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cadl AYeddr, Sad=12liedr, TEAfaNErddr X SISl 3caral H FHIeArS a2y & Tl Hl
STl [T SITT & | U8 3eiehiatas 3egedt @ gRFEfaat s earer & wad gU IMERTHRET ITTEereT
Tq fahIE AT § Holdel §| I§ =M H HICHARIS FAFHIOT T Tah AT FEAA § 3T aRsHe
faeeisuTTeHa 3UHIUT AR rcary s FAarRITen3i & qoiedor gafserd gl

HR T ITTEAT A HY FI TUT I 8§ Agea Ul &1 5 & Fel (AT AR A Ff¥ 3carfed
qE3HT T Terd HIhT 3fH @l &1 9RA H AT Wil S oarerar Fofl it iy &
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F e gyonfaat F aEEafas qgrai Fr vhHIor
geirell

WO dTEdides e @ wied A §1 geedfa faene 0 393197 319 hiesrE ewer, S

U dRgH FHEAT &, @ BT 3957 3R qATa0r T & # 39T U Sl arel HAgeaqo]

ITAT # ¥ T & T H 33T @M &1 THERIOT & YAd a7 H doaedia faema & o

IUTAET JTTRAMH JIAAET 3MTRIFAT g1 ScUTEl v IuTaem HiT fGr & ugelr Hgd STgr-gieat

HIAEUANIT faeevor of MfAer &1 AT FTaeed 3R 9AROT & AT 3ghd gl & HROT
HY A GRURS TAI@H HCARD & Tl dlAeaide HICAh IT Sa-hIcaAIIH I
AT Ahed AT SIAl &l SAT He et H 3ol 3TN HiY JMiareh T &
YT I HROUTEA ITAT g

uRae: geeafas gerd ot & urod gl 81 Ig g Y Ir diuf & S Fr daeid wdr
§,o18 - dfcdl, Gel, ST, ©ld, 313, CEAT AT 3T ATl U SaTed § HIT ST Tl &
gr Il Ir Wa H 3T AT hdl gl Hels & dig 39T F ggel 3§ g Far J&=r
gV et HhA IN0TAS HRX dlel idcidsdh ATEIASeHR Teh faedd s@er fasfad
giar g1 3 dk W ¥ e Oiyt & 99aReT & A1 ARG He H G8H T4 g
garar a13ar § f& & gfadigs AcEaEged e 3cuEl AR AUl 399ag H o o1
g feara g1 fdfes diffe aawafa & fauda gfadas i 7 Sifas afafefr e«
Fr WIE AT §, ST FHAT B QASAART, MFERT AT gfaeadt & Ty &1 AT al¥ Uy,
qiut & gfadiasd ACEIdzed &I ArHERY Sial & 91y H@g-[AHfad AT Sar g1 3 A
& 3 S 9fd 9 & 3curied gfadias AcElaseg 9fadeh 8, Jg sfasgard & #
39 AT il T Fahal ¢ o fhdl faaw aier & gerfad & DAt garr faver dret @
afa Far a1 gwar g1 57 TReHor & Affied gawafa fearpr &1 @ §'§ gl
HreATIF HOAT T DS T AT SIS &1 T YUTIRTT HleaArRd & & 7 8 S Flod
g1 UsYH U IR Qe R W Hearw § S JeeEd gefd & @ gl
Sicdl & AR SIAr &, fSHenr 3uAer 1947 rarsdr v qe3nd # A9 et & R
W HT 5 # AT w& & v fhar @ an 9P TR @@ w1 @ §
grs¥fde 131k 23T R{aRa 131k 21 3 e 3f@ser aauRat & v ) [uea §
IR 38 YR 39T HA & v gad Whara g1 o 9l curaaids &7 & 39y
qATTdeh AT & AT g, 3e1h 3GIEI0Te-UByH (¢arded RB=aATR®Ifeas), e




(3rsrrfeRrerer Sfsan), wWafsen (ATAIDlAl Hherer), dearg (RwlfeaEr asa) 3T
@A (Usfaar TARIED| HieaAR Uil arel 3= Gt # Jgga (viaan dfean), godr
(FIHAT dtam), Hgdr QEANRIF 3BRAATAT), eww (G i) i agA
(UI3HT TeIRd) AT gl

WRETT & , [T T HT Fels & dig dic Yo H [AA¥ & & HZROT & GRIT
IAST o I&OT H Gl dr Scdfcr & B FI&T Icural H YA HIA gl dleTEdics
e ditl & sRafea § S dret 1 gy #emd &, $el 1 gefdr Ashd § AR 3¢ AR
¢d gl whrearrd afafafer arer diut # & difdw o gl § St gEAESldr & |ra-ary
AACIS W O & QarFART 9T i THIT STTT gl

FIATIAF HEARP F BICTIEERIOT: AL Tdd hleARF AT gRat & ey &
e gl & 3 AT 39T AT oF 9iel & 3, MaTS o AT Gl & ®9 & fhIr Jrar
¢l TSt qrgy aRart #AAgcaqel wHe $rel & faeay afafafer arer sravidea At arel
e afAe § 338 AR, R, T, JrfagE, Edn, g, suadr, e,
fSifaed), uswd, ofoad, taf@ad, e, Faaiadn, daedr anf@a §13aaer
fohar Sirer arar diur strar Sfera srefdea Aifas 3R 3E AAT T # 3FHT TR W
R Far g1 9 & Rear o Adest alie ar3st & g Gar Jrar § aund wEfas
Ticded & AT 3TH Ashyor fhar Srar § o ofera Jifet & Fsefor & sAfRsas
HAM| Y 31 1 gaemener, [IBEa ar & & Bufa J gsrasiRar & v &g, T9r
T 3HH Hedidha (AT ST Bl

qier S areeafas HreAredr & Hid §, gIE0T A OFNEET ¥ 3udey § 3R 3AA ¥
HfRAHIT & FS 39T § Y gaIW, AAR, NF ded, TR, NI, HIeARIF M| A
39SUAT 3¢ FEAN S & 3T SATAT 3¢ AT & i Scdigsl Jomell # AfAe fanar
Jrar g1 9id 3R 39T fRu v gaeqfa ggret $r digdr & AR 9T S HhEAl 9
YT AT N3T Tl J311a gir &

FATIIAF AR H GIFHAFA: g=ealds hearrm d 3mH saviFed dEs e
T H TTS, UTchdlss, cfdad, <0, fhalel, FelalAlgs 3R o @ Areaf@s
AcEIAgeE g g1 TSd Uéthared, SaoRIE, UEsRdISe AT HiesAh 0T g gl
3CIEI0T o ToIT, SICIBl SRHTA & &lel o Gl & 3Td #ART A Salfoldd, TR 3R
Fodlalgs gid &, Siafeh #yr MaRer & gfaadl & yo@ svfFed Qs & &7 & s




AR F@lAEs gl g1 9l Fr & I8 gSrfadr H 9T S drel Afdse Iiffe 3
fAfgg Aot & &t & gy gord) daid §1 d9iur # 9w S drer Sraeided difaw
A& ShIel 9T 3= dars &I adier 3t UIRT w3a &1 Fafad, HIF FIEr & TUdT F
Th AAIIU, (SR A1 TALNET) T IR faver gaeafa dieared g1 I§ HSROT &
GRTeT 3MTe & el & 3HHIOT I Achel & AR 3og SFIARTT & HHHAUTH T B

IOTEET HIRAITA: 3=t ¥ geufdar (Sud) & dgd, areedfdshsr Jourad H Tlie & fdg
O fhu av @AIEer 3l earn gARYd fhar Ser wiiRvidfe duR gaedfa searEr f
IUTECT TS ®q & WY ded AT I qUMEAT & QT g1 GG I ST T Wl W
duapy fRar arar @ Ir @A garr 3curfed fhar w13 grive gaffertor qeAeafaRmedy ganr
el @ genfaal &l gAoietor I8 gRARad wt & fav gadaR § 6 @ér did asa
gred H IS g1 IE aWTF ¢ T glel dr A # 39F gfaug oifed AA & ugmrar
ST, 3T gdRae qegal, Rt ar aw i & @y wye, gEa 3R e ftes (Fadh) oo
FI TAGIOT el har AT gaEafa ena & & I8 #, IR-dfed Iarfaar & fagor
o g9+ AR aifea ol & Bear, B, acers, $13, SEaR, SAEaRt & JAd AR 3T
giNa verdf & afera | dFEl @ JFd He & AU q@ee B S @igel w@aE & ae
& 39URT # Wal @ a1 died S grAe H giafefad har Sier wifge] sHdr AT Ris
AR IAEIAE ARl AeAd3il & FROT, IS HIg & fov A5 AR dai@ gor $r JArEr
qIfRUI 3AHT gHEHINAT Fid 9 H gafadl 9T, g g@r gar daen, @Feesor & fav
39T U S arel faergs 3R fashior & q@el 9v W ek g1 Al erg
IFEAHYT Th e ToTaen Hatl Iar &1 fawg §1 GiFEaser @dl, ®eg & 918 & 39ar a1
3crg fAHATOT & TIOM H &7 FhT &l Sg-HCH goel FHOT A WA 3R AT Fewor H
o A

gIATAfa® FredAnrdr f BFAn aETaae Hearsd dfed drer )W affied gsr S Ghar
veffid #d § o Rass, fAweddr, gefr AfRgws ik @e@ar vl 3 fist &
gagR, AIRE afafafEl, sig vari=as gieansi, meia e i)k gamag #@ef J
gTA8T T g1 Acraarsed v afafafdr el 9T 3495 worrg & fafdse g &1 3e8Ior &
T, &= oIS ofidT & Hg H SAGET RATT RSB G Tofhiel Al Ushd &,
Sdfh g Gt & TTTF ol H HACRC IATATT gl gl PILErs & alihl H gaACafd
IdifdTeh 3T &I & YR & HUR W Fidswran, @9, e H faehdientor 3R 3 g31a
AT &1 3CIEI0T o [T, GrsXYH & HICATAF IS I ATl HITABINT I HAAT TATd
¢, o vemard 3R &g & #cg 8 Sl §, Siafe FlA R diesrem # AisTe-fa3ed




3R s o1 g &, AT HAHAIAN T IRT F 8, 7S &l & arer sheld § 3R
3el:HIE o @ AT A g

gavafadl 1 R¥ar gsrra: Hisi 9v gAeaid Gene & s germat wl HeAeaR aefichd
fhar 1 Fahdr &:

» JEATIAE TWET §9% A1 gFHN Bhar garr R fie geonfa & shad &R &1 aw
R @ g,

% JMER-TAAEN & §9 & F1F w@Fa &,

& USidd & cdrgehds,

% Pl @ gy HoMU AR A & FIGR H gAAT FEHA ¢,

& 39AFT T HT FASTAGT Hholg |

qIsyYH, 1A X Fafsal S8 cAadids dliedide dicAreh AT T & GIET0THR AT
AT o IR-afed Shal & v gad &7 (e ameufas Hearrsd §1 aaafas
Freaerpr T Fref & g IR har TarAmds & § oid AAIfAS glar §, STTIT et
H 9faqe AR gl T THGAT 87 aldl &1 I JATTds. o8g fafdrse §, S I-afea
Sat T geaT gREad i

AMT: qIAEUfash HieaARE Affed BT & el & Jatd & JHE gid & [aaeaias gerdy
gedl 9T oIk T hicaArip & ST & Ukl A Agg A &, d 39WASKA3N AR
q3aRor & fav 3ifte geiEd € Fife & srafsdsyd ¢ 3R grer &1 e i sufeufa
gel IR AT & ofax gifefed A & co ara 158 3r@mEr scafed wadr 3R
9RO W 3Adh HAAY Ael BId @, fora@d JIGIOT HIGOT H ARG gar g 3R
SYSIFATHT T FR&T FiARTT glell &

AT Bl R AANHOT # IAlTadl & HROT AlTedids Hrearmen d g aiE
T AT JYART 7TT gIfSTRT HROT AAATAS 3eT IR ThRIcHS [AIH0T FHT HwaAdfT gar
AT gl

faswd: ¥ scurea gonfadt & aEeafdssr vhaor e & T gge oy gakad
Il &, @ @eg e, Het & T # wall, Scurfed $r ureaar # gur, Saa s
FAT Ao § AR aeR 9gd H ARE WA g1 ITHFAr Sfad ®T @ 3AMRT G
gerdi & fv 3if8e HIAT ghe @ IR g1 fSad aEeafds deanrmeat & v 6 &
3rgay Yer gl
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qigq fRaE 9 $ I@EEAr & werfad gegsna

' HAARMGAN 23S Aetedl A HeteeTae a3 NiAGARI
Nhed fava faeared, NAEr- AU, > HaAsNiaeaideaed- sRee dafiamsicas,
HieAf@dr va faeneT farafdcaray- samgEEl

SN WA YRS F A wgal w1 Fel, NARA AR GQOIGRT & TR
Agcaqul A & s §1 grelifeh, 31 39T Aldd FaRLT, yITavor iR aiRfeafa &
o Helel W HHITAT gIiAhRe Tordl & aX & o RIar Yy ar g1 Safh N @Fe
SN IAIA H Heupifas FAMA Ui HT Fhd §, 3ah ddepifales 9Hrg OT
HraUEgas [aaR #e $T IJaRThar gl gl d 3 Heal & Yo A gaar g, PN
@rgs det & el foRar feme ov ot Agcaqut enia sier Hahd §1 I@ giey ¥R faRar
fa=ite 9T ¥ @ET & o 9q@ g8 QU a0 g1 (Sharma, et 4/2019)

I TRATOT fAser

F @I, Hearrs, [FAT &7 & arpaneh, dul A gewrer d@eewor fogfear 7
EEdeT X Tdhd gl Tt & AT FHEEEse & & H FAT 3cUed Fla & [T Tehler
HRIWOT 313%Ts g (Lushchak et al, 2018)| 2urdwaARN fafse USASAT &l Haeey &

Fahd § T IR Toivd AMNAN A ST FT o &, [Ty gehrer govs afa [IfsH

gl Hahcll gl 38& IROUTATGEY diel 1 9efdr, 3957 3 AT Scurgwhar A AT 31 Hahcllg
(Duke, S. O. 1990)I

gIATT Herer HT fAges: Hears diul & fiav gl e # gEaaiT T v gl died
& grAlT Jefe, fawmE 3R gafawofia 3aetansit & gfaufa frar # #gcaqot i Hema
S(NPIC, 2020)| Hreamers, o7 & Qe [Fams ar aiearh, sdifEas, Satfes, ar
arsaifhfaa S Gitl & grAfT & TReWoT IT fhar & §1fd X Thde | 3§ Iaud o
AT fahrd Yoo, avey 9w ar Jgi ds & ol & #cg g1 gl § (Oregon
State University,2012)|

yRafda divsd dcaggor 3R 39dNn Fo Heard dul GaRT NEES GNE dodl &

37RNYOT 3T 39T & THIfad T Tohd &l 3GEI0T o [T, AHART NYH dcdich




JgAyor #H fAe vasAr f afafafer Ue awad g, Tad el & 9vad dcar &
39eTetar A FAMYoT FHIfad g Thal &1 STk IROUMA TA&T dINaH dcdl i HAT g
Thal &, gt $r AfFd A g Thdl ¢ IR THT TARLT IS g Thdl ¢ (Bondareva,&
Fedorova,2021)|

FRAF Freeh F JHAE: FS FV @I, [TJAY §T F Fgsh ARN AR HreaAwRrs, gt
HIRAFT fFeell FI FHART 9gar Fha § (Lushchak et al,, 2018) I Hearrs HifAHr
fSreel &1 3r@sdr A 9T R Fahd ¢, f9qd Ao’ qrAa F1 RErE, gelaiage
3R RIS HF HA g Fehall §I3TH IRONH TIEY U1 FISAT Tl §, Tl Fehell § AT
gl do fop 9l &X 8 @ar & (Barbasz, et a/.2020)|

faarsr gam oraToT T goaAe: A &7 & dreand, AyAfFgal AR fdafadl afgd
WA G Fidiehel Y1 ST Hehel &1 S0 U@l Fell AT HHell YT HICARMEDT &
3GAST & GUFH H T §, dF 3eg IRT @ISaT hI &HAT H HHT, ARTCST & arer Ir Jgi d&
f% Fcg g 1 o 3eqe7a g1 Tehdle (Stanley,2015)I3HH WRIETOT €T H AT 31 Fehell &

3 g Towy, 3T dlay # fIF & TR 3cUET HH g GHdl § A Joldd & T
qraroTeht oX fAsR @ § (Stuligross, & Williams, 2020)]
AaHFHI Sal 9T JuTET THIT: FeaArrd gl & TORT ST GAAT HI dlel SRy

Slial &Y ehdlel TgEeY ITcHERT & diel & AlX BRAr fawne 9T e s whd §
3EIgY0T & foIU, shI9sh-TaFeH HT ARSI HT 3T Iihfdeh RIFIRAT A Hlel @ HIfyaT
HeA arel 9T SNfGAT FF AR Tohdr ¢ (Capinera,2018). 13T ATHRT Sial o o=, Frer Hr
NSIET 9% FHhA g, fF@q et w Wer JhAE g Thal § AR 9 A qliRE darg
818&Har §1(Sanchez-Bayo,2021)

fasswd: STafeh drearrd $¥ & vh Jeged H qfd wd g, et & iR Bhar faee @
37sh FHMdT Jemal 9 fauR el Ageaqol g(ehieAiershl i TEmyer a1 rcafts 39mar
aie 7 Fersd AR ka3t w1 ST T TR &, FTH TRIRITRATT, AT Hole,

qI¥&h dcddigol 3R Uoldadds THIAd & TFd & | S T@ar A H Fled & [oIT,
dreaAeRl & dferd 3R SEAeR 3T @fed Thihd die gewe oAt S e




FAgcaqol g, @Y € dFfeus Hie fFgzor [ ov off R ww@r affe St dul & ’l)
e AR gFy aRTEAfAR d A JHaE H F7 Fd §l
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YA UD ORI Yol deild Bad
fT T, YoM ArRard Ud 9L
ICAR-DRMR, HRdQR
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3T 31 fRwradr 3carer $r qgl HTaRTHAT g1 safav, Ig gHaer & [ 0 gRa arawanh sia-3carg
URYRE HTY 9T HGAT FIH 31 GHT ST ol o, oif o AT H AT Heedqul GLTaRONG Ars qun

THATE|

3. GITAAR A7 & 7Sy g Toeahor

daaihr gariar T i 317 31T [z & a8 GBI @ITTAR YT & T dieh! st GHTGATT T&TaT Il
€1 2050 T T 3287 Y Ueh JTUETTRd ofell THI WAT YeTal HIT & [Sas w8 Dot Tord &, fSaTad & Fo &

§H o9l Y Fohd g | Ad: TSI H WITAAR fA3=30T fArafaf@d dssliant garT @37a g dhdr &:-
> oTT ATHATMT & 3R SAT-2MMRATe |
> 3RUAT §ETEIT Sid-2lehaArell 3R T fie gshiaziar|
> aReeydr HiY AR Aafeaa|
> Hg-Q§ifes, Heqea, AN R BHel & T ggsha|
> EIe fAUS-ISTS et T &3 |
> WIIdAR fAI307 & forw Shia faamet 1 39319 =]
> dgaR ufaeayicAs &Hdr & T wdel Sl JeleT|
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WITTIRT &I ST [AIF0T|
> TaEaR & gae=m S fah|
> HIR Ud $Hge Afd.

> AT T FAT GEATRIT H TSI |

> @IIAAR dnfasht T HrdT QY shr gfAsoT|
4. FIFA TWsT HARET gITT0T TR0 TAHT ($H10) & HTAR et IR & SAa-gfaarEs w1 wha w3
arelt ersgraelt:

o ST AT EISAISS S AISHITST HeTalelged, diei & gred e 3R Fo wrepfas &9 & qIe

ST arel TJIIT |

o SNfAd A Hd, UrguAaTSTaTsh AT IAaTSAAH IMIBHT § o AT §Ia@Igs , Sl 3aieh
AerErarsed & ary A3 g & ar 18|
o 3MTIafIF & & HNTAF At (SNUA3M) S SAS-FEAIF Tarf T ek I &

Ry

aRYRe T Sifdsh Gelt et o AT =5 Fharfafer arel sfewmss Hr 3marashdr gich §1 Sia-31973it
TaArcAS fafawar Ak Pefa sfes afafafRar sefvassa ik Fafes glaassa
AT & T 373TT YTl HIT ¢ | IrA-BISEICiFdT 8 AT gfaarss Jeg Tl HT @IS T Th

A1 & S IRAR gferarss Gist TI1ET & Blhd & §9 & HIH HT Thal §| HAA BISITFaT
& TYEAT T STl 9 =T Y 318 & i1 ST Il & foh Tepial & wigeielirgst & TSI gadiar
&I TAT AET 81 Thl ¢ | TAAIT H 3TIeY SAAHNT HHAT: AT e AISST T T F[h g‘é =
fSree 31fe smar & fenRa forar ST @sdr &1 3areIor & v, Jg R ST sgd 34 &
& a1 IS I NTHMSINS B NhdT g, oifehed JTHAR IR AT o Th AT I T WreT HIAT

I AT BIcTT § | TH g SIAT-BISEICHFHA & Tolatehl fohar hl fharrfafer 3reiret §1 3e1gor o
T, TEhIforei s Taeiielel garl Ired ditl & ACISIAAS WhISel FATT of&al &l Ueh faedd
YT & Y BIFEIEITF SaRT el T off NBIseT & A ¢ Tiar g, i gufar § & g7
WISEICIoFHsT ol Tah 37e1aT, 37T 8 3131 ofe &1 39 YR, 31f8& AT & 941, 33 R H 15
forseny FTgT fahrer ST Fanalr & foh o1 faRIY et & T WIselelide ehid & 3ifts araEy g
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fShaIm ol o3 S1a-310T31T & HIY HIH HTa & qled R Bhar fa=iteT 3T Sig I@1TT o egT=T & faw
S daeiiehl Sl 3cUIGa &1 Fohdl &l 3QIgI0T & faw, SIal-BIscieliads it qAE faerrsie &
faffiesr el & gEagia w8, 56 uikar & RAffes gt & Jrw & fAv 3gew &1 3o
SIARIZEIEFge & $fdh-Irargiaish o7 gl & Sif TRUAR AT AT fHags TIIAaR 391 8, 9T
WY T & fAT 32 gl 8, oifohed Ta-hedhaifIffe X erceeasdlfe S8 3qarg o g1 Jia-
VI3 T EIACHS HAME HFE 6T TU G SHA AT o FRI-AMY 9IS TG,
EYTAROT 3R qAaRoT &R0T & AT 3raegs &ifds yardfas ot § UR HT Fahdr &
SIETAT ATHA H, TS SrA-wIseiei g $r g7 IdT T §, o HF AGT H giey 1 A1 &3, gy
g TUSC gl SIrar § U gfewrss o8y g1se § foieg arfoifsas sfsarss 3nuifas aeat & gaar
FeiT & IET F SST ST Fehell §, S o 3T HISEH T AT&IT e alel FITATA, THEAHIEH,
frwrach Iifeie e a6

*kkkkkkkkkkkkkkkk




fd Y v 7 B fRAerasr (BT WUe) T sEdsw W F7 yae=
AT e fasmr, Frearers T W geumE, TeanT
AR ¢ H fied wyer $r afeoat fr @dr $r s § Taa T fr vaa &

YHE T g Fhifh T & 3cdied & fIU g1 3Hefehel dlaie]or gl #Rd & & &

Yl S9reaT 8438 BaFel (FAOSTAT, 2021) offA WX &I S § U SHHN IcUlgs
STITSIT 84531 feFdeel (FAOSTAT, 2021) gidm &1 A< &1 #Hel 3cUfd FAWT  TarCHTeT
g gfacigeh 3cqid TATT ATFHH! & AT Sl &) AR & @ Hr @l dr esnd
178 @& & #eF # gemfordl ganrT aar & gg O 3R 4R R sEh A @ qur &
Fr S el g AT # FEfesge, 9dd, v IR fts S 9ive dcg 9
HierTH, IR, AIfsTHA, HAvga, G 3R R & @fasr o ae sa &1 &
# Raf@Ea v, RaEa @ 3k Guda & 39 Agcapt Ta@Ea & #@sg g &
AT 7 dads ok Jfsha g "Seasfid”, 3ehdlss & SRUT gidl gl hearsfied H
5 ey o1 §, A A AT §7 § v FET O, & aRes & ® A g g
IFA aTfgari3il dr @ieT ah g 9N A 8 §a1ar g1 39 BHd & 3caed O fharar
T SEd T HATHN AT &1 37 BH A Ul ATIA: HEsl TT A & A
e arer A aa B

ST B & 3ccd W RAffead R & Q3T T THIT BT & Y - T&F TS Qa0
(Fh el f3olel), e Uc (Fel TATele) T SiEdeh, SAM0] Uell Ueal AT (SFERTA
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e Toie f3efier), sfder 3w (3fFder 31fw) (a1, I Ales Wer, AT sase A,
YT WT| 7 § AT & N arer 9H@ W97 He e (el TaITelel) Ud Siss g

g TP hdeh Sifadd VT gl 39 WM & $Re I Al AT Colletrotrichum

capsici gl Ig Weleieh sel, fACE AR oy AT 81 Jg Vo1 HRA & farerar gsh

HE AT 3cuiesh &TEt A 9T AT 1 WA 39 Wl & HROT AR T 39e A
SETHIT 10% & 30% T AHAA gl & AR HcAF ThAUT gled W RIS 30T H

STITHIT 70% & 80% Tk T JhdleT Bl & | SHBI HHHAUT glel T AT I 391 Ta
IUTGF]  FhRIcHS & & FHTIAT gl & 99 SROT a6k HAAE # TREe gidar @
fhaTeT T HATHT A g ST & | 37 W7 § §uid & AT fhAm= A g@% f&ior uq

U & TR H ST A1feT, 988 hE @Rl 3fad HATHT e X Heh |

A & T8I0T -

1. 38 QT & YBINAT F&T0T IRdl W 3T g1 $TH Idl W Bl el vd AfAafad
(EEER) N F s QU Ufedl W @Y 9T S g1 HcA®E HHAUT T W
afaar off e ool &

2. 3HHI R F&T0T G T cglAdl T T g1 BlAar IR @ & & 3R gt

9T 8, SHAIT SHeRI G 1A Sigeieh 8 93T &

3. frareT ufafesT 319e BET FF IS @ T I U9 I i 379 vEA H AT ar
el & CAYdH W Fhifh S/ W I YAW 80T fAT & el 9T 3T &1 Foll W
aET AT TS WS Sar &, S o9 IMAhR H 8T § Ud Sedfecdh RIF

©



(Concentric ring) SHET 3THfd Sl §1 SHTAT SH U AT el fA9Telel (He e) o
Fed gl

4. 35 AT & YU & ol AT & BT Y 38T Ser TfAd gidar gl

N FT Yo -
1. B8 S0 ¥ g9 WSHBTANT T s X 58T Fer & Flsfg Has =s¢ g S|
2. 93$ & fAw 9T gicRIsw FheAm &1 & TgeT |

3. ®He I IS el & T SoR & T 3T sl i & TS PR 3T
dIST 39y o g al T 1 39aRd Y| &I 3R el & folv @RA (Thiram) a1
Foerd (Captan) 4 I3 9fad fhaliameT i & forw 9=er Y |

4. U7 T FFAT 9 & W T 3Q@E T d18L AL T I5¢ T &
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5. 39X 3Hb diG HT Ig (9T 3T S dr e hashaII1AAT hl 500 ofeX 9leir H el

e} 3 IR B8P Y AT IHMEHIAT TR |

%eeld (Captan) 50% WP 1500 Imd 9fa g§9ex, Tolledkeliadsl Azoxystrobin 23%
SC 500 ml 9fa gFex, FaRIATAIA (Chlorothalonil) 75% WP 800 ml 9fa geex,
B%hatealaTeiier (Difenoconazole) 25% EC 0.005% ufa g%eX, o1 (Zineb) 0.15%
WP 1.5-2 kg 9fd gaeX 3R HIR IdTFHdFeR13s (copper oxychloride) 0.25% WP
2.5 kg 9fd gaeX 9T HI|

o Ugell [BSwhid Bl fheldl & FHAT |

o GV TS Bl Aol & THT |

o W BswE gl Bswa & 14 & a6 |

3d: fhareT A1ST @ Arauell @ $Y 3R 59 AT & I&0N I Igdlel Td AT Igd
3Fd 3UAR H of Al 39 AT A Bl dTell gifeT I BT &G doh el [hAT AT ThdT ¢
Y TR S & PR A1 3 # SRR AR g & e wed e
g H A X Thd gl

“FTaTe g dgaT AHYTH g7




' Mﬁmﬁwaﬁwﬁ@?ﬁwmmﬂ#wmw '

amf®, e ﬁ‘um PleAIE Mt I

WW%WW{%W@@%WWQTW@@W%W@TW@H@%
(ERIAIARIAEEH) FO3TST & 34% #t Fff & F0r a9 @ &, 7 TF I A g 25

e fTarssTers Tual £ Gie F arasE, GIdaRT S IR &7 T 31 Af Feir g5 21 39
HEEIT o HATHTST g ZESF HAel ofls IS, S WIAAaR =0 % fv f@aw 7 qaeiint Hit
AF9THAT 21 FHAThd dIS T, Her (T T T ST AT (FEA ShASH, FaL HI1UT,
S AATHT) T FANSoT AT 2| TAd YA, cTehotient, U RIGT,g&eld Iollicdl & el FaTra
dis fAT=0T 3R ¥ 3cdrest 1 FAC @ & v FHoir g

TR AR GAauiy A wary €, SihdisHagy & v geA Sha (Arsaien), T, a1
qifer AR S ITpfas Siat T ITIE dich dI8 dhl JIAaEdT H AT #id 81 3% g
ot # IR B, Tofewor 97 #geaH oW, S S gedeT & A A anee g1 3
FADIT TASTH, AT Usicd, SN Sidl, T qIee Il S Hqedw A g1 A aar &
AT & GIEC FUATHHCT 7 FATRUIT Tohe s oA &1 A aTEgd Fl [HERe =i 37 qad
IS STl e & oy i f@aR AeTHTe T 3TaRIhT 2|

AAEEATZEH FT ITAN TF WOREIT T0IG # T ST 8, Sgi GeTA stiat # TohliaeeH o
=TI SiY F9TT T@T STAT g, qTfh @IICARIHT SHEEIT UF JAqH &8 F FH7 T, AT UH qcATeh
T §, gl e o silol T Jae LT HeI9e &l T AT THTGLATT, sy gioaior & forw g
T STt 21

I [SATES g T AT

ATATEHATESH &l 370! IcqT & LT I Tz avl § (AT haT ST @ohar 8, ST & Faani,
T, dFINTA, AAATH HFed, qHdF Fordo, T a9qsd 9o GrEFL, Faad qqiee
EIATAR = % forw swerstere g, ST qiferes T=47 a7 Tehel T WIIAAR T FITAFTAT T TAT=T

et % For et dEar o i 3




A

., diut & St seaE

&

—— ar=Ta s e P icac-coo- B e ﬁlﬁ:ﬁm HTaTw 3

o] Aiemem] WAL "ﬁff( . .
7 EE & B &N

JHTT 1Az amaTisnior

FaH! ¥ IO AR

AT 200 FATHE qifrT ST 1 wwaar =0 % forg ag=mar = g, g arasrgfaassy wal
STAT 81 T Asrar faferg, e gfaret gra g, s ﬁl’gﬁ H T ® ¥ ¥g T 21 Alternaria, Ascochyta,
Drechslera, Phoma3iiT 37T FaiT IS FT STl o (o7 Wﬁ?ﬁr ERUEIRI %’, ST Chenopodium
album, Cirsium arvense, 3T fAfr=r =9 ®AY GIUTIART T Tferd Fed %I

fafore SEEYT  H  Phomopsis amaranthicolaSTaTelr Eﬁ?ﬂé’(}T AYA)TSTfaar & e,
Dactylariahigginsiig3T IR AMAN(GIS dAcqN)F faars, =iv fauoff @@om===) & R«
PhomaSsTfaat entf8et &1 Sclerotinia minorsii¥ Sclerotinia sclerotiorumTHeEIUi ST STATT STargeT
(FITT F2rae) & feTs TATaT SIS Earsed 8, ST RIEclel4ad Usie e TiHe 3cae H3d gl
THE AATAT, Chondrostereum purpureum¥, Puccinia thlaspeossiT Alternaria destruens®T RES fafore
giet fr ssfaat & fFEm w1 a9 F o Osfea R T g1 aeiEEesd @udant &
fAFavTR oI, g iaofia #3, 7aq, i ITATHRAT & o 989 f&aweT a1 F:3d 2|

CIREC RS RIS R I R FA E ST

GRUTATRIeh =107 3 forT ara<e &7 ITTRT arargiaarsed & &9 § fFa1 7 a6 g, ofhT 3 376
Stefes TRade oY e fafersar it T o Fwreor EFTATSH T FTHAT FLAT T=24qT g1 IS 6 o,
TITHRT TIEF FATH (TMV) T Iurwieaely arer oI (Solanum viarum) F1 FEHa #79 § g9ra=w
fears 2
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EECIRC | -GS R ICIRI A ERIEST)

FFETAT T ATHHTL [AATATAT  FTET WIGATRT % ToIT FATAAT F AT ATATES A TSicd ATiaq

TU 21 v A% HAdAT § AT ST 6T &, T & § AT 6A1 ST T 2, 3T S0t arau e’
T AT o6 (T ATAATAF =T F Ferrtera war ST aehar g

AT T H HATET SFEAT, S o TSTHAT FATCH AT SAATAE Fefea, TIYTIIRT &
=T & U AT AweT g1 o T [ @IOAdR TSIl & Sl &l 6T 9l o,

Sad STEHled i HIAIHeH T & Treahry e, St fohehaRepl ATH & SITAT SAT4T 2, AT sy
(GN3TIT3) * FEeres et 2

l l ETHYLENE
-i¥: W

ABS JA
f . H H
{\ \ c=¢’
Bas | ma | Al
Increase stress harmo

Aes inowesd plant

Distruction of cellular structure

HATRIT 2: ATATEITATSSERIRIAIAT

gler scafeia arEfaEsy

9T ST 3caTE | WIIIAAR 07 % T §9@aT § 9392 TFHds Usie w1 F1d Fd gl 39
ITET H Hahoodl HITAIATIEH 3T 7T FISETRAFHT gId & ST aIeT & FFI i o7 faarg
TIRATSAr T Thd | AT ST SIS ETESH qIT =l H 3Td 5. qTe 37, AMA9TH I (essential
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oil), 3T ATAA TR HAHH | T ITATAT FT LRI F ITTRT BT T2T &, 3T ITHT THE HILATS AqAT o FHL
T TATET AT 9T 0 (S &7 7 FIAT g1 9T 37 H Telee, Tohd(gs, Sudised, caleudised,
e S fafsrer =2 g 2|

GIATAIR NEHAMATT 7 FHA IATaFAT H U Hgea ol @aT a7 Frar g, oma i scaraswar #

FHT BT TET & AT THewT AT qqraeed diRadh FaAaear & fov @ieg geam o) 2 qar ¢ |

STafE araefaarzsys IR HEr & o uF qeiem s aaq giEsor 93 F2d 8, 394 FHu

AEATHT § ATTF TIATT KT ATHAT FHISATSTT T ATHAT FL T B

HIfAT FR*

gIee TIAfGAd v 9@ AT, S SrAgieEgsd 1 yfahdr w1 had o AAT
gl ox & AT A 8138 AfAddr F IR Ha & T, #Afosg & ar #F
BIEC{SThalsl HagEr ol & folv Adled GAlHor, FAHHEAISTA T e Sid WG
Tileaivl W egrT Ffga fFar =T afgo)

S & oAl AHedldR¥&dE, S & @iUdar 9fady AR YASsE garr wieierads

3cIcaT, AR HTS dE & TAHSA H MAISAT g1 Tg ATl IAGSAS3H & 3eald &I
% fahrg & TEgS 8 TFhdr g Afe 3™ gerrdr 3w 3nfde F7 & caragiias ghl

MUHATHT I dith AT JNST=q & T TeldfAS gevaer=q Hi A3t wr garar T
% SIAETAEEE T FHel F&IAT I TGl & [T HiSAZA HT FHAT HIAT AT
HASAIRIIIRBIA TSR hariisafaTFdaraizaesiar, srgfdagsa garr g
drel gifaiaeh IHMET I FATST el & 917 RU Al AR

AT EATEE F FAHIOT

Sragleargs gElaor, # Ak ded R AfSea @@Af@Er & @eor @ar siar & arfe

GIOAAR ARME HI FAE A RAfesd WIWAIR d& tr'g"irrs" ST T@Hh (I@EF 1993) |
SIAETaAEs & FARONT 3cq1g a5 39T g § iR 3% 3Mdgd, Sifad Iga Hr

&THAT, THITHIRGT 3T HUSRUT & SRIT &HAT FI IAT (WS & AT FAT ArHHT B &

3T 3FROT & TIT 3Taeash 3 I MaRIHAT FI HH HI gl
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qATg ATEE & IENHTOT '
ST ATEE FAThTOT * T I § AT -FARIOT AT STH FAHIOT)

o T FIQLT T BT FA I - GAFPIOT & S g0 HEAGT THA, THeA, AT TIerAT
YT AT AT § . ATHF T T), 1996)1 T FATHIOTH I qiearg qread g A% g
STIRT fhT ST a7 FgT8 & T1FF 21 & oIl @IIAAR 4T § qihT qeq @t aieagy | 7eg
FA § BiT), 1989)1

o B WAHIOT 7 - FARIOTH HEAT: AW T EAATS fhAT ST 2, Heqd: AR =97
S ILAT T TAFEICES € A F1AS U2 UHA), 1991)1 fiferr FTRIT § 4TS, fdT, ufestee,
FTHIA, T AT ATIHA &1 Trg TASTH ATTIRT & € H I STLhH € H ITIN 4T -
ST &HAT § SiTehglel Reltel =9 H o q97 T HATefaar 98T F2 Fd 2| el LD it
AT § ST FATALON BT AT AT 2t g1 I FABIOT75% e WIAAIR FHF=107 J=T
T THA 2l

EIRTHERIECRE I R )

39 AT F fawm § AT FT TTHAT FHAT R G (o IThT TATAHRTLAT Hl U I8 HE&AT 6
FEA TSI T TLTAT AT, GTITNTT D FEA I AT T3 6 AT 8 TATET T 5, A0 Fqqao
Sl AEAN |ATSTAT T AT STefTarar, STasrarrfient grEsRior &7 AN HIAT, FAuThar & "&faq
HET FT GAATAT, ST T T TAshedl & THig FT GATATI

quTty ®, 7 97 g 6 Satr ara-gidarsea #1 v qqq @rer FEEr o F 9 § 939 99 g,
It AfATATer FT e, FeIar TT2ar Sarted qal df Jarfdd Hiid, T 3T AT0STRHI
TR FA & (U ST TeqAT AT AT 6F MaeTTwdr gl AA-gAa15Sd &l qTHT JLIHI 6 91T
THATHRT U AT TOTHITT | AT FEAT, HATAAT & SATIT Sve HRMETHT a4T THaT g, S Ta=g Gl
TATSAT I TETAT & H T Fof (A Heah a1 Fahd T &l




FIT FHAT & HIT 3T 3T Iae=T

4 FAR STIHATe
S e femer, freamers wEwtor deAfid dvuE, e

R amEnell, GeEnel, Al @i, sielell S T S Blel &1 SIHASSS Ay
(el STseieeer), b AR (PIFSIeNAAT [Halerfoly), ddmEnst dgasd  (Foferr
3isferd), gammer faden (fAIRe @), tihsa (dfaaNia dfa®) 3R des o
(FIMET ReilRE) S &g hic Hlel Pl ThiAd I gl Dl Bl 3cdlghdl 3R
3cd1G & AOTEAT H HH H @ &l dAAT T H Pl BHAl & GHE HE A
TEdle, Sfidel ook, &1fd T gehfd 3R geeret R SR fear arm gl

1. SHS 3% Ay, cdar FFaicer (ve.) (vefas: afisiew):- a8 goremsd &
T TR e B, Ik gar o H S 3T FF drell Bell H o @rar g

g AR e T He PR TT & g g, oad FhHoT @ g@a g s
3T goh Athe el gid &, St O 7 % d@l & Alge oW §R Y Athe s
JATd &1 9IEh Al fic gfadt i Fge Tdg W RRI3T & a1y 5-57 dF 3 a1
THE A 38 & 81 38 f 3rafy 27 fT B1 omat R W o arell & 'y g v
T BT g AR arar Fr afr 13-21 Gar d& gidr 81 I8 Idel el el & 3HR &
WA Flped H oguT FAT § IR ogar i 7-9 & gl &1 Shasr-sh 24-35 A
QU gIar § 3R wF av #F FF difear gl £

IIEFH SAS % Ay




81fa:- omaT gy T S8 cadr A Wid § AR &6 H gfal H O W od gl IHR F
O yefide giadm G oRE & Hhrorgerd gl Sl g

Yaeer:- (i) 2:25 & 36U H SHAS S HAY H HHNT A & fov Mel & ot
H G &7 3UART ST B & & H fhar Srar gl

(ii) 8o YRIGTI~TE FEFIUT Feclieh! @ 1 Than/g. 1 T a2

(iii) TTHfAF AT STHBTAT HHIFATH, FIHAT Tocom P OTAE Wil F ¥ H
39T H|

(iv) TAUTPS 5% I IFMELTHAT TR T

(iv) IRTAS HaTAT FH HIEY GRESIFARISS 175 ATH THS/ZFCIX A &I & TP dR
fBsda Y 3R 10 AT & e W ar I’ BTl Fefbale gl 10% S @
0.8 el 9fd ofiex 9ol AT FeIafesaAES 20% Seofelt @ 0.1 &S i oiiey ureir
7 sATATFET FT P H| Salve 5% THT @ 0.4 I 9fd o gredr|

2. wrnel faaelh, ATRw e (va) (RARS: afEew):- I8 o, gerem,
el @t &1 MR Hie § 3N aererA, Ao, awd@ AR 3T AT wEar v o
EHT ST &1 Tg i Fiear derel sorreh & foarar & 3k afdat & ghner ggrdr et
H Tl ST g

ggare 3R e T%:- Jar ofrel gosh el T F g ¢ 3R g 7 g ey @1 F g
I gl faafedt & 9@ gesh e gid 8, I 37T 9@ & MY FIUT 9T Tk Flell
eeaT glaT ¢ 3R T WS d@ & I fhedR W Ueh il Uedl BT | HIGT Ueh
udl & @l 3 40-50 37ET & |Ag # tEde 150 378 v g1 |fEAr 7 308 3-14
et # ge S &1 FAWeR 1 Mo FHes T F i WOT § ToRaT § 3 16-
24 et # 9 8 ST g1 YU S5 AT ST G HlepeT A BT §| THOT HaEAT 7-28
fealt de gieh &1 faaferar 3-12 &t a6 shfad @ gl

garnsft fadel Hexfer TIEh A fade




gifa:- 373 A7 W, Tgel SECR heX e dhael Tdl H TAg H Gl §, dAfhel d1g &
WO A afedl H 3eT A IR FART @ @ o §, SEd dae wHw a9 @ =
e &1 Faf-paft FexRer el 3R wermed & B 7 3 & & &

Y- (i) Sf9 FIOeR Ao T & HIS d § df gAA & IRIAS W1 &
aNTel HAWeR &1 g1 @ AT IR iMAF §T § o5 HAT HH BRAGHG 8T o

(i) v9eed TenANed S8 qISiiadr &1 [aaArasT|
(iii) Ao YRIFUf~TT @ 1-2 AHA/AE Ul I fBghra HL|
(iv) 3R ThAUT F FHIIRT 0.15% FI Bhra H|

3. % AW, FfFsiaifAar Ralefay sz (sufas: aAfsiew):- 30 et &t &
Fisig & STet et 3R peEmedr 3emv SN §

vgare 3R Saet TF:- gdel H oEs 2 AT BT §, [Oe 3RTe 9@ goh oY LT &
gId g, ST 37eET-3769T lgieR Y@IU gl & 3R Woe 9@ 371 IR W1 & gd
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ARTICLE INFO ABSTRACT

Handling Editor: Jin-Kuk Kim About one-third of agricultural production relies upon chemical pesticides. The major part of applied pesticides is
lost due to poor retention characteristics, whereas the retention is related to pesticide utilization efficiency. The
drift pesticides create substantial environmental contamination and are a primary concern because of their high
persistence and toxicity to humans and non-targets. Coupling bio-pesticide and suitable delivery systems to
optimize targeting and uptake will enable the design of suitable agrochemicals that combine optimal safety,
sustainability, and functionality profiles. We present a strategy to address the issue by taking advantage of oil
dispersion (OD) as a delivery system for loading leaf phyto-extract of an indigenous plant (Dalbergia sissoo). The
chemical profiling of phyto-extract performed by GC-MS revealed the presence of hydrocarbons, fatty acid
methyl esters, and their derivatives, including majorly Glycidyl oleate, Cinnamyl linoleate, whereas LC-MS
analysis briefed the presence of compounds; Ferulic acid and a chalcone flavonoid- Isoliquiritigenin. The OD
was developed via a two-step process; dispersion followed by wet grinding, which displayed shear-thinning
rheological behavior. Upon spraying on leaves, the OD carrier could achieve enhanced wetting and spreading
on the foliage. Driven by the additive-based interactions, OD improved pesticide retention and wash resistance,
which was evident by the fluorescent labelling of the formulation. The leaf extract-loaded OD possesses a 9-day
residual effect and excellent efficacy in controlling Aphids, comparable to synthetic insecticide. Overall, OD-
loaded phyto-extract provides an effective strategy for prolonging pesticide retention and reducing pesticide
loss in agro-production, both of which are desirable for a cleaner and pollution-free environment.

Keywords:
Oil-dispersion
Phyto-extract

Contact angle
Retention
Rain-fastness
Fluorescent tagging
Dalbergia sissoo-LC-MS

1. Introduction from leaves is a significant source of environmental pollution, human

health hazard, and is accountable for indiscriminate and overuse of

Pesticides are widely used to increase crop productivity and
contribute to agriculture to meet the rising population’s demand (Rani
et al., 2020). Pesticide use has increased dramatically across the globe
since the global crop yields are estimated to be reduced by 30%-40%
annually because of plant pests (Mitter et al., 2017). Current approaches
to managing pests rely on synthetic insecticides loaded on unsafe car-
riers. The retention of pesticide sprays on plant surfaces is an essential
challenge since bouncing and washing off of sprayed pesticide droplets

pesticide (Damak et al., 2016; Zhang Y et al., 2020; Nguyen et al., 2016).
Concerning the clean environment and human health, the indiscrimi-
nate use of pesticides must be controlled, which can be achieved by
sustainable development (Urrutia et al., 2020). There is an urgent need
to create new solutions for environmentally viable agricultural practices
that impede the heavy use of pesticides (Kauppinen et al., 2016). The
foliage adhesion, retention, and rain fastness are crucial aspects of
pesticide performance and are closely related to pesticide utilization

* Corresponding author. Institute of Pesticide Formulation Technology (IPFT), (Ministry of Chemicals & Fertilizers, Government of India), Gurugram, 122016,

Haryana, India.
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Pomegranate Resembling Design of Starch Sago Beads
Encapsulates Nanopyriproxyfen, Enabling Slow Release and

Improved Bioactivity
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ABSTRACT: Environmental contamination by intense insecticide
usage is consistently proposed as a significant contributor to major
hazards; further, disturbing non-target populations provoke a grave
concern worldwide as they play essential roles in ecosystems.
Pyriproxyfen is one of the most widely used pesticides; however,
due to its probable toxicity, its global application in large amounts
may result in water concentrations that exceed regulatory pollution
thresholds. Herein, we describe nanopyriproxyfen-loaded sago
beads (PPX-NCB) designed for the slow release of pyriproxyfen
(PPX). Our design is inspired by the composite structure of sago
beads, composed of several small beads resembling a pomegranate.
The microscopic beads accumulate chitosan-PPX-nanomicelles
cross-linked with tripolyphosphate via physical absorption, offering
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adequate room for water absorption and subsequent PPX release. PPX-NCB had distinct effects on the immature egg and larva of
Anopbheles stephensi, limiting embryonic development in the eggs while enhancing bioactivity. It affects the integument of larvae and
alters the surface hydrocarbons of eggs and larvae. In addition, PPX-NCB demonstrates an improved safety profile in non-target

Daphnia magna.

KEYWORDS: sago starch, pyriproxyfen, nanomicelle, mosquito, cuticle hydrocarbons, eggs

B INTRODUCTION

Pyriproxyfen (PPX) is a slow-acting larvicidal insect growth
regulator employed globally in public and private settings."”
Although effective against agricultural pests and disease vectors
and low in toxicity to mammals and birds, PPX has the
potential to harm non-target creatures such as fishes and
crustaceans.” PPX is released directly or indirectly into aquatic
habitats, where it negatively impacts aquatic organisms and
disrupts endocrine systems, leading to detrimental effects on
human health worldwide.** Few studies have been conducted
to provide an effective method for defending the use of PPX in
environmentally friendly delivery systems.* Currently, PPX is
primarily processed as an emulsifiable concentrate (EC)
formulation, which is expensive and hazardous to the user
and the environment due to its high organic solvent content.®
Conventional pesticide delivery systems like wettable powder
and EC are non-specific, and they are more hazardous to the
non-target organisms.” Additionally, inappropriate application
and disposal of a pesticide exacerbate the problem. Therefore,
a user-friendly formulation of PPX that is non-toxic or much
less harmful than PPX supported by reliable data from non-
target safety investigations is highly desirable.

© XXXX American Chemical Society A

7 ACS Publications

Nanopesticides (NPs) possess the potential for increasing
pesticide efficacy, reducing application rates, and mitigating
pesticides’ adverse effects on ecosystems and human health.*”
NP delivery systems with controlled release (CR) of actives
have been proposed against disease-causing vectors. Among
these, nanopermethrin has been found effective against
mosquito larvae at lower doses than bulk permethrin.'”"!
Since the NPs are target-specific, the effective concentration of
nanoanalogues is smaller than that of bulk active ingredients
(ai)."" The small size and large surface area of NPs impact
their reactivity, functionalities, and physicochemical properties,
resulting in unforeseen biological and chemical responses and
enhancing their efficacy.” The mechanisms of interactions of
NPs with the target are poorly understood, and their benefit
has not been demonstrated, despite their increasing prevalence.

Received: October 6, 2022
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Bioengineering of neem nano-formulation with adjuvant for better
adhesion over applied surface to give long term insect control
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ARTICLE INFO ABSTRACT

Keywords:
Nanoemulsion (NE)
Botanical adjuvant
Stability

Although safe and eco-friendly botanical pesticides have been intensively promoted to combat pest attacks in
agriculture, but their stability and efficacies remain an issue for their wide acceptability as sustained and
effective approaches. The purpose of this work was to develop stable neem oil based nano-emulsion (NE)
Enhanced efficacy formulati0{1 with enhanced activity employing suita‘t.ﬂe. bi.o-inspi.red fidjuvant. So, Neem. NEs (with and without)
s At sesisey @ natural adjuvants (Cymbopogon citratus and Prosopis juliflora) in different concentrations were prepared and
IR) quality parameters dictating kinetic stability, acidity/alkalinity, viscosity, droplet size, zeta potential, surface
tension, stability and compatibility were monitored using Viscometer, Zetasizer, Surface Tensiometer, High
Performance Liquid Chromatography (HPLC) and Fourier Transform Infrared Spectroscopy (FTIR). Nano-
emulsion biosynthesis optimization studies suggested that slightly acidic (5.9-6.5) NE is kinetically stable
with no phase separation; creaming or crystallization may be due to botanical adjuvant (lemongrass oil).
Findings proved that Prosopis juliflora, acted as bio-polymeric adjuvant to stabilize NE by increasing Brownian
motion and weakening the attractive forces with smaller droplets (25-50 nm), low zeta potential (—30 mV) and
poly-dispersive index (<0.3). Botanical adjuvant (30%) based NE with optimum viscosity (98.8cPs) can give long
term storage stability and improved adhesiveness and wetting with reduced surface tension and contact angle.
FT-IR analysis assured azadirachtin’s stability and compatibility with adjuvant. With negligible degradation
(1.42%) and higher half-life (t; /) of 492.95 days, natural adjuvant based NE is substantially stable formulation,
may be due to presence of glycosidic and phenolics compounds. Neem 20NE (with 30% adjuvant) exhibited
remarkable insecticidal activity (91.24%) against whitefly (Bemisia tabaci G.) in brinjal (Solanum melongena) as
evidenced by in-vivo assay. Results thus obtained suggest, bio-pesticide formulation may be used as safer
alternative to chemical pesticides to minimize pesticide residues and presence of natural adjuvant may improves
the stability and efficacy of biopesticides for safe crop protection in organic agriculture and Integrated Pest
Management.

1. Introduction

Eggplant (Solanum melongena L.) is one of the important vegetable
crop in South and South-East Asiawith 37% of the total cultivated area,
and 53.31 million tons) production worldwide (FAOSTAT, 2016)[1].
According to Sulaiman et.al, 2020, Cropping conditions plays a signifi-
cant role in the production of eggplant (Solanum melongena L.) [1].
Major insect pests of eggplant are shoot and fruit borer (Leucinodes
orbonalis Lepidoptera: Pyralidae), leathopper (Amrasca biguttula bigut-
tula, Hemiptera, Cicadelloidea), whitefly (Bemicia tabaci,Hemiptera:

* Corresponding author.
E-mail address: nusratsiddiqga20@gmail.com (N. Igbal).

https://doi.org/10.1016/j.colsurfb.2021.112176

Aleyrodidae), aphid (Aphis gossypii, Homoptera: Aphididae), thrips
(Thripstabaci, Thysanoptera: Thripidae), etc [2]. Sucking pests cause
considerable loss of crop and also serve as vector for e transmission of
various pathogens [3]. Therefore, these pests damage the crop directly
or indirectly in terms of yield and quality. Kumar et.al, 2019 has studied
the abudance of different types of insect pest in brinjal [5]. As per Kajal
et.al, 2021 findings shows that reduction of pest attack enhance the
brinjal crop yield [4]. Among the sucking pests, whiteflies are major
destructive pests of brinjal [6,7] and responsible for 70-92% brinjal crop
loss [8,9].

Received 24 June 2021; Received in revised form 24 September 2021; Accepted 19 October 2021
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Eco-Oriented Formulation and Stabilization of Oil—Colloidal
Biodelivery Systems Based on GC-MS/MS-Profiled Phytochemicals
from Wild Tomato for Long-Term Retention and Penetration on
Applied Surfaces for Effective Crop Protection

Published as part of the Journal of Agricultural and Food Chemistry virtual special issue “The Future of
Agriculture and Food: Sustainable Approaches to Achieve Zero Hunger”.

Nusrat Igbal, Dipak Kumar Hazra,* Aloke Purkait, Amrish Agrawal, Mahesh Kumar Saini,

and Jitendra Kumar
I: I Read Online

Article Recommendations |

Cite This: https://doi.org/10.1021/acs.jafc.2c08612

ACCESS | [l Metrics & More | Q Supporting Information

ABSTRACT: Vegetable oils as hydrophobic reserves in oil dispersions (OD) provide a practical approach to halt bioactive
degradation for user and environment-efficient pest management. Using biodegradable soybean oil (57%), castor oil ethoxylate
(5%), calcium dodecyl benzenesulfonates as nonionic and an-ionic surfactants, bentonite (2%), and fumed silica as rheology
modifiers, we created an oil—colloidal biodelivery sytem (30%) of tomato extract with homogenization. The quality-influencing
parameters, such as particle size (4.5 pm), dispersibility (97%), viscosity (61 cps), and thermal stability (2 years), have been
optimized in accordance with specifications. Vegetable oil was chosen for its improved bioactive stability, high smoke point (257
°C), coformulant compatibility, and as a green build-in-adjuvant by improving spreadability (20—30%), retention and penetration
(20—40%). In in vitro testing, it efficiently controlled aphids with 90.5% mortalities and 68.7—71.2% under field-conditions without
producing phytotoxicity. Wild tomato-derived phytochemicals can be a safe and efficient alternative to chemical pesticides when

combined wisely with vegetable oils.

KEYWORDS: phytochemicals, oil dispersion, GC-MS/MS, rheology modifiers, dispersibility, spreadability

1. INTRODUCTION

Mustard (Brassica compestris L) is an important cruciferaous
crop on a §10bal scale, accounting for 35% of total oilseed
production.” After China, India is the world’s second-largest
producer of mustard oil.' The infestation of around 38
different species of pests in Indian mustard is the most
important limiting factor in mustard yield." Aphid (Lipaphis
erysimi Kalt. Hemiptera: Aphididae) gopulations destroy
mustard at all phases of their life cycle.” Aphids induce leaf
curling along with flower and pod deformation, lowering crop
yield and oil content up to 66.87%.” Endosulfan 35% EC,
Malathion 50% EC, Imidacloprid 25% EC, Chlorpyrifos 20%
EC, and other insecticides are often used for chemical control.

Synthetic pesticides have a number of negative effects,
including environmental pollution, accumulation in aquatic
species, resistance development, pest resurgence, and so on. As
a result, chemical pesticides and organic solvents must be
replaced with more environment-friendly and effective
alternatives. Many scientists have recently focused their
attention on pesticides derived from natural sources in order
to avoid the difficulties posed by synthetic substances. Wild
tomato (Solanum pimpinellifolium) leaf extract has been shown
to be effective against a variety of insects including spider
mites, whiteflies, and moths.> Due to the presence of methyl
ketones in their glandular trichomes, wild tomato leaves might

© XXXX American Chemical Society

< ACS Publications

be investigated as an alternative to synthetic pesticides. To
maximize the efficiency of wild tomato leaf extracts, a stable
formulation with bioactive components is required.”

0Oil dispersion (OD) formulations are safe, environmentally
friendly, and effective formulations for low-water-stability
pesticides including botanicals, improving spreadability and
permeability, during crop protection.”® OD is defined as “a
stable suspension of active ingredient(s) in a water immiscible
fluid, which may contain other dissolved active ingredient(s),
intended for dilution with water before use” (FAO, 2002).
They could be a potential path for the green fabrication of
biocompatible and biosustainable pesticide formulations since
they demonstrated strong insecticidal performance and great
physicochemical stability.” These formulations are also contain
oil-based adjuvants, such as some foliar penetration boosting
agents.8
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ABSTRACT: Postharvest infestations pose a significant threat to food grains,
causing substantial losses, i.e., around 50—60%. Conventional synthetic pesticides
used for their control have raised environmental concerns and public health
concerns. In this study, an innovative approach to pest management was
introduced by developing encapsulated, sustained-releasing bioinsecticidal
microbeads containing Acorus calamus essential oil and eucalyptus leaf extract.
These microbeads were meticulously designed, considering their physicochemical
properties, shelf life, and release kinetics following CIPAC guidelines. To facilitate
practical application, these controlled-release microbeads are packaged in
perforated pouches, allowing convenient placement and removal from stored
grains. Furthermore, the bioactive compounds, asarone in Acorus calamus essential
oil and eucalyptol (cineole) in a eucalyptus leaf extract, were quantified by using
GC-MS analysis. This study involved extensive optimization of release rates, with
diffusion processes accurately modeled by the Higuchi square root model ().
Laboratory experiments demonstrated exceptional efficacy, with a 65% mortality rate for Tribolium castaneum after 24 h of exposure,
increasing to 90% after 12 days of in vitro testing. Intriguingly, exposure to the microbeads resulted in complete sterility of the T.
castaneum, accompanied by a cessation of egg-laying activity. These findings highlight the potential of this novel integrated pest
control system, offering a sustainable and effective means of safeguarding essential food grains during storage. This environmentally
friendly approach presents a promising solution to the challenges posed by postharvest infestations.

KEYWORDS: Calamus oil, GC-MS, sodium alginate, encapsulation, release kinetics

sruchure

1. INTRODUCTION resistance, where pests become resistant to multiple pesticides
with similar mechanisms of action.” Therefore, exploring
alternative ecologically sustainable methods for insect pest
management is crucial. Aromatic herbs and essential oils have
emerged as highly effective and environmentally sustainable
means of pest control in grain storage. Essential oils derived
from plants have gained recognition for their pest-repelling and
insecticidal properties, primarily due to their rich content of
monoterpenoids.*” Because of the volatile nature of their
bioactive components, which have significant fumigant
qualities, these essential oils provide a good barrier against
stored grain pests.

Within this context, a diverse array of essential oils has been
harnessed to devise innovative pest management strategies that
prioritize minimal environmental impact and reduced

The maintenance of food grain stocks faces a significant
challenge in the form of insect infestations. These stored insect
pests resulted in substantial losses ranging from 5% to 60% of
the global agricultural yield." Among these troublesome stored
insect pests, the red flour beetle (Tribolium castaneum), rice
weevil (Sitophilus oryzae), and bean weevil (Acanthoscelides
obtectus) stand out as the most notorious offenders. These
insect menaces are well-documented for their capacity to inflict
both quantitative and qualitative harm on food grains.”
Infestations by these pests not only lead to significant grain
losses but also create conditions conducive to elevated
temperature and moisture levels. These environmental
conditions provide an ideal breeding ground for molds,
including harmful species.” The use of synthetic chemical
pesticides has traditionally been effective in protecting stored
grain reserves from pest infestations. However, this approach Received:  August 4, 2023
has raised concerns about insecticide resistance, health risks, Revised:  December 5, 2023
and environmental disruptions.”> The need for alternative, Accepted: December 11, 2023
ecologically sustainable methods is urgent.6 Plant-based

pesticides offer an advantage by introducing innovative

modes of action, potentially mitigating the risk of cross-

© XXXX American Chemical Society https://doi.org/10.1021/acsapm.3c01779
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ARTICLE INFO ABSTRACT

Keywords: Mercury (Hg) is a toxic element that exists in various forms, each with its characteristics and impacts on the
Methylmercury (MeHg) environment. Methylmercury (MeHg) bioaccumulates in the food chain and identifying mercury species is
G THE crucial to assessing risks to ecology and health. Therefore, accurate, sensitive, and broad-range analytical
Microwave-assisted extraction (MAE) il il Fop e @ . ; hyl hi d il ] vkl d

Rice methods are essential for the determination of methylmercury. This study optimized and validated a procedure
Fish for Hg speciation analysis in rice, fish, and soil using different extractants, followed by liquid chromatography

Soil inductively-coupled plasma mass spectrometry (LC ICP-MS) using certified references. Microwave-assisted
extraction (MAE) parameters were optimized using 25 % KOH, resulting in improved sensitivity, accuracy and
processing time. The validated method achieved a limit of quantitation (LOQ) of 12 pg kg™ and showed
acceptable percentage recoveries (75.3-98.1 %) in all matrices, enabling precise determination of MeHg (%RSDy;
3.76-5.78, %RSDg; 2.34-6.75) and Hg in a large number of samples within a short time frame. The validated
method is particularly well-suited for rice, followed by fish and then soil. Therefore, the method utilizing
microwave-assisted extraction and LC ICP-MS ensures precise methylmercury determination in rice, fish, and
soil, crucial for evaluating environmental and health risks associated with mercury bioaccumulation.

1. Introduction membranes, resulting in bioaccumulation and bio-magnification

throughout the food chain (Mason and Benoit, 2003). Human expo-

Mercury (Hg), which is among the most hazardous environmental
pollutants, exists in numerous physical and chemical forms that have
different properties affecting its distribution, biological enrichment, and
toxicity (Kumar et al., 2023). The primary mercury species include
elemental mercury (Hg®), inorganic mercury (Hg*"), methylmercury
(CH3Hg"), ethylmercury (CH3CHpHg"), and dimethylmercury
(CH3HgCH3) (Leermakers et al., 2005; Gochfeld, 2003). These species
can interchange in the biogeochemical cycle of mercury in various en-
vironments, such as the atmosphere, water, and soil (Gochfeld, 2003).
There has been a growing concern over the past decade regarding the
biogeochemistry of Hg, particularly due to the highly toxic nature of
methylmercury (MeHg) (Beckers & Rinklebe, 2017). Methylmercury is
an organicmercury species that has the ability to penetrate biological

* Corresponding author.

sure to MeHg mainly occurs through the consumption of fish and
shellfish, which has become a widespread concern. This has led the
World Health Organization (WHO) to consider Hg as one of the top ten
chemicals of major public health concern (Qiu, 2013).

Mercury and methylmercury can be found in sources other than fish.
In Guizhou province, China, elevated rice grain MeHg levels were re-
ported in villages near the former Wanshan Hg Mine (Rothenberg et al.,
2012). Many studies reported that crops such as rice and vegetables
were important pathways of Hg exposure for people living in Hg-mining
areas (Zhang et al., 2009). Despite rice being a staple food for half the
world’s population, there has been a lack of comprehensive research on
the exposure to MeHg through rice consumption (Rothenberg et al.,
2014), especially in the rice-growing regions of India. This makes it
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ABSTRACT

Globally, about 34.22 million liters of waste cooking oil (WCO) is produced with 2% increments per year.
This increase may leads to environmental risks if disposed of untreated. Beneath this backdrop, this study
was designed to develop Neem emulsifiable concentrate (EC) formulation (up-to 70% Neem oil content)
by utilizing WCO as solvent system. This study opens new gate way to manage the over-rising increments
of WCO and give safer and green agriculture product for pest management. The goal was also to explore
the economic and industrial feasibility of WCO as alternate source to persistent toxic, non-renewable
petroleum solvents. So, processed (transesterified) WCO and aromatic hydrocarbon solvent (Cg) based
EC formulations were developed and different physico-chemical properties including physical appear-
ance, acidity/alkalinity, flashpoint, emulsion stability, shelf—life, droplet size, interfacial tension etc were
comparatively assessed as per CIPAC (Collaborative International Pesticides Analytical Council) protocols
using Abel Flashpoint Apparatus, Particle Size Analyzer, High Performance Liquid Chromatography
(HPLC), Fourier Transform Infrared Spectroscopy (FTIR) and Spinning Drop Tensiometer (SDT). Assess-
ment results proved that WCO based formulation is more stable with brown color, low odor, high
flashpoint (282.16 K) compared to solvent (Cg) based with less stable (crystallization/sedimentation),
light colored, high smell, low flashpoint (268.46 K). Aqueous oil-in-water (O/W) emulsions of WCO and
Cg based formulations were measured with droplet size (2.6 and 3.5 pm) and emulsion stability (79.6 and
98.8%). Interfacial tension reading (0.8 Nmm™') in WCO based EC indicated good dispersion with no
creaming or sedimentation. Furthermore, stability and compatibility study of active constituents recor-
ded of 1.28 and 50% degradation in WCO and solvent based formulations respectively. WCO based EC
inhibited 90% where as Cg based formulations reduced only 68% growth of Rhizoctonia solani. WCO based
EC is also free from dermal toxicity, inhalation hazards and phyototoxicity. Finally, average cost effec-
tiveness and economic advantages were calculated and found significantly (60.32%, 1787.5 €t~ superior
to Cg based EC. Waste cooking oil can be ecologically, economically and commercially explored as an
alternate green solvent and resourceful waste management.

© 2020 Elsevier Ltd. All rights reserved.

1. Introduction

Neem (Azadirachta indica) is an indigenous plant belongs to

* Corresponding author.

E-mail addresses: nusratsiddiga20@gmail.com (N. Igbal), genx.23@gmail.com

family Meliaceae. For last 30 years it has been used as natural
insecticide. Neem is an ideal and efficient alternative to synthetic
pesticides, environment friendly and non toxic to users (Dougoud
et al.,, 2019; Heidi and Eileen, 2008). Neem oil and it’s by prod-
ucts enclosed bio-pesticidal activities against different types of
pests belongs to the order- Lepidoptera, Diptera, Coleoptera,
Homoptera and Hemiptera species (Chaudhary et al., 2017; Isman,

(R. Sharma), dipakipft@gmail.com (D.K. Hazra), drsaurabh_dubey@rediffmail.com
(S. Dubey), amrish.ag@hotmail.com (A. Agrawal), ipft@rediffmail.com (J. Kumar).
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0959-6526/© 2020 Elsevier Ltd. All rights reserved.

2006). Pesticidal activity of neem oil is attributed by the presence
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