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Al |l oaded electrosP@ud)fibdiseocnh sBepdot osat
first preparation of pol ymer fiber mat s
i nocul ant powder. Seeds are thenR® wrapped
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potentialM.aghiatett| No)g .dy.mmyglani N 1.0 mm),
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XV



Figur

Figur

soils. AdaptedCowpyhi gt m288DoAmerican Ch
(M) Enhanced seedling (n) ger+iomalteidon an
PVA nanofibrous coated seeds at different
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(2) B = sodium polyacryl ate, ( 3) C = Ba
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.qfmM, Fe: NPPmM, INRB ®mM,08Znx: 1MPImM;, 4.6 x 1
NP2 = 4Mén. x CKOdenotes uncoated seeds as

from an open'?%®oaceasisd &ret idP eincorporated
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water stress conditions from uncoated a
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and height wer e edi gomil fyi cfamrt | i donlcareabas
bl tin

presence of soluwu at ppbbsppbobussi sdi ab
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eNra.pla.nd Plant technology as an alternat
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Radi al b a pl ot showing radial growth of
(uc) , and CA, CAP and CAB formulations o
bottom display the growth of fungal pl ug
AN A daay...d - 141

€r WEM. i mages showing the (a) bul-k morpho
SI Ms data displaying the surface functio

particles indicating uniforif dissttrhieb Kkteiyo |
functional gghlhawi)ng EDIXemampt al di stri buti o
and (e) CAB particles. Schematics showi

mechanism of fluopyram o.n..(f). .. .CA.Bh4d (g)

eaB.bTC thermogram resulting from titrat
( DI water and acetone in a 95 by 5 ratic
sol vent (FlI p), cellul ose acetate (CA), C
celluloseanee{&AB)baty?25AC and (b) Respe
titrations between fluopyram and differert
composition was maintained at 5 parts of
the cases. nobhemai nzegr daéd fitted into mul
for the binding of fluopyram to (c) CA, |
the magnitude of the calculated ther mody
Ssystems, whi |l e errorarkardevi api @ese naf tthr
measurement s. (f) Proposed mechani sm of
fluopyram and..CE..par.dt.i.cl.esS ... 148

eap¥.3EM micrograph showing CA nanoparticl
at a higher magni fication. (b) Vi al con
aggregates. (c) Mol ecul ar structure of C
wafer spinAcoatadbwt hho€ i sopropyl pal mi
3phase cont-grt Canffbeal (kaser scanning m
i sopropyl pal mitate droplets dispersed i

emul sion (e) | splpegtopydt pianend twitteh dNMiol e Re
with Nile Blue.-kjgPpMecagédbirmghesfiehd mioc
i sopropyl pal mitate droplets stabilized

0.5 wt. % CA and (k) 0. 2ne awt Sa%t@A. d{ lame
emul sion droplet size..wi.t.h...v.a.Lr.i.atld®h i n
eapy.Rigital i mage showing emul sions stabi
0.5, 0.33, 0.25, 0 wt.% CA left to right)
sampl e, oi | has been dyed red to enabl e
emul siiontsedl elpy the variation in % Emul sio
(c) Transmission and (d) backscattering i
height with O and 1 representing the bas:¢
days fei oemmustabilized by 1 wt. % CA. The
t o part.s..Co..anO o 182

@odf @c al | aser scanning micrographs showi
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...................................................................................................................... 184

©sdi Ul atory rheology data for emul sions
sweeps, (b) Storage modulus at 1 rad/s a
stress as a function of @$g ®@isvisdratsi tornaisn raas
a function of CA content. Dat.a..r.ep8®sent s
(e .6ryo SEM micrographs showing direct e

et s. Schematic depicting microstruc
s for (c) concentrated emul sions wi
[

I

S

dilut e CAmelosiit@mg swil tolwe.r.....t..h.a.n...109.05 wt .
Badk.pl ots showing cumul ative abamectin (
in water and alceadead @Adst(dhi I[Abmmed emul si
depi ctdsngayb i @h e e eneogratnasl i ty i s measured to
bi oavailabilityC. (elneo@gamasl pltoyt asgghaa wistg Abm
for 2 hours after 1, 2, 3, 8 and 24 hou
LTSI o o T G- U = P 192
@)4Sthematic depicting microbes suspende
Mi crobes observed i mSEtM @& magteesr sphloavs en.g (no
(marked with yellow arrows) within the
mi crPsbeeudamon@BSIs)ammi aety in Pickering emi

PSI') and in PBS (PSI) during 10 weeks of
(e) Bar plot depicting root and shoot ma

OF OWN 1l Se@ Nl 195
eap.3chematic showing confocal rheol ogy
bet ween the bottom glass plate and the sa
il luminated by the |l ens at the bottom. [
obtainedsftraekst md 2 he confocal vi deos. (
fits for confocal microgra.phs..at. . di5ferei
eab. 3EM micrograph showing freeze dried
(b, d) and optical mi crograph (c, d) I mag e
glycerol i mages respectively. l nset in (¢
mi xi ng in pglexwaeriglatbwmtg i n miner al oi | t !
being the continuous phase. (f) Freq c
[

uen
(open circles) versus frequency and (g)
vol umes ofn mianteerralenouillsiions at 2 wt. % CA
mi crographs showing droplet clustering a
vol . % mineral oil 1 n water ak Rewt e%e@GA c
O T o ¢ o o o N o 216

FigurkEré®&g®dency sweeps at different CA nanoparl

(a) wat er and (b)f)gl @aearefrmd ale mail sn @gqrsa p h(s
dropl et cluster behavior at (c,e)l wt. %
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mi ner al oi l i n water and glycerol respe

El astic stress curves for mi ner al oi | i n
2, 1 and 0.75 wt. % CA concentration for
same as ... Al D 219
eab.8chematic depicting of mi ner al oi | d
ofcl usters. Confocal mapping of the ampl.
breakdown of mineral oil i n glycerol emul
(a) 1 wt. %, (b)) 2 wt. % and (c) 4 wt. % CA
[0 0T o G o T o I TP 222

€ap. %ariation ofs)mevan hSautreri nr a dirusmi(nRr a
emul si ons. (b) Column graphs showing di
vol umeénW{}Mirs radius at 1, .6.3...210.0..22d6 630 %

ea.$S$chematic depicting droplet clusters

(b) Var i at®iwint hofst NARN. (c) Schematic
microstructure consisting of ciwliltéhcti ons
S b T A e ————————————— 228

eaY.3chematic depicting CA NP formation b
rapid addsoliventof (watner) into CA solutio

precipitation of CA as NP. (b) SEM microg
i nset showidngvi mavg noiff it he entangled morpt
showing presence of Dboth hydroxyl and ac
cel | sPsoefud(ocmo n(BR9 i, sAmi)sapei r i | | (Ab)r,b raansdi | (een)s e
Bacil |l u¢BPsubScialiee bdepi citn 1b0 mi crons unl

indicated. (f) R AbraomBlSaol eatdhhyel s iaocne toaft e . (
contact angl e on sPislhbaoBSwapemscoased]| wis
show digital i mages of water droplet rest
S U S P BS 0t 246

€a.3chematic depicting Pickering emul si
(CA NP and PGPM) and oil phase are emu
resulting in the formation of oil dropl et
in wag¢gprMi ¢bobgwiaphsemul si onPPsagrnlap, | (zed
Abonl yBSo(nd)y, -Rsei) ( EAb,rCAnd -BSS)caChk bars

represent 100 microns. (h) Mean Sauter d
measured by the EmRGBBosnt amidleixz ¢ &) emt | €IAC
potenti al of CA PGPB..s.uU.s.pe.ns.i.ons..2509 DI we

d ap. Tonfocal mi crographs depicting |ive
emul sions st absgil Pdind yvi &8c(@d)e ®Ars repr esce
Bar pl ots showing bacterial viability i
stabilizedPdw a(ndP G@RMNM ICRaded with Fluopyr e
depict (c) PGPM suspensions indiPBS,ed(d) |
in equal volume of .RGRM..s.us.pens.i.oah52 n PB!
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Br &®ndcriptomics results detailing RNA sec
condiRsiionemulBaion g xvsBBSamml si fi ed compone
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e [ I

i gn
value <= 0.01) nri chment i n genes nvo
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assembly). Il n contrast, t her @ oifd | an down

f or mat i-cooomp(othvemntPseysoemobasl m formati on) .

emul sanodni td on showed more wupregul ated ge
types of metabolism than did the compon
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€d ap. Dchemat i-wcp doafpiticmoi nrge |l *a@atse assay. 1
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while the water bath is replenished. FI1 L

Hi gh PerfqqumdndcCehr amat ography (HPLC) ana
Fl uopyram r el-RR@GPM sSftraobm | CAed emul si ons.
depi ctuipn@QeflsedpasedslBiay t o check bioavail a
Fl uopyram co-RGEBEMnead abnildGse.d e mmlL streat me
expose€dl e¢gpaonpsul ati ons f or specific time
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|l oaded with Fluopyram (sample) and acetor
vol ume PGPM suspensions (positive contr
(o o T o T S Y Y O ST 261

St Auttur al f orimRu liGeH)o,f TWeli(lsufrepe acied by a
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depending on the degree of sbb*s$t(ibt)uti on
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CHAPTER 1

I ntroducti on

1.Motivati on

Gl obal agdiyaaimicco ngpdigesxt @ m wi t h constantly e

be it an increasing world population, climate
to a gl obal pandemi c. The ongoing onsl aught |
overall s aglewtuiiare sr antelwerand wuni que solutions a

probl emhd waindcieaet hry witnessed one of the mos:
evolutions in the fourdm oMhitchhe op@mean dRe®V G| Ut
agriculture to directlTlhhe ipmnandasagsbdadaipompid c
therein arefeedipogstbéebfibk of2tHowevrlrd pogu
food production came with an increased worl d
sustainable foold Moocdooueirontbapaaniviy onment al

of agrocélemincalnscreasi A secrene¢ ofepoomfc st me es

gl obal agricultural |l and is vulnerable to pes
high ri%Modreergn megriculture reliearenctrkeei tedg
restorfonfg a3gor% cul ture products globally and w
solution |lies in optimizingAdthieveae nleAildaite dticheert t n
target site. Thus, it can be surmised that d

approachées vehimee tatmet i ncreasing food product.

faced by agricultural researchers and the sci



I n this thesis, we provide solubyoaogi diong h
sustainable crop protection stWetegiop®stehat id:
of sustainable dispersions and emul sions as |
order to achieve targeted active delivery wit!|
system, we beginndabmengradvindicmgpsd rfuect ure anal y:

rheol ogi cal aonnapl | yesmeesn twehdi cbhy ivserci fi cati on of fu

1. Rackground

I n the following sections, we provide a su

chapter of t hicsh apitegeirghaswieonmedr ,éElaccrhe and can be

1. Zekd coatings

Seed coating refers to the application of
documented 15.85 Million USsDeevdal aucea toifngglioshad ¢
of t hien dwgtor y. Coabheng seeds hehabdesg during

uni form di mensions Alhdduseredscasgatbarneed fo
across t heDespMitnegg tareeanumer ous advantages see
the environmental front. Seed coatings have b
to their prophylactic usage and The erteaseus
and redneamrsiec thi pardscul ar hasonbhcaens @aedi co atyi ©g
been identified as a major slFumgdaE e mmhri zes e
various pathways throoghaiwhmeadhi me &p & ded tei@asdeida
enviromrmmenther mor e, use of mi croplastic based

regarding their r elneatshee ifnortnh eo fe nfvriargonmemetnst a b



based ¢ dat isnglsas fuel ed research for t he d ¢
environmentally fri eNvhdllye soened hceo atoimmme rmea tad r if al
beemssehnce the 1960s, moder n osne emr ocvoiadtii nngg Sruess
solutions for achieving enviroAmeagahil gyh bfemc s
been on thePlpamtduGrn owinh oRPrRoGRM hoguMatcedbssed
t hat can reduce depenndecncpee san cciodnevéematmai dodifiaeli tainnl
uni que materi al mor phol ogies | ike nanofibers,
researched for use as seed coating material s
based fibers adbdebhi dmam®dsshaated to achieve el
relying on expensive <coati ng tdeecvhenl iogpueeds rweigtiho |
suPahar ah®AdY¥eidduced environmentradp fyoimdlpdrs sigder
dependence on petroleum derived coating mat el

industrial seed coating research.



2-3% e i 3 i 2-3%o Taken up by

Lost as dust S : - plants, yield benefits
at planting R & 4 in <5-8% of fields
.,;-Scﬁaafsm.ietii.(ZO'IS) ; i % > . flmd:?:!(mma?g?' etal, (2020) -
: : ‘UP-TO 1.25 MG CLOTHIANIDIN R A

.4 ORTHIAMETHOXAM/SEED

90%+
Into water/soil,
non-crop plants.

SeZeTeTen

. R

oSe &7

Aquatic invertebrates Protection from |

di t :
?é‘gf’niint's'f waterand o absorbed by root-feeding pests

. Morrissey et al. (2015), S r aquatlc plantS for max. of 2-3 wk
Miles et al. {2017) ; \V /' Alford and Krupke (2019) Alford and Krupke (2017),
! e | Krupke et al., (2017b)

Figur®2 Various pathways through which neoni cc
rel eased and deposite€doithianttdeneandr 6t hmamet |
neoni c oRteiprooifidusiKendi pk €2 et al

1. Zonatrolled release water based agriculture

Delivery of existing agrochemicaltmRdts 9G%hi
of the appliidsd Ipoessttitco dt he environment and o
bi ol ogi®%Hhil g@2aersgreaws various pathways through
environment dQuornitnrgo | 4 perda yr{eBlBeSd sf ee r s yas tpeortsent i al
combat the issue of CR®bhdcobentendapsueanyeof he

4



from which it is thenregowkeyedskepseoedi mai of ai

commensurate to the requirements of the plant

due to its |l arge molecule sil2eTheanmsenbfaphsen
carrier in nano size range ermhhamdes tshyestetnr uc
properties | ike thermal aaddy sthaltloisntiatbyi.l i Trygdiy
del i very men htohdes apepsluilccati on of a high vol ume
occur in a controlled and sustained manner, t
|l osses minimized. Des pi $hea vteh en ontu nyeerto ugsa iandevda nttf
usage in the agriculture sector which is in d

in the phar mdeé¢e®Oniec alf itrhcusmarjyor chall enges t

nanotechnol 8Hgr bagedc CIRtaavant Adr i sl itpoma mpait ®l et h

residues, which is a potenti al source of seco
the utilization of bi od elgoraadditarddd ZICenlat elr 0 58é& SEsats
represent -aoxiassbobbdegmadabl e, stabl e, hydr o
t hat have widely been used in the pharmaceuti

bi omedicallamdpltiicatée ons a consider ablSef opot ent
agricuWatleaad ed| CE di spersions offer numerous a
particularly as foliar sprays. I n addition to
hydrophobic nature can enalall @nlgonandnttrhagyi mif ng amr é tc
on |l eaf surfAceismpédéteantracniftaétion for foliar
the minimum period required between the ti me
product to maindraed tid swhdrirachf icfohnnupsi,s ht lod f a dn

of the formul ation on | eaf surf aces before ar



efficlreaacciyt.i onal foliar s pr ay swassuthfi fnegr, fl roovm sau

retention and insufficient contact which sign
recentt™éhtauvdei epsr obed into the surface behavior
have proposed strategies to improve the surfes

sur f.acCeess based di sipheywdsrioomlso bdiuce ntaot utrhee can st i c
mai ntain optiarmudn trleusnfasntwnmesads both sustainabl

spray formul ations.

43-5

\\ [ 100%
\o.””
l S50%
< 30%
= 15% || | Dust drift
l 5% Lﬁll’:hiﬂg

<0.1% Uptake

Fi gu2Tey pli.cal | oss pathways of pesticidal Al du
et®al.



1. PiXTkering ermwlrsnudrathasnesed as a | oading platf:
and plant growth promoting microbes

Emul sions constitute a vast umaijlorzietdy tof de
hydrophobic atTypiveal naggreidé eIntt srre e mul siionns ma\
additi oni ntol wdilewgAnt s, s usrurafcacattaestresantdy giocal |y
stable during storage and oftéae poesera®i 0bdn
sol v@amtds s urMiaccktearnitnsgg emul si ons cehasabstnisa terasdo | |
of surfactant mo | redacdutl ievse aanldt ea fnfadri va t o tr adi
emul si omsr.e Thhegshd vy stable due tfo the mamgthi clne:
dropl et ?PAdtseor pphhaes eu.se of envi canmemtél ley pfrreipart
sustai nabllen elmug hsti ommf.itchkeesrei nkge neenfuiltssi ons ar e |
applications in various ?fcnadtuadMysiotas di pat’'tdigngdg
amongst a few. On tthes agé mMedud doudrtieee nftrioanlt as f or
can be usepl dtofrdorbrb Afd@amg g o c h e MBir @ant sh &Prrd mPlIt a mtg
(PGPB)The recent focus on bsass tlad ch atbd ea adgriizvaeu |tbo
of B&P biopaersdi ki dfeer trieldiuzehlst s @aB@RB oanan enhan
stress tol er anhceel p ni np | uapnttask ea nodf asl osiol nutrients
maj or concern faced witReFigasesummali zéemt hal
benefits that can be achinsvadcrtimrgoudieigoinlumea s
haseam i ncrease in commerci al agriculture pro
agent. Thi Gr apmbsistitveespore piGodmeg atgi bacnemi s
producing species are wiidellyt iuensddeirm emaesteater
absence Psfe usdpommoensaisns f or i1 nstance Gesnpifiéstve

pl ant growth represent a e Hame ft rtehred st oa rad



research where most studiessfPocovdbpuiogatceé ntgh & G
within a protective formulation. Pickering emi
but also by virtue of their encl osedl cdhubpl pt e
actives. Such an application mandates their

perspective whereby t hr oaungdh rihneveebsotgilyg aitni snigg htt Ise
gained into ttihdizrat e fofne catsi vieoauw igmagi agé&ht anflomPC
chberwed4d addr ess t his gap through providing é
fundament al s aCed | aAtplse@A&t adbnsi aked Pickering e
of biodegradable CE nasvspages cderscansns hregamrdi
in the environment . Rheol ogi cal i nvestigation
provi des necessary i nsights for the commerci
demonstratX®) biondortphoer at i on and sustained rel ¢
abamectin from the emul sionsPsaudor@rn, arsongiomipa
spore pr odnuecgaPgcP®r avmt hin these emul sions wit

mai ntenance of bacterial viability over 8 wee



Figu3Schlematic depicting multiple benefits a
promoti ng Peapcrteeducaed *rom Verma et al
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c

y
d

r

2 w4 vo conf ocadl IrlAkeendl eotggt @BA)Ci zed Pickering
Rheol ogy of emul sions is a fundament al pro
ruci al foThepmt ecahndmnteaesnr @antgitdinofbet ween emul s
arameters effecting the overall el asticity e

nteractions emul sions can either el csliaosnssi faic

s viscoelastic fluids at | ower oil fraction:c
ower oil fractaildres.s Dwiawi ncgold oi dal gel s, w h
ormation of fractal flocs3®%haststperembhseonst
haracterized in terms ®@IfusdreapIngt calni ssnegel infg
| asticivtay i due f atcheoy si ndcrigaddd yt he hydrodynal
symmaend ysnpohner i cal sthhagy .c &re ctornadd ywhé hcontcil nms o

nd itnhcurseiassceo sidlyu s theamd dpdiswebeen dr opl et s effect
he stiffnessphafset h4& i Jumpariszels t he differen:
ielding observed with wvarying natur®huasnd st
epending on whether the emulsions droplet int

heol ogi cal resihRheé sl aaqinc ale arbalay sniesth cd fu dRisc kbeort

Smal | Amplitude S@O&Indlaatgmply i St dai OscCLADSIAt ory

analysis.sheaBA@&dtmhedlependiemveotfi garadnat r es:

t

d

c

hlei near Vils\CEo elga sntei. ¢ dhealrAOBodul ndear e ldpa gd e g ¢
eformachobhat theoastirntesasrct espooteWhil apfAOSdd
nvestigates the ealnadsthastpeord udhed stamplkbar e

haracfteri bbbt bsPickering and,LAO®Bhatyanst shalds
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on the microstructural changes uamars hbiegehn sutsre
to explopilret clusteringXptedemdna AOS amal gys08s
clusteringylé¢loabddadbrieilnnud esdiussmpse nded i n met hyl cel
antdhe trbentswadamndi fferent mi crostructur al sta
cluster rearr afhgemmarfiad e 8i MIAIOSr laynal ysis to e>
emul swiidrmp u,l sweveek bgptdastriroeq@eardult hiedmrsoann gil aisc 1y
gell ed state depending on the nature and str e
relied on rheol ongiccalscapatyanal whe samcanyvdluird

oppseddi ng mechani sms.

©
—

|l n chhapwer coniduacgti nrghesot udi es on CA stabili

investigate the droplet clusteri-ngmagndgmcombest

rheol ogi cal anal ysis with microscopy enabling
procewhsidhse ol ogy of surfactant stabilized emul
insights into the dropl et i nteractions, mi cr
analysis on Pickehisngstenmd sitomes .stlerisc hindrar

particles on the droplet interpha®eristadptake
to address this gap and provide a comprehensi

emul si ons wunder strain.

12
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Figu4PRi fif.erence in yielding behaviors of emul
thredghect of strain on Go6, Gd6%9. Reproduced fro

1.2.5 Plant Growt b PBPIBdreod e ch ge nBualcstiean sa

Bacterial aelplog tlealvd obeermdu’€él hReiscek esryisnt ge nesm

scientifically interestingpkeospetODomas tt nddmer
l evel, the stabithesae i sygstmemd a oianssm fgdikeditdeer cr
utilizati on of t hese sDesstpeintse albcaiorsgp rkmmdduvere p | e
surfactant s, the emulsifying properties of b a

surface properties which resuwatem itrmteerapdhsaos g
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context, the cells may be considered as actin

to traditional PPiocpkeerrtiinegs eonfu lisnitfeireersst. i ncl ude
cel | hydrophobicity/ hydr(opkhTi)Whiclig ya dmeas iionnt etr d
facilitate cell adsorption on®‘atnhde hoyid tdmgaitiel ri ci
have been reported to effectively stabilize e
been reponat kcky factor i n bacter ilhorionbdhnctaald est

repcofntoedsi gni f edaant i-ldefxTafdoerc nra e Fhweaxtaedre cama@ / pho's
buffer SSymstleamd.y Neflaemansedrst abl al emul si ons
ot herwise did not show | ower oil/water | FT val
can be considered to have aOntraaon@@mpliaclag i iom
emul si ons have beenf uarcdliyoned i fioes.vaRépaost ed
bi otr ans‘fodrl matiioadlregr adati on and r emowapl offoroiwa
spi®fPl s.

One aspect hitherto not fully explored is
adot h*3alnidv édceecaldl s have been r ep.Emthechctea ti albiillii
significantly increase the commercial feasibi

particol aeadasgagricuddaral i endf parti celeagratdivgeni

bacteri a, the commerci al utilization of whi c
mai ntaining cell vi d&#finl iCthiags reG@iwe ahbasveen cdee loifb esrp:
the utility of PGPB for enabling environment a
PGPB in both seed coatings and emul si ons.
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1.8 ssertation outline

I n his dissertation we propose adoption o

achieving environmentally benign crop protect.
2, we summarize state of the art l i terature
protection, reviewing them from a green chemi:

mat eagaisst six out of twelve green chemistry
use of safer chemenatgyahdospltventand!| ower mat ¢
move on towards providing practical and easy
3, we propose water based ordadmapasrptriacylse fdoirs paea bsii
delivery and enhanced r et entlioosrn mosiIC Magpiiviecsisr f a c
on emul sion based formulations, analyzing Picl
both RIGP&ndt hi s chapter we desisgyns taennds pprroopvoisdei
oveirew on their fundaefenrttapsamdd appal Psakeone
emul simnsubsequémtomc mapdwrals fundament al and
investigating both the emulsion microstructur
the incorpdmatCGhdg pdweargosnduct a fundament al m
Pickering emul sions through confiowal mircdremd torgu:
changes undercogt maimg Thoplgeh clustering beha
we attempt t o provi dteh ep hiynshi-ecrad B tier xinpid ineensa tai to nisi g
Chapt ewe expand our understanding of the util
agricul tur éeVhfi d remdu Ina tCiheampg .ereplogr twed t he enhance
through their incorporation in celdlhalbinwee acet

further explore these systems thronugdat inwesdn
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Grapmsi tive PGPB in cellulose acetate stabiliz
the enhanced cell viabilities of the | oaded P
shed |ight on the gene sequenuwli nigo mpsa.t hiwayad dif
expand on the wutility-spfectheaesme agmuktsi onseaso
simultaneous incorporation of a ,mbdehcaegrieuhi
cell viabilitpfantdebioawvapbdhiwedtspuimmalrni zGh aoputr

for each chapter and provide recommendati ons
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2.1 Abstract

The practice of coating seeds has evolved

most widely used aids in astaloeimgageahahceded
come with its own share of <ch,aldamrmiesr, p anlcll wtd
due tboi ondbengr adabl e coating material and increa
to overcome these challenges through maintain

a minimum enviromnmmeamt awe fhoaotep rding cusHseed r ecen

emphani she overall agricultural and environme
synt hesis, energy and chemical utilization, e
in the environment. This r evateed ,h f epadluyr seasc csheacrt
nanofi brous, hydr ogel and nanomaterials based

derived seed treatment stratege@scaamienigtagrad
I n conclusion, we have provided an overall <cor

and identified future research directives.
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2.2 I ntroduction

The term O0Oseed coatingd refers to the pra
di spersions) to the external surface of seeds
t he s'uSrefeadcec.oating is an ancient practice with
as far as 2000 years ago by the ancient Chine
their positiohien efarbodesd fsicelecdhds.i fic | iterat.t

back to 1866 adwhihemfprroiposed the use of wheat

to increase their germination rates. Commer ci
company i n the 19s3cOasl ef oclo nmweerdc ibayl wisdaege by t h
the increase in scientific and agricultural pr
doll ar industry having an estFimguede Rallues hofws

statistics on the g(llo)batlheeedt i maatkeed Vv arlcd eu do fn
(Figure 2.1a); (2) mar ket share by crop type
vegetables to be the major ones with maize b
mar ket ) ; t 8y destmende wusage for seed treat
insecticide use (~3,700 tons) to be al most tw
seed exporting countries in 2019 (Fitgue»xp@r.tld

value in horticulture seeds while France repo
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field and horticulture seeds by top twenty se
refefence
Seed coating serves a variety of purposes.
to achieve uniform seed di mensions which in t

control s (del ay or expedited seed @mreodu antaito
synchronizing flowering timesanfd pambdhtasl elair h
f ortinlolagéSegdtemati ngs can also act as a car
(Al) and thusnassiont geedt er #ibde fporroet eacntdi of no | fl
germi nati on. Seed weight can be increased thr
di splaced by the wind when sown '!®mdbdiim@al blyow
precise application of the Al on the seed thr
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t he
proc
wi de

maj o

entire field #HHMmragdkedi teixgpm stuad er e dhd isn gvoafl fd

ess more sustainable and envi rlédCume retnall lyy,
variety of vegetables, field and fl ower ¢
r crops are |isted in Table 2. 1.

The rising need to achieve food security

mi ni
prot
publ
her e
part
have
prin
| ess
of t
i mpo

and

wi t h

Foll

mum environment al damage has increased r
ection solutions, partiacdl air'yomd as echeentu:
i shéldhaewei swsmari zed accomplishments achi
i n we have summari zed seed coating resesé
icular, we have t ar geeitpelde ss ioxf oduffeé eod t dtjheem ivs
examined coating materi al synt hesi s sche
ciple three, four and five highlighting t
hazardous chemicaless paercd i wed yof Skeemingln ys o
he coating material synthesis has been ev:
rtance of energy utilization.elLasehgwalbinl
ultimate fate of the coating materi al i n
stigated discussing the importance of re
ectively. This di beesnsiacrcompagrirednbygheini
ct of the seed coating materi al on crop Yy

ide a comprehensive analysis of the poten:
a Vbirewfofovereed <coatings discussing thei
owing this we discuss some of the major ¢

uding agrochemical overuse, pl aisntniocv apta lvleu

25



solutions to the existing |imitations as pro
conclude with a comparative analysis on vario

and environment al i mpact, i destebfygyhngeerdtot ma
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TablleGl20.b al production (million tonnes) of maj

and active ingredients (Al) wused for seed tre
updated from nmMut'ttfple references.
World
Common Seed treatment | Major
Crop production 2020 | Common pests
diseases solutions suppliers
(Million tonnes)®
Clothianidin;
Imidacloprid;
Southern  corn  billbug
Thiamethoxam;
Southern green/browi Bayer,
Combinations of
stinkbug; Sugarcane beetl Corteva,
Pythium captan, carboxin
Chinch bug and early seas( Syngenta,
Corn 1,162 (Midwest); Head| diazinon, maneb, o
aphid; Corn  rootworm; Vilmorin,
smut metalaxyl Metalaxyl
Wireworm; White grub See( KWS,
and captan Abamecti
corn maggot; Black cutworm AgReliant
and Bacillus firmus
Flea beetle Nematode
Triticonazole;
Prothioconazole
Metalaxyl;
Triadimenol or
Pythium;
myclobutanil; Corteva,
Rhizoctonia
Cotton 83 Nematode; Thrip; Wirewormn Abemectin and| Bayer,
Thielaviopsis
Larvin; Imidacloprid| Syngenta
black root
and thiamethoxam
Disulfoton
Chinch bug; Aphid Imidacloprid,; Vilmorin,
Sorghum 59 (greenbug, yellow sugarcar Thiamethoxam; KWS,
aphid); Red fire ant Fluxofenim Syngenta
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Tabl ¢ c2.nlt.i nued)

Benzimidazole;

Dicarboximide;

Thiamethoxam,

Fludioxonil

Morpholine;
Crucifer flea beetle, cabbagd Seedborne
Canola 72 Imidacloprid; Bayer
root fly black leg
Clothianidin;
Thiamethoxam;
Flupyradifurone
Dwarf bunt; | Difenoconazole;
Loose smut;| Carboxin;
Small
Black point | Imidacloprid;
grains Hessian fly;  Wireworm;
25, (Fusariumscab); | Triticonazole; Vilmorin,
Aoat Aphid i vector of barley
760, Pythium; Loose| Thiamethoxam; KWS
Awheat yellow dwarf virus (BYDV)
157 and covered Imazalil;
ABarley
smut; Dry seed Clothianidin;
decay Metalaxyl
Maneb;  Mancozeb
Cymoxanil;
Late blight| Flutolanil;
Europlant,
(Phytophthora | Fludioxonil;
Potato 359 Colorado potato beetle HZPC,
infestans); Thiophanatemethyl;
Syngenta
Fusariumdry rot | Imidacloprid;

28



Tabl ¢ c2.nlt.i nued)

Bean leaf beetlé vector of

Pod and sten|

Carboxin; Metalaxyl;

Mefenoxam;

Trifloxystrobin,
Isotianil;

Chlorantraniliprole

bean pod mottle Vvirug Imidacloprid; Thiram;| Bayer,
blight; Pythium;
(BPMV); Bean leaf beetlg Azoxystrobin; Corteva,
Soybean 353 Phytophthora
Thrip; Threecornered alfalfa Clothianidin; Syngenta,
White mold;
hopper; Aphid; Soybean cyy Thiabendazole; Agreliant
Rhizoctonia
nematode Captan; Abamectin
Bacillus firmus
Azoxystrobin;
Thiamethoxam;
Pale striped flea beetle Syngenta,
Sunflower 50 Downy mildew | Fenamidone;
Sunflower beetle; Wireworm Pioneer
Mefenoxam;
Metalaxyl
Hymexazol;
Beet leafhoppeii vector of Imidacloprid,;
Sugarbeet 253 Aphanomyces KWS
curly top Clothianidin;
Thiamethoxam
Metalaxyl;
Thiamethoxam;
Mefenoxam;
Azoxystrobin, Bayer,
Rice water weevil; Grapq Pythium, rice
Rice 757 Fludioxonil, Corteva,
colaspis blast, Bakanea
Clothianidin; Syngenta
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2.2. Seetdygowatamdgsequi pment

2.2.1 Types of seed coatings

Seed coatings can be characterfil?ed as pel l

Seed pelleting refers to the process of cover.i
gl obul ar shape. Initially developed to achiev
pell et s can be used for dnuptopéetipumr pases ¢

enhand®&mPatl et size and density can vary depe
conditions. Larger seeds are typically pellet
require luapf glPetl bngl dsocess consists of first
foll owing which the pelleting materi al i's stu

are then rolled auopieni hgpad bThyiphi ecrasi e bsdeseldd p e |

include materials |ike sand, chal k and peat.
capacity, some fillers such as peat al so fun
pel 1%t s .

During seed encrusting or intequmedinatded epeale

surface without significa?tIEynwcaluasrnginmgg matye i arc
wei ght2®kK%.20Si mi |l ar to pelleting, encrusting |
as well as loading t?he seeds with the desired

Film coatings involve covering the seeds v
10 %) wei gh’t Tihnecsree asreabl e ac?Cwirtaltien Atthe nTc®e @ oc
addition to facilitatirmf§ 3Fheg HBlewabisloi tuys ewi t
aesthetics throudsandhaeressabérdyed fatmers du

rel Base
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2.2.2 Seed Coating equipment

The earliest seed coating equipment was tl
cycle, the drum is continuously rotated resul
wetting liquid and pelleting powdemomabeidndgospth
butulpd si ze foll owed by drying. Typical i mitat

costs pP&r Dbatch.

A more standar ceiqued meee¢d i csoadthiengrot ary see
rotating cylinder. Seeds and pelletizing mat e
being forced back within the center upon coll
uni fcooram i ng Jdh the seeds.

Modern seed coating equi pment i n?usuedde st o | puriadd t
precise film coht'ffTi@s earmd ué panremdt iacdps eve coat
of a constant air flow for suspending the seec

nozzl es.

2.3 Key chall enges

The vast scale usage of pol ymeric seed <co
regarding the overal/l sustainability of the &
target organisms. Some potential challenges a
2.3.1 Rasxthi csieceed dust

Abrasion of pesticide containing seed coat
( 3) storage can resul tl adent seedr addwswdcti &dn gaf e
pat hways through which abr adeednwiursan me mtm cTohait <
dust containing the pesticide cthar pet tsiamspof( :
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fields, subsurface ground | ayer, water bodies
and other pollinators in addfFuomheomposjingdehp
of the seed dust in surface and grétMod ewateer r
it is also suggested-ofhat osessksfasmocbated wk
underesti mat ed. Foque and coworkers compared

prtereatedalseeldat ed from Heubach dust meter (t
potenti al from treated seeds) with values cal
of seed bags and from individu®dDrisfotwi p@gt en teimar
calcul ated from Heubach readings were much | c
individual sowing techniques. This suggests t
seed coatings shouledr nbagireoceampheb ot @t eacc cwir talt e ly t
ri sks and adopt theeascessar Wesahethecsunater
techniques focusing on the design of safer se
patent, Reiwmoh &retr sarmdd scl osed a method to minin
through Il ubrication of treated seeds with a

pol ypropyl ene, and oxidized polyethytenet avlax))
graphite). The reduced dust emissions after w
shown via calculating dus*2 n eaddist iwdant ht ca dHeesuib
ot her proposed mitigation strategies include:
dri ft from seeds into sowing channel s, (2) u -
pesticide Ifé%atls(Bn thgorous monitoring by re

coating and planting practices areadopted by
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2.3.2 Pesticide overuse

Seed coatings have been associated with ai
have been raised over the wuse of neonicoti nec
insecticides widely wused in seed otxriecaittnye nttosw att
mammal s but are highly t3xfiheyt @l|lsoe p osred aott thear
through transferring ¢$pewmnedat ohe domnodddedat o
solubility resultimg wiameriways wnapi dumskeiguieny
wildlife aaf&Whvdgetuntwiamn.ed environmental disse
result from either spray or seed treatment s,
application and thus redciompi mede datautirmym pl
USDA, North Dakota State University and Minne
(PionBeedHinternational ) sour ces tshueb ttroatcatli mge pr
usage to estimate the relative amounts applie
2000 to 2012 for maize, soybean and wheat, ne
was applied in thse wWwhoirlne offo rs eceadt tt ane-atOhéee avfatl eure
2004. Further mor e, the relative i mportance of
mai ze for the year 2004, NST alone accounted

Accurate risk assessment of neonicotinoids or

data on application rates to monitor variatio
pesticides have increasingkegubeeor appbdtiadoasp
has mainly been focused on directly applied f
seed c*Cafi®drnngesr,s are also generally | ess awar

treatments compapeldi ¢ed dihfelel@mowmé sectrapsor s h:
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d

c

gener al dearth of accurate data on pestici
eatments and the difficulty in accessing unc¢
pesticide use even**wuhuesn tsheee dn eceoda td onegss nmoaty
eruse having catastrophic effects on bees ar

seed treatments to reduce pesticide and ot

icrobatedocmlati-ngetasl bagent 24 (details in se

. 3.3 Microplastic coating film (MPCF)

e

0]

Seed coatings have been reported as a possi
e soil. De-baocdegnadaldl enomol ymer films from
rsistent polymer f rrmigawmempglsa sitni ct hceo astoiinlg. fTihle
s first coined by Accinelli et al to defi ni
milarity with microplastics (MRE@MPMPCWi th s
s been identifiewP d@asn & hpotsertli IR ésfeceup rdess edffic g
MP in the soil can change the physical pr o
rtility. Furthermore, their degradation can
n play havoc wi thhavtehanedhasytetdemfdrcts on tF
ingested by soil organi sms’arsd nlge at rtahm e@d r
alth. Considering trhyeibro doioetse nitni atlh e oExU chiatvye,
e of primary MP in consumér as wel |l as in a
To address this serious issue, academic an
sign of bi odegradabl e and environmentally f

workers disclosed a method tcauwlpgruaddc grhminad e

fertilizefST,hepestbiimidkegg)adabl e coatings consi
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primarily from polyhydroxyal kanoates al ong v
bi odegradabl e polymers (polylact)c &gposupel pi
coatings to moisture and mi cr-iorbcewsc eidn dseociolmpwa
l eading to release of encapsul ated material (s
of the proposed coatiahyy makesdi gemt @aev mi onmé
of the coatings afl blwe epnoltoséttiedgrethamecal

al so be%tnhathotwne degradation rate of detached
replacing conventional pol ymers with biodegra
sect2dor)( details of recent -dersievaed hp adeysseadonh &
polymers as a safer alternative to conventio
further research is needed to proviides ai lgudawmnd
use ofbgpdeckstseed coatings anddelgeadapl aceman

bi odegradabl e environmentally friendly mater.
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i Pesticide coated seed Microplastics Pesticide o~
fragments dust

- e
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Al Plastic ! Bee

i coating @ ¢ mortality

. Dust %&

Accidental released aa s
ingestion by gy ring toe
birds planting
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000000
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o

co0 20 e
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o 0
Lo}

o Ingestion by soil

P ] microbes and
arthropods

FigureSchematic showing poll uti on pat hways f |
containing microplasitcle ¢gast.i cTRrassandr ipfetstpant
movement to neighboring fields andrlkeedepdshst
Il ngestion by surrounding flora and fauna can
of the food chain.

23. 4 Other challenges

One potential-cbamedaseedsofsfthm restricte
growing embryo and reduced | eaching of oxygen
physical barrier pré#isecpbedtiey theseohiedtlhaye
has been the use of polymer fibrous seed coat
can overcome the discussed | i29i.t3ati on. Detail

Al s o, the use of expensive raw materials
deterrent to achieving benefits from existing
countries. Thus, there is a nesedthatr cadn ebren aat
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smal |l hol der farmers. A recently-bpsegobéelessran

seeds prior to plam®diBg is discussed in secti

2.4 Recent approaches

I n this section, we discuss recent invest:]
of the key issP®s Rraopeded nseéedctdamant i ng sol ut
their effects on seed germination, growth and

2.4.1 Plant growth promoting microorganisms (

|l ncreasing concerns about the environn
motivated research on alternativeeafgrriiecnudItyur al
this regard, the application of PGPM is gaini
proposing their use (1) as biofertilizers or
achieve the desired c(r2)p fporroterchdrome dt rreiatt rmegqd
promoting phosp’RRtgurs®|l 2b3 | sBaws opossible typ
can affect pl ant gr owt h. For instance, pl ant
rhi zosmhdirmiifty ar oundcotuhled rhoaovte shyesnteefm)c i al eff
and have applicatiHfergids zeirecpe SRt o-thdh &0 g eione o i
of bactefriivaatwiiam dNharacteristics, could enabl e
finally, there is Arbusocludrame Mycmgir hwiztah tFlue ga
pl ant nutrient uptake. Thdyrarid ilzaemrgelty keidrug

synthetic f2rtilizer in soil
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Nodules
Rhizobia symbiosis leads to nodule
formation in legumes enabling fixation of
atmospheric N2 gas into forms that can
be taken up by the plants.

Enhanced
growth

Arbuscular Mycorrhizal Fungi (AMF)

Q Enhance nutrient uptake by plant.

U Reduce nutrient leaching.

Q Foster microbial community due to
increased nutrient interception region

Plant Growth Promoting Bacteria
(PGPB)

N
/ t e Q Facilitate plant nutrient uptake

U Promote plant growth through

N’Q PO,3 synthesizing phytohormones.
_ U Provide biological control against
Enhanced nutrient |Control against | Phosphate pathogens.

uptake pathogens | solubilization| 1y (e qrade soil toxins and pollutants.

Figur®@clem®ati c depicting three types of plant
role in enhancing plant growth

Seed inoculation has been proposed as a su
in the soil and® &nsundnghéhehiarxasphéieéity of
during the early germination stage, all ows f
resi stance. Consequently, current research 1in
bipd astic film coatings as carriers for PGPM.
suitabl e gr owt hednendii curno d roga nihsem |wiatdh hi gh sur\

PGP M. Il n addition, it should possess the nec
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ge
AcC

(1

rability to endure stresses during handl i ng¢
rmination and also should be able to cra
cinelli et al. coated cornbasddchinoplaseedst
) i midacl op-Mi pgepltusi thet ami & xTwki ec haondde r (n2a) hsap ari

pl anbogsowinlyg fungus *Tdhey biepoonterdolt had e rste.e c

ignificantT.yhahrizgiheemump or athed coatetaderdsoaha

eds, with enhanced growth as observed by th
t hors have attributed the enhalncdcded agmaatwin t
i zosphere made possible due to the successHf

ngi Wi t h -btahsee dbisocepeldasc o at . °3iimv ¢ atril gat eRloj @i

i opo-bgsmed seed coatings Tirmnad okderiemdg iwd t sht & ahien |

e trichoderma fungal species that are widel
alyzed in the study, gelatin and pectin sh
wever, al |l the coated naeedsn axii ieteadd ednelr @)
ereas the water and gas bl ocking properties
vironment for the survival of the microbes,
| age@idclre emergence. Further research i s nee

ating such that the coatings can provide a
tard seed germination. Tabl e &€d 2stswdnmag i @re sm

ocul ated seed coatings synthesized from var
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Tabl2eSuzmmary of PGPM inocul ated seed coatings

Coat i Mi crobe g Perfor mance

Mi cr ob e Pl an Refer
mater.i count coating
Gr owt h cham

Ger mi nati on

i mproved co
corirZe
treat ment w
Fungus Propriemays )
pesticide bu
Trichoder|lbi opl asjand c|Not repor 51
i mprovememts
harzianun(starch (Brass
untreated

napus
Significant
root and S
compared to
Pot
Sampkabi bite
Fungus Ri ce 16CFU per
Gel atin germi nati on
Trichoder (Oryzdgafter 60 52
pectin control 6 da
koningi op sativgstorage a
however t hi g
homogeni zed
wheat

maxi muncFYyPot

PGPBzospi g? inoc(Significant
and t

brasilengAl ginat bacterial|plant height]|?53
(Sol an

(ATCC 297 after 10 (dry mas s C (
| ycope

storage ajcontrol s.
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Tabl2e c2o.nt i nued)

Germinati on
castonl®16°spordgSignificant
Fungi Chitosa/(Ricin|bl enfdt er Jseedling ger
54
Trichoderlbl end commurof storagindex, shoot
L) temperatu|lwere reporte
untreated co
Greenhouse
Bi ochar an
Maxi mum ¢
combinati on
PGPB Pyrovac 1. 7 3CRW/ ml
CorrZe significantl
PseudomornDynamot bi ochar i 55
may s characterist
Il i banensi|Bi ochar 4 C S
significant
temperatu
seedling roo
reported.
t omat (¢ Pot
10cfu g11
PGPR (Lycop Significant
days.
Bur khol dgBi ochar|{on seedger minati| 56
temperatu
strain L2 escul ¢ biometric gr
mentioned
Mi ) | compared to
PGPR Pant 1. 6% CEFU Greenhouse
Pol yvinSoybeg¢
aggl omeSlag seed afte|/Significant
alcohol| (Gl yeci 57
5Burkhol ¢ storage seedling Vi
nanofi bmax) L.
car i Hbesn Bi temperatu|jcompared to
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Tabl2e c2o.nt i nued)

Po

t

poly(vi | mprovements
PGPB Baci|al cohol germi nati on,
Canol g1. 3*CIFQU/ s e
subtilil®(and growth (weig
(Brass|the 25th 58
Seratia npoly(vi | eaf area i
napls)|temperatu
F A4 ol idone i ncreasing g
nanofib bi oavail abil
and phosphor
Pot t
bean
No significa
(Phase
AMFRhi zop|lpol y(et in root and
vul gannot repor 59
irregul arfoxi de) observed bu
var
number of fl
Be) a
reported.
Cal ciun Monst ¢
peroxi dRi ce Doubl e coati
PGPR Baci|(CaO2),/(Oryza and Benmoly
not repor 60
pumil us Tpowder sati v enhanced gro
and Bel|l i nel Al shoot fresh
(Mn + F29®
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Tabl2e c2o.nt i nued)

sil
PGPRRhi zo

Doubl e

consi st

Pot and fi

Pot trial s
nodul ati on i

k fi positive con

trehal ofPhasec in semiarid
tropi ci not repor 61
pectin [vul gar enhanced ger
PGPR
carboxy increase in
met hyl c under mild a
e stress condi
| ayer coatin
Tabl eshdwa t hat despite the potenti al of F
conventional agrochemical s, published data o
conflicting results>®®®Phialvee trmhae nmaji mreidt ya rfeapvoor
their use, some have aPsop nepsirgedfidebhatyeidmpge
compared PfP®Foeconheomsre, not all the reported
greenhouse, and fiel d3Wesfuldstsudilésiconepor ¢e&dc
seed coatings from 1960 to 2019'Addrittaiom ddt &P G
in any field/ area may have unaccounted effect
and sbomtenvironmental assessment i s needed b
unequivocal verdicttboepithenocul atyoofi RGBBedn
supportive and consistent r esul tisonasc rioss sn edeidveed
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2.4.2 Polysaccharide based seed coatings

Concerns about-babBeduseedf cpabshgs and the
caused due to detachment of the pl 2a3s.t3)c, fhdwe
propell ed researchers to develop biocompatib
regard, t he desi gn -laangde du sse eodf cpooaltyisnagcsc hlaad d g
academic and industrial r ecsteiaarcsh, pweo ghh awne . d il
widely studied polysacatvaskedds mabatis&lgs i bne é ¢
reviewing their performance as sustainabl e c:
extraction processes.
2.4.2.1. Alginate

Al ginates are biopolymers found in brown ;
pol ysaccharides composentdanonfuranvar (iMg (e qque rec
49 i nkegwd!l L.ronic (G) (Figure 2.4b) tihleodlog.m Alfgic
prepared either by ionic crosslinking or thro
met hod, the physical and chemical properties ¢
adjustable propewatéees,ecabelotyavai rabai nhty anc
being researched for applicati®®nAlsn isne etdhet rfemd
research, the usef8o’l-clnotis’I%Ingkensdtien kheads been ex
some reports mention direct %Eootahteirnsg porfo pao slea yde
alginate®méonbbiendsg an enclosed Al/microbe v
through an adhesi ve.

Anear | y'%iastcelnased t he usfel oowi nag dcroi nepdo sliitgiuoi nd

mi xturermfssnomked al ginates and a suspensi on
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seed coatings. The viability of the alginate :
various microbes was demonstrated through mici
In anothmrcrsdalaelyi nocul ated alginate Dbeads wer
inocul ated alginate solutiop bath b6Brdenend. 4
produced microbeads were stuck to tomato and
trials of thoevedoastgdhi $eeadmntshmprovement in pl
wei ght (Figure 2.4f1). Al t hough promising, pr
foll owed by coating on individual seeds may p
t e chall enge®8di sacnl ootsheedr ap artoerret commer ci al |y f e
alginate seed coatings wherein either the alg
divalent met&Bladnoar dLal inki heg selpltieadn omo ulheke
spraying to achieve | arger throughputs at | ow

For alginate bead based seed coatings, Ber
bead sizes are more suitable for achieving a
favorable distance betweenbThey iindentl iaftieadd ma c
scal e approachessi ztea mrl gd wad esrbeaelalds | oaded wi
included (1) contact spotting wherein using a
spotted on a reseheorhiamdeldl@wiingn whaisc hdr opped
alginate dots (Figure 2.49g), (2) syringe base:l
(Figure 2. 4h, i), (3) automatic pipetting of
2. 47) andti(aen @froduginate beads from commerc
instrument s. Contact spotting produced the sm

of 'ml0. Mai NThe maxi mum throughput waspaohialvgidnh
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sol ut

cover

beads.

t hrou
i mpr o
i nvol

extrna
t oxi c

maj or

i onzhiam daniCag@l bat hpraadwcimlg. nienads i n mm
age of seeds with smaller sized beads wa
The authors have argued that crushing |
o-mbulgdbbwut | i mitations associated with th
ates have also been used in combination =
i al s. Recently Castro et al. proposed th
ed double hydroxide (ddh)a od 0 I1Zins)awmdidgad ruim

ngs. These hybrid coatings were incorpor.
ot trials showed enhanced biometric para
h) howeweregaendi speednwere | ower in al/l

ol s (FAlgtulh®u @h 4tkhe Ii)nt ercal ation of the

sl ow release and reduce the amount of Al
e a drawback due t oRepcoetnetnityi ale sreeadrucchteirosn hi
se of quaternary ammoni um 4&Pfgitmatca eda latl g

directly throuegdh itnh eHdli sfsooll luaweodh oy tsreeaan

ion of tetramethyl ammonium hydroxide r e:
ate (TMAA). Il n addition, they extracted
gh Dbl egOcbadndg pHWi taldj #Hist ment . Germinati on
vements in shoot and root weight compar
ves | arge amounts of water and reagents
citsi oa step towards i mproving the sustain.

nature of quaternary ammoni um compounds

concern, particularly for use in agricu
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From a sustainability view point, Alginate:
various species ofMabcrrooven ss{daSgesomghs Aaud vhsl@dsaea

( ChiLlaami ,nsapr, i d&acnkd o m(iFaa r Eamit har i a( FdixgriBteatwan

seawwbdch is present in abWUhrdemrcees einnt st hae fwaosrt
organisms and their renewability fortifies th
The typical al ginate extraction process 1invol
foll owed by chemi candanttreeda tnmaetnetr itaol sr.e miohvies uins p
cell wall through an acid orahbhl kelli herbuought ma

water and alginate salts are extracted throucg
chemistry perspective, whereas alginate wusag

mat eri al s-mduerital tryaevnewa bt i hg extraction str

environment al burdens. Use of | arge amount s
formal dehyde, together with high water and en
t hat neeeodpttiomibzed. Green alginate extraction t

and enzyme assisted extractions are baipng re
chal l’8nges.

Overalll, it can be surmised that alginate
concerns related to (1) inhibited seed ger min
design of coeretfifrewcau sv ea nsd r augetgail egsi nfaad re scyomtt h ensg

addressed.
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Figuredp.@hemical structures of al gi%nate mor
Copyrights Tayl orr-m&nrruranriiggu2ditd n(flf)a plc Dd . (
Mi cr ogrAazphsspiofi | | uhPicPBSi i eomsel @ded al gi nat e
wi t h pe>Qmopysriiogpht s Springer Nature 2002. SEM
(l'yophilized) algind&tebmascsiiebaed&dCdomlagri sdad
interior of a weA. nbrcasoiplfegand® e toGidt raii anli nrgesul t s
|l eaf and root dry weight taefd earl gsieneadtlel nngi ctrroebaet

al phabets indicate statigti Oalgliy adi mimlampe sg rsh w
of different techniqgues used to pro®fuce al gi
Copyrights Tayl or &-skhpmoancing 201&l giglat@oimteac

spinning pin to dr opchaalngnienl atree sseorlvuotiiront rionutgoh sm

falcon tube used to drop a)l gusnetcef spdruitdtoanl tiinc

a ginate solution into hardening bath. (j) pui
handHer . Qrkaphs showing results of germinati on

alginate and Zn and Al | ayer etdi a oaulbd ien hly dr
napht hal enoadN&tiRH)aci i wmeAd adapte’d from oj
Treat ments tested included (1) untreated cont
CO2 DH coating (M2), (3) al giana&t eeNAAMMHA coat i
coating (M4). (k) All tested coated seeds exh

(') Germination speed index (GSI) of the thr
showing reduced ger mi reaeteiden behavior ¢
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2.4.2.2 Chitosan
Chitosan is a naturally occurri-80Q%piapdl Mm

acetyl gl ueSdsx@hi nreée’sli dBs produced by ttae deac

natur al polysaccharide found in the exoskele
chemical structure of chitosan (Figure 2.5a)
highly reactive hydroxyl and hami nloargreo unpusmbw h
mol ecul es. This chemi dals rbda adteigwiatdyabdc ¢ mbhiyne
safety, and antimicrobi al properties has made
agricul tural applications including use as a

pri mienngg aagnd as a p1°%a@®*ti tgorsoawtt hh abso osltea . been ¢
effective seed coating*“dfGEhepwng hs pmmani isz exd
di fferent field trials conductedotro (theadedd |t
rice grown in bkuwemiddkds aiilc,e (g2)o wnadiiew elatsmi presisl
(3) and rice cultivat e-dr ud dDseosipfiltoeo dt hceo nvdairtiiaobn
and soil conditions, chitosan seed treat ment
cowofkewvestigated the potenti al -boff nehiifnd an i
gr ami niemrwhre &touseqpdd scat e batches containing 10C
to the infection were sterilized and i mmersed
chi twmseaatned seeds. Germination trials showed i
coated seeds compared to untreated control s wi
2.5b). The results suggest that chitosan pr eve

the seedboameé woghni smsprienandi.biThen gf afcutn gtaH ats i n
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of

c h

f o

56 .

hi bited without the use of fungicide treat
i t-lossasend seed coatings to achieve environment
ends of chitosan with other materials are a

Nt hesi zed chitosan blends with polyethyl en:

iocontipopl chgddtothd owedchygtobp@hbhendoeaned seeds

hanced germination rates and seedling vigor

ore germination assays demonstrated the vi a

.5¢c). Althougtl psomf st hg, sthbdyrased to be fo

ield trials to elucidate the effects of the H

ent -toemr momlgant health. I n anothetrosamdyoatia
artichoke seeds, reporting that the perforrt
cluding the chitosan mol ecul ar weight, chitc

d®8éeds coated mwoltdcuwwar dwéif ghtest ( 400kDa, 14

iverse pH, surfactant concentration and | ay:

atings incorporated with fungicide TMTD (te
t er nesr oofb sheirggled ger mination rates and super
searchers have hypothesized that chitosan t
op yield by producing more grarraseat hdre toh
higher crop yiel/dSi mitl drolwe,r 4ffhee gidhl hi gzre@ ptd rnap
itosan can also be exploited to achieve fun
From a sustainability perspective, seafood
r chitosan pro#8%iotdi onteFAB®atesi nm2t0d8 shel | ¢

3% of the gl obal marine aquaculture produc
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Waste shells typically end up in landfill sit
can result in ocean acidification, 88Wthudi sea:t
seafood waste can serve as a rich materi al SO
reuse solution. The second factor to be consi
can be extracted througlh.chlfdimi cadlemarcd !l b imeltdgid
processinggstdeps otechudiami on (al kal i treat men
deacetyl ation (treatment with concentrated N
(hydrogen peroxi 8@ BhuNaCwiDi Ite ealh enmintdl. extract
an i ndustrial-upcalte,inwol rescabhesh <chemicals
temperatures in addition to requiring | arge v
empl oyse tadhfe fuer ment ati on techihnomuefs ¢i taichi iewte
Bi-extraction is environmentally more friendly
commercial scalabi®fity need to be resolved.

To sum up, chitosan is a highly promising :
both as a fungicide, and as a carrier for PGPI
in this area needs to f ocussocdamtcmt iwmitzhi nggr eeexni
chitosan.
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FigurealR.6hemical structure

chit%pBanRe Aulatp g
from germinations assays ¢

of
omduttedmohesmbpdtmyg
samples, (1) <cv. Norseman and (2) c¢cv. Max tre.
sterile water, (2) HCI and (3) benomyl were u
increased germinationredteoiantféatedtcsampotl

per midGapoynr.i ght 199 % aAmeSroicciaent yCh gmi) Mi crosco
ger mi n&r i o osdpeorrneas i-ME @ hfiitlomsandemonstrating t

bl ends for the microbes. The images represent
viabi l%1ths pofr es0 per ml of formul ati©mpy Fiighitr e
El sevier 2019. (d) Results from germination

replotted wWiltohp yprergnits sEilosre.vi er 2010. Tr)eat ment
coating of 4 wt. % Chitosan with Mw=149kDa ( B)

4% B + 5 % Span surfactant, (4) 3 L coating o
4% B + 0.037 % (TMTD) fungicidMIDf6jJjubhglLccdat
1 L coating of 4% B + 0.15 % (TMTD) fungicide
with TMTD were used. Pink spheres show the n
show higher germinationi rlat@ssitdminf uanamte ar ies
Chitosan and TMTD combinations. Similar al pha
Duncan test (P < 0.05). Bars show number of s

showing the @disypeduofi omumdgi tthound. Results s
containing chitRlsiano @msaa minmgat iaggm, nasathi ghl y d:

C
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2.4.2. 3. Guar gum

Guar gum extracted f€Cypamepeids DEtitsh gomea bhaofb
most widely wused commerci al sources of gal act
mannose backbone with attached gal actose si de
combined with an abundantewafdbydroRkRlyy gr esapss
solutions in water which enable its wutilizat:i
ageédGuar gum-edd eatcwveset source of gal act omannan
i ngtur i al -damd verygd pddloincgatwiotnhs ,us e s®Tmerten eh & weo
been f edW Shepadiret sutilization of guar gum for ag
mai nly explored as a soi l conditioning)agdént
few p°&theanvtes reported the use oPigua®9gudci sal s
use of hydroxypropyl guar solwution to coat f u:z
pl anting. elqguig moaneCheceandpaocswotkers discl ose

guar gum seed coatings to enhance water ret

establishment (expeditious and§mamoigewnlearulsy sien
croplands with | imited or scarce irrigation. F
|l ayers all owed the grouping of multiple seeds
precision sowi ngt.o Meotahtd dssehemlesgtuvaotn ¢ dyer i ncl ud
coaters, drum coat-girsy dcdobatidngedwhedsi mntdhe nu
in a hole in the ground followed by I mmedi at

compl et elly osrurperutnidalt he seed’haMer dised osteldy ,t
dry seed coatinglsi cloemsilsito pgl yorhera (camylsose or

|l ayer of guar, starch, or a mixturedofwithe at
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di spersion of starch and guar biostimul ant (c

treated seeds showed no caking, were visually
chamber . Dust measurements showddseedascedmpm
untreated seeds (Figure 2.69g). Moreover, no de

due to the coating (Figure 2.6f).

The source pCanteobfagomrokegben South Asia, 1is
and animal consumption. Guar cdfi® bEnwiomesn denrt
results of %oondCWctaemdh!|l fysi sthe irrigation of ¢

|l esser or equi Vv &lgep@@ eprErs sk ngguaart gum 7compar e

barl ey and corn. Drawbatksussagecobéat gdawi ghml &1
to utilization of agricultural l and for produ
gum mfG.o tetr asgegernds!| oilbmvol ves various steps inc
treatment, miPWwing angnp bd icemmg yn giart teak ea.n d
Thus, guar gum can be considered a potent.
patent l iteratur e; however, more experimental

effective seed coating materi alg.e Mdrse cewevri,r olnG

i mpact compared to existing coating materi al s
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Fi reaR.6hemical st ture of°Qu@myr iggmt. Rldae@
1. SEM i mages of b) guar gum film, (c) a

yl ene glycol di me-AABGDMA) cdraice d K \EGDMAg I
agni ficatAiIAE6DMAdYr G&d hydrogatli an 2®0d 0( &) miay
GGAAEGDMA hydrogel . AddfCtopdg rwigthh [Eeésmivs iromr.0 1.
gum exhibitspar compsicA ACGDoMA e  hyGBG ogel s displ a
network with interspati alpevnoeitdrsa.t i Tohne rpeosruelst ienn

absorption rates. The difference in dried
transformation of the distinct bounldiakg net w
mor phol ogy i n wet matniddan imars .b €l hatst rtirbantsdd rt o
hydrogels. The high water retention capacity
soil conditi ofi)ndgseanpm lniaddtoinom:n.d (dfust emi ssi o
coat edi wti urhes?2 od n8®OVD(Vst arch powder ), g-tar bi 0:¢
and derivatize@.c Dtait@nire pd wdA eDEDVorDECET er er
combination shows the highest normal ger minat
show slightly | ower germination compared to
conducted on a Heubachidosetr emeét €oaeé dguigp me® mi
untreated controls. All tested edationg®nshow

gu ructu
201 (
et h
m
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2.4.3

El e

from a

abil it

combi n

resi du

El ectrospun nanofi brous seed coatings

ctrospinning is a versatile technique t
viscous solution (typically a %oHe mer)
y to electrospin a diverse range of sol
ed with their unique characteristics (¢

al sol vent) presenestiengctcraospdat eandb

appl i ¢tni srexe.de scevaartdn,g manofi bers | oaded with t

used t
direct
or (b)

seeds.

coated
i nocul
from h
et al

fungi c
i mprov

| oaded

o coat a variety of different seeds witdl
|l y coated by nanofibers throughrel ct/r:
indirectly coated wherein the fiber ma
(Figure 2.7d). By virtue of the partie
me restrictedcgpada maor metadi il onypresensts i

gs.

an early stteseqga®dndatheed ssudyjbeecaan seeds wit

edhif ziomm cau | at ed pol yvi nyl al cohol ( PVA)

i on toxic to the incorporated microbe st

with the PVA nanofibers compared to t
at e. Their findings signified that el ec
armf ul chemdrcead sseg irre stul diirn gs u rlvaiavaalif erdaat e
coated r i cebasseeedd se Iwei ctthr oestphuynl ncaenl ol fuil boesre
ide formulations (ca%Geximinnattihoinr atmr iaanc
ed seed germination ratesgawhpehf cnmand

fungici de as well as the fact that nan.
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initial pioneering studies | aid the foundati or
for seed coatings and wultimately Il ed to the
pol ymers for produci ng enywi.r oknrmesnhtnaal nhoyo rftrhiye nec
cowpea seed¢g!| wibtl ep poyYy ymreyl pyrroli done (PVP) mi
nanoparticles to coat cowpea seeds thiWhaudgeh el
both film and iftiebde rs ucsotaatii nnegds neuxthriibent r el ease,
of gas flow through the coated seedscaatded es s
film coatings, signified -bhsedupenti ongale.DE o IGm
showed t he use of PVA el ectrospunPafnit meras

aggl omeSlaBBbsBu mkidol deri &1 B40j bassic®at i Nhlse for

bacteria were shown to successfully survive al

in addition to promoting plant growth as demor

trials.
The wuse of hydrophilic nanofibrowlsgsigsend
di ssolution in the soil |l eading to burst rel

Krishnamoort hyuptwarlk ticm tahdiod [piwenidoo$ shedhh)
PVP with a hydrophobic pol ymer poly (diethox
nitrmgeendbackbone to produce é9fehcet rhoysdp wmp hsoebd &
the coating fibers enadéddcoatcr eparedi ¢eltamlty o
bi ocompatibility of the pol ymer bl end was col

produces phosphates and ammonia, which can ac
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Figur8ynrRrtfifesis procedure amanmdbdi pholusgygeeld e
Schematic shoWamd (m) heritdcmttdp® oel pctodaspinmg
nanofibers. (c) Seed coating process through
t op 16ffd)s elenddsi.r ect seed coating through fi

on
foll owed by |l oading of mycorrhizal i nocul ant
inocul atedAdiapeéedsweehsper mi°&Topyfigmteekodd
2020 Amemicah G6beiety. SEM images of (e) PEO
Fungi | oaded PEO e ertCDapamdn@mpfAbameactin

nanoflPliey sPVPMaPPozf i bers, and (j)!°PVAdapeedr wist
2020 American Chem

per mi 3%%®»{Copyrights 2019,
Springer .Nature 2020
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H Electrospun seed coating

==
Syringe
— pump
v = High !
Polymer voltage
Solution
\'

13cm
)| Fabrication stages

Flow: 0.6 mih ' : :
— 0

Collector plate

Syringe pump

—>: —

E Suad ti Seed Nanofibers
eea coating ( /

eee Electrospinning s Cut (punch)  single layer Nat':?:‘i:;' :::;ed
eee — |=——1 or
Seed Nanofibers
Seeds on nanofibers Seeds embedded l
in nanofibers

(

Double layer

Nanofiber coated
lettuce seed




To overcome the | imitations presentsealkry t|
usage for seed coating applications, Fari as
di acetate (CDA) el ectrospun '?Ffihbee rhsy darso psheoebdi cc on:
CDA facilitated retention of the polymer fibe
model Als, abamectin (an anthelminthic) and f|
into the pol yintearc yf iobfe rt hnea tnsa.n oBfifbr ous seed coa
of Al measured through HPLC (Figure Zi8a,0 b)
bi oassays. The viability of nanofibers as <car
who showed use of PVA/ PVB hyBaciid |euNditsOudbotaipldins 1
Seratia Mmadceseeénsoatings for eé%mwolta osdadst {F
studies verified that the electrospun biocomp
the inoculated PGPB in addition to demonstr a
solubilizing prl)perFoeshdfFmgureahan8edgédunandoc
stable nutrient acquisition) performance of
whereas stability studies irmaadmattenrdp drhatturte ef
Il n another recent work, Xu and coworkers coat
el ectrospun nanofibers encap%arlieatnihrogu seo ppreral(s
the enhanced germination rates (70% rise for
the coated seedsFuismriiumgyatl e d ags diolgenag compar
(Figure 2.8k, ) . Raja e®efhal cadgmoifpspimathéch gt §
hor meon(egi bberel |l i ¢c adiodadandd oinn dPoVlAe ed eett ir® spaind
on (Figure 2.7)j) black gram and ground nut se

and vigor as compar ed!°or eoneéec e hs’hyaFieg epsresapfocsBe
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the use of polyethylene oxide (PE®r bfuiskcrud lay
Mycorrhiga¢ctFuomgi 2. 4. 1) (Figure 2.7e, f). PEO
asAMH nocul ated carriers (Figure 2.8j) and trea

gr owt h.
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igur@&um@madri zed results demonstrating diverse
eed coba)t iGrgaphsa demonstrating sustained rele
from CDA nanofibers.'°Qadpptieghws t20p@r Mnssii oa
Soci ent)y.Di(cgei t al i mages showing antifungal per
Zone of inhibitiMn ptoa@idbl fnq . dprarmodtanid) 1. 0
mm) ,F.(eoxySphPdrNmd. 6 mm). (h)d Hopobtowatzedenanof il

phosphate solwubilizing activity of thhe i nocu
Representative (g) pink and (h) white creamy
demonstrate t ldoteselneodt radd eicrinibngl ogi cal func
Adapted wittfCopgmrmighigisorR.019 Ame rji)c a%hu rChievrd Ic arl a
i noculated microbes on electrospun fibers. (i
forming (CFU) as a function of days stiored ir

A, PVA+PVP+GI-B,dianngle PViAd PY¥ P/ Gl yceQ38(lj )c oBaared
Graph showing AMF coloni zaCPoandatseedns sont ed
|l oaded PEQSMNaMPN&nbeirlser coatings contained 9°
seed compared to tradition soil°®*"Reapgdiighosul
2019, 2020 Amer i caln) Chrehrda ccad d Sgecri-ineot ayé ¢ d( KGA r at
nanofi ber coated (k) tomato and (|| )Fulseatrtiwce s
infected diseased soli®epyAdgphted0®Dt Amper masBs
(Am) Enhanced seedling (n) ger mionaade d nPVaAnd (
nanofibrous coated seeds at differeft water
Copyright Springer Nature 2020.
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An environment al

evaluation of t he i

of t he major el ectrospun
parameters of typical

organic solvents pose

assessment

mpacts of t

of

t

he

el ectrospinning

significant

envi

propos

pol ymer as w
pol ymer s arperdi $§ o0
systems

ronment .

arge scale impleméetaiboe'°GB8Khhasudeener wpee

uide allotting a

l ammabi |l ity, reactivity) and

and and wat et?Ai mphot) rampagt sf

ed denote some and

sed in the above
ol vent gui de. It i
cetone whereas DMAC,

or agriculture usage.

heal t h

col or to commonly

green

used SO
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ndi

(exposur

cat

maj or hazards respecti vel
scussed publiceartitoms GIK ¢
obvious that water appea
di chl oromethane and chl



Tabl3eSuznmary of el ectrospun polymer and par ame

El ectr os
Pol yme Sol vent GSK sol ve Refere
vol tag

PVA water Gr een 22 kvV 10107

di chl orometh
Et hyl <cellethanol ,-di meNRed 30 kV 1oz

f or mami de

PVP + PPZchloroform/eRed 3a6 kV 104

acetone (A
CDA Yell ow, Rgl2.5 kV 1os
acetamide (D

PVA+PVP b water, glyce|Green 17 N 1 Kk 58
CA + gel adqacetic acid/|Amber 18 kV 105
PEO water Green not spec 59

Thus, where the consistently promising res
their potenti al in seed treatment application
solvents and high energy i npoan selneecetdr asop Wbre saede

need to focus on overcoming existing-blaismidt at i

el ectrospinning process 1into an -apt dmatfeadcido
commer ci al productFiuaon haetr moower LECAstsgs udi es car
environmental footpri mtndoft heliactpreadpurmasneed ow

2.4.4 Hydrogel based seed coatings
Hydrogel s are-dhhynédmaep inlail c ptoh ryene r net wor ks

amount obYfDuwatteor .t heir hydrophilicity and bi o
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applications in diverse tlildkerlwe fsaurédwbanidonnss

dred§3i mqpmd as const it uéfecse motfl yhy ghiyedireo goerlosd uacrt es

in agricultural applicatioespasssobkel caemedr at
Al, and mini water Y'&samvaiures aippl achbtdi omgobor
utilization as seed coatings for achieving cr
I n dry conditions, where reduced water suppl
establ i shaneaft , hy direo quesl based seedioonatihoguevef
studies done in this regard have showh®diver
conducted on the effect of hydrogel seed co
germination rates and a failure to Iimprove cr
et al . coated wheat, cabbaggj nbasi hydndgehsdi a

durable seed coattHogee@abhnienfger @90Ondaiysesn trial
a significant heedecmi oati on rate of coated se
et al. coated barl ey, rye ane bsloédte c Kmedls bwi t
plant strengthener formulations (2) biplantol
the coated seeds W&e¢ hmiumatoiadre dt rcioalts o$sowed
inhi bited seedling germination compared to th

Nevertheless, other research gr oclugpsse ch asveee o
coatings on seedling vigor and groWwt®y earal c
coaCedagana kpeahshsldb) seeds wiased ioweatdiinfds.
trials conducted under -faolid ismdrle a&ae diint itohnes sse
of the coated seeds comparédPatotanedbataed wmom

growth of Ssugatrdbk ewi tshreeds commer ci-bads esdkedqgdrmte
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aqguahol der reporting significant benefici al e

various growth markers |ike the | eaf index ar
gr owt h!?2fHoaveer.er , details of the chemical cCo
bi odegradability were missing, which makes it
of the approach. Pat hak et al .-b xsvead eldy ccroa gue Is

conducted growth assayheoboiheatodi édddeads wa

moder ate water stress in the soil, seedl ing e
compared to uncoated seeds, whereas at l ow a
germination was observed. Therautlheored , prtcpeo see
stored by the hydrogel woul d be redundant anc
would absorb water, this water woutdkdedeit ogp
Therefore, the presence of the hydrogel coati

|l evel s where the hydrogels would absorb water
seedling (Figure 2.9b) poThe wiadelayntwarfywyirndiema
idepth perspective -lhansdadchhesadd |ddat iofgshyanmd gseH
sustainability. Published I|iterature suggests
simil ael hfydr ogoating seeds of different plant:
require a case to case basis retrofitting ta

environment al factor s.

70



an
5
3

u B 92-93% Fc [l 82% FC

77% FC
a ® a _—
60 M 2 M 0 64
7 50 b ié » lf %
g 40 & 6 d % 20 3
£ 2 § c @
5 20{ % % } i g « H p o
FALTLLL a1l &
o
2 CK1  CK2 A B c 1} E CK1 CK2 A B c o E a
£
(©) 0o
0 M (m 800 e g
§ ® 400 $
20
g P g™ ? ]
5 - b o4 > 200 = "6
Talilly e s OAL]] 2
A1 , e o (11117 -
CK1  CK2 A B [ *} E CK1  CK2 A B c o E m

0 % MS 11%MS 26%MS 4.2%MS

FiguredResalts from germination test Laocfagam@er
kor stsiereldisi. Treatments tested included (1)A =

(3) C = Balite efficient polyagent (SAP with
Hankesho aquasorb (acrylamide aowdaspotaesnit sm, a:
Zhengyuan aquasorb (acrylamide and sodium actr
uncoated seeds, eadndwi K2 c34 ayyeamchd dm@mdtcum served
seeds showed significantly higher (P < 0.05)

(seeds germinated after 7 days), germination

contampl ess . Figure adid@oeyr iwghth Sperrimm gesri o017
showing the effect of Modified Starch (MS) hy
at different Field Capacity (FC) l evel s (wat ¢
through cowatelkl iimgigaitlhon supply). The emer
calculating the time to median emergence ( MGT)
emergence rate was significantly | ower (P < |

deptii ng faster emergen’c&ophdaghedWiwl elg ROLR M s S

From an environment al and health perspect
l inkers, |l ack of biodegradabi-ddcdlye aamgr irewsli tdwract
hydrogels. The use of hydrogels derabvedl fkems
alginate, starch enhances thidhavenvoupheamdnt ak
green hydrogelfsi ewidt hp esrufpoerrmaonrc eo,n many environm
to show positive efffAlksds oautsieoend ngereodwst ht o b

characterizing a system green or sustainabl e
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ad

2 .

pr
Ad

agents or processing par omastear ©1.y dF @org eil rss toavrre
ssil fuel based polymers | ike polyacryl amid:¢
stainable on the surf acoef. t hHo wetvaerrc,h tehxet rcahcet
eds to be accounted for. Starch can be extr
l1ling entails multiple filtration and al kal

d al kadn st o nsamatiitmes i ncluding harssohdicthnre mi c

i sul fite, and .sollriymminleltiarbg saun pthhd eot her hanct

oceeded by separation through classificatio
agmentation along with a compr 6Mil'shé aodnd itthieo n
tive starch is typically chemically modi fie
chani cal propertimay. nElgase vebdi i mpacitonshe |
elRAkls an example, chemical mdoByfPathabnebfalt
e use of di met hyl ami nopyridine catalyst an
l vent s, chemical s posing significant saf et
sessment of the syntkbbdsesedarameherdsianhd be
vocating the use of hydrogel seed coatings
4.5 Nanomateri al based seed coatings

Recent research in the agriculture sector |
ating through integrating nanotechnology pr
precedented i mpr dv e'meArtrse?Ciemtc rrep evairelhd sa.r e a
en the wutilization of met al nanoparticles (
i mi ng?faggtdindises have also investigated the ir

hi kar. and maiwoe kesesy teowan edpi geon pea and ol
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using Pine oleoresin!i (PR@OR) odxeotrles i Nmedd @oa

ture extracted from |Iiving trees.frlitenaddny ©b
i on. I n addition to enhanced germinati on
el opment I n speleadnst sc ogartoewdn wirtohm nano ZnO par
hors attributed this i mprovement to the gr

sustained Zn r &lRe absien dd Intga icnoeadt , f rwohm cthh er eRl
anced fertilizer activity from the | oaded

di spersion solvent for ZnO which c®8 be ¢
|l e the overall technique seems promising,

ignificant 1 mpact on the overal/l sustainab
h a film coating agent i(rSoOn7 70Mg ) Niadkak d Z wi t
ni ficant di fference i n germination rates
reated controls whereas significant i mprov
NPs), average tomato weilghi{ CUCanadané&#eF&PNPS
I n addition to showing enhanced growth sy
o exhibited rEsbsatamtlmmet eoi alnf &dcttAdndhattghbl
i ronmentneelntr iosfk nmeestsaeds SNPs stil | needs to b
al NPs can -pcomatsi hb@pabhdggemwitd agents in se
d the potential to repl &28e 23 onvéaet NPsalweag
the flow levitation method in which molt el
densedsiingd mamtoi cl es through tuning the |
hni que produces shigiha puont i mMmert i e psovmetr ad

olve the use of toxic sol éhHEwawnar ,i st Her uk
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co

ap

co

no

sts associated with the equipment and energ
plications for both resource deficient regi
untries. Recently, Abeywartdhpadawdl|l opmenken
velddZgendc hydroxyapatite (HA)/urea nanohybri
ed based fbop peetdecbadnngs were synthesi ze:
l cium chloride while the hybrids were produ
to a suspension of urea and calcium hydr ox
@bl sustained delivery of Zn and Nitrogen wh
macronutrient required during early growth
owed significant i mprovementseighigeamdnarty o\
igure 2.10d) wH A /hu rtehae cporad p cnsge dc oZdmpldr eech dt o

treated controls, revealing the synergistic
om the hybrid matetihal Soih ¢mramateg apladytsi
veal ed negligible amounts of Nitrogen and Zr
omi sing results from the study need to be f
rimance in enhancing plant growth in actual
nthesis process and the wuse of acid and al

suring safe handling and prevedhotchgmiemalssi o

ini shed products. The environment al footprin

oducti on nméAnhootdhse rf ocronHcAe.r n t hat needs to be

the proposed naocohgbuddd Thas, nahocteoahmbel o

idely investigated for wvarious agricultural

eat ment with promising results being report
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Sustainability concerns related to agricul

safety 't@ondc érhres oper ational and environment al
process. Typi cal nanoparticle synthesis invol
reaction solvents. Capping agent s yaprirceasltl yp alrotni

chain hydrocarbons with heteroatom functional

compounds | i ke formaoddiehhmdeor dlyydmizd @e HBma ch
safety issues associated with both capping an
t he sustatirunpabdfe mamdpairgt i cl e synthesis. Trans

assistesdssyrdt hreanoparticles may appease SO0me
fundamental studies are needed -dorifuédynamadea ]
synthesis to achieve optimum cont rnolv aolvueer apdade

applicdd*ions.
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Figure a2. IResults from greenhouse trials of Z

|l adies finger seeds. Treat ments tested includ
(<100 nm) and normal (< 3 Om) ZnO powsl@irl, wh
treated with zi7h@) swelrpeh autsee d( ZansSC ont r ol s . For
showed higher dry matter weight compared to wu
in the highest dry shmpteweagttcambngbké24alhdtap!
Copyright Taylor & Francis 2016. (b) Results
(1) Cu, (2) Fe, (3) Zn nanoparticles incorpor
hi gher NP concentration r esOfneM tande | NP Zniie h2 txh al
Fe: NP1 =mM, 18P X =n0M, 8Zmx: 1RP®nM, 4NP62 x=M#0. 6 x 1
CK denotes uncoated seeds as cont rlédCwmndFiFgur e
NP i ncorporated seed coating si ¢gni fGeaam tnlay i iomi
pot tri al resul ts ofdonpaeidz eu rseeael dhsy dcr coaxtyeadp aw ii tt he

|l etters represent st a)t.i s(ta)c allmayge iamd asrc artetaenrs
growt h-Ziofuec A coating compared to conHAblsed4 c
coated seedlings showed significantly higher
seeds. Feaduwiet mdE®omiys sigbm. 2021 Ameri can Che mi
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2.4.6 Multilayered seed coatings

©
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ayer a

simul t a
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exampl e
from th

nnovat

coating

ayers.

nfest a

concept
hydr oxy
| ayers
cyani de
wheat s

cyanoge

variability and complex nature of requ
il ayered cust omi z ebd osteiecd acnoda taibnigost itco sct
rowt h.'*fyynah enasthopeallande sesd gnoatfi ag
nt ernal pol ymer coating enclosed withi
ernal polymer coating would protect th
ry coat would be incorporated with regq
nd provide a |l ocal concentrattihen usfe toh .
se acetate phthalate for the synthesi s
neous gas permeability, would be ideal
any suitable cal llulkes ePVder icwegptoil weri @rmon |
s. Although promising, specific exampl
e proposed dual coating would havanf ur"
Hrvsep infascdureeppr’cpcbpelakbtdecyanogénic seed

seeds with cyanogenic precursors and

Cyanogenic is an internal def ense me
tions by epyadiudé nghhghkhrages as a toxin
, Wheat seeds were coated with | ayers
nitrile |lyase separatlkdbyia peillyilact &€ ¢
would rupture | eading to contact betwe
production. Although promising, ger mirt

eeds ctoanp acoerdt rt ol mu.natlibgyaatl ke | d wme group,

nic multilayered seed coating was prop
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b-gl ucosi dase as the enzyme separated by the p

w h

r e

i n

ge

t o

pr

p e

ge
ad

al

ad

w h

eat seeds showed germination rates similar t
duced i nfestation rat esT.agmdlnisttor¢ a nfo nd opneis
terpunAlttehd@agh some negative 1 mpacts l i ke
rmi nation were observed in field experiment
contr ol pest usne ecsft acdd mwesn twii a rhaoluta grheec h e mi ¢
A recent pi°hrmeserdiermpnsttudayt ed the use of pro
oposed coatings consisted of an inner | ayer
corporated -pmwomdti nggr owtihi zobacteri a and

ctin/car mdoxpgmet( ICMICJelhlydrogel, which would p
r the rhizobia as well as a water jacket fo
|l s were preparedochrystsh e meka@tdii it io© MaC ormhi xCtalCrl e f
dition of NaOH to increase pH |l eading to ge
re drop casted from an aqueoBs wWll gdreioss. uRide
ter stress conditions showed significantly
mpared to uncoated and single | ayer coated ¢
r the design o f specunat ezedg sepdcicfoiact i cgs
guirement s. However, the batch scale and ti
kal i in the synthesis require optimization
diwhiolne sil k fibroin iIis biodegradabl e, It s
ich raises concerns in terms of sustainabil
rm cocoons to remove ser i cdeguammndi negx ttreacchtnifqi

cument ed, t het momdti mwanimoaers mt r eat ment with s
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and water intensive extraction cycle. Foll owi
an aqueous solution before being processed ir
di ssolution techniques can be nemplveyse dt hkeutus
environmentally toxic |ithium bromide. That a

makes this pr ot3DsesBafrar aeftrtodme.gr ereencent revi ew

hi ghlighted vari ouss.grTehewns ,e xtta aaccth ioenv e escuhsnti agiun
based seed coatings, a shift towards sustaina
I n another recent study, Agake et al repor

early growterediend di C&Tcheu Isteievdast iwenr.e f i r st coat
inocul ated with a biofertilizer following whi
materials was applied. Materials investigated
peroxide)(,98e nfmeorlryi c oxide + 1.5% molybdenum

synergistic action odattihreg opdntmaizreidn g otutbed eb is@

was most pronounced with the Benmoly outer | a
of new coating materi al from scratch, t he s
commercial maeedi adat fmg seed inoculation with

i mmedi ate solution for the devel opment of PGI
derived majroedegwdbrloem fnosnsi | f uel resourses, T
an indirect food contact and is exempted fron
40, pa%ts B&a@&h, this work can serve as a role
Design of multiple seed coatings from differ
appears to offer a unique and customizabl e s

However, the complicated synt hkedgihat meama rhii snrd €
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scale adoption of this approach. Thus, future
and seed coating steps and | ower producti on

systems.

80



Figurdad. Sc.hematic and digital i mages showin
| ayered s®edvosdagerd sngasraet eddi pvi t h | ayer 1 consi ¢
ul ated wRthtrbopzoblb&y & i 298&onsi sting of |

i noc

either dip coated or sprayed on top of Layer
and hydrate Layer 1, providing an appropriate
rhizobacgetiad. i MagebBi showieregk tghrBo wdvhiilfogfaveanseer |
stress conditions from uncoated aBdstHowbhg |

results of gr eeBRhowusdegerdrsi sblest woefe nc o(alt)eduncoat e
seeds coated wit h-loanyleyr Lcaoyaetre d1 s(eLeld)s, ((L32)) .bi S
soils prone to drought stress. AlteredlWater:i
k Pa-20 & Ppal irccati ng mild to severe water stress
l ength, | ower total phenolic compounds (pl an
deficit, thetéetocempownpghe would imply | ower w
conductance by bilayer coated seeds signify t
i n drporuognhet s o i-cl sa. d aFpitgeudr ewS® chp yreirgrits sSprni.nger Ne
Graph showing the effect of bilayer coating c
coating on growth of rice seeds. The bars rep
proposed doubsteobsgevedowwvimhluscogtl engoimamger . |
coating significantly increased growth as pe
per mi®&adpoynr.i ght Wiley 2021.
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2.5 Transitioning -toavasdsi al cecocunbdbmy agro

The need to provide sufficient and qualit
popul ation with minimal damage to the environt
treatment. Furthermore, envi r oonontepnrtianlt sc obneccearuns

use of -peasedl symthetic polymedbhased omhbéemrcal by
coats have further increased the need for mo
treatment technolbgnesegbhastcani el andnr eaycl
To achieve a circular agriculture economy, it
added applications. Recently there has been s
wor K being done on mul ti pldbecftrn omtss.wel nditslkcal
breakt hroughs pertaining t o l ignocell ul osi c,

di scussing their progress with a focus on the

2.5.1 Biochar

A recent exciting advancement i n sheaesdedtr ea
seed coatings. Bi-ocbhrsobkid mateusakapboduced
under reduced oxygen conditi onsck( Faingdu rteh e2 .ply2ra
conditions, bi ochars can have widely di-fferin
f33°The organic portion of biochar is mainly
component s can contain mistse uanl, s mawaonle siagsm camh
carbonates. These are multifunctional mater i a
(carbon sequwateantitorat wmastp and agricultural
hydrop!dh*vc dply researched &%3 osnoei Ir ercéemetd it &étptdant

have suggested the wutilization of bi ochars a
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subjhcats, di sclosed a method to coat seeds witt
(Figure 2.12b) the biochar in order to (1) en
retention, (2) purge har mfuloriempur(idt)i e mooret a
properties due to derivation from different f
bi ochar particles. The seed coating method ir
binder sol uti on ainnd a hreont aardyd i thugmbtlhee bi oc har ma
achieve the desired seed ¢%ant ibn-poacsheatrc keedscoA
was conducted by Wil liams and c ebwaosrekde rsse e dw hcoo az
on the growth of native plants. Depending on

germination or fread md gmatfiyd emagbltenaef bi ochar al

coating material. However ,orptossd twlven rieisadch asr |
coatings are used in combination with PGPM. G
as a caR.rileirhafrmernphesphorus solubilizing bact
coat’hogrsn. seeds coated with inoculated biochar
insoluble phosphorus in order to identify (1)

i norganic phosphorus making 1tiayaofabiieehar ¢
materi al . Greenhouse trials conducted on <cor
solubl e phosphorus (Hoagl and solution) was
i mprovement as compared to contr oursc eva(st roibcsaelrc
phosphate) was applied (Figure 2.12i1 ). The
characteristics of the biochar maybe a more
growth as compared to tht fphomphbeusneobublbbt &i

subsequent report, Tripti et al . Il nvestigated
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bi ochar derived from agriculture waste and f I
Pl ant Growth Promoting (PGPYBirdhébmasrieac tf e imai |l tad
showed retention of viable numbers of bacter
germination trials showed a significant 1incre

uncoated control s.meBieo metarsisce sgrawtthhrpamgd pot

significant i ncreedaster eaast nae nrte s(uHitg uorfe tzh.el 2sge) . V
the study indicate the efficacy of Dbiochar as
observed on seed germination and growt h, t he
teclgmes al so offers an innovative solution fo

waste which would otherwise be a source of €
conflicting results obtained key waiileuwssi eaged
based seed coatings.

To evaluate biochar use from a sustainabi
conducted. A comparison across different LCA
sour ce, system boundari es, pyrobywai sunethbni ga
feedstock, product, or ubhfeviewdd BGusehdiek.
considering the variability of the LCA basel
negaGliowkeal War mi @GYWP Ptolawshtarmlobvious benefit fo
pyrolysis and feedstock processing step i s (e
(GHG) which can be offset 1ipyothetgtifloirzatnieomy
and t hey i @Pegruersttlr ati on characteristics of bio
waste biomass generally appears as a favored ¢

from the biochar production schetnfee edowierveermrme
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i mplications of the materi al treat ment steps
l evel s.

Ti sserldhm theial review have provided a diff
of biochar noting its wuse can have significan
The soil conditioning properties caff bbiagachaml it
i nduced def orestation and t hus provide soci :
environmental advantages. Al in all existing
the use of bi everdrs. omdomevVveéer pl eéol attain the
infrastructure devel opment i prodeet saldlue i ng
generation, since the environmental effects o

tdh ppoducts for ener goyasge hdbraadteieosna.i sMadr ecoovnecre, r n

toxic substances present in biochars including
and harmful free radical sof Zbhiaoncgh aert naa n o pianrvteisc
gr owt h, reporting that bi ochar nanoparticle
feedd$4fdhwks., it can be surmised that use of bio

and further resear chafnfeierdns tthoe ibre uctoildieteayt ewi nttho
to remove har mful substancegiprke sassrste.s sknermtt h ert

to be performed prior to -angl g ecvangne ndan i lben sme
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Figur e8iad.char can be derived from pyrolysis of
Figure adapted and modified!bdmSamemaen cs
one possible desegbhmehtbbsbepar Pphe raw biochs

water or with acid/alkaline/surfactant treate
pore volume, VOC xoedenlti qanidd pfHr. oM htehe tr eat
through vacuum exfiltration and moisture | eve
and moisture adjusted biochar can be bagged
from r éftecr)endcieg.i tal i mages of weed bi omasses
pyrolysis temperature of 6b&oPyrFighur €El acdapt.

SEM i mages of Dbiochar derived from (adampteac,f f:!
refetdmoe Bar graph summarizing results from |
bi of ormul ation tomato seed coati ng°CopFjirgiugrhet a
El sevier 2017. Treat menSciilttdwotud d bii md lowdnard :at ( b

= Soi l + Flyash Bag&dhdobid@fforrB@Elpdt2i oon BELf = Soi
based biofBumkhatden( @fsph2 E2FA + BC = Soi l
(1:1) based Buokbomdkea{Bdadsp8DL2Z FA = Soil +

bi of or mBlaati il d u;sofsép). AB300 + BC = Soil + Biocha
Bacillus (s’p. AB® + FA + BC = Soi l + Flyash anc
Bacill us Aslpht ®% 30 € demonstrated significant]|\
compared to und pje&eesdl tesnfromsgrekbnhouse tria
bactPer ila bawmoecrusliast ed bi ochar coated corn seed
controls and treatments i-sopubsenposphOhlust

Hoagl and solution + tricalcum phosphate. Pl a
i nced@dasnly for biochar based coataitnigng nt hpartes
phosphorus solubilization effect of the inoc
promoting plant growth. Dat®a replotted
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2.5. 2. Lignocell ul osi cisaumatqmuiex easnda s uWrt ap narbd e

existing seed treatment methodol ogi es

Lignocel |l ul-doesriicie pporBey pdranctcomposi t e®25@&Q) mpri s
cel | ulso0s%) (a3ns5d h e nB 5c%fiMau Ind sye prd@uced as agri clt
wastes, these are either mostly burnt or wusec
materials has been explored tWtoobodithgi synsih

bi opl'@8sndcspeci al®’tyyebmmvahbl §6pr indust ti%l wa

and as bi deA denicippue i®psl.i cation of lignocellu
coatings. In a pioneering st pdtwretrGavoe da nbdi ocdoewgorr
controlled release matril®Thédsae manr ibee suswar ea
abamectin, a model nematicide with |Iimited so

plant. o The efficacy of the matrixes synthesi
fibers was testsde dlyi pdanwri angpddd nmayt ot he matr i x
the most promising results, which the authors
from HblARnana fiber matri x compared to the bur
(Figure 2. 13a).

Iln a -dplpadfveom the same group, the effect
mor phol ogy of the matrixes and relbassea pnradfriilc
were analyzed. Utilizing banana harvest wast
(mechani cal beating) | evdl)s o/ffarti tae i foinbem @gihlepr
cargo showed a morphology dependent release fr
(ndbmanana f i bewe dnaat rriecleesa)s es hroat e dependent on t

showing a sl ower release rate and I ow |l ignin ¢
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hydrophobic and hydrophilic | oaded cargoes (Fi

potenti al to significantly improve agritcultur
Saharan Africa where small heol dead ftamrenetr me rcta ntn
The simpli-efftegctaindemcess combined with the abs
complicated processing steps makes this appr oz:

hi gher crop yimildgisnguitheusoiclompual i ty. Further
bi odegradabl e which can facilitate carbon seq
into different sizes and shapes provideas the
variety of seeds, seed piecesSadrarsaene dAlfirn gsa. oHmi
potato crops show enhanced crop health and eff
popul 8E3Rmmrs. i nter est iantgd yf,i edlud itnrgaitlhse iprotKeny
even without a -praepmeat inca tdrei,x bsaunbasntaant i al ly r ed
(PCN) field inoculum!>mudthecr easedrpbt atepoyi e
pl ayed by banana phaopsetr cthoe nmd icsarl u psti gmaarl a snigt eby
chemicals. This novel attribute together with

yield and guwila tsyuotfaicmelgo w ed esaes eo fo fdeétvhéer auphetdr a

from agricul tural wastes holds a promise for
recently published investigation of the accept
and economic impactsr tilkse saeifpfpiocgite mgy eah’d einmea
Whil e small holder farmers can easily adopt t |

working hands to wrap the seed/ seed pieces foc
planté apochlmarmcihzddrf ar mi ng wi | | require signi:

and i mpl ementation.
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ime - dependent release (b) Cycle - dependent release

Wrap & Plant

) n

—
: ‘/;/T
T

10 15 20 25 30 35 40 1 2 3 4 5

Mortality of nematodes (%

Refining
%@

LSS

Immersion time (hour) Cycle of one-hour immersion W astes of e = ‘f 1 0 ey
~k-Abaca —@-Banana il Soft < I banana harvest Pulping d
0 B oTs N T 23
7 f
T §§ Wre P1 v P2 ¢ P3 m P4 A P5| 1100
3 = B 70k " A‘A AAA {0
" . sk s
—_ - A A
Syl w s of a B 30
: i 1o Eof il
% > 3 &
Z { 1 2 ¢
x by - " - L 4
g . 7 ] g L] * 7 geceqn
£ 1 = @ + 3 °®
B1F 1 5 sF s " x [ ] 46
@ (Y & ° o ° 14
) LA
e o
2 2
1 2 3 5 10 20 30 L 4

2 1 i 1
05 1 2 3 0 24 48 100 168 336

Refining time (Minutes) Soaking time (Hours)

Figuréavrapland Pl ant technology as an alternat.
fromiitmo assays de@picelhegmnsnadesalt ht pugh ti me a
release from abamectin | oaded | ignocellulosic
softwaodwood fibers. Abamectin | oaded abaca m
hour/ cycl e awhnearteraisx bsahnoansns | ower but stabl e act
assay duratiosta@bimebacycba) of Thbanana fiber cal
of abamectin from the | oaded matrix compared
adapted wi thomperrmigshgi Sp.ri nger Nature 2016. (b
of banana harvest waste to synthesize matri xe:s

crop protection. (c) Digital I mage de poinc ttihneg
appearance of banrea)naSHEM bfemt greast fro Ixreisl.l ar( dst r ucf
matri x. (f) Scatter plot showing the effect o
banana fiber sheets. (g) Abamectin release pr
with |tgnte obnll.96, 10.25, 7.2 % r ebsapneacntai v e |
fiber matrixes P1 and P5 exhibit sl ow and f a:
matrixes P2, P3, P4 show gi)miadaarpprealmisstehopr o
Copyright 2020 American Chemical Society.
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.3 Natural Al based seed coatings

recent emerging area in seed coating res

n environmentally friendly alterqwatrevewder

natural Als is protein hydrdkeysatdsab6PHBHs i asu

aci d

s, oligo and polypeptides derived from pa

identified to provide key benefits to promote

enzymatic acticvriotnyut rpireonnio tui pntga knei, and it%hcreas

Anot her key benefit of wusing PHs is that they

promising a sustainable raw materi al source a

bi ol ogical waste. Whil e talse e |HhH av&tfrtesssnr mMaastasei

seed coatings promises targeted delivery and
al®4nalyzed the effect of coatings synthesized
di atomaceous earth on broccol. seeds. Whi | e
greenhouse trials showed significant i mprovenm
area and tota$i miiltarmlgy,n®% ansd alenrstc | ppesteedntt he wuse
use as admadgiacenifng fungal spores to vegetabl e
through measuring the adherence of fluorescer
after vigorous!| wasdni wg odss&copyglwas significantl
compared to controls wusing just sterile water
sourced proteins have 2fswedeiegaregorhedef Wet &t
on the growth of C Ucu ncthaeprs ud eesd sadhyacelinda citrog tth
reported enhanced growth parameters of t he s
Lawi nsk®8xet oakd the use of collagen hydrolysa
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from |l egume seeds. The coating consisted of ar
hydrolysate enclosed in outer mineral |l ayer.
drought conditions showed eoenltamdedl|lseedl|l i ng ¢

Waste biomass can serve as an ample raw ma

i mpact of the synthesis process needs to be c

Currently chemical hydrolysis oeft |Isemarheer ofwa.
bi ostimulants whil e enzymati c conversion of
Conventional hydrolysis entails the use of st

conversion proceeds throughemmer atswer eosf!® 8ozl yame
conduced an LCA of PH derived from | eather wa
analysis of the overal/l i mpaqgt emf sshenswwesgn
be much | ower with enzyengatgi cc ohmpdarrcetdyqstigs Labt3 27adk
of chemical hydrolysis of | eather waste. Si mi
al so significantly | ower. Overall the use of
prmd sing alternative to reduce dependence on s
More research in this regard, particularly for
their utility.

Researchers have also anal ydDed Calsd res & &fi |
atbhAave proposedAzlaei use)hodi Infa@danctai n nanocompo
seed coatings recommending effective wutiliza
bi opesticide against common soybean pathogens.
treat ment on nghddaetn gatrhels sHeoemekVvaelruat i ng seedl i ng

of fungal pat hogemas iwauledd hawaetmBmihlad@hd cacy.
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cowor khearvse expl ored the potential of thyme es
biotic and abiotic stresses. Field trials of
product Agicote Rouge mixed with-atbhgdgmkesowkr e
conducted under severe and moderate water st
positive impacts of thyme oil on straw yield
under | ess seveple nitatdeerr isvterde sosi.l sThsuhsow si gni f i
however their sustainable usé’dpsessrids gseme ho
emi ssions from vegetable (pal m, soybean, rap e
anal ysis of published LCA dat ae ree@rorkg ngf ar aenfe
Al t hough these values refer to food product o
thyme plant YébsduKumdr LENX aheanlvyisriosn ntentd u g emyg
bi odi esel derived from various vegetable oils
6.508 MJ/ kg of biodiesel for the plant cultiwv
an ELCronducted to gauge i mpacts of medi i nal p

e per kg of dried plant product. Al though the

indicators, they provide an estimate odn.t he e
Oil extraction occurs further downstream from
footprint. Thus, to achieve sustainable utili:

a sweet spot bet ween atchte duorwensgt pernovdi urcotninoenn taanld

through cut down of synthetic agrochemical i n

2.6 Comparing performance across different <co

A comprehensive evaluation of the environm

materi al demands a ri sk assessment of the coa
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agriculture practices. Table 2.4 shows a c¢om
previous sections in terms of the yield benef

from a green chemistry perspaduisvei ahclandi raq v

footprints and regulatory compliances.
Polysaccharides of fer a clear advantage
bi odegradability and adherence to regul atory

GRAS specified by FDA for use in certaidn foo
pesticidal AI. Further mor e, al ginat e, chitosa
maxi mum tolerance | imit in pesticides as per /4
extraction methods have al ahriggeh acrmhoeummitcsa |o ff owoattp
use of acids/ al kal i s. Future research needs
techniques <coupling benign synthesis with hi
coatings, bot hb assyendt yener s &dmdebibeen reported
bi obased polymers |Ii ke CA are preferred due t
toxic solvents | i ke DMAc to prepare an el ectrc
Ssbbubl e polymers such as PVA and PEO. Despite t
derived from fossil -faredwasmlue.ceBhwasn,d talrer ¢ hairse
with bddarhi voed and synt het itchatl ercdad stpd nlnea brl ees g
research breakthrough discussed is the wuse ¢
definitely be of greater consequence i n comin
the increasingatber deeas onr gé¢ sdbealMhvee & aky doecgell s f
and sodium acrylate have been investigated a

materials | i ke starch and al ginate applairrs as
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extraction processes is optimized. Next, we
coatings to reduce synthetic fertilizer input
results with enhanced seed gelrummesatitomerasdarge
mar ks regarding the I ong term effects of nano
required both at academic | evels and by regul

Finally, we hawusesloéddelriogletds csre etdhe reat ment t ¢

close the | oop for achieving a circular agri
introductory stage and there is a |laokfofmre:i
sowe materi al and energy extensive treat ment
have shown the multifaceted huge potenti al o f

wraps, for instance, Hdwd dn ptee,rdtohgnasnlcotvni § upar
facilitates their usage in resource deficient

coating treatment s.
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Tabl4eCa2mpari son of seed coating matoaricael,s ioomubasi al oandheine!

compliance status and progress observed as seed coatings.
Raw m g Energy Regul atory Perfor manc e
Materi al I ndustri & Environme
source consumpActive 3 i st coating

4 ,ibesi gn

Green che 7-Feeds|{ usage off 6iEner 10 Mater
4iSaf er che
principll renewa chemical ut il degr ada
sol ven

n cal ci um, SO
()
° ptassium alg
; FDA as food _
- Suitabl e cg
& Chemical some catego
© Water ¢ for P&mRM N
© invol ve u Sodi um 400giC
7] . .
. |[Alginate Brown se ene-rgy Biodegradfertilizer,
_ acids/ al k 18pesticide
o _ intensi . verified ¢t}
o toxic che exemption,

trial s.
under 40 CF

i ner t in ex

mi ni mum ri s
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Tabldeg( c2o.nt i nued)

Chemical ext
i nvol ves har
Pesti-Adtdiese Demonstrated
crustacdqacid and al k
Water al ngredi-d8As a s antif%lﬁéa
Chitgmematodd{el evated t er Bi odegr
ener gy 4 0 CFde5t0|C Perfor mance
i nsects|Deacetyl ati ¢
tol erance ex pot trials.
4B0% concen
NaOH.
GRAS, FDA
Extracted for 40 CFRpdastli c
Water and et tol erance ex Di scussed as
C. tetr; ]
Guar used during|Water i Approved undBi odegricOating mate
pl ant
Aci ds tuyspeidc ¢ 152.25 as an lite¥*8Yure
separating ¢ exempted min
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Water a
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energy
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at water str
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Tabldeg( c2o.nt i nued)

Pesti-Bc¢tdiewe |

Bi odeg
Water wused ¢ EPAISA,
PEO Fossil upt o My
el ectrospinr 40 CFRpdst0i ci
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t ol erance exe
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PAM Fossil . . 2020 CDR Ful Bi odegrt
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Tabldeg( c2o.nt i nued)

I f used as pes

Feder al l nsect
F icide, d
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Nanopal reducing age¢Enevrgysection 2(u) a ) )
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