1 U didr &
B GHERUET IO ST BRAT © |
DI ofd FAI ¥ 59 BRI DI HAATYdD
B H WeH @ 8, Sl Sgbdr &l
TEaE ¥ |

difced 9 T & A= usgell &
T & oIy 91 Fen # Rl dHarRal

I SR BT B | 3fSThel 9T & ddl |
I UPF &b ©0 H AR q=IdT Bl a1
Bl 2| ETeilfh, 9 wIfiae R 98d 9k <d
&, Sufory X (31T 1) 1Y 7 arred! o
P arfaerafs T Bl |
frspy & dR TR I8 FHET ST Al &
& ey g 4 Bl 0 I o Foheran
& fou e, 9= wfh, HIa Alaxes,
JTd srefegaRerr iR HeIel wRhemel
FEART 3 TToxl B | difced &I Fdi
Rigia” myfie A are 8 | difced 8w
Tffa TS WemAE @7 bs RV 9T 3T
A ] fy S @1 wcllem 7 €| &H S
MY FIRAT BT BB, B d—URTI,
gHRUET 3R GRATHT dTel] el &g Hahl
g1 g3 oI & 6 ol aRa # e a1
—RIa &1 Ul el Uolell WR 3R
M AN BV IIIRAT B |
BECECE IRl
1. TSR, YRGR. YRAX RAHITD 3
ST ey (AT ), WRTiereiict JehTerep,
BIABIAT Dletol ILIC, 1994, STHAN] |
2. 37EHS e, HHAS]; MAGEN, TS.Ud; KH |
IEHe, TSt Ui YRTaY IT: e
Pifeey 3N LD I =T 31 aR greme
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10.

AT, ST 3R gRacH, 2009 3TH—S[,

3(2).

11.

700006, FHHIR, 2001, TB—167
SETITEATY, HHGIg ST 31 STATE,

7/3, MG dEATOTEE, AFEg, A9 iRl
qEITE Al 39S, Hepdl Yid SR YbIRH,
DIABIIT 700006,38, e HRUM, 1410 917l
Yo JATADHROT, 13 3FEAT, FIURA | (1.13.
6—9; 1.4.17—18)

12.

Pifcead e fgd T, §¥hd
JIh HeR, 38, e AR dlararar

700006, FHWHIR, 2001, TG—167

JEITUTEIT, A, TR 31 3TETe,
Dl i fgedia Wepror, T&pd

Thad], AIS; U, WRAGY ITSCHTIT
YHTI TR 59 TSI AR

TEIC, PIAHIAT 700004, TATS (AT WIR) |
Mg, e A1 WEET), 2014, 0 9 |

13.

q&id WeR, 38, AU AR diddmr
700006, FHHIR, 2001, Y—167

FEITTETY, qug NERCAE TG S CI S
Pifcead el fgdi T, H¥hd

< HAR, YEIR; ©IY, ST, HRTIHR IS e
(T 3T HETYTT) HeAToN TR, 10 / 280
A ASFGR FIC, DISIdIAl 700009,
2019(IRIT HRITE) Yo 27

< HAR, YEIR; ©1Y, ST, HRATGHR IS e
(TS AT HEYTT) HeAToN U, 10 / 280
AR ASAGR ¥EIC, HIeADIAT 700009,

2019(IRIT BRATEA) Yo 35

14.

15.

q&iP WeR, 38, faem AR dictdrar
700006, FHHIR, 2001, TS—167
SR, HIGG; PITCorIH 1o oM
GDRUT, YhTeH Q'N'@CI Y SR, 38 ﬁf’ﬂ:f
AR, BIAHIAT 700006, 2010, YO 147
PIfcT—U—1ISl UTSemaT | (http:@@epgp-
inflibnet-ac-in-(PDF)14653685240-ET-kauti
lya&Rumki&Basu-pdf. 90 4.

TRIoN, TR U 3l ARRpIR IRAay
Jreiffae f=idr s gerer

HHT, 10141 AIARM °91Y e, BleTdbral
700009, S, 2013.

eI, Hdg, FEQEl 3 AT,
Pl AR fgeli FIBRT, ERpel

16.

17.
18.
19.

PIfceT—U—4ISll AT eITeT | (http: @@epgp-
inflibnet-ac-in-(PDF)14653685240.ET-kauti
lya&Rumki&Basu-pdf. 0 4

1.7.3 PIfSTH JNAIRA VIH FHR |
1.7.3 DIfSH INAIRA ULH FEHR |
1.7.3 PIfSTH JNAIRA VIH FHR |

Qi WSR, 38, faeH AR dlctdrd
700006, gHHIR, 2001, TB—167.
JEITET, WG, ARG 3l 3TdlS,
plfcea s fgdia AwpRol, H&pd
J&Id WSR, 38, f9u™ AR dieradrdn

-3

20.

ARPR, MOTUfd; (3Jaradh) BTl
AR yereq fafer afes, 102 /T
JeTETET oI TS, DI, (Fiver) arfad,
1331, S— 26—27

l:% -
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faerfaa 9Ra 2047 o fawio g Iou anfursT fonem
st ftrent 3T TR
o ST, THYaATeT

| ITTET-TRI9T B

YRA o AT AT B eTeal g9 A qY 2047 qb U YUic:
faIpRIa 3k AR 12 9999 BT Uh Heardiel e RuifRa fear 2,
T T TR R CfIeRId MR 2047 & A9H IRGATT B w0 H
IR [T TRT € | 39 GITABR] &g &1 AU & oY 1 Bl 9 dhaed
Ied oMfdfs e <X @ snawddmar 8, dfed TUrawTgul STa e,
GTqelRe HIelel fdbrd, FPRAY TaraR, oo SUMdr G, fefored
JreferaRell &7 foRaR den dffad w9 WR SMU+l UfoRUeicHd efAdT &l
Hdrea WR W o S A | S e & fafdy s § 9
arforsg Rrem 39 T T4l iR AT BT SR fa<iig e Iorifas
g3l U B dTell Aa THE WA & WU H IARA & | I8 Ae—u=
quid: fgeiie slidel & e fageiyor uR merRd 7, e Sfaid g
fRrer ifd—2020, T JMART & IS <=ardyn, fafa= #=reral @1 Ruaret
qAT FHBTA erfOres 2T STl B FHET B TS B | IR 3T
g ey fRprerar B & afe axeeis Tty e @ uRIR® sy
DI IMYH IJERT B IFAWIGATS D FIHY G Sd AT STu—areifd
S DI ITTRT, JAT b U] Fe Ud quic: SSNHE G721
SU—dT I8 fAaRid MRA @ Adhed o1 g2 # 95 # Jad orias
IfA®T fm ot 2

I Yea— fddfd 9Rd 2047, arforey Rren, S=a REn guR,
IR fdehTd, ST WP, TSRTea sreferaser, ISR R =ifd—2020,
o= ATeRdT, SERT IdIefd T |

ON O

RIS (ATWTR), NISTRIT—341510,

%  AERIG AR (TGRS YRITA), STHId AeTfaerers, HedT
A1 9462278550
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1. TG
o A9 URged W ARG fa=g @

2. I=a e & uRvey & arforsy et
& IadE T AT TSB! NIRRT BT

A g T H R AR Y3 8kl gea
refaraRenstl # | UH ¥ | IR onfdie o
9 dad a1 R AT &5 § SrueT uh
STHT ¥eT 8, 9fesd AR R f$fted wifa
7 off 3ol siffenT T <1 B | 99 2047 T
AR BT 430 feforms & o1fre &7 fasiad

SMEATATHD IeeTToT HRAT |
3. WRAR sfgaRen & faf= el
(Fer—Sforeet sefardwer, wrdard uRRefded!
T3 3R foxig FHae™) @ faer | arforsy
e 1 ATaRTRS YADT BT FeAichT HRAT
4. FABICGH dIforsy Ruer & 9w

IR g9 D ATUD ISHY P 3faiid

A& AYTAHD, db-ildl Ud 3fhlaifdh

g S & BT & AR §AR

AT DT TS BRAT TAT D [AIRTHRO]

FIH AT HHTE AT ST DT OTHD
Faefq T ATaTIH B | XTI e
AfF—2020 ST ST URadT &1 7reA B,
ST B9R URUYR® e &I Ugia arel e

T ARG Td AIfITd i IR BT |
3. IJEYU Ughd

qg MY JAEIE Pia: [OTHAS 3R
fITCYUTcH® IHTa &1 &, ST g aifdmel

AiSd Bl TEMATIH, DRIT—Disd, ATTEIRD
T Ud I S Ufa = H gaor
BT gepTerd Rl & | 1Ty RIer 59 gaera
@ g 2 | I8 TAvy daet g A1 ERATan

P ol 3R IHT FHET IR MR g |
39 LU & fIU 3aeysd Ud WO ST
TAT JeRE AT BT Fheld IR ARBR
& 11T Harer, fY SN & faw s
(Viksit Bharat 2047), fasafdemed e

DI ARAH PURS TRITHA, S HARES

JMANT (U.GC.) & feem—faden, i Rt
ANfd—2020 B ARG Ireyl I fhar 7T

ddh-ild, YoHIfd® AU, s—hmd, fefored
fthTcd TRERIT IR THBT AT Tae
T T8 UMD ST W& HRal © | 3 a4
el <1 AR WR T 1 ey srelerawern
% Th AR dF B ANE BT BT © | 3T

2| s IrfaR<, faf= wmfaura It
Ud ORISR SHed H URIR AHGA
I T, ATAIRS H TS (S— FICCL CII)
o1 Rare, faxirr ienatt @ enfdie faveryei
BTGRP ¥ Agayul Wl BT 39 AH—uF

A RIT IRd BT 3MHIEN DT ATBR BN

& forw aforsa e & adve sy 3R

¥ difbe w0 I e fhar 7ar & aife
frsput &1 gEIfrRaT TeT B ST 9 |

EAEIIKICIRSERI I SINE IS LI CR BERS |
EIGIRCE S
2. JFIT b S
IR S oRT & G e frferiad
figall & st Y@ifdhd fhy S | 8—
1. fARIT IR 2047 BT ATID FHTD
3T TGO 3R gD Heyd Wil B

faegd Agifaed 3egg= BT |

4. fapfid 9Rd 2047 B AR

TIHRIT R 2047 B TS TRiD
AGHS @ed el 8, g I8 9IRd Bl
IR ed W e Ty, MRS =1,
qepIb! ITHMHRAT AR Gg& AT ae
| aRyul Ud HETerfth & w9 H R aed
BT FTUH LT Fhed & | 39 ATTH o=
@ YT MR IR W Fforiad 8—

Journal Starting Year-2015, Frequency- Quarterly, Subject- Multidisciplinary, Language-Hindi & English, Publishers- Sushil Kumar Kushwaha,
Publishing Body- GH. Publication, Prayagraj, U.P-211003 (India), Email Id:- ghpublication@gmail.com, Mob.: 9532481205, 9807520344




1. THYEATA

113

fepfa wRd 2047

{ { 4

{

e fae | |fefTee aeara

TATAR / ITIET)

hIeTel Td R AoHIR / Serfidr

FaTae enfdfe e — o™ &r
o 9T & 3 BR W 93 |ARh do

fRrerr faenfei &1 argsiRe foia veem,
S~Id PIURCS i, HIRIDBIT ST fagemor,

ugd, o e ok <ife srAaTg
<A B D |

fefica aRaaa— dqol anfefe a&iiR
TR gonferdl o1 gResfl, dg ofiR
dehilp—ieTd g1 |

TAER TG I — df¥geh WR W

PR RIS IR Sifed |mee Ao o=
@ AT | GO Bl B | T8 Bl
HRA & a1 IR fafesor <1 &= @ forg
TH e B 88! P GHHE 2 |

(i) ereerg uyiRfRerfas a3 &ilv
ST B WcAT8T— AR aad7= § fasg

UcT, SIARd da-iidl AR difgd FUL]
P HHS § 9RT BT MY IR o ST |

Izg Ioura<rgel e SR dierd
famra— A R agaven &1 fAwor S
qarell B dRgd ABRAT & FqHd 3R
ATTER® HU A G&f g1V |

ISR Gold Ud IeHiladl — Q9
D AT DI SR AR dled & GOl
RISHTR TSI & ®9 § SUARd BIAT | g9
[T WA DT FASIGT IS PR & oy Qe
D1 Izg el gaRe B Udh SoRd & ©U
H BRI BT BT, forad arforsy e e
IR IR 3 SR ATIHIRS g9 Bl T
S BT B BT B |
5. fapRia Rd 2047 @& |0 § arforsy
Rrem @1 AT

qifidteg f¥1emm < @ efdfe &fiv
e fae & =1 &= # e
g qfiT &1 fats = geR ¥
PR B—

() S Do faem™ iR Friea

@ FIH IS TSI Dal H I Udh 99 ol
g | fhedt Y v e faoR &1 awd
M & foly Aoigd =i A1, FagRid]
I, BN T, fAUor UM 3iR
SIRIA Teer BY IMIeThdT BT 8 | a1forsy
forer faenfRat o1 g7 WY faermalt &1 @maRiR®
ST UG Bl © | 91O H1dd 1 $hdd
Ye & oM Wi d H w9 B E
e 9 T D AP T I faxig
3R OIS WAL THR < H WRINETR
@ TR BT FoiT B B |

(iii) fSfSTca srefayazen 3R fheic®d
BT GgeIdrv— fSioree sfear il &
e YRT ¥ fSffed oF e, WReAr @R
fhIcdh & &5 H SPgd ifdy 3 ¥ | 3w
DI SrfRTeReAT BT U ULR] DI MILIDHT ©
S URAR® oRgied & ArR—ar e
AT TN, §—ap1H IO, Sfeher
STPRINTT 3R FATSS—3MeRe iR AidedaR
DI A D | 0T Rier 59 A rh
goferai & fog oX1 kg ¥ ufererd 3iR

fHoT— Smfes PIURT ST DI AT DHadt
Sl aR@l @1 721, 9fcw fafRkre aiera 4

Ih AT WA BT FAIRAT 7 | TSy

e PHRITA IR BRI H ol qfAhT
ferar <& 2|
(iv) gamil &I ISR eFar H glg—
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ST SHTA 3R JBIGHEG UISashA & d1a
@ AR DI UICHR arorsy e gamsil o
ISR &1 H IeolEg gig dal & | o
faerferat o1 Agifie s ® Ar—ar dsg
aroTacd, TSI HIART 6 ITsol 3R
AT AR BT ARy UiRMeTor far

g @ 8, O Q¥ @ e il &k
RIS OOl & R § gyl
fArepr 7T 2|
6. amorsy RRrem & wRe fdeme o™
Al

T qiforsg fRrem @ e Irdd

ST 8, A 7 WY R R ST B uRdrer
SMATIRHARN & ATHA a1 T 2 |

(@1 wargs fa<fig A1eRAT MR
FaTaeh faera— e faefia e & forw
DI ST BT fa=iT w9 AR g
Afart g | arforsa Rem dad Swa e

AEYUl &, URg g9 ARA™ URged #
b JHET Py IRIAIHD AR ATTEING
AT fdem €, S s JHTaeiierdr ol
{NfAT By B

geafere dAgrifas vd aRufks
UISashH— <9 & P faedfdererdl § 3ol

TR dob JIAd T YghY 9IS § b

Al TP YR UIG=IHH YGRIT ST RET &, Sil

o, TR IR e, o e, Jargh
Ao @R faf= SReRT faxia aromsl @
Y SITeddT BT & dedd -1 8 | I8
M Y AR R ORI FHEeE B gerar
a1 & RN <91 @ ArRe onfdfe wu
reafadR 99 2|

(vi) df¥a% ufawuerfasar v
IR ITIR— ITNHIT & 39 SR A
IR Hual & fawar g2 gfar # &
BT & | aifvrsy R faenfaial o iRt
IR, fa<el JaT veed, Faid—aTird ufharg

qoHT BIUNRe ST 3R fefTea arefeuazenn
@ qraifde aRgeAl | Hel T8l @I |

SENT—STHIE S THGT BT STTI—FNeTor
T 3R ardfdd SEr @ = A
Harg iR ARERT @ ¥R HHT <! SRl
2| SHD DRI BIH B Ig Udl A8 del
qrr fb el | AasiRe Wy 9 fhd
YHR B Bl T ¢ |

fefStea 8fix TH®T BTl &7
AT FHATGLA— JeIft HYoT ATqATRID
STTa nfefhl¥raer gefersia (Al), fa T Se,

AR FRTET oGih AFDI BT T
U PR B | U TN AR g
TSI HUFIl H AJcd B 3R dRaH
TR W Rd & ARG Bdl &1 Fael=

PR D ATY 91T 7 |
(vii) STI—ATTRT ATALTT 31

hc® 3R faod Scforoie ¢ iR Rive
BT a1 &, i1 S e & aiforey areashar
H 39 fawal &1 FEaer onfl ot uRfad ar
Il TR W B

EICHIRCAR N IR CES I
SR BT HTa— BT 1T HTad

ITIATIS AR — HGTAIA TR G

fodr fodl arafas ®iuive g+wa a1

Sd W ARE ¥ Sl R R 7| arrsy
f3rem A o9 fawaw vATfafesw onx
Scl-warferd ol ermar R faviy ea= =
ST BT B 39 HUH |9 IYddal SR
faemeff aoTR & BT, SUHRAT FIER 3R
3N ITR—AQTd BT YarJA oI H Herd

ATTEIR® SR & U1 & g8 o ofd
g, oI S iR BRiReIe R &M &R
P IMMATH JMHATAT IR ATaT_IRS FAH
DI HHI & I B | 3R D S dad

BT BT CHSI TIHR I8 SRl & |
JHUTE Ewpfd B g fdera—
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AHYBRID AI-BLOCKCHAIN CYBERSECURITY
FRAMEWORK FOR DIGITALINFRASTRUCTURE :
IMPLEMENTATION AND VALIDATION

o Hansraj Singh Chauhan®
o Dr. Ankit Temurnikar**

I ABSTRACT ]

The rapid digitization of governance, financial services, and critical
infrastructure has created unprecedented cybersecurity challenges that
traditional mechanisms struggle to address. This paper presents a novel
Hybrid Al-Blockchain Cybersecurity Framework that integrates artificial
intelligence-based anomaly detection with blockchain-based immutable
logging and trust validation. The framework addresses the limitations of
conventional security systems by combining Al's predictive capabilities with
blockchain’s decentralization and tamper-proof record-keeping. The
framework reduces false positives by 85.6% compared to signature-based
systems and detects novel attacks at 84.3% recall. Scalability testing
confirms the Al layer processes up to 8,200 transactions per second, while
blockchain bottlenecks are addressed through channel partitioning.

Keywords— Cybersecurity, Artificial Intelligence, Blockchain, Anomaly
Detection, Digital India, Critical Infrastructure Protection, Ensemble
Learning, Hyperledger Fabric.

1. INTRODUCTION

The digital transformation of governance,
financial services, and critical infrastructure has
accelerated globally, with initiatives like India’s
Digital India programme demonstrating the
potential of technology to enhance service
delivery, financial inclusion, and citizen
empowerment. However, this digitization has
simultaneously expanded the cyber threat
landscape, exposing critical vulnerabilities in

*  Research Scholar, M.P.U. Bhopal (M.P.)

national infrastructure, citizen data, and
institutional frameworks. Traditional
cybersecurity mechanisms, primarily dependent
on centralized monitoring systems, firewalls, and
rule-based intrusion detection, have proven
inadequate against emerging, adaptive, and
sophisticated cyber threats

Artificial Intelligence provides predictive
and adaptive threat detection capabilities.
Machine learning algorithms can identify
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abnormal patterns in large datasets, making them
highly effective for intrusion detection
2. EXPERIMENTAL SETUP
2.1 Dataset
The implementation utilized multiple
complementary datasets:
e FEthereum Mainnet Transactions :
10 million transactions (stratified
sample from 850 million) over 24
months (Jan 2022-Dec 2023)

e Smart Contract Traces : 50,000
contracts with 1,500 confirmed
vulnerable contracts

e Network Traffic : 500 GB from
permissioned blockchain testbed with
simulated attacks

e CVE Dataset : 66 blockchain-specific
vulnerabilities enriched with exploit
patterns

Table 1 : Dataset Composition

Dataset Type Total Records Attack Records Normal Records
Ethereum Transactions 10,000,000 125,000 (1.25%) 9,875,000 (98.75%)
Smart Contract Traces 2,500,000 75,000 (3.0%) 2,425,000 (97.0%)
Network Traffic 50,000,000 packets 25,00,000 (5.0%) 47,500,000 (95.0%)

2.2 Hardware Configuration
e Al Training System : Intel Xeon Gold
6226R (16 cores/32 threads), 128 GB
RAM, dual NVIDIA RTX A6000 (48
GB VRAM each)
e Blockchain Nodes: 5 validator nodes,
Intel Core i7-11700, 32 GB RAM, 512
GB SSD
e Client Nodes: 3 systems for
transaction generation and attack
simulation
2.3 Software Stack
e Al Development: Python 3.10,
TensorFlow 2.13, PyTorch 2.1, Scikit-
learn 1.3, XGBoost 1.7
e Blockchain: Hyperledger Fabric 2.5,
Go 1.20, Node.js 18, Solidity 0.8.19
e Infrastructure: Ubuntu 22.04 LTS,

Docker 24.0, Kubernetes, Apache
Kafka
5.4 Evaluation Metrics
Detection performance evaluated using
Accuracy, Precision, Recall, F1-Score, and ROC-
AUC. Blockchain performance measured
through transaction throughput, confirmation
latency, block creation time, and resource
utilization. Scalability tested under loads from 100
to 10,000 transactions per second.
3. RESULTS AND ANALYSIS
3.1 Detection Performance
The hybrid framework achieved
exceptional detection performance across all
metrics. The ensemble approach combining
Random Forest, SVM, and LSTM with stacking
significantly outperformed individual models.

Table 3.1: Detection Performance Comparison

Model Accuracy [Precision | Recall | F1-Score | ROC-AUC| Latency (ms)
Random Forest 0.985 0.923 0.901 0.912 0.971 12.3
SVM 0.977 0.908 0.884 0.896 0.954 28.7
LSTM 0.989 0.938 0.915 0.926 0.982 45.2
Isolation Forest 0.968 0.891 0.862 0.876 0.943 15.8
Ensemble 0.992 0.947 0.923 0.935 0.987 18.6
(Stacking)
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3.2 Per-Attack-Type Analysis
Detection rates varied by attack type, with
smart contract exploits and reentrancy attacks

Table 3.5 : Comparison with
Baseline Systems

detected most accurately. Novel attack detection Metric Slg;l;;ure StandAz;lone SIEM I;ybrld
at 84.3% demonstrates framework adaptability. ranll{e
wor
Table 3.2 : Detection Rate by Attack Type ‘Accuracy S% 913% B% 199.2%
Attack Type Detection Rate Precision A% 862% 1% | 94.7%
(Recall) Recall 1% 8% &3% 192.3%
Smart Contract Exploits 96.2% F1-Score 75.1% 80 | &P [93.5%
Reentrancy 97.8% FalsePositive | 125% 82% 6% | 1.8%
Denial of Service 89.7% Rate
51% Attacks 91.3% Novel Attack H2% 678% R3% | 84.3%
Phishing/Malware 87.5% Detection
Flash Loan Attack 92.4%
ae oan e = 4. KEY FINDINGS
Oracle Manipulation 90.2% .
- — 5 The experimental results demonstrate that
Cross-Site Scripting 84.6% . . .
5 integrating Al and blockchain creates a
Novel/Zero-Day 84.3% - . .
cybersecurity framework superior to either

3.3 False Positive Analysis

The framework achieved 1.8% false
positive rate at optimal confidence threshold of
0.82, representing 85.6% reduction compared to
signature-based IDS (12.5% FPR).
3.4 Blockchain Performance

The permissioned blockchain network
sustained 1,500 transactions per second with
acceptable latency under normal loads.

Table 3.4 : Blockchain Performance
Under Varying Load

TPS Avg |95th% | Block | CPU [Memory
Latency| ile (s) | Creation | (%) | (GB)
() ()
100 2.1 28 20 35 42
500 29 39 23 62 6.8
1000 42 5.8 3.0 91 103
1500 85 124 52 100 | 154

3.5 Comparative Analysis with Baseline
Systems

The hybrid framework significantly
outperformed baseline systems representing
current practice.

technology alone. The ensemble approach
leverages complementary strengths of different
algorithms, with stacking achieving optimal
performance. The blockchain layer provides
essential immutability with acceptable
performance overhead (8% average latency
increase).

The framework’s ability to detect novel
attacks (84.3% recall) addresses a critical
limitation of signature-based systems. False
positive reduction (1.8% vs. 12.5% for signature-
based) reduces alert fatigue and enables more
efficient security operations.

Scalability analysis identifies blockchain
consensus as the primary bottleneck for high-
volume applications. Channel partitioning and
regional deployment provide viable mitigation
strategies for national-scale deployment.

5. CONCLUSION AND FUTURE WORK

This paper has presented a novel Hybrid
Al-Blockchain Cybersecurity Framework with
comprehensive implementation and validation.
Key contributions include: (1) a four-layer
architecture integrating Al-based anomaly
detection with blockchain-based immutable
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logging; (2) implementation algorithms for real-
time threat detection and secure logging; (3)
experimental validation demonstrating 99.2%
accuracy, 94.7% precision, and 92.3% recall; (4)
scalability analysis identifying design
considerations for national-scale deployment; and
(5) avalidated framework ready for Digital India
implementation.

Future work will address limitations through:
investigating federated learning for distributed
detection; exploring quantum-resistant
cryptography; optimizing edge deployment for
resource-constrained environments; evaluating
cross-sectoral deployment in production settings;
and developing automated response mechanisms
with appropriate safeguards.

The framework provides a foundation for
securing national digital infrastructure,
demonstrating that thoughtful integration of Al
and blockchain can deliver the predictive
intelligence and immutable accountability
essential for digital age cybersecurity.
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&Iguﬂﬂ qY Jeql Cbl\f; Q}f 5 I bl b3l
soTol fAerar 21
4.7 aferg grdsfas fagrer gormred
(TPDS) ST 1997

qRA ARGR B @ Gl AT 7
I d8d < & TR I HHASIR TIAT Bl

6.1 JETIT &

FFSHY AN GHYT BT GTH
AT /TTdT Dl U & B Wy H forar
T 2 | SERYT & folg, SR UQe & ISdhy
TR S99E & IaAd fAmRIEust & qTHIoT

ISRl AfReTsll &l 3eud & $hle

=9 AR RAml geai ) @rer

ST TPIITAE\rI O TUq AFSHY TR H%QHCbGNg‘{

SUclE] DONTYT STl §| S DI ‘{'I.tllc"l"l h <
g g IRART & qregq F fbar §rar 2 |
ST Ardeif~ie AR yomen & HewH 9

fAhT oS B AT Td HIART YTAEHT,
TTUe] fIhRT GUS & YR Hell Td BRIGYR
UHAH], el AN [¥us & AR Td

s IRART BT G~ SUART HRIAT ST
2 | 3IPT JVIeT UUTT AfeeTrell Ud g<di &
Qe Tg gI9o7 JReT IR g 2 |
5. YT Bl URBITTY

T BT ISP TWHT UG BT B
fory famforRad Reeaad FMefRa @t o
AHd B

URGSTAT 1 : ARBRI IS Bl
SIFHRI 3R T I3l AfRelal gkl
ReY WAl & SUANT & g FhRIHD
RECIE

IRGTAT 2 RGN AR BT
T YT B dTell Afetrall H AR IRAd
P U1 Ifdh BT B |

IRGIAT 3 : RGN ISR BT
T TTHIOT HIZCATeT &) TRy Ud qIyol Hee
ft SIFreawdr # gfg a=ar 2|

IRGTTT 4 : RGN AR BT
THTT AR & ArIfoTe Ud anfefe Rerfay
¥ YpRIAD R T Hafdd g |

gR&eeadr 5 e uq anfefe Rerfa
P IR TR IRBRI IS8 & Ui ST TadhT
H SR UrT ST 2
6. WY Ugfy

YA eI H guidTeHe Ud
faeyoTee MY S © A ARThR
fafer &1 § v fhar o Gedr B

THCEl YT, WICT fAdhr WUs & dRATRYR
BEISIRERCRE L MR ISIEIPIC GV TN
4T WUs & dTeTYR Td I_YR TTHaHT
Td MR AP U & SHAGRIYR Ua
SESYR UTHANT Bl AIT BT IR TR
AT 2 |
6.2 LYY DI STAHEAT

I B STAHRT H 15—49 AR 7
ST 300 ¥ 3ffees YTAIT UoTAeie ATl
oI Afaford e © |
6.3 THAT TIT

qg—wRIY AT Il AT Ul &
qeH AT &7 BT T far T 2 |
JETERUM, 300 YTUT ST AfZral
BT TAT ABR AT far T 7 |
6.4 WI&AD A

e s = Aregdl |4 v
fopar T &

1. R FIETDHR AT

2. Al

3. AhITd HIEThR

4. FE T4l

5. T8 T ANEIS] PRIGAST |
AIETh R
6.5 fediae 4
ST, TSI TR Hefol, Ted famT
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BT RUIS, Te—u4, G U4 Halerd ARBRI
SXATdSl BT SUANT fohar T 2|
6.6 3wl BT fageryor
9% fdae, BIE—GaRR, dagdde der
JMILIHAT B ATAR 3= ARSI e
g1 fobar T B
7. UTHIOT ARRARN W RGN IS
BT THTT
74 WReY STHSAT H gig

WRAR! R HRIHH & AIH
U7 Al #§ Tiaven & <R g

8 @ IR H AR 96 SR ugd
BT B | 39 Yo Heell it 3 STreden
9o+ &1 FITaT IEH B |
7.6 SMidd e

A W Gdd fa<i werar der
Fgfeh I HH AN el WReY AU
TRIg uRART & oMfdd &It BT HH B H
TEAD ¢ |
7.7 HAfEAT AIRDIHGROT

RGN AToTTReN A AfTe &1

RGN AR, SfbT FamRl, WReT gl
TAT AT YT | 9P gl 8 | 394

Y UdleTu], JATIRA-Hmifdd TS,

STH AMEBRI Ud WRHRT Giawmil & ufd

SIBTHNUT, TIYoT Tl UAd & folU Ry

SIRTReehdT fahird gldl 2 |

AT ST &1 SMATTHAT & T ST TRl
qe! 2 |
72 RN 99 HT WIcATEA

Nfeis FETITT AT RGN TRy HaTiT
P IYLIAT - TV ARl dl 8- WX
YT BT IURT TRY AR H T HRIH
& foru dierfad fobar & | |RemTd u9a 41g
Td aeld @Ry &1 gfic § "eayu B |
7.3 UHAYd Q@A

SRBNT BRIBH S HRUT THARAT B
SR WY WRIET0T BRI B FgRT H gy
g% o | WhdMU, g9, ST def 31
JMATTH R R0 & Ul STTeddT
qS1 2 |
7.4 qyor P Rerfa

QYT HRIGAT T IATITS] Fa13l &
AR 3 I UG 9T BRI dTel) Aiaarait
DI Uo7 HeRlT wRTAeT ud FIfRa darg e
g | SO HdfeTd SMER 3R U & J8d &
If STTRedhdr 9l 2 |
7.5 gRAR o=

RGN R [T & AT W YRAR
o @ = AeEl vd B uRaR &

8. AN & foharaad ¥ uq@ IRy
JE RGN ATSTRT BT ABRIHD
gqTg fe@rg <ar &, R o I 'R W
59 fohaTaad H 3 Aol 8—
1. ARSI H ATSTRIT B Ul SR
PT 3T |
2. OTdT UG 3MdG UlshdT &I SIFdhRI
T B
. JMMAYTD SKATASI Pl FHAT |
. ST e ufdhar & w3 |
d W U9 AR Heell THRITY |
. WY Bal B g |
qRaEd & AT |
8. TR HHATRAT DI AIFT ST |
9. IIRT® Bfedt ud uiRarRe =T |
10. 3MfH W | HHAGIR Afgeralt
P A ot e |
11, JISHERN & 1 THGT BT HH] |
12. ITHIOT &30 § AT U9 AR
AR DT STAHM Ul |
9. W frspy
I & MR R 4= fwpy o
feu < Faa 8-

~N o g W
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1. RGBT AR = IO goi=-eire

5. TTHIOT TR Dl H IMATIH WY

ARl & WReT & Ui STl 961 |
Heaqol JfFeT g 2 |

2. GRITTT U999 1 UgRT Bl g@rdl o
H AIgcd T WReF Ao IuART g 83
g |

3. U4IYd il U4 @Ry bl | Hudh
H AHRHS TRAIT ST TAT § |

4. 19T HTRIHAT 7 Al § Hdferd
JMER T U0 Feell S T®ahdl 98Ts @ |

5. M AT ATSTATG TR UTHIOT
Afgerrart @ forv favy wu 9 Syarh €

6. MMM TG SIS BRG] AXBN]
AISTARAT SR YRAoT ARSI & drd Hgedqo!
B! B |

7. e @1 WX oAreERn & ufa
SIRTR T BT YHTfAd HRaT © |

8. JISTARAT BT T U B H fSfoTea
Td ol giharg we Afdemell & forg
AR a1 g8 2 |

9. JISHRN &1 UL 3R SHD
JRAfIS A H HB WIF R AR s
<ar 2

10. WM TR TR SITwddl Vg FRE
TQTHY ATSTISN BT JATITdT BT 3R J8dv
foar ST Fadr 2|
11. geIra

1.9 WR R RGN AoERN &l
IR HTYT § STHBRT U] BRI SV |

2. I Ud RIS BrRIBAIRT & HIE
IH W UG UE ARl db GIAT ugars
ST |

AT & Iuerear gHfEd ol oy |

6. A Al & forg Fafia e
g gyt RifeR i fey S |

7. Afgeretl @I URIR Ao Td Uoi=d
ARy Geell dSMd STHBRI 9aT &I oIy |

8. AfZeN I WA WEI Bl AXBR
I8N & TaR—IGR A ST STy |

9. AR & foharaad & AmHIiT®
R @7 Joiga fhar 9y |

10. 3T TN U4 dfad Afermsi @
UgaT BR S ISR & UIIfHdhdT & 3fe
TR TR SireT oY |
11. IUHER

JFISHIY AN IHUYE BT YTHIOT
goT-Teiel AT & TRy Ud AHISTdh—
e faaT & forg ARENT AT Ageagot
A € | 7 AT 1 Al IR, HRIT
U9, THIYd ST, G0, TR SR ddl
T oMY Wl & & H ABRIHD
gRads o # arTe™ T B

R WY daer IRl &1 AT T
TE B | SHB! AheAdl 39 91 IR R ey
2 f& griior |afte 9o AN B THERN
el ordl @ | ugedl ©, S A T
P fhadl IR Bl 8 @R R
TR Ay fha oreTgel ¥ or:
SITRhdl, Ugd, TUEs], YRR iR
AfeA—dfad hamaa & RGN AST18T
P FheAdl BT SR ™I ST AT |

39 UYHR HE Ol Iobdl 2 & ARBNI
IS YTHIOT ToTeiel Afearel & Siad

3. AT B3I Ud oI T by
Pl UfhAT Bl TR I STV |
4. f$fTed smdes & Werdr & foru

H ABRIHAD URec &I Heayol AR
Wl g9 & forw v aRRefaal &

T4 Y= WR UR AT bg IuAEl BRIY
SV |

IHY fARAR GuR AMaeTH 2 |

Journal Starting Year-2015, Frequency- Quarterly, Subject- Multidisciplinary, Language-Hindi & English, Publishers- Sushil Kumar Kushwaha,
Publishing Body- GH. Publication, Prayagraj, U.P-211003 (India), Email Id:- ghpublication@gmail.com, Mob.: 9532481205, 9807520344




ST © i e 127

e T g 5. WETTHAT A1 a1 AT § H e ARBR)
1. 9RAd WROR, WReY Ud GRAR HedroT AT |
HATH | 6. STl GRET ST T S Ry gRetm
2. ARd WRPR, AT T 91 f[Adb Hamery | PRIpH I FeOd ARpry R |
3. NI wWRed g, aRd | 7. OO Y A AT ARBRI THTIMH |
I URIR ¥R HIe0T (NFHS) | 8. SN IRA ¥ Hfrd TR Rurd |

MR NG
}4'\ W AN n"‘ -
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et foer it SAedte SeRfa
Tl hell : Teh AT
D'{Tzﬁa"w
o . |Rar g

| TN~ RS |

RATRICN 7 ucer & a1 F9RT # Rerd uab foter &, o 7 uQel
D HOI IS B wY H ST ST & | 39 &3 DI [R5 & &1 HROT
g TP Al SO 95t &3 eI $ORT 39 &Rl | hel SivTell 7 & =
AR BT 589 HUGT 2 | RERIC # 9l SHaifadl | s, v den
BrAl Bl YT fARTE BT—Hed UGy 2 | 9 JAYFehdT & R H AT 7oy
GBI BT TR G | A6 © | &A1 &7 ged Siral aen FR=R ded)
JIMETET & HROT STal SHdd] I T H T 8l 8 g8l (T ARl
& A1 U Bl DI W g 9911 X8 & | I BIST Al FIST AT Greht
@1 S8 U U of € fheg d 31U <di—<adl Bl o, el Ble 9
2| 38 wE@ B 9 FH W fF $7 § R IR T8 B | T
T ST, STHIF AT STl & Wi Jawvad 8 | I S 4ifde el 8
gfeds TRTET W90 & | STl Sia STvgel @ Ut WEeR &l 919 3@ d 2 |
g9 gIRT TR S a1l Mal § §9 <ddl & w9 § go! 99 Awdl &1
FATIR BIAT & | 39P! HARS W1 375 B, ST Hfclhel, frzeha, Fiflaaa
e & M A ST Sl 2 |

& TeE— ST, Dell, AR |

gRAl BT VAT Dlg ANT 81 OMH U1 Ag IFb! &l & foly Fdwa RABTeR dH
BT WIHIT 7 99 W& B | MRT MIHIA § FRA Tl AgM gared 0 <& 8| s
BT T IE S 9 DHacl U B I8 © A MG oI, T dUl HAd g

% et (afera wer—fawm), Tderar fawafderne, AR (|W)
%% el IR (Aferd BA—IRT), Thered fawafdernerd, Al (A.Y)
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Affwmerail @& F7 H @1 A1 ol © | S—
CIHECECE LR

RITRYCT 7ot 7ear uqer & gd 3 Rerq,
fiderr ok R @ veifeal & forT 2| 39
TR D1 Sl Il Hel offdl 8, W
SIP] ITAAT Holl T B ‘TS, DI, ST
IR ufer SNl &1 arfie S¥apia |
=

I8l BT &H =IHfd, gdol, I <qar g |
RITRIell @1 gq@ Sawrfaar &
ST T

gif® APl BT \wy
RITRICT &3 & ST Bell § Sadai
@ UE IR AR g
1. 9919
el & Wared <adl gsiad d9 ST
2| gl ¥ 7gaN & US B 1 3BT oIl Dl
STl © | §97a qore ¥ Bl Siia @ afor 8
Il B |
2. T Tadl
B 19 P &7 | H— §oal ad, SIaR
<9, 9191 <9 | TG TAT IS TR & ©U A

2011 SIFTOET & AR RN #  gfora €
ST SIEEd 32:6 % | 3. WPl dar
ST | g e | enfife ugE STTSTIfR # er’efl A, ot < 3R
RIS BIRR ARaraerd, goet| & Tal I T W £ aﬁ?’l ST el
2T TP B A Ul &Rall Yol PRl B |
BT foaseft, | e=ch A ™ 4. g . .
W e SIS ST 3 ARt & Avee |
o TETEY 8 | T TNy, S| TR TMSER IS BT ISR ¢ 12
> T AT
ofeT | R Rrer 3 | eiden A, ika ST & T TS Pl it &y
o { SRR AT B—
ATd— Census of India, 2011- District Cen-
sus Handbook: Singrauli- Govt- of India.
3BT G| DI HRAT © IwY ITHY
SSRI <rdrell & e dglad &l guare | a¥R JI—Td
g1g 15 fad
STERT BENIE] Bict, il | 9 Tadd Ag STETI | B DIUTAT
T o | ok R o e e B e
IUAR

fery— sIrqor FE # T SIS Wl
@ SOIRT BT Yo v & P
UOIRT 3fR S gomed’

T A TS ST BT gl g de
BIdT © | 'Yl e gfdd ST BT GoI
BT & S SISl 3R #3 Gl Sl © [

s@ Ufd wrall # AR &, awere 81d € |
S

1. HZRAT, A BT US dSTad BT &I
g |

2. UBTS &I AIST Y19 qqdT qefl

3. ol fbRT &xell ATl BT Yol el
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BIAT & | 39! ol H qfd 781 afed 1% 4
g7 BIS 3T forg BT 2 1°
Ty BId o fARdaRar

RITRIe & ma—urs fdeg &= # aremor
Bl A fferd 2 | 981 & Rar iR
T & fom arat o e Mat # &1 wgen &
IRTE 9T AR gfef SA—aHT IRURT 5000
ATl gRIT P

RIRI &1 SFad arfie |\ pi
fedprs; SmeamfcAddT BT SRR 2| ISl
AT ST H 2, Yol § T &, 3R gelrel
# UHRT ¥ 3 9T 3R MR B HA

T vd i
IR el &1 Seod 73 wd
AMd WRT & favg H ®Er orr © fo,
RITRICA @1 eRell DI A eI, Slef—aurdh
D AT A gshdl 8| I8 oI R Gl
Wﬁ%lﬁ%ﬁgﬁgﬂﬁwiﬁf
qeTH B 39 &5 H g SiHentaa TS,
HIc, I, UIDT € | 7 Faeb! SaI—37d1
qred 3R AU I T TAT A T F/Y
é‘cﬁ—é‘cﬁﬁﬁ@ﬁgﬁﬁﬁ?%‘ﬂ
IR & Jq@ S I
RITRICT & yg@ 1 & 1 drferan]

AT BT FAT B | q e fHar o 8-
TG BT A | AN | AgER | TWwY TG e LRI
TS SSRI | TS qarell | gy RR WR 8RUG, < g, JFAN |
T IS BT | ST 3rd, geled Pl g=Jdig
fa Higel, feqa
DA T I, hRAT el BRT, R bl A1a | | Pl YoIT | B gaT
s QABR, | <Ia®, s DI GRHHT
ST0T
HEIT
fqear I ST e, T i, IRR W) gRAl AIAT Bl T~
W TR | ARG, 4 HRAT| 4157 GREAT BT
S|
SEISR e, L Sl & AT gg IRl HHETRID Tebell
Dret PheTs SEAKESIS
CREZIE] gfHer | =T, EN—7%Y SIS | SIEINEAEC SIS

G B F\@wy

g arel YA § Qled, Higd, TSI,
fead—a9s R TpSI A g aI Bd 2 | A
GiR arail &1 wanr f wRa 7| e d,
qGY, TEAE— 9§ IS I 7| ud

fid Gfte o1 o & w9 H S S 2 | BT
gl 9% dId HAIfxes sfasra &
QU] BT | S AcAdl STl giRT
& T T S 2| BM A 1 Ao a1

grer &1 9T YT BT 8, 31T, HolRl— Yidd
J g9 YT e ST Bl A o 99
O 810 S T el ® Tiearl

T AR d TR & W9 H T ST B | 39
2 o faff=T SfavRi R TR o 1
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BAREZS

RERICH & T Ffdde TUged
DI ¥ el © | A SNfAd <91 8 | TS, B,
T, UfeieT STl UReRR, debsl, gl 3iR &
g ¥ ST IR el & | Il JI=vapfa
®T Vi, gdol B SURAfT 8 111 RiRYeh
DI THE SIS Afdder & @l |
adel B giddmar w1 s, wikar Rred
A € | 37 ARGl § gSIad, gorl a4,
M QAT | 2—4 BIC DT ADS! BT T BT
2| SO, REAAH ITABRIT | JNE—TH
HT Havd A | AESAT, AWM DI Abe! MM
B B 1 A B QAT § W A A I
g, R faafid ax & SRl 21 faAr 3
BT AN AT ST € 2 YRR &1 qfcidbar
BT, UM TR & AN ST & | Fdl
TR, 4R TR, GRdl AT JMfe 39+ weifea
B 2| Feal TR, % 9 o | 98 e,
% el 81 8 | Wd B 7, Fal fheRy,
RECT | gasll &l A1g H fdeg &5 & Argshifores
SISIRI &1 URORT ¥ 9$1a 8Iam 3 |°

RITRIel @1 Soda giddar fears
ESsd &T §ad QRN IRV & | I8
qcfwe g4 @ & 6 gax g1 o v™
HT 8| URR ¥ qadr 8, q9d1 H geRr
fegar &, I8 ey gt 2 |
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TEGUE h ThehcTT3N cht HithidHh,
UfereTires gswfr

o gAteT Huw fusre
0 Y. ST Tt

i SHY-ARIT 1

JUeRdS B Ydfold clbdoliall IR =g &Y dl 84 sfaerd & S84
U BT 3R Sl Usdl & I 89K gadd! fUgeii @ Hrdl 4 g9R SR
J 3R IABT UH IUAT AT & Wik, AMISIh Hed &l o |
IMYMBIHRT & 3H Semard # 99 H MMYFd iR ulR=rf <uii 4
YRS B9 aTel Ul Ud HeATlaRsl Bl WHR R @ drdola R
il § gE vl Bl g1 dAlbdball Bl Sidadl Bl gad o | fbar A
gH H STd PIg I AT BIAT & AT TR DI 3MMETeh AR D FolT,
HaRA & g1l Bl 7 AT ®U § R dAlbdbanrsil bl sifdd de
BT A1 37T 1 STTAFN 81 Bl AT 3R S1a Udid fors fah=d 7 foreft
wU H A= S¥eRI, IS4, el H vdifdd f6d S § e Ak
TH | qrareReT H# g gier 3R ufdsar o1 a g 2 |

JIAES ¥ TR dAldbdel W&l 8 e e e Soqdl & aRM
<@ & fou e @ 81 =R @ doiae § RAF i 3 ugfa |
QU G B Ahdel & wY H I U & € | 7 dernst § qe:
e, qfafE, uelm, <sfRE (Te) & FdmEl o & dRE &
R Aldbell o1 A0l 3§ 311d & f5ea Udiiep o anfl A1 ol &
SR g1 ST 8 | §7 Uil foesl § SIeT—a1elTT 1 &1 Arepfadl Sl
AivTfers wrIt @ gad T 2 |

Y Tea— AlDhdbell, ARG, FADh e, Tdldhias, Icqd, AT,

x el (faem), geowrs fdwafderrey, sl (S9)
% UTRATOD (T8N), ISTH I DR AEIIeerd, TREN] S Jaldl (W)
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GEITIAT

AT 9T @Il € | 98 9dd 31aH
BT B TATICT & | RN | Y I8 0T 81
ot HRAT B | 579 91 IR warr faem #
T8 oo SuRfd a1 RRIeRY U g,
IAD Ul 3fpee BIT B | FROR F¥ s e
P TN BRAT & | ATh BATBR ATbrerl |
Ad: DI UHS BIAT | Ald HATBR D
IR BT BT Fzad & Al Albierd Bl
SR & | 3o (A # ol SuRRerfay S@ax
AP fFeR 8T & SIar | dAlbdel
BT FIT BT ST © | SAIfeTU anfed &ral
W IAMYH BT qh AlBDHT IR Al =
&1 3ge Redr dRM 2 |

b T DT TG ITRAT DT 3T &1

2| b dedR ET & ofddl @R

B B guell Alpfaa # oAlbadar @
YA dWd drbd HAioe & fo® dRor
SIBT AT Iaxd fereiiel 2 |

AR BT YT 3R SYAATT
JSTied €1 &1 Ud 3R Iqdl & o
M &R 9 O & R Sfaq #
ST 3R f=dr el & | A Wi gor |
vifda—fad iR AHT B 9o & S
BT § | SATh el BT J19d Siad § dsifd
UNTa TSl ® | el 7 PIeTo] AT Bl
2| B 37 SifEt @ et & forv emeTId
g | Ul S AFTfeTd ® | bl o @
ggd Af® 2 | fag 9 R @ siaw
BT I T & | IY—Iferi & i
H1a 3R U YA BT 93141 < © | @I, $
IR | Alp fomen & e MR 2|
AT, WY, FA1GC AR TGS B gite F Jeiell

A T BT 72 2| 319 AR A< T A
RIAdT & goi- BT &g AFT ST & | 3nfed
ARG ERaT fddmiad off | Arffed 514
3R IHTE D1 YoIT BT e T | S1Heh A
U 51 URER & foly §B AR AR
TE—HE AT W | ST+ 99T g o

ABIA & IME UHR Udhe BT o— Ry
=, 9 =3, i 73, ue & 3R o= |
RT o &1 Wl 9gd ued R TR
g |
IESIEE]

TEUCRITS P Fard TRART TR TR PN

AR ferdl UR FiE BICT | ATbHId iR Arebi
@ IR H 3 BT I8 RIS TIRT o |

ABHel & AT AR G faum=
A BT FEATA B, Sl B8 UHR & AP,
g 3R YoTfdd UfddR 9¢Td bl Seld
gU 3 Uga™ 991 §U € | SHBT HRUT §
ATBRIAT B ATF ATAT BT 9 Bl & | .ATh
P TS 9gd TS H oMl & B 98
AFAT & HAE R IRART A 9Ifvd
B B | TRFRT | TAE Bl 8 TR
&1 M & R faafia g g8, smm
Y & A1 FR=R SIFT 9l g8 da- &
TRERT 2 | i Hell fAed) 781 8, wuraRd

T 7 BIT & b g8l UR UgR e A @
Joog fAerar 81 59 oiep Al &1 319l
T W9 &4 BIAl © foHdT 3idd dAd
ATver fear Sirar 7 | fafr Sag, <ieRi,
gd, Tdi H ¢ S dTel BB Alb el &
Jferer faaas 1 g

JEAEUS H R (HHA), BIgaR, AN
gee, greft (&Ra) mered &1 favy yde
2| BHA B, 4, e R g & forg ST
ST & | AT BT ARG BA gt & forg
fhar STar g1 gl IO #I $UGR T |
TSI @1 I[WHI3H H 3ifeha Torer wwy grefl
DGR | HoU, a3k AR ™
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Siiahd © | TRFRSE 7 PIgaR Foli—HaR
UdHe P & |
Hqgell

SITdT 8 | SRaTSl &I T & &l YHR o oIl
Ahd g el AT & gvare iR FT—wmit
D SRATS | TSI Agar el f7edT o

Hgell Al fddl & HiQR BT el Sl

2| af*ex &1 Hear a1 ggdhT fRHior g b

13T B BT W Sxale DI AT hRd

g, Slafed A\ == § <xar &1 I T

e dRadl, drered a1 Tl & fHAR H Bl
21 Il BU H TRl BT TERar W R
@ ARl R B fFar Srar g s) @
S & | 2 # waiRae @1 foeg sifdd gar
2] W HR W eaoll Herl ol 2
PI—a= 37fe a1 Udial o srpfaar @t
gl Sl 81 g8 W9 /o REeR @l
FAT—TGOI R R PRaT 21 Agel @
fRAih dUci@vs H by JaERl R fhar
ST 2 | BRATSN & faR R IeeAEus |
<) YOIl Bl YT B | Agell H fARTSl ) @l
ool & forg Rt fid et g8 ol 2
s d W) B MRT R Agell &1 RFidd
IRG <G DI YOIl BT | FaEanT &
AR W Al TR BT AR R TG BT AGell
FATHR YOIl B BT Tl 2 |

TUAEUS H B DI Yollg DR Bl ARy
UefT 2 | X1 B gaTS A B W BA—ggan
BT b A1 TGIR Yol &I Sl 8 | BT
I AR (@1 STe BT Aol 9¥) Bl
goldTel WiidT 2 | goldig &l 39 URWR®
$H & ol fha™ gRT 8h—R9 (RFPR)
fear Smar 21 39 W W duerdvs H
TG T DI AT B |
SRATSIT

ERATSIT [E—ASST BT AT T |

3R @& & §RT 9911 1T 2 | A &=drol
e 31t URshd B 8 | Hedl Ugd
Gl IR Are—diet a1 ATt fher o 1 9
GRATSl BT MR Gial oral & | S T
AMPR H SRR agYel TP [T AT
ST € | 1 & SR F 3 A 31 Sl
2| SRS B S BR H gl F1 i
BT 2 S RR & 7w # w@ikds a1
fors forar Siam 2 |

Ad B & ITAR SFTA—aTel # 3,
I, del, AR, gRfl—9rer e & ShR
IR S B | I SR Tesicile A1 A a5
TEY WR R IS & | gI Afdd &1 99 2,
TG <l & | qF Ald—ared g1 T,
o Sfiaerar U™ wRA arel Ui 9 7 |
Y-vell dh Shae | Af= 8| A9 &R
YUl & SMURN AW iR WEANT |
& AR BT WIR g7 g1 2 | Slrapferat #
Y AT 3R STa—T=g, SR & e
A AT S B Upfa | FAdhear iR ufiagd
IR BNl & |
TUT  (Beer)
2| omIT BT 3 IR £ 39 UBR -
RQATG, ‘ATG, AOAT & ORI 7T |
AT BT 3 & Mol UG BT T8 ASMT Al
YT | JUAETE H MU BT Foi al

JURIUS H <IIRT 3R STl BT 3MDhR
AT ST & | - 9t 8k ofarat &
gaTSl B gqTae IR fFor # R Ui

AR W YT &— 8 YIu T I
3R R |
T BR P SNARI H [E G B AT
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TR AT B AT AR Tl & °led BT AT
(B<eI) SITIT ST © | YRAR BIeT 8 foraH
ATaT—fodT 3R 31fde & 3ifdre = 9= & |

A6 FTEGR 7 SR HAl @ |\ |
HIET NERll gRT Bl B AT SHR ¢ |
I 3R Y & AR Uhdl AR GiTel o

arE INferl & R & I8 ARl
SIRTT & | 2rmar RIRIRE PR & d=ie

HSI Bl SN HYdl ¢ |

IR ST & | BTl ford &1 wee @R Siiaw=
e Tgd & @ forg oif|, &, ]fd
3R s T YT g HARNT | BT I 2 |

gl ST-9e | gdde iR faarg Iwhr
P AR R AUSUTESTEH P URFRT Yaferd
2 BR & 30T A1 gR A 9 gkl iR 41
@7 A (Ul @R | AUSY IR ST |
TR P RN AU€Y 94 dTel goui @l Uis
TR Fracd & AT 3R Eedl & °lct | gAferdl!
SAPR AT ST & | g8 o1 g 3R
Jeidh BT Tl § | UTRaTRa TehdT iR HEART
P ATIAT BT T AT AT AlBH B HE

I @1 9aT 3R I=T ydhe A & oy
FHfaqa fE # g B A B IR Achal
B3 1T STy © | gl @l ST iR ¥R
BT I AT TS, dreTs 3R HIeTs o
arqura # fafya fasar Srar 71 gl @1 qof
RT e SifetT uad ST gdia 8rar 2 |
TN-F & YRl MRPHH INR | oA &
HAR ST © |

JH | YIRA BIT € | <rdTaet], Mae goTl
afe IRFR® BRI W ‘AT M BT
ol JUAEUS P ARG H UM ST 2 |
AU R FIfcdd & TR0 ATEER & AR
R T STAT ST © | 2197 & fa7 <argedl
BT AIBR FERT AT ST © | AT ST Bl
o Rt axelt € |

BTT AT o JFATdT d ST ATl
@ 3MHYD ATY TR ST & | Wl N3H &
THR H Bl B FEIdl ¥ ATBR IHRT
ST ® | fawgait @1 afe o grar 7 | ffeat
o1 ferie o # sifvant w1 7| fafedf

BT AT fhar S 2 | fREeR e i3
3R STHAR & AR oTel, Ulel, =iel fndt 7Y
AT BT YRART R & foIy wad= =i & | o
BT —YATT T2fh] Bl IARATET P 3R o
SITAT & | STt § Rt w1 i
Aeft et ¥ foar oar 81 &R & ar
IR TRaTS Ao & fory AR, g, are—arel
& 3R el fedl & A1 @Rl gr
IR ST © | 359 wforan # fesrde 3R g
BT TFT AI—H1T SR Bl |
BRER]

Ud 3R Iodl W YR BT DA

g & g8 Uer Hedl 2 | I ar e
2| ol AN Soolld & JGERI Bl T
TEI AN | Ueplcr & wU, I, T AR W

SR R fhAT ST g8l b= Bl &l
forsrar &l STl €1 gReA b1 b
dShI—alsd! IT bl T RIged PATdhR

DI AlBITA H FHCIR D gad T THId]
A g T IR 7 |
g3[—yefl

qUAEUs H Bl BT REIGT BR B
ARl BT Folae & ol iR AWPR Tl

IR FHdT 2 | & 975 BT dvs AHDPR 3D
JA 9 UHR AT fhy S € b werrerisn
MBI SHR AT & | g T TR |
A= TR & T WRBR YR Pl TIAARTA
g1 faam Sar 81 gReA Al T SR

IT B AR R BT S 7| R

RGTRN BT THEHR B | T B AR | T ST+
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od B Uh T TR DI YHRAT © | WER
TSR IR Y& © | <A1 7 SR qre—He
A rgqa sfa—gfiora exh 2|

qecll SFUE BT b Siae dal o

TR IR fawga—<r <& 21 I8 b

aRaer # UriY S arell ufrt el &R Ut
D BT A B, Uedl, Slell, ol 7 IR
foar Sirar 21 E-goy ¥ fF a9 € |
oAt I O g forar Sirdr 8 | gsi @ gy
1Y ST e ol # 9eanT o) 97 IRARS

faRal | s IR duy | U ugH

R olT T UNETOT UTed N 2 | STl

gR X! B | WU BT gIT gl AFRIDT
H B T8 Ul AT | BEA A I e
PRG SABT U9 HRAT AR Y &1
T STH—Sia BT Sooig=1g TR 8, 39l
WG B HRY[ THAGTS DI Alh era TRFRT
H BH (YReH) BT ST g1 THAAT 3R
IAEYEd fHaT I 2 |

Toldl TR

Tolel TR FHERIUS BT STAu i ¥4kl

AIBIH Bl B UHR AR TATG Aldh Siia
H 98d TN WR W el B b A+
AUAT Ul AT IR HAAT dAlbradl H
HAI—TEAT B | A AR W SIonfaal @l
e fEl & Uiy JIge SRR & BRI 8—
S U8, GorTHdhd], T BT FGuaNT,
SR U iR e fawars |

1 =

JUIAEVE D AMBATRIT H ITd, BRI

BT 2| dUEvS B Iid 31 drel

@ SRM ‘ﬂlﬁ T I W UER R %\r|

JNef, et el § e STy 1 wve
2| s Wifd & fa sitear gE
ST H BT 1 e S @ drT ey

GTAAR OR UTHIOT &3 H STl del a2l URuRT
g S, 9, |Ael @ fafdear <=
S 7 9 R @ fafduar e eRo

ygfl @ B 21 RIeR 9 & AT Wi
YT HRA & | ST SiTell STHaR] &l RIeR
B 3R U R B forv onfed R,

JTT—3TTTT RWRTY 3R <91 AT 8, ST 31t
A fe 7 o wu # eifed & ol &

RTe e WE & surifed 8-

TY—T0T &ROT R & | Tguarer RrpRy s
S &1 Ugd 8 9 AR (9797) 98d
Tbrel BT 8 SR e o/ga Brar 2 | ARI
1 Al fquTeRy W& & | dRdg RieR Siifdd
T8I AT | SISl SRl &1 RIPR BT
qeell HEHd BT URE B | TS SIS &
W P AIR H RBHR & gy 9101 By
e BIaT § | foies @& <1 e g
freft fiedt der <7 iR G|

W B ford—gel I @ AR A
RTSIT, Telel—dR fore gy Rier, 771, @xer
anfe @& fo +fieh fiedl & a9 o £ |
AT, AR 3R He—ufcrdt f gy et € |
T8 fo 1 iR v W forw I #

CACSINGIED)

"BIY’ gE! UG BT Iifafeld I
2| YfARE IR BT TS H STSHAT, IToTRRIH
H ATSA], AERTE H el 3R SR ¥R §
Al A | ST ST © | ol Argar © b
e Wol € IIRT & O™, g AT
QITRT &1 B BMMSY | HART AT AYH
HET AT 2 | AT # dis ®Rehx 39 I Bl
R B DI URART 2 | AT & AP R &
WS el & T R DI Al AT BT
GG

PIEY—Ud, AR 3R TR & AR
W ER B R §RT QR T Al Bl P}’
el ST 2 | A1 A H W@k &1 faaidm-
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ifrard AT T B @lRas  Aifad
ABE T 1 S IR Yoy fw] @ IR
IST31 BT Ul & | IR GouTe, IR 98, IR
MMM 3R AR quT BT YT T TRa® H
af=fd © 1 w@iRas # sifka fag ‘5@
g 2| qoTell & ared faR 9§ gardR
savs Afid 8T g1 w@iRa® & YR &
g B— Mg IR Hag | @Rl & gNI
srarg warlRas fgifea (+) far Siar 2

T B 2 |

JE—FEHR 3R ATOM & JqAR TR
I gRT 99 T A Ie) B O ¢ |
) B FET AP DIt I Il 3N T 2 |
I w1l H EN—gF I5 A I 3R
B, IS Tr gareR Il 99 o |
KECE

TUIETS H P g B 3T forF g,
TBR, 94 TG ST & SR G910 ST DI

g IRA® BT YRS ©Y B | AaTg WIRd®
&1 faewra saTg waRas | garm 2 | wilRas
@ Fl wU o 2 fovg @ fuRa

IRART & | fAf=T dRE & Mg vd weild
8 8 & DR gD M HeIT—3TelT
s g €1 g8 A <@ wan § fb e

BIP} BleX &I AT YHR B URFERSD
AIRGATHS Al (49919 Udhe 8IdT & | Ufd=
1 ¥ YD T YHTRIET B A AlDS dAld
ARl B UBNGR €| IR AlbraAl bl
AT HRAT SIa DI HEHIRT BT & |
Pl B &I =T faer agd &
HATHS BT © | B @ 9§ R @
IR ¥ o &1 [WIR 8Iar 2 | U g dTel
®IeX H B3 gl B ST IABR 9>
ATHR—IBR IR T T © | A IHR 4
AR BRIR R A g B IR R Brpeii
DI T B S & | Byt 3 AR fawg)
3ifhd Bd €1 3 UBR BT HIeR g B
HWR ST BT RITHT R 1T ST © |
BRI & B & | PBIex AR ddl & ARE

ARIAT Ud o e | FRiaesta fafderr
A AT & o =T STl T—3TelT 84 % |
&1 ARIRE IABRYT & | T I8 BT 9IS
g I T[&T <8 &I f1eei 2| o1 &7 i@
SR 2| Youi &I e Rai # qa1 &
fcr 1fers Tetes il ST & | & ot 3fed
M1, geAl AT & | O e g
Fead W HHS ST @118 | &1 HeAl Bl
TR MYl & AT & gd gem 2| A
Fl P ABYIAT B e A -
B AR Alh faeard |

Al AR & SMHR R J8ER
@ SITAR— I SAIferdl 14 e v ferd
g 9 U8 99d € & 99 & S |
GY T b H B Wl g | fheg e
3T & |1 WAl qdb I @ | 9 &A1
¥ ffed U Sirg, vd ol fazard

3R 3fdT # 98 Mdwedr 2| I rgsT®
AR g [T Al Sdi—<adiil al wRImu=T
gfasT & Sl 81 dar B Ao # srerd,
3eT 3R SER ST JANT BIT 2| e
AU Bl YU | FIAIRRE 9E B

AT B AT STHR 7 B DT & B
2 I PV o GRT SHD Ar<d # W
gl o © 2
ST

AIHHE [ & Hag H Fr=feriad
AT Bl WHR BT o— IRING
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DR, STy UfcRIeD, ofih fazar,
AT | T[&T BT 3TR™ gl & T &

gd & g 8| MR W [ gU Y& Wl
3T BId & | I ST Jog & SR

& Hell Bl GHTDHRIT IH & R TR
o e &— @iferp— e, S iR
A IR JEardt 8 | fheiRai— argy, Bl &Rk
Sl WR &ard! & | gaferdi— s, dfs, i
3R WRT ¥ Tgard g | MEAT Med & B

Al H B BE S & | & B IfABRYI
Rl dh TSI 81 § | STAoTfadl § I8

ST Rl Rl € | 1918 3fifsr, s
3R QAN P8 Sl & | 3 & AJAR

gl 98 TN R dF el © | &AT Bl
Sl & TRR WRSIard S T—dT 8l
TS © | Yl A=Ian B % &1 e 9 IRR
¥ yfRIES &ar gedl & | SToidl @
i, U 3R THH YbR B = Regfa

e &1 fdavor — 719 & forg Sardic &
fog dierarsy & fou Yoo & oy
HOR—TSR, el & forg 9edl, S & forg
feeg, R & forg fevom|

goul &I 3ueAT RSl # [&= &1 1D

H B AT IR FSHAT Tedl T | Ufdad
STerdrg A g @ g IRIR H T eard g |

b Sl & & Yl & Ue dld
fawar &1 YA B 8 | Y1 Herr H 9 JE
A U1 ST & | SToTTierl & I8 fagard
g fo R fo TR &R 3[eT W& B, 98
ATCAT o H ) IRIR GROT B AT &l
g | gHiforg Rt oroet ufy a1 o°lt &1 o
T AT 3109 IRR TR I[Eare € | goF avf ot
HHA UAT & P 8 | W WAl & =F
AR S 8 SIl SIF—Cleal, Ya—dTe 3iR
gt AR A el HRell © | fafa=T g
DI HAHD AHAT AR HA—IRT INR

UgAd B | goul R REdl & [ed
AT—AT & | JOF 30 IR TR YT
anfe e & | Rl & IRR W I[@ e
DI MG 31D HeATHD 3R AHHE A
ST Bl €| SI— drdT, AR, W, 498,
he—ull, e, f2Ror, AR, 5T, ™, et
R fafr=1 sarfcfa sepfadl | e
aepfcrdl @l Redl 5 g9 gadH § 9 Uh
e & wu # ufosTt & g1
AEST—HETaR

fora 2 | wRdr Rt ded sarE & wa

W TJedr] Ay gig bl STl 8 | e
2T <8 DI SUTIT HIFT ST & | AT Dl
gorr AT & 9t oot § ot Sl §
STTfeeTd ugae & fory el &1 favy
T8 o | qUEUs ¥ I &R a1t TS,

H gABI STNT axadl | WL T R
AT gad AT S 2| fawar Rt
HEAI—HBIAR BT INTH WIbR T8l bl |
fe=g Rl & A—A1 qeAE Rl Y
TE-—HETR &I T A Aed gfg wea)

A, BIt, 1, FBRAT SOl & o
3eIN—37eTT € | Yol BT qol e Hifdeh
AT ITEATCHD JAUGT e BT 3 |

& | PR 3R 9gd HEal vEH # agd of
oIl 2 | el AR SqHRI & SR TRe—RE
D AMRAT BT SR Al W 3ifhd &

H—HH! I A1 BIAT © b AT 310+ <
B BT BT 310 ST vga= & forg

A A E 1

ST € | HEQ) T U Hell & Sl ierd]
BT HAT BReAl & | HES! 3R HETR A X
gferdl ok fisforll |ar A R+l iR
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SN BT EIER & 2| BT B
TR gdell WEdl | [T WRI arell siyfoerdt
fra RyPd Y & 7 F YU AR UA
HABI B T TE STCA?

HEST T DI T &, FORT Seciragddh
HH a1 ST & | geil g8 Heal &l Rl
Aiw o oo Bden, fUsferal ik WY #
HATHD MGt T € | 4 = 31 &
Hif Bl W W@IRA®, HHel, UM, U,
RO—aal, s, agys, vcHlvr aMfe

BRI 2 | H—BY I MY B & | o
T B AN HeAHD AR dTel BIY &
g | T dre—ara—dier anfe 11 H garax
PHIS W BMU <d 2| M8 AR TGS Bl
BUg Ja—dcaR Bl B | Fofae! fhRT
T 7T & | ST (811 )R Sl
BUTS &1 STl © | XHlel JUSel] & i
MMpYd el (Fafren) s9arad & frad o,
Tqar 3R AT P BUES WEdl B TR,

EFA AR 1G0T BT =i 9gd yafeld © |

AT 18 Al & | 3pfd & ATAR
gIHI AMEHRYT BT © | YAl T8 HE4l oI
@ ST 2 A1 S9 WR AIST Jdl SR grdi
BT NS R Adwd & 3 HEL BT AT
gedh AR fehrs 8 ST B |
e o —

JECRITS H UT o & TRERT GIR
2| A faftT So7a, <RRE @ SRM
qTes ATRIAT 3R TRART 3R UT o &Rl
fa ST € ReaT AT SeATeR, S9THhTd
ORREI FoIT AT BRIHH & AUl 3T
P WA 21 PUS, BRS AR TIS W
difpa fol @ uefom @& M | Ry
BT ST & | Uefd &1 y=ield 9gd Ui
g | 7de H gId BT e g9 W 8
BT ol © | AT @I Aad—H B |
IE ST IS aRIAT Bl Grax Q@]
ITEdT 2| gAY 799 59 UeR ¥ 9,
ARy iR 3ffT &1 e | FHRRY q=7aT
2, S UBR A a1 Bl | AIAARME g9
BT YT~ BT B |

9 BUE T 99 2| $9
I B BT @ & A wRa 2
TUAEUS b by UM 3R NI H BT
T B ANT U S & S ol AT T BT

SO Rt @R arferdry e, of&em
BT B 1 ¥ & <9 TN W 9 HeR 8
T B | eYd R Mmefadl | ol
T TR R AP AMIDT HHANI BT ST
2| IRFIFTOT Jog B 8 | grax uRee |
INR BT AIed 9 ST 2 |
a1 Rred —

JeETe # e Hall TEeid—dkE
I & Te—aT Seonfadl ¥ Siia=d 21 94
IR Swal R ey Rgdq 99 O 2
SART TR I YIRAT A U=l 3R gg—uelt
@ T 99 @ YT URY Ol B R B
SRATSl R Qdl—aadmall &1 il a9 6
T Naie @l ggamd & | R¥ra, Torer, &AM,
R, AIIT—AR BI Ffeat fedt | 1l o
2 | g9, 99 iR el fiyeax 9 3R arg
&1 HcRl F9RT 8 | IRFIRS PHATdR TRe—R8
& Ral @R A BT T B ¢ | e
& urEl # R sifdd Ty oa § | A &l
TErRIdT 9 Al # s T MR S
U ARt AT T YN Bial © | 3nfearedt
el H g I W S & U eIk
Reci a9 $1 ers—¥T Ulg 9T & |

el wenm ¥ M &1 T Je™
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I & IRAdP d=dT dddl Nuf~dfre
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EAd P IEA AF TRl B, dfcd IEH
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Rerfa, ST Haur=e Wit 3R e dif3d
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AR dAlbad & A9 TR 4l |
~JRITfTehT T Gl bl TR&Td MR ARTRET
& HifeTdh SMMEBRI BT HIH TG STl AT
T B | AT Wit ® 91 ¥ 8 gared
ST MR T B Fa=d TeTerdl o
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3R PIANTIH aRAT &I ARSI ST
o3 TR gt SuRerd € ™ # uw
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AT BT JIRATIAT & Had H g1 fidreii &
frerer vd ' fageryor fasar g |
RAIUTART & FH TSl TG Al
3R Il o1 FrefaRad g fdgall o
JHAST W7 9Hdl 28— lddd g49TH
TEAIGATG—dIhd s Bhacl agad @ I
BT AW Tl B, dfcd THH JUTID] AR
IRTEHfT @D HRA ATl ARTR®I & SIfABRI
DT T AMAR] 2 | TTAd! DT FebTd—Tiar
3T favg Iz B fb =marfere & fafi= wR
gN—dR gABaTal TrIAearsl | wIfad

Journal Starting Year-2015, Frequency- Quarterly, Subject- Multidisciplinary, Language-Hindi & English, Publishers- Sushil Kumar Kushwaha,
Publishing Body- GH. Publication, Prayagraj, U.P-211003 (India), Email Id:- ghpublication@gmail.com, Mob.: 9532481205, 9807520344




144 SHODH CHETNA-YEAR-12, VOL. 3 (July to Sept., 2026)

g o v & a9 sagafd &1 marsi
BT AT ST V& | FAEAT BT 1a—oTd
T SIf, & IT FHE & JMYR R 9e9d
JHT 81 BIdT, T9 db dRdfdd qa=dT Bl

HT R B |

TS B G I BT g SR FHIRN
gfaf =l g7 srdd aavys 2 |

HET BT Aihar—aamidl &I gl
W 3R S ARN & foTq G BT FTI
P BH D BRU T dh AR ANRS

SHET & RIgid &1 Seoiad— STHEd

1 Uge Bic B TS & | MR T Srd—aR

o9 8, SIct Jruare’ 39 wnfud &g fRigid
% R, ada # R ofeal o
AR G Bfedl BT T dF—AerTg 8l
! © | Ul & FSI— Py A H Gbad
@GS YH B H A gl o o 2 |
[T iRty g gV ofd 999 d& o H

BTSRRI STl 3R gablell & UIdR 3R
DI GEARTT B TA DA Rl & WR Bl
GUR—3g <l e Jrl R fJhe W&
=
fosp

RO <ITI9IfIdl 36T Udh rdd

GAT 3R ARTR®T TR IS fAaRE &1 owl
ST ST ARP &1 =T BT e &9 2 |
FAIT® 3TETerd] B YAA—da] TIETHROT
S @RI T o arell Iifdrel WR

Haeeie iR #Aeayel A R @I T
TRt =rdTferaT # ofet W AsEm, difg®
WU W [eH AR SHAMGR AR B g1
AT A ©, fobg TTerd AR R dTel

I W MO q oM Ar gAdrs <rer
ARSI @ Hifeld SRIERT & U =amaifera
DI gedl Ade-TeierdT ®I geIiar g |

A Al § SRIAMA—RTH ST
B & 918 Joll WA 9 IS 3 faarai
(S SIaTdl AT $I QERT @l &
SIART QAT AT STT—TeT HHIAT & AR

a<dl df dedr SuRfY iR MY reTerdl &
FB ORI gl Hoaeagar S
HT O UEATS © | Wi a4 ARet
@ Hifeld ATBRI BT ST Fared A
foar o f& S Sooiod W WY Hdred
ST OTH & JABR BT A W@ Th
HifeTd AHR (TIees 32) IR o4

DI FAM IRE D Al B oTY TeT—3TET
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% RIY H ot H < B, <fhd J1eTad gRT
I R AR g BT AT BT 3771 34T
T T |

QoI Yeref 3T, 1991 : YRT WRBR gRI
T T I BT Sl g HIGET BT ©
% 15 3T 1947 BT AL fH=dl Y enfifas
T & TIHT DI GEAT Tal ST (ST
faare & gAPGT 3UaTE AT AT ) |

— SR —

Journal Starting Year-2015, Frequency- Quarterly, Subject- Multidisciplinary, Language-Hindi & English, Publishers- Sushil Kumar Kushwaha,
Publishing Body- GH. Publication, Prayagraj, U.P-211003 (India), Email Id:- ghpublication@gmail.com, Mob.: 9532481205, 9807520344




SHODH CHETNA-YEAR-12, VOL. 3 (July to Sept., 2026) ISSN : 2350-0441

A Peer-Reviewed & Referred IMPACT-FACTOR
SJIF -7.778

International Multifocal
Research Journal DOI : 10.5281/zeno0do.23114880
Paper Accepted : 14™ Sept. 2026

Paper Received : 8" Sept. 2026

The Generational Divide on E-Platforms: An Empirical Study of
Age-Moderated Impulsive Buying of Electronic Products

o Astha Mishra*
o Prof. (Dr.) Ram Karan*®*

I ABSTRACT ]

This study attempts to explore the “Gen Z Anomaly” in the Indian e-
commerce industry, and how the aging of consumers affects the relationship
between e-commerce marketing stimuli and platform features, and impulsive
electronics purchase behavior. Using the Stimulus-Organism-Response (S-
O-R) paradigm, data collected from 806 consumers representing four
generational cohorts were analyzed using Multi-Group Structural Equation
Modelling (MG-SEM). Results indicate an age difference: high arousal
marketing stimuli (such as flash sales, countdowns) are impulsive triggers
almost exclusively for the 18-30 age group (f = 1.224), in which FOMO
and heuristic processing plays a role. On the other hand, elements of the
informational platform (such as reviews, etc.) serve as constant “hygiene
factors” that help establish credibility, but don’t drive spontaneous
purchases among any age group. Finally, this research’s findings suggest
that there is a great amount of age moderation in digital spontaneity, and
e-tailers should no longer have static, “one size fits all” storefronts but
rather Al-driven, dynamically personalized interfaces that match different
generational cognitive profiles.

Keywords— Impulsive Buying, S-O-R Paradigm, Generation Z, Multi-
Group SEM, Scarcity Marketing, E-commerce Personalization, FOMO,
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1. Introduction

This generation—with more than 40% of
the online retail population—and its 1.5 times
higher spending propensity on electronics and
lifestyle categories compared to older
generations, is digitally native, hyper-connected
and has different psychological and cognitive
processing metrics with which it engages in the
digital economy. Traditionally, scarcity cues, flash
sales, and platform heuristics, all of which are
now widely used by e-tailers, have been applied
as a monolithic, “one size fits all” strategy, and
as such are quickly becoming ineffective since
consumer age is another important, moderating,
cognitive filter in the ‘Organism’ state. Gen Z
consumers are proving to be a very different
group from previous generations, however, with
interfaces that have been increasingly gamified,
algorithmically-driven social commerce and a
greater sensitivity to the Fear of Missing Out
(FOMO), which is driving their exploratory
processing speeds and shifting the balance of
traditional high-involvement, deliberate electronic
purchases to spontaneous, impulsive ones. This
doctoral study aims to bridge this important
research void in the emerging markets literature
by empirically examining the moderating effect
of age on the marketing stimuli and platform
features that influence impulsive electronics
purchases, in an effort to explain the “Gen Z
Anomaly.” This study advances the theoretical
understanding of behavioural models and offers
forward-looking and data-driven insights for
retailers to dislodge the old notion of digital
spontaneity as a universal consumer trait, and to
replace their static storefronts with agile, Al-
driven, dynamically personalized interfaces that
can navigate the intricate generational landscape
of contemporary digital consumption.
2. Literature review
2.1. Stimulus-Organism-Response (S-O-R)
Paradigm in E-Commerce

Theoretically, this study is based on the
Stimulus-Organism-Response (S-O-R) paradigm,

a seminal paradigm in the field of environmental
psychology developed by Mehrabian and Russell
(1974) (Hochreiter et al., 2023), The S-O-R
perspective assumes that the stimuli (store
environment, ambient lighting, background music,
spatial crowding) elicit internal states of a person
(the Organism) that in turn drive response
(approach: affiliation, exploration, purchase,
avoidance: exit the environment). At the turn of
the millennium, the retailer had to go through a
paradigm shift in order to move from brick-and-
mortar stores to online shopping; Eroglu, Machleit,
and Davis (Eroglu et al., 2001)made such a
transition in retailing. They hypothesized that the
“atmospherics” of a website, broken down into
high task-relevant cues (product descriptions,
navigation, etc.) and low task-relevant cues
(colours, pop-ups, scarcity countdowns, etc.) —
can act as equally potent environmental cues,
influencing consumer intent just as much as
physical stores do.

Notably, the main theoretical contribution
of this paper is the radical evaluation of the
Organism (O) component of the S-O-R
sequence. In most of the current e-commerce
and marketing literature, the “Organism” is a
momentary affective state of the consumer at
the very moment of accessing the interface, for
example, a momentary feeling of “pleasure,”
“competitive arousal,” “perceived risk,” or
“cognitive overload. This research, however,
delves into the Organism construct and
significantly extends it in two ways: First, it claims
that consumer age creates a permanent, deeply
ingrained affective structural filter that influences
the processing of incoming affective digital stimuli
before a temporary affective state even becomes
possible; second, it asserts that this cognitive
structural filter is more structural than affective.
2.2. Marketing Stimuli as Spontaneous
Triggers

In the structural mechanics of the
ecommerce world, marketing stimuli are the
strongest facilitators of intentionally rational
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consumer non-rationality. In this study these
stimuli are defined as a dynamic scarcity
message, visually aggressive flash sale banners,
extensive discount signalling and urging by web
design and are designed to skip extended
cognitive deliberation. At its core, e-tailing is an
application of the scarcity principle that was first
seen in his psychology concepts, and it is a
strategy that e-tailing merchants now use to
provoke physiological and psychological arousal.
Many studies have shown that time-limited
promotions (such as a countdown indicator on
products) and limited quantity cues (such as “Only
4 items left in stock™) create a sense of urgency
for shoppers, encouraging them to move quickly
from browsing to buying (Suwito& Susilowati,
2025).

High-arousal, heuristic triggers that are
intended to invoke immediate rather than cognitive
satisfaction in behaviour. The urgency
mechanism that is used during digital selling of
the flash sales is fundamentally different from
the normal selling process in that it makes the
anticipated future regret feel more like an impulse
reaction right away(Suwito& Susilowati, 2025).

Platform utility elements are within the
digital retail space and have a primarily
informational and cognitive role, as opposed to
the high-arousal marketing triggers mentioned in
Section 2.2. Included in the product feature
systemically designed to reduce customers’
perceived risk are user-generated customer
reviews, expert question/answer, save-for-later
feature, and detailed product recommendation.
There is a large body of academic work that
confirms that electronic word-of-mouth (e-
WOM) and social proof are the two driving pillars
of online credibility. Interactive utility continues
to be important for consumer adoption and
platform retention, as detailed in the latest study
— “Factors Influencing E-Commerce Shopping
Adoption: The Crucial Role of eWOM and
Trust”(Factors Affecting EWOM Credibility,
Information Adoption and Purchase Intention

on Generation Y: A Case from Thailand, n.d.).
Moreover, the platform’s interactivity has a
significant impact on baseline consumption in
emerging markets as it provides an environment
that 1s safe for business transactions, which has
been explored thoroughly in”Social environment
interactivity strongly shapes purchase and
consumption behaviors in emerging markets,”
(Yinetal., 2019)and’Social influence significantly
affects consumer purchasing behavior: The role
of e-WOM,” (Abedi et al., 2020).

But a turning point in the theoretical analysis
is observed in reviewing them from the
perspective of impulsive buying behaviour. It’s
true that features of a platform are incredibly
important in helping to overcome consumer doubt,
but quite certainly they can’t directly induce a
spontaneous buy. It has been best explained by
applying Herzberg’s Two-Factor theory to the
evaluation of the e-commerce interface (Mantik
etal., 2023)

This distinction is very significant to high-
involvement online purchase of electronic
products. In the case of high-value products,
baseline trust is a necessary component of a
transaction, and this is an important aspect of
comparative market studies on trust in online
shopping from. Consumers need very detailed
reviews and expert diagnosticity to determine the
technical specifications and provide supporting
after-sales services as explained byFilieri”What
makes online reviews helpful? A diagnosticity-
adoption framework to explain informational and
normative influences in e-WOM”(Filieri, 2015).
However, these informative features do require
that the consumer do some deliberate and
analytical cognitive processing. As one reads
peer reviews and expert answers to questions,
one is guaranteed to slow his or her browsing
tempo, so that instead of being in a heuristic
impulsive state, one enters a systematic one.

Thus, online reviews influence cognitive
judgements, they also have a negative effect on
emotive judgements that are essential for
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spontaneityis a thorough examination of this
contrast between cognitive load and emotional
response.

2.3. The Generational Divide, FOMO, and
Heuristic Processing

This discrepancy in the processing of e-
commerce stimuli is based on the dual-process
theory of information processing givenby
Chaiken(1980)in “Heuristic versus systematic
information processing and the use of source
versus message cues in persuasion”(Chaiken,
1980). Older age groups use ‘systematic’ and
‘analytical’ processing, adding a natural conflict
to ‘spontancous’ triggers. On the other hand,
Gen-Z are heavily conditioned by the
gamification of retail and fast commerce as
stated in a study entitled “Generational
Differences in Online Shopping: Millennials V'S.
Generation Z”(Syamsudin et al., 2025); and in
“Determinants of Impulsive Buying Behavior
among Millennials and Generation
Z”(Determinants of Impulsive Buying Behavior
among Millennials and Generation Z, 2025.)

In fact, the fear of missing out (FOMO) is
among the most significant psychological factors
influencing the shopping habits of e-consumers,
as evidenced by Hodkinson (2016), in”Fear of
Missing Out’ (FOMO) marketing appeals: A
conceptual model”’(Hodkinson, 2019). In times
ofurgency, such as during live shopping, FOMO
plays a key role in the phenomenon of digital
scarcity, serving as an important mediator
between live shopping and its impact on the
impulsive buying of Gen Z consumersdiscussed
in “Fear of Missing Out and Its Impact on
Shopping Motivation and Impulsive Buying
Among Gen Z Consumers”’(Ahmad & Chandra
Pandey, n.d.).Thus, younger consumers are
more likely to use heuristic (exploratory)
processing, which involves relying on visual cues
in marketing to make quick, instinctive
purchases. Age thereby is a clear moderating
factor, as it changes the relationship between
digital stimuli and spontaneous purchase decisions

between generational cohorts.

3. Research Methodology and Data
Analysis

The study uses quantitative approach with
causal research design which is an interrupted
time-series. The study was conducted to
examine the moderating effect of age on digital
spontaneity. It is important to mention here that
the empirical data used in this manuscript is a
subset of a larger master data set (N = 806),
which was originally collected to conduct the
study of the entire doctoral thesis titled An
Empirical Study of Impulsive Buying of Electronic
Products through E-Platforms: An Indian
Perspective, which was very strict and adhered
to academic publishing ethics and prevented self-
plagiarism. But although the basic thesis was an
examination of the baseline fit of the S-O-R
model, this particular journal article uses a unique
and exclusive analytic model—Multi-Group
Structural Equation Modelling (Multi-Group
SEM).

3.1. Sampling and Data Collection

The primary data was gathered from the
purchasers of electronic products in India from
e-commerce platforms in the last six months. A
purposive stratified sampling method was used
to provide adequate sampling of different
generational groups. A final validated sample size
of 806 was chosen. Four age groups were
identified for the demographic strata:

e Group 1: 18-30 years (Generation Z / Young
Millennials)

e Group 2: 31-40 years (Older Millennials)

e Group 3: 41-50 years (Generation X)

e Group 4: 51-61+ years (Baby Boomers /
Senior Shoppers)

The constructs were operationalized using
adapted 5-point Likert scales (1 = Strongly
Disagree to 5 = Strongly Agree). The
measurement model consisted of two exogenous
variables (Marketing Stimuli; Platform Features)
and one endogenous variable (Impulsive Buying),
with Age acting as the categorical moderating
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variable.

Based on the theoretical literature review,
this manuscript tests the following specific
structural hypotheses:

e HI1: Consumer age significantly moderates
the positive relationship between Marketing
stimuli and the impulsive buying of electronic
products.

e H2: The structural impact of Marketing
stimuli on impulsive buying is significantly
stronger for the 18-30 age cohort compared
to older demographic groups.

e H3: The relationship between Platform
features and impulsive buying remains
invariant across all age cohorts.

e H4:Platform features have an insignificant
effect on impulsive buying for any age

demographic.
3.2. Data Analysis and Results

IBM SPSS was used to implement data
cleaning, descriptive statistics and normality tests.
Structural analysis was done using JASP, which
includes Confirmatory Factor Analysis (CFA) and
Multi-Group Structural Equation Modelling
(SEM) with bootstrapping.

3.3. Multi-Group Structural Equation
Modelling (SEM)

To test the age-moderated hypotheses (H1
to H4), a Multi-Group SEM was executed. The
dataset (N=806) was split into the four predefined
age cohorts. The structural paths were estimated
simultaneously across all groups to o JB\.;erve
variations in the regression coefficients (* ) and
significance levels (p-values).

Table 1 : Multi-Group SEM Path Coefficients by Age Cohort

Structural Path Age Path Standard | p-value | Significance
Cohort Coefficient (b) | Error

Marketing Stimuli — 18 - 30 1.224 0.142 <.001 ok

Impulsive Buying Years

Marketing Stimuli — 31-40 0.238 0.115 0.038 *

Impulsive Buying Years

Marketing Stimuli — 41-50 0.191 0.092 0.041 *

Impulsive Buying Years

Marketing Stimuli — 51-61+ 0.276 0.108 0.012 *

Impulsive Buying Years

Platform Features — 18 - 30 0.082 0.245 0.738 ns

Impulsive Buying Years

Platform Features — 31-40 0.114 0.117 0.329 ns

Impulsive Buying Years

Platform Features — 41-50 0.065 0.116 0.576 ns

Impulsive Buying Years

Platform Features — 51-61+ 0.185 0.116 0.111 ns

Impulsive Buying Years

(Note: *** ; * : ng = not significant)
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Figure 1 : Structural path diagram showing how consumer
age moderates online impulsive buying.

4. Resultsm

The first aim of this study was to test
empirically the “Generational Divide” in online
retail by determining its role as a critiquing filter
in a Stimulus-Organism-Response (S-O-R)
model of online shopping. The findings from Multi
Group Structural Equation Modelling with a
sample of 806 Indian e-commerce shoppers offer
a deep understanding of how the various groups
react differently to the electronic stimuli they
encounter when shopping for high-involvement
electronic products.These findings are analysed
in great detail, with reference to the formulated
hypotheses.

4.1. The “Gen Z Anomaly”: Decoding H1
and H2 (Marketing Stimuli Moderation)
Hypotheses Addressed :

e H1: Consumer age significantly moderates
the positive relationship between Marketing
stimuli and impulsive buying. (Supported)

e H2: The impact of Marketing stimuli is
significantly stronger for the 18-30 age
cohort compared to older demographic
groups. (Supported)

The most prominent empirical revelation of
this study is the extreme structural variance
observed in how marketing stimuli, such as
scarcity cues, flash sale countdowns, and
aggressive discount framing, affect different age

groups. While the data shows that marketing
stimuli have a positive, significant impact on
impulsive buying across all cohorts, the magnitude
of this impact is drastically disproportionate.For
the 18-30 demographic (Generation Z and young
Millennials), the ,path coe was
exceptionally high (° = 1.224, P =001
stark contrast, the coefficients collapsed for older
cohorts: 31-40 years (= 0.238), 41-50 years ( =
0.191), and 51-61+ years ( = 0.276).

4.2. The Universality of Cognitive
Friction: Decoding H3 and H4 (Platform
Feature Invariance)

Hypotheses Addressed:

e H3: The relationship between Platform
features and impulsive buying remains
invariant across all age cohorts. (Supported)

e H4: Platform features have an insignificant
effect on impulsive buying for any age
demographic. (Supported)

The marketing stimuli resulted in very
moderate but very explosive results, while the
platform utility features (such as customer
reviews, expert Q&A, save-for-later etc.)
showed very different structural picture. A
platform’s features were not significantly
associated with impulsive purchases in any age
group:18-30 (=.738),31-40 (=.329),41-50 (=
.576), and 51-61+ ( = .111).As the lack of
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significance was present at every level of the
demographic spectrum, the present model
supports both H3 and H4 completely.

5. Conclusion

Taken as a whole, the results of these four
hypotheses provide a clear portrait of a modern
digital consumer, driven by facts. There are two
types of levers in E-commerce platforms:
Marketing Stimuli (accelerator), and Platform
features (steering wheel).

The study findings confirm that the function
of “steering wheel” as a facilitator of platform
utility can be applied equally across all platforms.
It caters to information needs but is not exciting
to usewhich is exactly what it is intended to dobut
the function of “accelerator” as a driver of
marketing urgency is found to be structurally
lacking when applied as a one-size-fits-all
strategy. The typical ecommerce business
interface is over-sensitising the 18-30 age block,
through their heuristic aspects, whilst under
sensitising the higher buying power older age
group, with different motivational triggers.

The results of this study offer strong
empirical support that the digital spontaneity
which characterizes consumers’ online electronic
purchasing behaviour is by no means universal
across all consumers, but rather is a distinctly
age-sensitive phenomenon. This study, using
Multi-Group Structural Equation Modelling
(MGSEM) for the S-O-R model, clearly uncovers
the enormous generational gap in the cognitive
processing of e-commerce interfaces. High-
arousal marketing triggers like flash sales and
scarcity cues are explosive impulsive triggers,
which work almost entirely with the digitally
native 18-30-year-old audience, playing on their
heuristic processing and susceptibility to FOMO.
By contrast, informational features such as
reviews by customers and question and answer
regularly demonstrate an universal positive
engagement as non-activating “hygiene factors”
that create a level of trust for all age groups but
don’t spark spontaneous purchases. All in all, the

data suggests that the one-size-fits-all notion is
incorrect when it comes to digital retail, as to
boost conversion within the modern online
landscape, retailers must now give up their static
storefronts and invest in a new generation of
digitally adaptive, age-proof interfaces—one that
matches particular triggers in the environment
to the unique psychological conditioning of
specific generations.
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FHN ATl w1 SN faaet ) Az
H U T oifdhd J1dd erh IR Hifeld
gRT 8| 9 W@d & W AT a1 afger

IR & B adfdd qih & aeAl IR dbiad
Ueh HIRH ATGEING GREHO 2| a8 Sl
fawt @1 Hact <8 b AT AB— FIA

AIRIBT HEATHT TN ol HRal off [SHP]
AT o {5 orae S a1 goy =8l BIdn, 98
AMER BT & | At Sl 3R 4oy qFi
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dadl | A g9ar ® iR i &1 i
9oy & |AF SfeR urd g, fe o
STH! TR H FA DY IRHAAT TG e,
<8 d, uRaiRe Fey iR fgqer @t
AN 980 W AR ABRTD wY H SHRA
2l (7)

TSl WS BT SN fawet ARarSir ar
STferaTdl HERaT & TSR | $AH AT dl goN
& TfT dgar a1 Wl &7 9E B AT 8 E D
afd rH &A1 SABI giReHIoT dgferd
IERATE! 3R Hel—dhel fShHel Tl drell
2 | 98 S gy 3I Rl 81 afed e g
@ RSP AT 8 | ITBT SR Aerd, A8a,
i wad=ar 3R SHaY W ® | S9d
DB TUB H Y Al W 31, AT ged),
TH—U— BITT A AR, Tl T, |
q anfe g g1 (8)

ﬁHI SNTST bl oI H 4 31¢C2\6N 1946 s‘o
Bl ATBR H BI;T AT| IBIT BIAb]
fasafdemery & =g Ren T80 @, S9D
AT ST BT B A fbar| S ufa
Sidex g Afear Udh IRamd SO 3R

degi & 9 ¥ & Nepdad g1 98 B
S e &1 Sl fawel |\ | e
ffie BT BIedT § |

JT IRTST & AMeed W A= Wi 4
JATIATHD <G Gl & Ut I3l 3
JMATATHS AT & BY H IAD! FHerfrai
H S fwar e whmar S gy
den 81 & ded favy wu & urd B § |

()

qfoTHT T A T SRIST &I eIl &
faecyor § g8 wgifed fHar & & aRaer
MUGTcAS Tl W IS U1 Bl HAT Bl
MR T &[S SR el 3RIST A
3R T Gu¥ BT T H e feAr 2|
(10)

A e @1 o T B W @l
Rerfdy, AT gfedor & vd S9a SrfaRY
A el B3N & [N ardl =T g9 9 @l
Gl Bl © 6 qE ot AT o

SH— AM AR €| S9d! &1 dfedl
TRAT SR [T § b ey H Sa
31Td HET! [UE FHIRIT gY 8 | fod aikR
TR BY , g R, #ER @l e,
BTl YhAR, B BT [rard, RN A T,
U% RIS M 91 IR, 21 9 eI+,
W g wag den <\ glae s
AMNfE &1 Seerd AT g1 3@t =1 i
famet & Fox # o siRas fiar Haret iR
T 3IRT I ACgd I FI A Seolkd-1d
T G IRIST & Alfecd H E 49 3Tl
wU H TE AW & | I8 IIRATRS, AT,
i, wuRT, o, faare uRksM ik |1 &

fhd TR 70T SRar 2 3R Sl 3l goy
B et I orefi Rerfa # i war SIrem
27 MM T 9I8ar & uRig die a0
U1 981 8Kl 941 & oIl g 1

TE I BT R DI AAST BT Agcd gl
IR 2 BN Pdd Sifdd ded -l 38
AT & qfod AHINTG ARG AfRIEoT &7
gRoma ff 2| sl bR UdTd 39
gifeifcamer” &1 & el g ol Sfia &l
TSI 3R AT A< Feel | Sirsdl

=
9 gfte 3 IS, ¥ Bel, fadTe, TRe—
BT, A AR el & Hag dHaet ol
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fawr 921 &[S WiaR g SIR e
ol g8 Bl 2| guT RISl &l e g4t
ol arfTes el BT SR HRar 2 [

[T IRIST Y et aifecd o
He@yul ARSI & | I @ H FHal &
a1 S fawet @1 Tew Hey fewE <ar @
S8l IURT BEFI WH @ 3Mf forar
T | ST TR @ Ha G fRIwar argva
@I hedr & | a8 fbdl R WS srardsd ol

# fegrar T 2 | aRARaET @ FARI iR
AN Bre @ [IAR H & daog TR
rferaeer # I ARl H A § 9 &
T © [°

2 3IR AP HRAT AT & SAfehT IHHT ufey
ER ¥ dT8R SR AIdBR] B Bl AFART 81
<A1 § | 98 dedl & b JBR 9M ¥ &
HUN DI & &, 9 DHad Alleld Bl e

TRE BN & ST dI T8l <@l dfed SqD!
e Refral se-—vIe g@l iR amm
Sirad  foUT Sraaarell T dT &1 fauy
CEIn|

T 3RTST BT HEFI— T AR : qH
geT IR il fanel a1 gfte I ordd Heeayul
2 | BT B YA H 8- 20 aY YRMET R
femar = & RO 40 99 AT S &
2] TR @ AT B P I AR TN D
TBIRT BT Feer enfud fhar mar g |

Ig bad quiHIASG dicd & 8 T&l
TR B B B ST BT wUdb 97 9T & | TR
DI O dTell B ¥ B SToik 81 TS I8
BB BT el U & | Sl TR BT Fax gl
DI AMTTTHATAT BT YRT AT & lfehT IHDI
3O Sfiad ERI @ 8 FHfid 81 Al 7 |
Th QUi A & WIF WR A Ay Sl
T IRAR & folv 31U+ Sfiast &1 3T a7
e JAftia R <9 & 916 9D Afhed H
[AD AU 1T fha=m gar? I8 W 3
A oraEfe 12

JHBTA S BT Th g THRIT I8 &
& e ®U | Wdd g9 & 918 |l 'R
eyl geaa: S @ 9+l oIl ©
"HRMIR &I ARyl # fomr st Rerfa @

BIIER BRI | I PpalHl Yei gite I g
B FAD AT A 2] e R
Qe gfte & gol |erd & uxg ol o @1
IIHR oY Bl & | e AeM SHS T
W T WG A 9D B H T8

T 3RTST BT el HSol Bl
SRR g1 &1 Sitaw @ faewrat, fug
AATHD UTRATRS RIqeRI, Tgol o], 24T,
3R E B ARHATT W HRIRT T F &
3R I TRl BT A AN B | BEF B Ds
¥ U Ul FafdariEar @i g, i affde Wy
A AU~ URIR H Ugd & d1aoje ARING
IR AHfA®G aIa | Hh TS B U |
YU A IE AUeT BT Wrcll 2 b a8 98
3R g & feiRa sifarelt &1 fa=r v
fhg & TeR F [
faeermue 3R B—aiRaa | S Ul &
IOTIT AT 2| TAH Il T § gE Bl
o a1 gy |1 BRAl & WY SHA SO
@, GAN B BAd RFA1 3R AHE AR
G gad 2 H g8 @ oy B @
AII—ATT IS ARING AARD ATHTSTD
3R uiiRarRe aRomdt &1 1 e ¢ |

T 51l 1 DB “BIell YehaR'* SAYFeh
HEFRIY Siigd # S & qdlfed daei Bl

Rl BT & | IH &9 BAM & fog Fey
3R A & FuY & dr9 el S B wY

Sifeordt, Swd 9 & d=di & AT Jegq I

& gl BT ATH, JAFRIG Ialed, 3R
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S IR & U1 BT GEA oIl © | hE

H el Sl S99 & R 39T A I

PT WS WY AATERYT BT &AD & YehaR

2 | S99 DI BT AT T AT AT a%]

AEITS YAAT BT Ul FHT ST § 0Rg
Tge1 feq &t @ forv w9, a9ma &k d=T &t
Ycilp 999 SIIAT & | lell ddel b T a8l
gfeds Sl @ STa- § hell TSR Jof AHRTD
Rerfdr &1 ol a9 e 2 1

IR diel: HART Ha) T AT deiig
BT H dREE A1®T 2 | 98 = 9ty

& HAeIE o uRaiRe Redi, Wi, qfgat
& Hay iR IRy w5y ¥ &l Sliaq & &g
AT B TBTT H AT BT T fbar T
%\rlw
fesp

THBT Bl e # SN—fawel daa
S BT g &Ik wuer 9% B HAiffd T8

| dRgdl S¥d gRT S # ANE
T eve] 3, A9 envor fuge &R
JTGREAT BT AT AHS T | FHAT ATl
2 | ARMETE el BT aRaer i g &R

gfes &l @1 Wdz, WA 3R IMHR
I A & WY H WIUT B BT TR
afhaT B | 39 IS Had H T IRIST Bl
FHAT AR AT Agayel @ <ar 2 |

JIGRET W URT g1 & | IS8T W e drell
Rl &1 IS B AT S A1
IRAR IR AT gRT 91 Sadre foham wam
2| 39 PR SN BT Gy amfdfe iR e
gl WR R fewrg <ar 2

gl Sl Bl HEFI AITHA GSTg Dl
SYIRT I HRATAYT TR WA PRl § Dol
913 9RTHAT USI84 © | 2T qu1 dd ddTigd
SIg H URORITA Ueil &1 AT 91 gU
IRaR &1 RreeRat 9 <& 81 S9d
Strad # ufay & ufer FHgoT, BRardier S o d,

SBI+ YU BRIl ¥ B Siae & rgval
AR arRdfdmdrnt &1 afafs & g1 R
BRI IREASR I SR B B e T 1 -GN
ArdeTe faaet | 9reR @1 ST JET §
IPT Bl H N BT qRIS dreT, ST,
U e SWRE] AT 3T B | ST HAT
e S & AF B SMArS °F, SHd
AT Pl AT fAFel BT vy 91+ 3iR

ISP Wad Afhed BT WP B bl ART

IRIR & foTT T AT Il BT TRH Bl
2| Th IR o9 ufd MR FReRY e dfs
HT A I R GHET | SfedT 7 Al
9 & BoA—PhUc BT UEAT HETHC BT &
ST 8. SR Se AR aul | qdr gl
3IMEhI T USAl © TAT a8 HRarare & ad
G | PR B <Al &, 98 Had ad Pl
QRN 81 PRl © died I [UJERIAD
JqTfe® HaRAT BT IRATBR BT & FoTaH
S A 3Tl T 3R FHUT df 7T Bl
SIGIRE RS

"B B e deFr | faaar
IR P! TSl & FAlE & ARIH F AT

AT & | g QT ARl HATHR 8 T

S famet o1 exTdS & ST 2

SECEE DI

1. SRl A=], Ucb el I I, LW FehT
T3 faeell | 2016. Yo Ho 17—19,56—57

2. T UG, HSAE, TRAR FUI8, TS el
2012 U3 H¥I1—20,105,155

3. HI for, ofmdl, WM U, 718 el
1999, Ut AT 214—302

4. 9SO AN, $3H AH, JISIHAS UDHIRHE, TS
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5. A 94T, fo=Tal, ISTdhHel IR 78
faoefl 1993, U8 H&=I—10—13
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11. dI9AR € WM, T HoUs W4, G0 2, (B 17. 3RIST G, 90 99 dlad &, ATHHRA]

SUFEYT, STgaTass J9T ) RISThHA T

JURYR, 2015, IS AT — 48—50,99—105
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et & oti=forer IU=aTdl & WIHTRTeR TURR
o e, aea”
= T 1 o

I R ECINN |

g g B e # erafers SusTdl &7 faRy wew 2|
Aol IU=IRT 1 dadl el &3 a2y & J9dig ge—aa, Jay 3iiR
HIGHIRAT DT I PRI & diod g8 TR AARI Sia Pl Uil & A1
@h BT @ | JAAfold STl H 3Tl T Sidd gblg & WU H I
BIAT & | Aafold IUIMT H AN TRIGR SIITd f[Iwsar, drHdT
29T, YT S SiteE, WE, S @ Reafa, R w@rey, anfie
AT, TSI a1, faReI=, U T iUy iR 3megfAedr &
§8 oI UeAl & AH I AR AT AN © | IR 2 ATl BT I
N B & arafors Su=mal # AMIe TRIGRI BT fAgelyoT &1 2 |

ISl Yreq— 3ffefcTd IUIRN, HMISTD HRIBR, Alboiig, FTHI0T
FHTS, ST, ST, AHINTG Jored, dlid Fahic, wf%—cﬁeﬁ%w
SArpHIET, STIf, &, T, ISTilfcre I, el IRV |

UATIAT 2— “ofgd fRw @ e fARre dmmifers

AR HT A7 R AN & AT U Gepid, e Sie SHa Sqd H e
JFIET G 3GYd WY | U Hey gAAT T BK €, Wi & A fiaferdmdr g
3T 9 37 ® b A R ft A sraferadn & wifger @1 va die faem 2

gRI F AT S T BRAT 8, SADI
AHAR [TV, TR, MBI 3R SHD
Straq gy &l A1fies # ®al 9 e, fear
T feft ©U H Ah PR AT 2| SN UBR

e wdg § #gws gdal & AT ©
fh—""arr=rfererar fEdl SU=INT &1 Ueb TAqH
ygiT &, foTae! IgHTa=T 3iR it ur: 7a
9% H B g Bl

rraferddr A &3 favy & 9 &7 SgHreH
A | T b HART A1 99 FHaall

1. 3afold IUITT : I[AEROM 3R THy
Rragare yRgl AREAT & ATAR—

x  wmeefl, R dorr MY WGy 9T faTT, oRges; fawafderney, deTs
%% FEID AR, @l fa9mT, Rrar dosfio dierd, oxewe,
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“Iafeld g A H TH dlgd III
ST g1 8| 3ndfeld &1 Wifead e

A [T 83N BIAT 2 | Sy I8l b Afth
DT R D R TS D FART B WY

T— 3iFe el sl IfTd | W awg
faRIy |'* IR ST 8F 3fTd BT Aifefcad aref
o © d9 I8 dhad bl faRy T @
URHINT 2] HRal dieh T8 AT AHINTD,
ARG ICh, AN T STHICTD TBGAT DI 1
gRYTRT ®RaT B | o1 fob I¥Ua J1ed &1
P faareir 83— “3fad avdd § 9HUG
a7 e favry &1 eef Tl ®, ondfeld S9
STUET IT & faRdret &1 21ef 9y <
2 | 3faferhdr wsg 9 fafdre aref qer &
Jrafered daIfiafh &1 Fhd BT o 1™
24l vIg 9R ¥ 36d Ied bl AR 59
UHR & T8 &— "IFad—HT Go—HTe! &l
3 BT T8 9T Sl RIR JfAar Y W
BIAT BRI AT BT U= Hell gl 81 | |rel
@1 BR| 3ifdel | YeolT| BR | d: 3w
e e 3fef H 3igHl Jfrar guel & 3fef H
I © R At H I Ry A e
wid a7 WT arerr o waRdIEd B el
PRAT & TAT AU AT D—HRDITD
Joifae faRId @ guf Sfled |§aR. |
IRTRT BRaT © | ot fb Sfo 8. dsd &l

H SWRPR M B T WRURT 3R gRdqH,
IMOT 3R UfeRE, TRIET SR Twlen, i
feary ok My e, AgeTye g
IR AT faTeTe, WRORT 3IR Smeffiehar
@ g5 oI Mol IfafdRiel ® wU # A
el €|
3. Sffard fawAar iR amifas  favTer
RO FHEST B G- | ST &
TT AfSd BTt A B dell 37 I8! ®, Rraadr
gqTa 3faferd Afec R fawrg <ar 21
STRT ST WeHTd, SR, AHINTS g3,
JJT—3TeTT SAfedl R Fgar ™l & dra
GAT—B O] FHITAT UR DT STeAT AT
2| ‘IITHT SUINT H gl G I
¥ PHEdl - “BAR X% B SId dlal
ESESISICIGICIRS R [ECCARCIN o |7
qET HeAT 3iferel’ SU=IT & U Sf. Werd A
T9 SFHT S g8l S 8 ar S a9
3read BT & iR a1 39 91 &7 57 3w
o # dRAl - S 9gd d1 A © |
SITA—9Td &l A= arelt @t ff Sfar 81l 2 1
R f8g #1981 fUs 781 ge dAHan |
fefsw’ ST &1 U maor A S (Th

HEAT &~ “IATAfeTdhar Afecd @l 9 g 2
TRt fodl aferet faRiy @ UTpfcres areefH #
TET BT THT ATdoiia a1 FYot Tferefierdr
Td AR oA b H1 W dlell &
AEgH & Aoild w9 # il gar g

froTfa) 89 &1 G391 Siefar § &R WY
HEAT o— "YOI—UT6 B gU STRI0T o o
AT BRI A el o ofFf | 9§, of

3afg= 81 Y| <adr Bl W &R of ol
AR, JRE AR H$ TS BT ARIER |

2. T U= 3R GMEIfoTd ARIBR

39 TR 3Nafeld ST SIfaiTd fasadr

HI‘-IIITﬂCb NNEIN ﬁ MBI 39 YAl
R TRl ¥ 8, Nar deg afkp iR
TS & URERS Siia= 3 84T & | A1fed
H AT S TRIGR WARIHR 3fdfcld ST
H 31T ATIH B | TSI BIs ARD DT Ao

BT DHdel AMMSID deF & WU § & el

Gl dfedd S AT JHTEG1 DI HY A

AT 2 |

4. em IR Wy el WRIGR
fRrer &1 34, ST, sfefdeara &

BT dfed URAR, ST, W, 7Ifd, TS

AMEoTe fUBSud &l 990 Y&- § 38
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ffrepr et 2 | sriafers o=l § amior
ST H T e @I e e} AARImal
BN IR B G far a1 7| Her sifaer
ST ¥ ogd W dardl g— HRES

Y H <9 meHl ue ford €. ue—forg @1

aoilg fraror fAerdr 2
6. I Siigd 3R Rl &1 amfore
frerfa

Sirafeld IR § B Siae o1 Ageaqul
AHITS WRIPR & wY H G- 37T © |

AIAd BAT U SRIEd BT A DR
dedleTe) &¥H ddb Pl UeTs | g8l
T T SUURT F oRgd | 1eh far
— "BAR Alddl AR Bl UM § TGl
fUerd ox # A omeT A" WeR W
DI ITIN H I8 FHRT 3R A1 fawgd
w9 # fewE <t 8 99 dolld e ud

el Vi URAR, P, BT 57 3R AHINTD
TRURT & &1 39T Sia= aild Ral 8, a8
qg faarg, e &1 amma, anfdie R,
AHISTS wigAl 3R TUgaed aerr
A wrfa Y&l © | Sgfdare, S8 faars, gor
1, UGl T, I9 99T iR ASfhal @

TG ST AR 3fafeld SuU=aTd IR

TSICBRT 7T UgadR Sl & Al a8l ®ls
faermera 81 =E1 B dfew faermer srrett &
BT B | 39 Hey # WE TS U dEdl
—"Thel B TEl X ARCR Sl |

qE1 Sffaferd ST § @Ry el
Gfaermait &1 A owra <@ @1 A 7 | ]
ST & Hell 3ifgd Su=umd # BRATST 71

HART & =TUC # 8, STIR & U s

R 2 | ARG BT AR o =)’ IU=aT
gl GERT &l IRl 28— dHF—d=
farfamy ok dra—di= waferdl ved gu
A & A BelE B AR AarE e
@l HRAT & " S8l Yoy ARGl DI DHad
W 1 g FHEAT © | AL Soeld SiTel &
hel' UK H A1 axgd Bl fAerar 8, Sl
Rl @1 oyl @& g aHSm ST B

TS 81 | STl STel o BT & ST
H foRM @1 91 gARI Qi @ HleT ¥ W
STl &, 99 SUgR AEl Al urer | sfrEfore

"3RI B AR BT R gE@! W TS Al (ST

gAT, TR & gl 31 QT | Teb b e
REd JdRIT & Sl 8 1 BIR B AN

SUIT # TaRey Weell 31T 819 & BRUI

BIET THRT I DR ds! AHRT TP BT SUAR

SNSRI & STS%hd & gRT BIAl fG@m™T 137

=

5. Wl A¥HIA R AMEIMSIDH Sl
Al AP Aafeld IUIEI H DHad

SURIT B I THE R SES Ufd & =
BT TN FoR Y&dT 8, T fRrerad T
U Oft | PRl B, W SAPT Ul S e
1 GBTE IHX U BT 8 3R dHEdl 8- q
ar R araetl 21 a9 98 W D DAl 27
ST UTY ST | OReAleh fTsT <R 37

Aoae & oy I &1 715 a%] a1 Raaii=1

Srafere Iu=TA ¥ <91 & fAf¥= 3=ral o

T2 & afed a8 1 sfad & |rIfIe Siae
DI AR G 7, o dreia,
ATHHATY, FATBYd, Tl IRURI, clidh fdeqr,
faaTe PR, R g1fie AT 39 B
4 A 2 Sl g8l b Al & AHEId®
ST @I JIfad SR © | XU, ARG 3MfS
AATGRI B AR W Ald AP BT

Rt & fUosud, amifore ufdds, dierd]
ST 9gd B |oilg v fBar = 2|
7. Jfgfdza IR wfearg

TTOT ST H 31ToT 4 1M iR Asnfeiep
I BT T <G BT fHerdr g8, g
TR BRI YEI e AR wiedl € Sl
fedt ¥ gAR 9ES | A g | srafars
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ST § B PR & JATardi 3R wigdi
@I T fhar T 8| Hell offdel’ SU=IT
# ¥ 3@ 9uiA fierar © f& A1fca a1 arc
H IHDT U AR BT T & © | TS
g H A9 & IR @ 1 g4 sfufawardt

TRIGR BT AT IS 3R IZIIAMT T
Jfverh fham T & | Igi SMEferhdr o
T 6l e faey &1 Aot A/ &
arafawdr &1 a3 |quf AmEfTe—

3R wfedl BT 7vTa HH gl § W Irafrd

AR TId Siae & 4ra fobar 3 ¥ | srafers

SUATAT & YTHIOT AT H 3T 9T SIg—< T,

STl # afth 3R FHIST BT Gee, STfaTd

SRIF T YW, a-udi &1 57 e

IS 2 |

8. URURT 3R IAEYFHAT BT §§
arrafers wHT aRad=elet & | U oW

e, e fawHar, T, A o,
1 o Rerfa, Rren, wared, o= ifad =aT,
qAT UPfA W A BT GaeT UHE wU A

ST8T Sl UNORTY, efieh favarT 3R AT
wigdl €, a8l TR axw Rrer, fage, dar,
AdHa, IR SR MAS Siad Jea € |
THST S8l S Hedl & g§ H %A1 IEar 2 |

AT WRIGRI & w0 H AW 70T 8 |

HUNEERATT N Sl & Hell 3ffwel’ 3R
R IRPAT ST H ARAI AT Bl
R e el 3R AmIiTe ARIGRI

T8t s YT et 3R ISHIR & AV S7avR)
B WH MBI BT & T a8 R 9
RURFTA S HedT bl §91Y G- TR SR
ol 2| eraford SU=Ig sei uRdd+i @l
R Sfiad &1 ardfas gRRafal &
AR IRGT B BT B R & 2|
9. arafas Su=gtal BT ATATAD
PIRIRGEI

aaferd STl & W fagyar I8
2 & a5 fooxfl v ofaa & Siad & AreH
A D AAITDG Jere] Bl TK[T B Bl
BRI HAT & | TET fHY i 3rerar efaet at
BT B AR HRART FAS & DI U1 Bl
@l ST Sdbal &) Sffa, @, &, S
i, RTeT, warey, ST, Hehid, JERvT,
qHIRTS aRad I wed ol U Iwal ddb
g 2 € afcws I8 R R | |
faemm 2 erafers Su=arRT 3781 UeAl @
I JgHal 3R T3l BT Fa1Al & w1l
H B BT VAT BT 2 |
forsp e

B8 & orafers Su=mal § amiTe

DI ISR {HAT TAT I AHISTD ARIBRI
DI AT TN ST H The A B BRI
B4l & ol STRRIGRI 7 5T | AT
BT ‘TAITAT, T3 UIeT, IET FSHATS’, ]
AT BT ST & T, gl [ARHeers
BT S—3 d TeRar, HeRy A
BT U B IR, M6 ARIH IS BT AT
FAR U8 BT TSR W PRl TAINR. BAIC
T © | S IRA™ 9 @ AT e
BT AT FRFAT, ASAITE AT,
AHISTH—HIR b ARIBRI BT TR B
& B A B |

qadE AT | NEfeThdl BT W@wY
G BT § | YHSADHRY], JIOIRATG, Theila]
Feeldl groT SefegeReT 9 | dadl Fdl
B!yl & fhar & afcds SHd WRURITT
WOy g oAl Bl W geel Bl AN b

2| Mo & Ifeld SURT & AMEIfT®
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TRIGRT BT JIT hddd GRIRFETT JTHIOT

g & REvr e Hiftg 98 w8 T g

gfeds I BT gaaidl AHINTG AT 3R
TQ Sitaq Hedl & d8d 8l AT 2 |
| I g
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