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ABSTRACT: The use of polymer in agriculture is gamgipopularity in science, particularly in the fiedd polymer

chemistry. This has provided solutions to the potd of the present day agriculture which is to méze land and
water productivity without threatening the enviraemh and the natural resources. Superabsorbent polligarogels
potentially influence soil permeability, densityrusture, texture, evaporation and infiltrationesabf water through the
soils.

Functionalized polymers were used to incrélasesfficiency of pesticides and herbicides, aitmMower doses to be
used and to indirectly protect the environment égucing pollution and clean-up existing pollutarithis account; a
detailed review study, has been put together &xpose on the myriad application of polymer infiekl of agriculture,
highlighting present research trend , impact omfseecurity and future outlook.
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1 Introduction

World population is increasing at an alamgniate and is expected to reach seven billion byetid of
year 2050. Population growth and the resultant ldgweent of large high-density urban populations,
together with parallel global industrialization,vieaplaced major pressures on our environment, fiatisn
threatening environmental sustainability and foedusity. This has resulted in global warming and th
buildup of chemical and biological contaminantsotighout the biosphere, but most notably in soild an
sediments [1].

During the 20th century, the main emphasisagtficultural development all over the world was th
increasing productivity per unit area of land ugmdcrop production to feed the ever-increasingysation.
This was substantially accomplished through oveaatation of natural resources such as water dadtp
resources and excessive use of fertilizers andcjbest [2]. Although this practice resulted in ciolesable
increase in crop yields in the short-tem, it wassustainable in the long-run. The productive cépax the
arable land was impaired; the natural water regsumvere depleted and also polluted with hazardous
pesticides and chemical fertilizers which threatkrtée survival and well being of all life forms earth.
Therefore, the emphasis on agricultural developritettte present century has shifted to the sudtéénase
of land, water and plant resources in agricultdrbe major goal of the present day agriculture is to
maximize land and water productivity without thes@hg the environment and the natural resources.
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As a matter of priority, one major role ofrigglture is in the provision of food supply andcsgty.
However, emerging trends indicate an increasing mwith respect to soil and water management and
conservation. With reference to global climatioasalies, drought due to protracted absence, dafice
poor distribution of precipitation has occurred or@ny parts of the globe in varying scales of sgvand
duration throughout human history.

Many nations have experienced consideralskeadis arising out of drought occurrences -masgaian
(even famines), cessation of economic activity ipaldrly within the developing world where econosmiie
are inextricably and intrinsically tied to agriauk [3].

Within the sciences, the study of polymers halped to foster the emergence of agriculturdirpers
through focus on natural/synthetic macromoleculambstances such as proteins, polyacrylates,
polyacrylamides, and polysaccharides. Through thecerted efforts of polymer chemists, a series of
commercially natural/synthetic polymers have beeccsssfully used in many applications in the fiefd
agriculture.

In this regard, this account; a detailed @avstudy, has been put together as an exposé amyttiad
applications of polymer in the field of agricultureighlighting present research trends , impactfaod
security and what the future holds.

2 Functionalized Polymersin Agriculture.

Synthetic polymers play important role imiegltural uses as structural materials for crepanclimate
beneficial to plant growth e.g. mulches, sheltersgoeen houses; for fumigation and irrigation, in
transporting and controlling water distribution. wiver, the principal requirement in the polymersdus
these applications is concerned with their phygicaperties; such as transmission, stability, peiiity or
weatherability; as inert materials rather than @s/@ molecules. During the last few years, thescé and
technology of reactive functionalized polymers fve received considerable interest as one of th& m
exciting areas of polymer chemistry for the prodciof improved materials. They have found wideagdre
applications as reactive materials based on thengtiat advantages of the specific active functiagralups
and the characteristic properties of the polymenmecules. Their successful utilizations are qbitead
including a variety of fields, such as solid-phasmthesis, biologically active systems and othefous
technological uses [4].

2.1 Polymeric Biocides and Herbicides.

New technique has recently emerged for dbetrolled release formulations designed to avaid o
reduced the possible side effects accompanyingisieeof biologically active agents. The purposehig t
technique include; to protect the supply of theragi allow the automatic release of the agerhéotarget
at controlled rates, and to maintain its conceiatnatvithin the optimum limits over a specified pmtiof
time, thereby producing a great specificity andsggence. There are two different approaches irbaang
the biological agents with the polymeric materidiSther by physical combination (encapsulation or
heterogeneous dispersion) to acts as a rate cimgrdeevice, or by chemical combination to act asrier
for the agent [4].

The polymeric biocide has many advantagesitsnglotential benefits include: it allows lower anmts
than conventional biocides to be used as it retettee required amount of active agent over a laipd,
number of applications is reduced because of l@rgpg of activity by a single application, it elingites the
time and cost of repeated over applications becksseactive materials is needed, reduction ofcttyxiit
eliminates the need for widespread distributionlaxfie amount of biocide levels in the surrounding
environment, reduction of evaporation and degradalibses by environmental forces or leaching by rai
into the soil or waterways due to the macromolacokture, it extends the duration of activity oédeor
non-persistent biocides which are unstable underagunatic environment by protecting them from
environmental degradation and hence , enhancegrauwtical applicability of these materials, redontiof
phytotoxicity by lowering the high mobility of theiocides in the soil and hence reduces its residube
food web, extension of herbicide selectivity to iéddal crops by providing a continuous amount of
herbicide at a level sufficient to control weeds Wwithout injury to the crop.

The rate of release of active group frompgblymer matrix and the consequent duration of ffectve
action is influenced by: chemical characteristitshe active agents structure, nature of the actiagent -
polymer bond (such as esters, amides, ureas, nethacetals), the distance of the active agem fte
polymer backbone; for achieving an enhanced ratele@se; a permanent spacer group may be necégsary
prevent steric hindrance , rate of breakdown oflibed between the active material and the polynyer b
chemical, biological or environmental agents suslJ®, moisture and microorganisms, chemical natdre
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the polymer backbone, chemical nature of the grosysounding the active moieties , dimension and
structure of the polymer molecule as governed leydbgree of polymerization, comonomers, solubility,
degree of crosslinking and the stereochemistry.

The main problem with the use of less pezristonventional herbicides that have greater Spiggiis
the use of excess amounts than that actually medjuo control the herb because they are unstabénin
aquatic environment and of the need to compens$eeaimount wasted by the environmental forces of
photodecomposition, leaching and washing away hyTiaey are also highly toxic to farm workers and
expensive on multiple applications which are regglibecause of their lower persistence. On the diwed,
the applications of large amounts of persistentbiotes are undesirable because of their frequent
incorporation into the food chain.

In an attempt to make connection with thebfgrms encountered in using conventional herbici8esne
functionalized polymers containing pesticide mastas pendandt groups have been prepared by fliealra
polymerization of vinyl monomer type and their hglysis rates were studied under different condgioks
active pesticide group, pentachlorophenol (PCP)agomindustrial chemical, represents one of thetmos
widely used biocides in a variety of agrochemigaplecations, such as herbicide, molluscide, furdggi
insecticide, algicide and bactericide. In additits hydroxyl group provides also a suitable mean fo
covalent bonding to a variety of polymerizable snit

A series of vinyl monomers containing PCP wia ester linkage have been prepared [5]. These
monomers have been homo- and co-polymerized wjtlers¢ and 4-vinylpridine to induce hydrophobic and
hydrophilic nature to the polymers. The rates ¢édase of PCP from the polymers have been studiéuliat
different media (water, pH=4 pH= 10, and dioxangeraand all at 30°C. A comparison between thesrate
of release from these polymers indicate that thesrancrease with increasing the degree of hydliofili
that is, copolymer hydrolyzes faster than the hoshoper which has higher rate than the hydrophobic
copolymer.

Polymer herbicides containing active moietiesically bound to ammonium salt groups have been
investigated [4] to demonstrate the reactivity @igpd by the polymers through changing the chemical
nature of linkage bond and the chemical charatiesisf the active agent structure. In additiorPoP the
herbicides of general use that contain functiomalg for bonding to the polymer matrix have alserbe
used, such as 2,4-dichlorophenoxyacetic acid, hwyhdtchlorophenoxyacetic acid and 2,4-dinitro-6-
methyl phenol.

The major drawback to the economic use oféhgolymeric herbicides is the large amount oftiner
control that must be employed as a carrier for lieebicides and the disposal of the herbicide redidu
materials which may be harmful for the soil ahd plant. Some attempts have been made to redisce th
problem, which mainly based on the concept of attagthe pesticides to biodegradable carriers roflar
structures to agricultural residues consisting @fygaccharides such as bark, sawdust, celluloseotiret
cellulosic wastes. However, the main disadvantag#s the use of such naturally occurring polymers a
the difficulties encountered with their chemical difization. Hence the use of excessive amountsuohs
bioactive polymers usually necessary for herb @bmsrinevitable.The hydrophilic and cross linkingture
of these polymers lead to a faster rate of hydiolfeavage of the pendant pesticide. Another faisttheir
rapid deterioration in soil by biodegradation ahd subsequent destroying of the polymeric matrthiwia
short period of time, which leads to shorter penbéffectiveness of the herbicide.

In order to eliminate or at least to reduwe disadvantage of using excessive amounts of podymers
as carriers, in addition to the drawbacks of ussofuble nitrogen fertilizers. The principle of aeflu
application of controlled release herbicide-fezéli have recently been used. This principle is dasethe
use of appropriate polymers as carriers in whiehrésidual products after the degradation of tHgnper
become beneficial to the plant growth and the lspikcting as fertilizer. For example, herbicideickgives
of bifunctional compounds have been prepared angnmized under condensation polymerization
conditions. The second attempt is based on theegdrod attaching the herbicides to polymeric hyedsgn
order to alter the basic character of sandy sniladdition to the primary function of these polyméo
control the rate of delivery of herbicides, theynaaso play an important role to increase theewat
retention by sandy soil through avoiding its rafgedching. Hence, the use of such dual combination o
controlled release herbicide-water conservation cantribute positively to change the conventional
agricultural irrigation especially for sandy so]l[5

2.2 Polymeric Molluscicides
Bilharzia is one of the most widespread trmea endermic diseases in tropical countries wiiege
spreading of cultivated areas increases, Sinceusieeof molluscicides is responsible to combat wexio

mollusks, the applications of large quantities loése chemicals are required for combating bilharzia
disease through the control and eradication ofsttiéstosoma snails. As active molluscicide, Nichoiske
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(5,2-dichloro-4'- nitrosalicylanilide) has beenroduced by Bayer Co., under the trademark BayearBis
applied for combating the bilharzias disease. Harethe use of great amounts of this compound has
offered some economic and environmental toxicighbems.

The chemical combination of molluscicides with fhactionalized polymers has been use in an attdonpt
enhancing the eradication of the snails with thmmiahtion of the side effects associated with tke of a
relatively massive Niclosamide dosage. Accordinghglluscicide polymers containing Niclosamide via
covalent and ionic bonds have been prepared byichémodifications of polymers [6].

3. Super absorbents polymersand compositesfor agriculture

Polymeric soil conditioners were known sinte 1950s [7]. These polymers were developed to
improve the physical properties of soil in view of:

(i) increasing their water-holding capacity,

(i) increasing water use efficiency

(iii) enhancing soil permeability and infiltratioates
(iv) reducing irrigation frequency

(v) reducing compaction tendency

(vi) stopping erosion and water run-off

(vii) increasing plant performance (especiallytirusture -less soils in areas subject to drought).

The presence of water in soil is essentialegetation. Liquid water ensures the feedinglafts with
nutritive elements, which makes it possible for giants to obtain a better growth rate. It seem&eo
interesting to exploit the existing water potentigl reducing the losses of water and also ensubetter
living conditions for vegetation. Taking into aceuhe water imbibing characteristics of SAP maiisyithe
possibilities of its application in the agricultufeeld has increasingly been investigated to a#leey certain
agricultural problems. Super absorbent polymersR§4are compounds that absorb water and swell iy ma
times their original size and weight. They are tigltross-linked networks of hydrophilic polymeraths.
The network can swell in water and hold a large amof water while maintaining the physical dimemsi
structure [8,9]. It was known that commercially disgater-absorbent polymeric materials employed are
partial neutralization products of cross-linked yaalrylic acids, partial hydrolysis products of star
acrylonitrile copolymers and starch—acrylic acidfgcopolymers. At present, the material's biodéghblity
is an important focus of the research in this fiettause of the renewed attention towards enviratahe
protection issues [10]. The half life is in gendrathe range 5 - 7 years, and they degrade intm@mum,
carbon dioxide and water.

SAP hydrogels potentially influence soil permedpili density, structure, texture, evaporation, and
infiltration rates of water through the soils. Rararly, the hydrogels reduce irrigation frequenrayd
compaction tendency, stop erosion and water runaoidl increase the soil aeration and microbialviaygti
[11].

In arid areas, the use of SAP in the sandly(smcroporous medium), to increase its water-imgd
capacity seems to be one of the most significaran®do improve the quality of plants [12]. The SAP
particles may be taken as "miniature water resesVvam soil. Water will be removed from these res@s
upon the root demand through osmotic pressurerdifte. The hydrogels also act as a controlled selea
system by favouring the uptake of some nutrientmelgts, holding them tightly, and delaying their
dissolution. Consequently, the plant can still ascgome of the fertilizers, resulting in improvedwgth and
performance rates [13-15].

SAPs can also be used as retaining matariahe form of seed additives (to aid in germovatand
seedling establishment), seed coatings, root dipg,for immobilizing plant growth regulator or peoting
agents for controlled release [11]. A distinctinstance for the agricultural application of SARs Heeen
recently practiced. The SAP effect on the growttidas of an ornamental plar@upressus arizonica) under
reduced irrigation regimes in the field and on sbé water retention curve in a laboratory was stigated
[16].

Additional interesting instance is a reseamtently conducted on the effect of SAP matenialsthe
characteristics of sport turf. Turf is of signifitaimportance as an inseparable part of all kindgreen
spaces. lIrrigation water consumption of turf isywéuge, especially in the hot and dry climates tue
surface evaporation and infiltration. In the reshazonducted by Mousavinia et al. [17] encouragasylts
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were obtained. The turf density, colour intensitgl &overage percentage was increased, while itsgvi
level was substantially decreased when SAP wasd [A83.

SAP materials have shown excellent influeonedecreasing damages (up to 30%) in the productive
process of the olive sapling [19]. Meanwhile, noass-linked anionic polyacrylamides (PAM, contanin
<0.05% AM) having very high molecular weight (12x186 g.mol-1), have also been used to reduce
irrigation-induced erosion and enhance infiltratitts soil stabilizing and flocculating propertigsprove
runoff water quality by reducing sediments, N-digsd reactive phosphorus (DRP) , chemical oxygen
demand (COD), pesticides, weed seeds, and microisrga in runoff. In a series of field studies, PAM
eliminated 80-99% (94% avg.) of sediment in runibéfm furrow irrigation, with a 15-50% infiltration
increase compared to controls on medium to finéutex soils [20]

The preparation of polymer/clay superabsarbsomposites [21] has also received great attentio
because of their relative low production costs high water absorbency. superabsorbent composites by
graft copolymerization reaction of acylic acid (AAhd acrylamide (Am) on attapulgite micropowdengsi
N,N-methylene bisacrylamide (MBA) as a crosslinked ammonium persulphate (APS) as an initiatonin a
aqueous solution has been prepared [22]. Acrylanddea kind of nonionic monomer and has great
advantage on its good salt resistant performaneera® material for superabsorbent. Attapulgitea @®od
substrate for superabsorbent composite matergabs layered aluminium silicate with reactive gros@H
on the surface.

Water - insoluble polymers

This second class of polymers often refetoeds gel-forming polymers or insoluble water-absw
polymers were first introduced for agricultural usehe early 1980's. These polymers do not podsesar
chain structures as described previously but ttanshare rather cross-linked to form a three-dircerad
network. Cross-linking occurs when polymerizatisncarried out in the presence of a small amourd of
divinyl compound. Depending on synthetic conditiotype and density of covalent bonds that form £ros
links, these polymers can absorb up to 1000 tirhes tveight in pure water and form gels. Three main
types of hydrogels (water absorbing) have so fanbdeveloped as agricultural polymers: (1) stanmetitg
copolymers obtained by graft polymerization of @alsylonitrile onto starch followed by saponificatiof
the acrylonitrile units (2) cross-linked polyactyga (3) cross-linked polyacrylamides and crosseihk
acrylamide-acrylate copolymers containing a majarcpntage of acrylamide units. Most of the hydrsgel
marketed for agriculture come from the latter graspthey are claimed to remain active for a mucigéo
time.

Gel-forming polymers are small dry crystdiattabsorb water similar to sponges. Contact betwiee
polymer granule and water results in absorptionil uequilibrium is reached. When polymers are
incorporated into a soil or soilless medium, itpiesumed that they retain large quantities of watet
nutrients. These stored water and nutrients aeasel as required by the plant. Thus, plant groatid be
improved, and/or water supplies conserved. It leenlreported that a 171% to 402% increase in therwa
retention capacity is recorded when polymers wacerporated in coarse sand [23]. It has been regahiat
increased water retention capacity attributed tiymer addition significantly reduced irrigation érgency
[24] and the total amount of irrigation water ragdi.

Researchers [25] have reported that the figgdrogels increases the amount of available masin
the root zone, thus implying longer intervals betwérigations. It must be pointed out that theypwrs do
not reduce the amount of water used by plants. Wéier-holding capacity depends on the texture ef th
soil, the type of hydrogel and particle size (powde granules), the salinity of the soil solutiondathe
presence of ions. Cross-linked polyacrylamides hugldo 400 times their weight in water and rele@s%o
of the water retained within the granule to growpignts. In general, a high degree of cross-linkagelts
in the material having a relatively low water-rdten capacity. However, the water-holding capaditgps
significantly at sites where the source of irrigatwater contains high levels of dissolved saltg éffluent
water) or in the presence of fertilizer salts [ZBfie amount of water retained is also adverselgcédtl by
chemicals or ions (Mg, C&*, F€") present in the water [49]. It has been suggetiat these divalent
cations develop strong interactions with the polyigels and are able to displace water moleculgpée
within the polymer [27]. Even though monovalenti@as (Nd) can also replace water molecules, the effect
is not as pronounced as with the divalent counteses the process is fully reversible by repeatsking
with deionised water.

Moreover, the use of hydrogels leads to iaseel water use efficiency since water that wouldeha
otherwise leached beyond the root zone is captiradng hot days, the hair root system of a plarispout
and depletes most of the water from the area ¢totiee root system, thus causing the plant to gmstress.
While increasing the amount of available moistimgjrogels help reduce water stress of plants iaguit

85



Biokemistri Volume 23, No. 2 (2011)

increased growth and plant performance [28]. Théopmance of the gel on plant growth depends on the
method of application as well. It was shown thabgmg the hydrogels as dry granules or mixing theith

the entire root zone is not effective [24]. Bettesults seem to be obtained when the hydrogellagpeeed,
preferably a few inches below soil surface. Howegemneralizations should be avoided when intenpgeti
results as a number of factors such as type ofdugdr particle size, rate of application and typelant has

to be taken into consideration. Hydrogels are elaoned to reduce fertilizer (NPK) leaching. Thiems to
occur through interaction of the fertilizer withettpolymer. Cross-linked polyacrylamide is also bein
considered as a potential carrier for insecticifi@sgicides and herbicides[29].

Polymersfor soil remediation.

Contamination of soils with toxic metal elemt®is of great concern to scientists and the gempemblic.
Long-term intake of contaminant metals by humans/ fead to chronic effects, although maximum
acceptable limits in food were already establisf@dseveral toxic elements by the National agermy f
food, drugs and administration and control, EuropEaod Service Authority and the U.S. Food and Drug
Administration. [30,31]

Effects of metals on ecosystems and biologesdurces are also increasingly recognized [32aM do
not degrade as organic compounds do, and haver&sidence times in soils. They can however exist in
different forms, which include water-soluble (ior@ind chelated with soluble compounds), adsorbesbdn
surfaces, chelated by insoluble organic mattegipitated, occluded by soil oxides and hydroxigeesent
in living organisms or residues, and as part afhpry and secondary minerals [33]. Ideally, a coimated
soil should be restored to regain its original pttd, but this can be a very expensive procesd,thns
depends not only on the expected benefit of thentlp and future value of the soil, but also ontjoali and
public awareness of the problem. Conventional reahexpproaches to severely metal-contaminated soils
involve removal and replacement of soil with cleaaterials or capping the soil with an impermeabiet
to reduce exposure to contaminants [34], chelaipent ethylenediaminetetraacetic acid (EDTA) hanbe
used extensively for heavy metals extraction fraih[85-37]. Much work has been done on the recpwdr
metal-loaded EDTA by electrochemical [38,39]] ornfical processes [40,41]. Another chelating agent,
pyridine-2, 6-dicarboxylic acid has also been shdaibe effective in heavy metals although thesenate
considered the most economically or environmentabund solutions available. Only through the
establishment of a vegetation cover to stabilizeatreontaminated soils will a successful long-term
rehabilitation be achieved [42].

Water-soluble polymers (WSP) have been us¢ehsively for the removal or recovery of metalson
from aqueous solutions. There are now reviews erutie of this technology for metal ion separatid3s.
However, this technology has only recently beerduseremove metals such as lead from solid surfaces
Three distinct advantages of using WSP are: 1) matal bound to the polymer in solution can be gasil
concentrated by ultrafiltration (UF) 2) the metalbsequently released from the WSP can be easily
segregated by UF to allow for recycle of the extoarcagent and disposal of the metal; and 3) coroiaky
available polymers can be modified to selectivellydbthe target metal ions. Polyethylenimine (PH),
highly branched aliphatic polyamine, was chosethadackbone polymer for the studies on lead etktnac
from soil. PEI is readily functionalized with chtmcetic acid to give aminocarboxylate groups wick
known to chelate lead effectively.

2.3 Biodegradable polymer in agriculture

Biodegradable polymers have increasingly besed as plastics substitutes for several appicstin
agriculture. One of the problems afflicting agricwal production is the presence of parasiteseansttil that,
along with spontaneous weeds, take away nourishfremtthe soil. In the past the elimination of pates
and seeds of undesirable plants, before a new gowias performed through fumigation with methyl
bromide, which has been indefinitely banned fotadtdcity. In the 70s’, a new approach called spédion,
which involves covering the soil to be reconditidngith polymeric films, was introduced. The polyiger
films for this application have to be mechanicalbsistant, transparent to visible light, and opatue
infrared radiation.

The optical properties are important becaligéng the day, visible radiation, which passesulgh the
film, warms the soil. During the night, when thél smols by emitting infrared radiation, the filmhich is
impermeable to infrared radiation, traps it andstippevents heat loss. Actually, a film with theggical
properties has a micro green house effect on theTsus technique is largely used today, particiylat
those latitudes with temperate climate. It makes af low-density polyethylene with fillers, such as
phosphates, that increase the opacity to infraadation.

86



L. O. Ekebafe et al.

Solarization guarantees the decontaminatfesoils assigned to insemination within 4-6 weeksthe
end of the treatment, the problem of the removal disposal of films has to be resolved. Films mafle
synthetic polymers should be treated as waste adtlitional costs. Moreover, there are several bl
related to environmental pollution for all filmsatt in violation of the law, are burned after thege. A
biodegradable film made of natural polymers, folaspation offers advantage that it does not havéa
removed from the soil after they are used. Polyfilers for solarization containing alginates, polyyi
alcohol and glycerol has been reported [44,45]indtes are water soluble linear copolymer, conhgjra-
gluronic and P- mannuronic acid units, preseneawseed [46].

2.4 Drag-reducing polymersin agriculture.

Extremely minute concentrations of large pady molecules, fibres or particles when preser fluid
cause reduction in the friction resistance in aulent flow compared to that of the fluid alone.
Drag-reducing polymers reduce the drag in a turiitflew (by a mechanism not yet fully understood)iles
increasing the drag in a laminar flow, due to arrease in the shear viscosity [93]. This featurelrafy-
reducing polymers has been utilized in reducingethergy requirements of sprinkler irrigation systine
water containing drag-reducing polymers percolbisses of water. Utilizing this aspect, a slow-askeurea
has been developed by blending urea with guargin.[4
The list of possible areas of applications hasdased enormously to include oil well fracturingjde oil
and refined petroleum product transport, fire fight irrigation, sewage and flood water disposal,
hydrotransport of solids, water heating circuits, gutting, hydraulic machinery, marine applicasicand
biomedical applications.

3. Conclusion

Throughout human history, agriculture hasnbaesource of food, fuel and fiber. Opportunities/dn
arisen through external events and trends that dtegapatterns of production and utilization. Numero
publications describe the increase in yield ofmasiplants as a result of better soil conditions.

SAPs have created a very attractive area in thevpaat of super-swelling behaviour, chemistry, and
designing the variety of final applications. Whearling in this field, we always deal with water,uagus
media and bio-related systems. Thus, we increasinglk in a green area becoming greener via repdaci
the synthetics with the bio-based materials, @glysaccharides and polypeptides. Considering tgb-h
cost and increasing prices of crude oil, the neges$ preparing natural based SAPs seems moreoobyi
This paves the way for further developments in #énesa in the mid and far future ahead.

Key opportunities exist to build biodegraldalpolymers from annually renewable crops and agro
industrial waste-streams. The production of monen@rd polymers with enzymes, microbes, or plants
represents a cleaner and safer way of doing chemldbwever, polymers have provided solution foe th
need to develop cost-effective techniques that évadntribute to phytostabilization of severely nheta
contaminated soils.
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