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Since the introduction of plastic film in the 1930s ard 1940s
for gr=2enhouse covering , fumigation , wmulching, etc,

agricultural application of poulymers have grown at an

increasing rate,

Mumerous technical breakthroughs 1n polymerisation and
processing lechniques resulted i1n compositions and properties
desigried for packaging, agricultural and industrial

appiications .

ALl principal classes of polymers such as plastics, fibers,
coatings s composites, water soluble polymers, barriers
polymers , are presently wutilized 1n applications which
include greenhouse covering, mulching, windbreaks, nets,

silage , farm buildings , tubing, piping, drip irrigation,
photodegradable films, controlled relea.e of pesticides

tertilizers , growth regulators, food packaging and many other

uses.




11 -2t vyYMERS I N AGRILCULTURE

fi larye number of pulymeric materials has been tested for
agricultural applications, including celluleses, rigid and
flexible polyethylene, polyvinyl chloride, ethylene - wvinyl
acetate (E U A} copolymers, polyethylene terephtalate,
polymethyl methacrylate , polycarbonate, polystyrene, styrene
- acrylonitrile copolymers and a variety of fiber - reinforced
composites. Plastics can be used through applications such as
greenhouses, mulchings, silage, wind protection,etc.

Requirements within the greenhouse are :

Transmission of sclar radiation to soil and plants, retention
of reirradiated infra red eneryy at night, insulative
capacity, wultra-violet stability, fungus resistance, carbon
dioxide and water permeability, weatherability and of course
cost.

To mz2et some of these requirements , special films such a3
ultra-violet or long-life , anti-mist, thermal, anti-fog films
have been developed.

The plastics wused for mulch films are generally liw density
polyethylene, polyvinyl chloride, polybutylene or copolymers
of ethylene with vinyl acetate. The mulch controls radiation,
so1l temperature and humid.ty , weed growth, pest infestation,
and  the degree of carbon dioxide retentiun, tulch - grown
crops mature faster and yi12ld are increased. Fertailizer and
water reqguirements are reduced.

If left 1n place, conventional filme con cause problems during
trarvezting  or durirng cultivation operations the nevst  year,
Femoowal  and  dizpusal are costly and anconenient., Therefare
interest in the developrent of photodegradacle 3y
biodegradable falms with shert lifetime. hos Gr G,




Most of the sunthetic polymers on the market are not
biodegradable. Attempts to develop new biodegradable materials
have centered mainly on:

- Synthesis of nowvel biodegradable polymers.
- Mudification of natural polymers.
- Synthetic 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.

The wuse of biodegradable additives and the modification of
synthetic polymers are approaches which have been tried with
fair success.

Polyethylene mixed with starch bas been used as a
biodegradable plastic. Polycaprolactone can be tailored for
the slower or faster rates c¢f degredation .

A polyester produced by microorganisms 1s said (1) to have
excel lent properties as a plastic with very good
biodegradability, biocompatibility and optical activity. At
present this plastic is very expensive. Its price is 3 to &
t imes the price of gener2l purpose plastics such as
polyethylene and polypropylene. At first they are expected to
be won the market for relatively expensive products such as
stitches for surgical operations or as bune 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
focused on the controlled release of pesticides , and
nutritients,




FOLYHMERS FOR HTROLLED RELEASE OF ACRICULTURS:., CHEMICALS

Controlled release concept 1s a combination of biolougically
active chemicals and polymeric materials arranged to allow
delivery of the agnet to the target at controlled rate over a
specified period of time.

Ouring the last decade, the use of polymers Ffor controlled
release of agricultural chemicals including pesticides |,
pheromones, growth regulators and fertilizers has been very
important.

Pesticides leaching 1nto 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 their
residues enter the food chain ( 4 , 5 ) and pesticides with
short-lives have been i1neffective in controlling pests for a
prolonged period.

With some pesticide systems , 60-99 X () of the wuseful
chemical activity 1s lost by various mechanisms including
photo-decomposition, evaporation, leaching, microbial
metabolism and interaction with non-target organisms.

To compensate for losses , these biocides are commonly applied
in amounts far in excess of that required to assure sufficient
ctontrol of a particular pest for a long period.

When the aciive agents are delivered by conventionel methods,
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 munitored.




Figure (1 } cumpares ihe weloccioe o1 a pulyweric controlled
relesse  pesticide (Curbe &0 w.th the onventional formulation
teurve A).

The arca becweon curve o e B rep csonts the fraction of

prsticide wilnout serving any w.cful , irpuse and shuws clearly
how much room eri1sts fur mpros went 1. application techniques.
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For many years scientists have dealt with biclogical problems
by designing new biologically active agents.

The use of these agents to produce the desired biological
response 15 often 1nefficient because of 1nabilities to
deliver the agents to thier target at the prcise time and 1in
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 ayents. One way to accomplish these objectives is to use
contrclled release formulations.

Within the last two decades, there has been a remarkakble
interest 1n this type of dosage form for substances ranging
from drug to chemicals,

’

This has been due to various factors including several side
effects of counverntional 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 dzlivery technolgy.

This technology activated the interest and attention of
several professional groups including chemists, biologists,
agronomists, entomologists, pharmacologists, wveterinarians,
dentists and physicians.

The principles of controlled release technology have been
applied to sevaral bivlogically active materials including
pesticids,fertilizers, pheromones, growth regulators and
pharmacenticals.




Bdvantages of controlled release systems

The ability 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.

Table 1

fidvantages 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 1nto streams
* Reduce evaporative losses and flammability <f liquids

* Reduce pesticide contamination of the environment

* Ecuromical because less active material 1s needed

* Reduce the amount of chemical wasted

* Control the pest population more effectively

* Increase chemical and physical stability of active ayents in
exposuyre to environment,




Limitations of controlled release systems

The advantages of centrolled delivery systems are remarkable,

however they must be weighed against their potential
disadvantages before large expenditures for development work
are committed . Some of these disadvantages include : Cost at

preparation and processing , environmental impact of the
polymer degradation products , and special equipment may be
necessary for application.

Cuntrolled release mechanisms and rates

Controlled release polymeric systems are regulated by the
mechanismes and rates of the system used. The mechanisms are

divided 1in : physical, chimical and eroditle systems. by the
polymer matrix. In physical system, the active agent is
dissolwed, dispersed, ar encapsulated by the polymer matrix,

The active agent release 1s regulated by diffusion processus
ar by bioclogical or chemical break down of the matrix.

In chemical systems, the active agent 1s part of the polymer
backbone or attached 1o the side chain of the polymer. Release
of the active agent results from biclogical cleavage of the
bond between biocide and polymer.

Erodible seystems coumbine physical and cal methods in which an
active agent 1s uniformaly dissclved or dispersed in a polymer
matrix which can erode.

Erosion of the malrix can occur by several mechanisms which
include :

al hater soluble polymers insolubilized by hydrotically
unstable crosslinks,

b) bater insoluble polymers solubilized by hydrolysis
reactions of pendant side groups ,

c) Water inszoluble polymers solubi1lized by backbone cleavage
reactions.

Feleaze by erosion of a polymeric system 12 a surface area
dependant phernomenon,

In Table 2 are listed polymers used in controlled releaze
formulations (2 )




Jable 2 : Polymers wused in controulled release devices

Naturel poluymers

Ethylcellulose
Bark
Methylcellulose

Sunthetic evlastomers
e

FPolybutadiene
Polyisoprene

Neoprene

Polysiloxane
Styrene-Butadiene rubber
Si1licone rubber

Cunthetic pulymers

Polyuingl alcohol
Folyethylene
Polypropylene
Folystyrene
Puslyacrylamide
Polyures

Epoxy

Ethyl vinylacetate copolymer

Polyvinylidene chloride

Propylhydroxycellulose
Kraft lignin
Matural rubber

Hydrin rubber
Chloroprene

Butyl rubber

Hitrile

Acrylonitrile
Ethylene-propylene-diene

Paolywsinyl chloride
Polyacrylate
Polyacrylonitrile
Chlorinated polyethylene
Acetal copolymer
Polymethylimethacrylate
Polywvinylacetate

Polyhydroxyethyl methacrylate




Tablile (F) lists veterinary and agricultural applications (7).

Cheice of a
agricultural

conditians, desired
application.etc...

The nature of
temperatures,

combination processing,
are very 1mportant.

Table =

ani the system

agent depends
release rate,

poelymer, melting‘ and

release of an

cost , seasonal
duration, formulation,

glass trapsition

agent compatibility, stability of the

shape and site of the final product

fAgracultural amd veterinary active agents utilizing

contrulled reiease

Algicides
Analgesics
Anthelmintics
fntimicrobials
Bactericides
Chemosterilants
Cisinfectants
Fumigants

Fungicides
GCermicides

HSrowth regulators
Herbicides
Insecticides
Insect diets
Juvenile hormones
Minerals

Nematicides
Nutrients
Repellents
Pheromones
Viruses
Uitamins

The ab.lity of polymers to meter active agenvs at controlled

and reproducible
signiticant benefitz over
Several controlled
production ( 2 ).

rates for extented
conventional methods of applications.

release systems have reached commercial

Ferionds provide
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The traditional materials such as metal, glass, paper and card
board arz2 nuw being subtituted by plastics everywhere.

Forecazt  of usage of materiels in food and beverage packaging
shows gains for plastics ( 8 ).
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Carc ec o polymers are organic polymers displaying the atiility

to restrict the passaye of gases, vapors and organic liquids,

Theze pulymers when used slone oi in combination with other
polymers owr materials, provide an efficient and economical
method for the packaging and shelf-life extension of food and
Leverages.,




The barrier polywmers are expensive , and by themselves,
usually are not strong enough to provide the needed physical,
environmental, and thermal protection for packaged foods.

Uery thin layers of expensive high-performance materials can
be coextruded with other less expensive materials to
Incorporate specific properties and optimize the contributions
of each component.

Speciality films and their coated , coextruded and laminated

composites are well suited for meeting the packaging
requirements of food i1tems in terms of processing , protection
’ barrier properties, consumer appeal, and goverment

regulations.

The most important properties required for packaging include :
transparency, ability to heat seal, moisture proofness,
printability, flexibility, chemical resistance, grease and o1l
resistance, good tear resistance, ease of working on
wrapping-machines, resistance to 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 essential for any particular
purpose. Selection of the right materie]l for the particular
application is necessary.

Several barrier polymers are on the market and they include :
poluvinylidene chloride (PUDC) , copolymer of ethylene and
vinyl alcohol (EVOH}, polyamide (Nylon 6) , polyethylene
terephtalate (PET),acrylic imide, modofied polyvinyl alcohlnol,
polyacrylonitrile ( PAN) ..

FQOD PROCESSING

Controlled - atmosphere packaging ( CAP ) and aseptic package
have contributed to the rewvolution 1n food packaging.

Controlled atmosphere packaging is employed with food products
that are sensitive to oxygen or are degraded by bacteria, it
thus tends to replace packing of produce preservation systems,




In the C A P process, the container is filled with the food
product, and the dead space is then flushed and filled with an
optimized mixture of gases ( nitrogen, oxygen, and carban
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. Uegetables packed with CAP do not
have to be 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 1s filled
with a ster1lized food wunder aseptic conditions and is then
sealed. This process allows foods to retain their color,
texture and nutritients. Foods processed aseptically achieve
<n 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).

Sevzral areas of growth opportunity and inngvation include
strong increase of PET bottles; new markets for materials for
bottles,film, and sheet; multilayer packaging for shelf-stable
alternatives to metal and glass containers; dual-ovenable
trays of cristallised polyester (CPET); coextrusion
technology; extension of coextrusion to blow molding and
injection, adaptation of high-temperature resin to containers;
and strong marketing pull for plastic packagaging.

Continuing development of coextruded film and sheet structures
from combinations of high performance polymers with low cost
polymers and improved adhesive *sins will expand the
market opportunities for plastics . competition with other
materiale., Easy coumbination of many layers and a3 better
understanding of synergistic behavior in multilayer film and
shezet will also lead to new applications.
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