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I - I N T R Q D U C T I 0 N 

c· -· ln•.:e the introduction of plastic film in the 1930s ard lq40s 

f 0,. greenhouse covering , fumigation mu h:h ing, e t_c, 

agr icu I tura l application of polymers have grown a• an 

increasing rate. 

Numerous technical Li re.3k t hr·ouyhs in polymerisation and 

pr'oces<:. in•;;J 1.echn1qu1::s resulted in compositions and properties 

designed for pacl<aging, agricultural and industrial 

-:ipp I i call oris . 

A 11 pr·incipal classes of polymers such as plastics, fibers, 

, composites, water soluble polymers, b'5rriers 

polyrnE:r5 are presently utilized 1n aµplications ~~ich 

include greenhouse covering, mulching, "J i n db re a ks , nets, 

silage: farm buil~1nys , tubing, p1p1ng, dr ip i r r l ga t i ·~·n 1 

phot.odegradable f 1 1ms 1 controlled relea~e of pesticides 1 

fertiliz~rs , gr·owth regulators, food p~ckaging and many oth~r 



I I - 0 0 L Y M E R S I N A G R I C U L T U R E 

iC! larye n•.Jmber of P'-'lymer·ic materials has been test:ed for 
agricultural applications, including celluloses, rigid and 
flexible polyethylene, polyvinyl chloride, ethylene - vinyl 
acetate CE U Al copolymers, polyethylene terephtalate, 
polymethyl methacrylate , polycarbonate, polystyrene, styrene 
- acrylon1trile copolymers and a va~iety of fiber - reinforced 
composites. Plastics can be used through applications such as 
greenhouses, mulchings, silage, wind protect1on,etc. 

Req•.Jirements within the greenhouse are : 

Transmission of solar radiation to soil and ~lants, retention 
of reirradiated infra red energy at night, insulative 
capacity, ultra-violet stability, fungus resistance, carbon 
dioxide artd water permeability, weatherability and of course 
cost. 

To m~et some of these requirements , special films such a~ 
ultra-violet or long-life , anti-mist, thermal, anti-fog films 
have been developed. 

The plastics used fur mulch films are gener·ally lww density 
po 1 yet hy 1 ene, po lyv iny l ch 1 or 1 de, pi:; l yl.Jut y lene or co pol ynse rs 
uf ethylene wit.h ·-1in::,.rl acetate. The muls::h controls radiation, 
~01 l tempera~•.Jre and humid,ty , weed gr·owth, pest infest.at ion, 
arid the degree of car·bon d1o><ide retentiJJn. !11Jlch groo,.in 
crops mature fa5ter and ~1eld are incre~sed. Fertilizer and 
~·•dter req•J1r·ement.s are red•Jced. 

If left. in place, con·1entional film~ con ca•J5e problem"5 dL1rir";i 
h-lr•·e;,tin•:-i •Jr d•Jr·ir;g cultiv;;iti•.ln oper·at1oris t.he ne.rt. year. 
F'emo•1o::il and d1~pr.1sa! ar·e costly .:31r1d ir•con•Jenient. Therefor·e 
int!·re-:t ir1 t~:e .je·,·el1Jprr·ent. of phot.1Jdegradaole or 
biod'c:g•adat.•le f1ln1:. •~11th sh•:rt lifet.1rn•~: .. h·.J'.:. 9ro .. 1r1. 



Host of the synthetic 
biodegradable. Attempts to 
have centered mainly on: 

polymers on the market are not 
develop new biodegradable materials 

- Synthesis of novel biodegradable polymers. 
- Mudificatiun of natural polymers. 
- 5ynthetic polymers obtained from petrochemical materials. 

The most common hydrolysable groups found in natural polymers 
are the aliphatic, carboxylic, and phosphoric esters, the 
amide groups and the glycosidic linkages. 

Tlie use of biodegrad.:.ble additives and the mollification of 
~ynthetic polymers are approaches which have been tried with 
fair succesrJ. 

Polyethylene 
b iode•~rad.3b le 
the slower or 

mixed with starch has been used as 
pla.:.tic. Polycaprolactor1e can be tailored 

faster rates ~f degredation . 

a 
for 

A polyester produced by microorganisms is said Cl) to have 
excellent properties as a plastic with very good 
biodegradability, biocompatibility and optical activity. At 
present this plastic is very expensive. Its price is 3 to ' 
times the price of gener~l purpose plastics such as 
polyethylene and polypropylene. At first they are expected to 
be on the market: for relatively expensive products such as 
stitches for surgical operations or as bone fixing material , 
and later will be made available into capsules for 
chemicals. 
In spite of important obstacles to the wider commercial use of 
biodegradable polymers , considerable interest has been 
focu5ed on the controlled relea5e of pesticide~ , and 
nut. r i t i en t. '!>. 



POLYt1ERS FOR COMTROLLED RELEASE OF AGRICULTURP.i.. CHEMICALS 

Controlled release concept is a combination of biologically 
active chemicals and polymeric materials arranged to allow 
delivery of the agnet to the target at controlled rate over a 
specified period of time. 
During the last decade, the use of polymers for controlled 
release of agricultural chemicals including pesticides , 
pheromones, growth regulators and fertilizers has been very 
important. 

Pesticides leaching into drainage waters and subsequent 
transport into non-target areas and damage of aquatic and life 
are of growing ecological concern ( 2, 3). 
Very long-life pesticides have been indesirable because th~ir 

residues enter the food chain ( 4 , 5 ) and pesticides with 
short-lives have been ineffective in controlling pests for a 
prolonged period. 
With some pesticide systems , 60-99 % (6) of 
chemical activity is lost by various mechanisms 
photo-decomposition, evdporat1on, leaching, 

the useful 
including 
microbial 

metabolism and interaction with non-target organisms. 

To compensate for losses , these biocides are commonly applied 
in amounts far in e~cess of that reqYired to assure syffic1ent 
control of a particular pest for a long period. 

lilhen t t>e ac 1. i ""' agents a re de 1 i ve red by convent i one l met hods, 
the level and time of availability of agent to the target 
cannot be controlled independently , and only the 
concentration, and frequency of application can be mun1tored. 
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For many years ~cientists have dealt with biological problems 
by designing new biologically active agents. 

The use of these agents to produce the desired biological 
respon~e is often inefficient because of inabilities to 
deliver the agents to thier target at the prcise time and in 
the optimum quantities required. With the cost and limitations 
in the design of new bioacides agents , researchers began to 
turn to an alternative approach by developping methods to 
improve the precision and efficiency in delivering the new and 
old agents. One way to accomplish these ob1ectives is to use 
controlled release formulations. 

Within the last t"Jo decades, there ha~ 
i~terest in this type of dosage form for 
from drug to chemicals. 

been a remarkable 
substances ranging 

This has been due to various factors including several side 
effects of conventional agents, the high cost of developing 
new active agent, the expiration of existing patents, and the 
discovery of novel polymer systems and devices suitable for 
controlled d~livery technolyy. 

This technology activat~d 

several professional groups 
agronomists, entomologists, 
denti~ts and physicians. 

the interest and attention of 
including chemists, biologists, 
pharma~ologists, veterinarians, 

The principle~ of controlled relea~e technology have been 
applied to several biologically active materials including 
pest1c1ds,fert1lizers, pheromone~, growth regulator~ and 
phc1rma,;ent ical5. 



Advanta~es gf controlled release svstems 

The ~bility of polymers to meter active ayents at controlled 
and reproducible rates for extented time periods provide 
significant benefits over conventional methods or applications. 

Some of these advantages are listed in table 1. 

Advaptages of agricultural controlled release polymeric systems 

* Control of the release of active agents 

*Extend duration of activity at equal level of active agent 

* Reduce phytotoxicity 

* Reduce leaching into the earth and transport into streams 

*Reduce evaporative losses and flammability~~ liquids 

*Reduce pest1c1de contamination of the environment 

* Eco~omicdl becau~e less active material is needed 

* Reduce the amount of chemical wa~ted 

• Control the pest population more effectively 

* lrrcrease chemical and physical .3t.abil ity of a~t ive a4ents ir1 

exposure to environment. 



Limitations of controlled release systems 

The ddvantages of controlled delivery systems are remarkable, 
however they must be weighed against their potential 
disadvantages before large expenditures for development work 
~re committed . Some of these disadvantages include : Cost at 
preparation and processing , environmental impact of the 
polymer degradation products , and special equipment may be 
nece5sary for application. 

Cuntrolled release mechanisms and rate~ 

Cuntrolled release polymeric systems are regulated by the 
mechan1srnes and rates of the system 1.J5ed. The mechanisms are 
divided in : physical, chimical and eroditle systems. by the 
polymer matrix. In physical system, the active agent is 
dissol•.Jed, dispersed, ·Jr encaps•Jlated by the polymer matrix. 
The 5ctive agent release is regulated by diffusion process~s 

•.lr by biolo·~ic<il or chemical break down of the matrix. 

In chemica I systems, the active agent is part of the 
b a c ~-bone o r a t t ached I. o t he s i rJ e ch a i n o f t he po l yme r . 
of the active agent results from biological cleavage 
bond between biocide and polymer. 

po l'.)mer· 
Release 
of the 

Erodible ~ystems combine physical and c.:il methods in which an 
active agent is uniformaly dis~olved or dispersed in a polymer 
matrix which can erode. 

Ero~1on of 
include 

the matrix can uc~ur by ~everal mechanisms which 

al Water ~oluble polymers 
unst~ble crossl1nk~, 

insolub1lized by hydrot1cally 

b) Wbter 1n~oluble polymers sulubilized b~ hydrolysi?. 
rear.: t. ions ,_, f peridan t s 1 de groups , 

c) Water· iri::;;oluble polymers solL1bilized by backt:H·•ne clea·-1age: 
reactions. 

Pele~se by ero5ion of a pol'.)meric system 1~ a ~urface area 
dependar1 t pher1omenon. 

In Table 2 are 11sled polymer$ used in controlled 
fr..1rmulat ions (7 ) 

relea-::.e 



Tat-le ;; Polymers used in contr~lled relea§e dev1~§5 

Naturel wolvmet·s 

Ethylce l lu lose 
Bark 
Methylcel lulose 

2!Lr • t he t i c t: I sp t Q me r· s 

Polybutadlene 
Poly1soprene 
Neoprene 
Polys 1 loxane 
Styrene-Butad1ene rubber 
S 1 Ii cone r•Jbbe r 

gyntheti, pulymers 

Poly•11n:,.1 l alcohol 
Polyethyler1e 
P•.l 1 yp ropy 1 ene 
Polystyrene 
P1Jlydc.rylam1de 
Polyurea 
Epoxy 
Ethyl v1nyla~etate copolymer 
Po ly·nnyl 1der1e r;;l"> lor ide 

Propylhydroxycellulose 
Kraft l1gnin 
Natural rnbber 

H'./dr in rubber 
Chloro~rene 
81.Jtyl rubber 
Nitrile 
Acrylon1tri le 
Ethylene-propylene-diene 

Poly·;inyl chloride 
Polyacrylate 
Polyacrylonitrile 
Chlorinated polyethylene 
Ace ta l copo lym1,3r 
Polymethylmethacrylate 
Polyv1nylacetate 
Polyhydr·oxyethyl methacrylate 



Table l3! l1s.ts veterinary arid agriculturd: aµplications (7). 

Cho lC~ o;;,f a po iymer for release of an 
agricultural active or• cost 
conditions, de,;1red 

an.J the system 
agent depends 

release rate, duratio.,, 
, seasonal 
formulation, 

application.etc •.. 

The nature of the polymer, melting arid 
temperatures, active agent compatibility, 
combination processing, shape and site of 
are ·.,·ery important • 

..,. 
~' 

glass traps1tion 
stability of the 
the final product 

f'.i:.Jric:ultur.:sl arid veter1narv .:ict1ve ayents utilizing 
contrull~d relea~e 

Alg1cides 
Analgesics 
Anthelmint1cs 
t'.tn t i mi c r-i.:>b I a 1 s 
Bactericides 
Chernoster i !ants 
D1s1nfect.:ints 
Fum i •;ian ls 

Fungicides 
Ger·mic ides 
Growth regulators 
Herbicides 
Insecticides 
Insect diets 
Juvenile hormones 
Minerals 

Nematic ides 
Nutrients 
Repellents 
Pheromones 
Vi ruses 
~.Ji tam ins 

The a~.lity of' polym~rs to meter active agents at contrulled 
and reproducible rate~ for extented time ~eriods provide 
~ignif1carrt benefit-;, o•.,•er conventional methods of' a~pl1cat:ion:s. 
Several controlled relea5e systems have reached commercial 
production ( 7 ). 

• 



~ ! __ F_~C~· _O~~:.:~i -~I __ r-1_ D U ·; T R Y 

T!1e u·'.P of j:.' L'!-:.t !C f i 1rr,·::- h'1::, -:ihc"''" .3 '-'t"' -y important growth 
. j u ' • r ' -~ t : • e :J d _ t ; h r ._. e :J e c .3 de s . 

Fuo•J i:.•:i·:k.:i·d 'r":J a•_ counts for 3r. % in torinage of all plastics 
us•.:d wor· Idl01ide. 

Tr1e traditional meiter1.:ds such as metal, glass, P·:iper and card 
board are nuw being subtituted by plastics everywhere. 

Foreca$l of usage of materiels in food and beverage packaging 
shows gains for plastics ( 8 ). 

Materiel 

Steal 
Glas~ 

(i l um 1 n•..i:n 

Pla::.t &c::: 

Growth rate C1983-93l 
(% ye.:,A) 

- 6 

+ 8 'c; 

":) 1 :51J1;p,,;ests that tt.~ rl' Jr ~- '. ': ·,. h:.; . e 
t '.e f .. :od p.;.,.-.k.;i·._i in•j 1,-ll I l 'I c·~ r:.'.;: t L ... ,. ~ '' •.. ! !. 

•. 1-;., ,,• - ... 

·-· .. ·-~ _. : 1 r ~ .. ,, 
. i: . . 

T • .• r r 1 l ! r.:· 

t r .'J di t i ona l 
n , t · , .. '·- !In d be ve r a g ~' s i n du s t r i e s 

~· t · , : , ' .. " ' r -; .:i t. i l i t. y a n d b r o .::1 d r .l!I n g e o f p r ope r t i e 5 • 

:. 1r • •·- 1-11.:dyrners ar·e or·ganic polymers displaying the abi I it:y 
t.o rest.rir..:t. t.he pa'.;)5a•:c1e of ga~es, ~1apor5 and orgar1ic liquid5. 

The'.3e po:Jl~rner:s 1A1hen ue.ed alone or ir1 combination with other 
polymer:s ur material~, provide an efficient. and economical 
method for the ~ack.a91ng and 5helf-life exten511.rn of food and 
Leverage!.. 



The b.:ir-rier polyroers are expensive , and by themselves, 
usually are not strong enough to provide the needed physical, 
environmental~ and thermal protection for packaged foods. 

Very thin ldyers of expensive high-performance materials can 
be coe~truded with other less expensive materials to 
incorporate specific properties and optimize the contributions 
of each component. 

Speciality 
composites 
requirements 
, barrier 
r·egu 1 at ions. 

films and their coated, coextruded and 
are well suited for meeting the 
of food items in terms of processing , 
properties, consumer appeal, and 

laminated 
packaging 

protection 
goverment 

The most important properties required for packaging include : 
transparency, ability to heat seal, moisture proofness, 
printability, flexibility, chemical resistance, grease and oil 
r·esistan1;e, good tear resistance, ease of working on 
wrapping-machines, resistance ~o flexibility, chemical 
resistance, resistance to sunlight , low or high permeability 
to gases according to the product being packed, plasticiser 
stability and non-toxicity. 

Not all these properties are e~sential for any 
pur·pose. Selection of the right materiel for the 
application is necessery. 

p.3rticular 
particular 

Severdl barrier polymers are on the marJ<et and they include : 
poluvinylidene chloride CPUDC> , copolymer of ethylene and 
vinyl alcohol <EVOH), polyam1de (Nylon 6) , polyethylene 
terephtalate CPET>,acrylic imide, modofied polyvinyl alcohol, 
polyacrylonitrile (PAN) .. 

FOOD PROCESSING 

Controlled - atmo5phere packaging ( CAP J and a~eptic package 
have contributed to the revolution in food packaging. 

Controlled atmosphere packaging is employed with food products 
that are sen~itive to oxygen or are degrad~d by bacteria, it 
thus tendi:-. to rep hce packing of produce pre~er·vat ion 5ysteme.. 



.. 

In the CAP process, the container is filled with the food 
product, and the dead space i5 then flushed and filled with an 
optimized mixture of gases (nitrogen, oxygen, and carbon 
dioxide) designed specifically for the food product so as to 
kill harmful organisms and to maintian freshness. 

A coextruded multilayer film is needed to retain the 
controlled atmosphere . 

Fur example CAP is used ~o extend the shelf-life of cooked 
pasta to nearly a month. Vegetables packed with CAP do not 
have to Le packed in ice. These packages are easy to handle 
when they are used, less weight is shipped, ~poilage is 

reduced 20 - 30 % . 
In the aseptic package, a sterilized containar is filled 
with a sterilized food under aseptic conditions and is then 
sealed. Thi~ process allows foods to retain their color, 
texture and nutritients. Foods processed aseptically achieve 
~~unrefrigerated shelf-life of a year or more. 

A cost estimate for juice packaging, shows the cost of plastic 
aseptic packaging to be about one-half that of comparable 
glass or steel packaging <10). 

Several areas of growth opportunity and innovation include 
strong increase of PET bottles; new markets for mdterials for 
bottles,film, and sheet; multilayer packaging for shelf-stable 
alternatives to metal and glass containers; dual-ovenable 
tray5 of cristallised polyester CCPET>; coextrusion 
technology; e)ftension of coextrusion to blow mold1ng arid 
inj~ction, adapt~tiun of high-temperature resin to container~; 
and strony marketing pull for plastic packagag1ng. 

Continuir1g development of coextruded film and sheet structures 
from combinations of high performance polymers with low cost 
pulyrner·s and improved adhesive ~sins will e)l.pand the 
m~rket oppor~unitie~ for pla~tic~ • compet1t1on with other 
ruateri~l~. Ea5y cumbination of many layers and a better 
u n de r s t and i n y o f ~ ~n e r g i s t i c be ha v i o r· i n mu l t i l a ye r f 1 l m a r, d 
$h~et will also ledd to n~w ~pplicat1ons. 
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