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delivering regylating substances. within their own tissses (Wilkins, 1982). In
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Benddo, 1977) bave boen derlved from plants aid a further siep fn improving
their use may lie in exploiting similar delivery systems as exist in marare.

In coasidering the roke of future pest control agenss in the coming second
greca zevolution, & gradual change (green evolution?) could be more approprite
“Conventional* pestcides will continue to have an important and crucial position
while newer biorational materials will be gradually Introduced, as they ae peoven
1o be field effective. Contralled releass technology can offer improvements in the
use of the conventional pesticides o well &5 facilitte the performance, and this
inirodustion, of the new classes of pest control agents. Thus by emulating plants
in this respect, the introdiction of biokogical controls will be made that much
casier, Biotcchnology muy bave o place hera in the production of new sctive
agents, new microbials und abio in the development of biodegradsble polymers
for formulation purposes with better. release kinetics

In considering the application of conirolled release (CR) technologies to

agrieultuce, the scrnal mode of action of the active agent i Jess fmportant

that other factors, Thus, the active agent cookd be a nutrient, *coaventional”

pesticide, an attractant (e, pheromone o food bait), 1 hormone, an antibiotic

or 1 micro-arganlsia. The principles of contsolled relesse remain the same for all

actve ageats delivred and she posenial benctes wil Jemd on use factors (ea.,

i beoretical backgroand

supporting the use of CR and the potenrial benefits in lmpnul agriculiure arc
discussed in the following sections

Principles of Contralled Release in the Tropical Euviroument

AlL pest control agents, and forunately most organic materiak, both natursl
und sythedle, decompose ar characterbstic rales under warious environmental

condiiions. For plant and animal prorection the persistence of the active agent
at the target is of erucial importance. Many environmental factors efect persistence
including drift and manoff (during application) and degradation by light and
microorganisms, Jeaching, adsorpiion, evsporation and diffusion sway (sbscqucat
v application). All of these loss mechanisms reduce the available active agent, ar
# rate often dependent on it concentration, which dcfm its halflife (Hartley
and Graham-Bryce, 1980). The Josses are gaeatest for materials of sbort half-lives,
and to obain ressonable periods of control from such materials requires the
wpplication of high dossges. Tn this respect, the persisteat otganachlosine pesticides
are very eficient; suffering small Tosses. from the orlginal concentation applied.

For shert lived materials the application needs to provide a roservols which
will malatsin & minimum dosage st the wrger. The time scale can vary sccording
10 the specific situation, from bous w0 years. 1 this minimum concentration at
the urget could be maintained from a source without incressing the amount
frecly wwailable, then the Josses (which pow depend on this minimum con-
centration) could alko be minimized. Making this assumption, these minimal losses
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can be calculated (Allan e ., 197)1 For u pesticide with a short halfife of
15 days o typical comparison would be.

Desration of conrol Amooss needed Amognt nsoied
converalonal applicarion comiimnous delivesy

{dap), e/t

50 10 33

100 100 56

150 1000 78
knul:uﬂlhlth:!mm:udf grester for longer

i abo bigh, for a fixed period of control, Under moss tropieal agricultural
, where temperstures e higher than for temperate aoncs, the halklives

i cifcrtive persimecocica of peticides nee careallsd, Thas, the podsible benefis,

in terms of efficieney, from the ioduction of CR w the tropics could be
enormous.

Otber Benefits Relevant to Tropical Agriculture

The priacipal cbisctive of CR i to todoce ambient concentrations and thas,
losses. Expresied ut a different way l'hn mcans that a fixed amoont of an lni-:

s group of sciive agents tw have o futire in cop protection. Orher short-
lived imecticides, such ss the juvencid bormones, have been Introduced to the
market in a CR form (eg., methopeeoe as Altosid 105R), although mainly for

alio means that Jess active agents could produce the
mmm (i crop yiekls) a5 compared to conventional formolations. This
fia been: demonstrated foc crrtaln praticides wuber tropical conditions (se below).
In some cases dramatic improvements in selectivity crop plaots,
poarget s or haman operators) are produced by wsing CR. technology.
This can be the main motive for commescial usage {as in cormain uses with the
microcncapsuluted methyl parathion) (scc Kydonjeus, 1980). Sclectivity berween

“erop and weeds can be improved (sce belrw), Tn the case of tosic pesticides,

the potential for sbuse, whea the pesticide may be used for nonrecommended,
‘pon-agriculural, uses.
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Controlled release implics a formulation that ¢an prorect and release with 8

mechanism simed to provide the optimum amount availsble ¢ the target over &

period. This usually involves pofymers, #nd. the relessc kinetics are dependent
the microcnwironment of the device. Formulation types are normally divided

fnto chemical or physical. Within the economic restrainis of apriculture, particular-
Iy in the tropics, the mote costly chemically-bonded pesticides ure 100 expensive.

the US EPA considers this type to be a novel molecule, althongh in the
bound. form i possesses no binlogical acivity. wm the exception of sysicms
that are based on crosion o sivietly heterogenen ! the release
S8 i e e ARt G v e oo
of an aqueous eavironmental solution.

1. Reservoir systems with o rute-contralling membrane

Microencapsulation produces 8 thin palymeric conting around solid pasticles,
draps of liquids or d\'pcumm of solids in Hiquids, with the size of the reslting
caprules ranging from less than 1 jum to scven thousand (Bakan, 1973). The
of microencapsulation can be based on plase separation ot coaceryation, but

interfacial reactions in emulivas or dispersions are more practical for agreultural
applications. The wall comprises 3-30% of the formulation and the release rate
can be varied by adjusting the microcapsale particle siee, wall thickness and
permaability (Seher, 1977). The rate of diffusion through the wall membrane

s on the concentration gradient scross the membrane, the surface arés and
the dhickness of the wall (Fick's Laws). & comtunt. relesse gate is possible
until the reservair starts to become exhuusted. o practice, this rute is pot nsually
obnerved and rates dectensing with time are common.

Another peservoir system Is the laminam, in which 2 or 3 polymer films
are adbered of laminaved together. The cemre layer contains the reservoir, and
diffuston through the barrier layes s regalated by ihe some principles s before
(Kydonicus, Smith and Bewoes, 1576), This formsulation iype cao be' prepased

in sheet form and may be redoced to small “conferi® pieces. Duc to sise
Nintagons, his .m0t speapdble; bt s sitable foe vapoar seéuse. Otber
membrane controlled types similr 1o the lmingte sre now available.

=l

2. Reserooir systems witbout & membrane

s group inchides hollow fibres, impregnation in poroas plastics, foams
and !ths {Ashare, Brocks and Swenson, 1973). Hollow fibres are useful for
the release of volatiles (Brooks, 1980) such as insect pheromones. The rate of
rlase s conrrolled by diffusion through the vapour layer above the Tiquid
surface, As evaporstion continues the d\lhﬁm path fncreascs and the amount
released varies with the square root of
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3. Matris: system.
| T active agear may be disolved o dispersed i an inert polyimer 10 give
mattix or monalithic structore. Polymers or chtomers compatible. with the
mmmnd.udn1wdrm-mmmmm.¢
e 10 prepate, Release occurs dnitially from the exposcd surface and,

 hetive sgent difuscs out from the interior.
wmwmmefw:mmwm 174). As a ronlt of the
ssd sconomy of the matrix approsch,  wide range of
developed,

boadiag
mma, wagm!f Inactive bul au setve. w can be released by hnkm.
the specific which ateaches it to the substrate polymer (Allan ¢t of,
1), This approach )- limited 10 those active agents which have at least one
waptiate functioasl group. Al the polymer must be suitably reactive. Release
can be by abiotic hydrolysis, but the fastes rate would be by microbial action. This
miechanis peovides an covironmental focdback”, as celosse oceurs when bio-
Kol and ot pest, activity s grosest. In penesal, the rate of release depends
* on the type of substate polymer, the degree of subitiution, the nature of ihe
chemical bond and environmental conitions. Release usually follows firsvorder
This spproach o formalition is weefol as many sgticultural. wastes and

uu., can be wed a5 substrates o formulating maerials (Jagtap et o, 1983),

ArricaTions ™ Tromican ASRCULTURE:

OF all the possiblc applicntions of CR (exerpt the rapidly developiag area in
ticals) those in tropical apricultre may hold the greatest poteatial. As

distiact and allow: the use of more desizable pewicides,

ﬁu the ohvm el'k(\lw:ml of these wubstances, Thas, adoption of this

Wpproach i morc urgent for tropical agriculture {and other related ficlds) than
cweresponding remperate simatioas.

As In the cooker parts of the world, environmental conditions vary from time

i and with precise location. Tl.el:tm‘mv-umwd-dd:leddhﬂvplbv
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thar some of the simpler (and cheaper) types may. perform as elficiently. as-the
wore sophisticated.

To_conclude this presentation, some areas of potential in the wropics wil be
comsidered, and where field suudies have beea dosumented, these will be incloded.
Prcfezably, such work should be concinued over many. seasons o confirm the per.
fotmance under difeing agricliral condions, bt ki is difcalt wihon 4
commercial fntercst, In this eveat, the (nformation is ususll

Sprayabie Systems

Due to the compatibilisy of microencapsulated formulations with conventional

bydraulic spraying, this has 10 date proven to be the moyt popular approach for
sgricultural .;;-dwminn- of CR. Commercial producis range from insocticides
feg methyy] para

), inscct immm for mating distuption of
I

E’

, Penncs
1 ‘cotton, Ballver {Retiont)
10 plat growth regulators (CapCye,
spaiog ity b o i g seopies, the larger farming enterpr
are equippad and i 10 be the acca where CR il be sk up istally.
They will alsa be sble 1o nhy)rb the extra costs associated with specialized
formulations.

Where wam nd diy st condiicns petsit, the e of special formolations
that form . the microcuprules doring spraying, “inflight” cocapaulation, could be
appropriate for the tropics. Microcapsules, with sticking sgeats, are suitable for
foliar applications as well as 1o the soil i
pesktence (o the cuder of wiska) foe 2

ing, chemicals, such 43 pheromoncs, antifesdants or repellents (Campi

Other. sprayshle methods include film o¢ continuous polymer systems, Ex-
periments with # special ltex designed 10 form a film on follar or sell surfaces
have shown physical persistence on young coconur palms in the Phillppines up
o 3 months, without plant dumage (suthoe, unpblished work). The latex is
formed from  polymer blend with u variable sobubility pasametcr, 8 polymeric
coreleaser and the active sgent, designed 1o provide estended release. Emmulsified
pobybutenes can be wed 1o excad the elfective penitence of pyrethroid
Kbl (gkihhs poun o il e o Tash Ch it
10 be uselul in fungicide use in the tropics in this way (Coupeic, 1977).

3

Contralled Releaze Gramics

The wie of conventional granales for herbicides and insecticides is popular
hese formulations cin be applied by band, with no noed for

dscoostant mainiensnce. Granules provide an excellent
x types, which may be cheap to manufscrure.
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dherbicides, soil and systemic Insecticides, nematicides and ‘m\pﬁdﬂ Further
fceeases in targetiing efficiency can be achicved by into
poecision tion. methods, a1 wed in Busopean farming Homw«,
B i i . gl e o S ol
ate few CR granules commescially weailsble at prescor. Most notable
G & thermoplastic exuuded granule containing 14% chlorpyriphos for use in
plant sugarcane against cane grobs (McGuffog, Plowman and Anderson, 1984).
This formulation will rebesse for ar Jease three yeurs and protect the oot from
attack over muny cropping seasons. This type of CR allows the replacement of
arganachlorines (wsed widely in the tropics for soil insect control) by a shortdived
argamophosphate.

Relesse from hiodegrdable granules, based on foresiry byproducts, especially
etafe Hgnin, has been studied in desail by the author. This polyimer, owcurting
extensively in plants, has an smorphous aroratic structure, and bence i 1n excellent
prowectans. Tt csn form & i with masy active agents and releases mainly
hrough diffusion. Granales based on lignin, containing carbofuran, have been
fiekd trialled in tropical flooded rice with the eollsboration of the International

Research Inssiwute (Philippines), of MARDI (Malaysia) and SURIF (Tndo-
sesia), and supported by the Tropical Development and Research Tosticute (UK,)
ater aboat $ years, Depending on the situation, el trsls have shows Increased
gmain yiekls compured to the same dossges of conventional formulations, which
sipports the concepr of incrcased: efficiency of CR. (Wilking er o, 1984). Brief
derails are in the Table.

Purticle size and geometry are important snd larger “granules” can provide
extended protection for more permanent crops such as planation and forcst fsees.
For example, thermoplastic formalations of short lived sysiemic insecticides placed

Field ovalustion of carbofurs foemalations. oot zo0c
applied in rice (IR22) at snsplanting. dry season 1981,

Feemuibaion Trate Profostive Virus Grain.

o/ llen/hl (1 vied
(51 days. ser /e

eaniplesing)
CLF 45 (CR) 15 213b 109¢ 39%a
CLF 45 (CR) 03 056 L10¢ 5500
Fusndan (conventional) 1.5 2025 062¢ 575
Fomdan (comventionsl) 03 17.2¢ 23006 3566
wntrl 0 154k 63423 221¢

I . cobiema, s followest by & common beves are ot Vgnlicantly Glfercer w the 3%
fevel by DMAT.
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i the planting hales of mabogany secdlings, in Costa Rics, have given protection
for up 1o 2 years agsinst shootbaring lepidopters (Allan, Gaea and Wilking,
1974), Tn teopical herticaltural simaations single plant tecatment with

enclosed CR formulations has increased the petformance of pesticides and fertlizers
dramtically (Peregrioe et al., 1981)

Consrolied Release Baits

Baits otn be very efficicnt in tome pest control simations and improved
selease Kinetics of the atiractant can optimize this appeoich and aleo allow more
ecologically subele metbods. An eximple could be similar to the use of the
insecticide methoprene, against ant colonies, with the wic of a bait. CR forms
of growth regulatoss, fungicides or antibitics could be used in baits apainst pests
sush s= teamizes, which are not very amensble to biological cantrol.

Ideally, the active agent would be seleased within the pest body of in the
nest area. Resintance s unlikely with sctivity disccted against the worker/soldier
castes.

Microbial Pesticides
Many mictobial pesticides (used mainly against insccrs,

Humid conditions are needed for s
i 1 o il
as been achieved in encapaulation

pradstiainde

s
S sy,

Contralled Relesse and Livestock

Protectien of livestock under tropical conditions can be much more cffective with
CR icchaology. The frequent trcatment of grazing animals is coly, often difficlt
end not shvays efficscious (e., in dipping, the bach is often depleted but we
ues). CR techpology has alceady demonstrated dramatic improvements agsinst
taving flies and hormworms through plastic cartegs, Scasondong control can be
obtsined from a single treatment. However, the very efficiency of the technique
has led o resiscance in certain areas. This has given suspicion that the end of
the releamse profile, when subsleihal concenirutlons of the insecticide were prescat,
sugmented the ciergence of ce (Miller, 1985). This cbservation stresses
the importance of the correct teleme charscieristics In asy formalation, and
curremly improvements are being made in these cartags. Alihough CR has. boen
secn as desion resistance mansgement, this nevd not be the case, snd CR
can be wsed (o avercome resistant insects. For example, micrencapsal
can control resistant cockroaches bocause of the tngouting efficiency of a single

o

e delivery methods can be wied on lvestock. With ruminants, a CR
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bolus can be used to deliver trace minerals, growih siinalasts, anthelmintics and
agents against dngbreeding ectoparasites, as well us systemies (Laby et al., 1984).
CR formulstion can give
protection for extended periods. These pharmaccutical techniques rely o the
seable iniernal cavfsoament of the nimal and wwoid the ransbom vasiation of the
opsa.

Reduction in Hemards

OF pasticular Tmportance in the tropics is the safe haoalling end application
of the mote toxic insecticides (plus one or two herbicides). This is largely o matter
of truining asd education but an advantage of CR s that these huards can be
reducod. Accidensal or intentional ingestion is lews likely with gramules nnd even
Hquid CR concentrates would bave Jowered aral tovicities compared with con-
veotiona formulations. T addition, such formulations are also Jess Tikely to be
s fioe nomrecommended wses. Paper and plastc sacks can be wed for packaging,
thas reducing costs and the poteatial rewse of the contsiners, 35 Is the case for
metal drums.

Manfacture of Controlted Release Formiations

Tn general, CR is based on the use of polymers, although otber marerials such
aa iy or coruain inorpane glasses (which can alio be conshicred w3 inorganic
polymens) are used, Thas, local formulation £ developing countrics may depend
oa & polymer industry base, Howeves, most tropical countries have an sbundaie
of polymers as wastes oc byproducts of agricultural snd forestry or otlher processing,
i these can be wsed fn certain formulation types. The usé of such raw materials
for CR has boen emphasised in the author's work, especially the usc of Higno-
cellulonics, Lignins sre avaikible from the pulp and paper industry wnd are
normally barnt as process fuel or discarded. For formalation 2 portion eoold be
diverted and isolated. Less processod wastcs, such a3 bagasse, straw, rice husks,
colr, eic. could also find & us in some types of CR formulations.
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