of of
for Pest Control

TsermopucTion

Apth:lnml Honstackoy oty I oo - w sgriculiural mdnlhﬂ
modenisation of sgroccosysiems is based malaly on
udn e techoology integration, high level of q-m
invenment, 1nd ripid tochinology traméer aad commercializaion.

Todsy the range af bintechnology rescarch and. dmhpmm in agriculture
s covering almost all o and cop management activitie,

A a consequence the agticaltursl progress pattern i shifiing from a lineas
‘10,48 exponcntal manner; this necessary change implies an increase in production
eficiency (based on accurste measares of Inputoutput ratio) nd efforrs e cvak
wate environmental, social and political ismpacts.

So e g exsnds applicion of Bowdwiogy 1 mockes wetern
agricaltare has not to be regarded s o model for the developing countries where
the sgriculural mmmur.m-ﬂmxummh
spstemn (Bray, 1982).

There ix a lazge pumber of aress where biotechnology - contribate o

coummries; plane production and plant protection, Here ooly the hiotechsology

application sclated to this laxt ares and limited o pest comrol area will be
disesscd.

This paper will fise beiely seview the saus of research amd developenent
<ontidered of most penersl importance. Then it will examine
e pomsibility of applying these technigues in relation 1@ the liesysicm of pest.

e e T
174) Prereniod st the “To

from Chemical 1o New mmnmm.hh A.am-w- -:.erm..., et

Sepeeiber 1984)
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Fially it will attempe 1o view their sppeopriste use sccooding 1o the pest ecalogical
situation in the environment.
For more appropriste refereices on pest watrol bistechpology the following

examples represent a tich arsay of Information (Kirsbbaum, 1385; Klocke, 1986;
Puyai, 1986; Plimmer, 1985; Schaciderman, 1964; Whiten, 1985; Young, 1986).

Reszanci axp Deverorsest oF BoTecioLoce

The arca of planc protoction offcrs some enormous, challenges to biotech-
sology, the implementation of which promises to develop powerdul control fools,
mudifying, dramatically the agriculiunal practices and protecting efficiently wide
cubivated and forest areas

gure | summasizes the current rescarch and development in this area.

1. Bioengineering.

Impoctant. aseas of Investigation should include:

— development of remare sensiog techaique for agricalrural and forestry
moaitoring, i teces of spatial wnd temporal resolution, to reduce cost of pest man-
aging inforeoation;

BEHAVIOUR

b smatanica
raclart 8. rpalerts

“entrrents

rrestions
malsnts

et grewin requistses
~satural pradocts

12 plant Seveding
“gesetia engiretring

" ecstors & paromiteise
BEST GENETICS ~ormbiam
5.l fnaect tachoito

~getetis s

~iysrig serility

Biscombinant DNA tochnology

Fig. 1.« Syoopsis of maln sesessches & spplicationn of biotechnologics to esoesol pests.
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— design and development of microclectronic faciltics for detection and
densification of peat spocies in the environment and stored prodcts;

— immprove pesticide spplication technologies 1o bring cconomically and effi
ciently the chemical product inko comtact with the target pest.

The importance of this techology has been underlined by Pimeatal and
Levitan (1986), who cutimated that Jess than 0,1% of pesticides applicd in the
u.w Stes teaches. the targer pests while over 99% of them, aboar 300
millon k., move in the coorystem,
— design and development of technique and facilities vo mass rear, transpart
and relesse useful insects and organlams.

2. Bebavions

The research apd development of behaviour modifying compounds have
made considerable progress in the identification. and formlation of speciesspecific
pest control products. Among these sre:

— pheromones, wuch a5 sexul, mail, alere;

— attractants; deterrens (ie, foeding, oviposion deterrents);

— arrestants, stimulants.

Currenily the siractants and pheromones have a major role i pest man-
sgement and can be used fo:

— monitor and sarvey pest population;

— maetnap;

— lore nad Kill, in combination with insecticides, pathogens and baiis;

— disrupt the mating system.

“The efficacy of these products is continually improved by new formalition
mology.

‘Although the wse of behaviour modifying compounds requires a good ecolog-
il pest koowlode, they offer grest promisc in ineegramed pest. mnagemens
Programes (Plimmer, 1983).

3. Biochemistry

Advance knowledge of plant and insect biochemistry associated with modern
inssrumental techniques has contribueed w develop new envimmmentally sccep-
“table pesticides. Among these are:

— sect growth regulators (IGRs) such as: benzoylphentl wrea analogs;

— naurally occurring plast insecticides, such as: Pyretheoids, Rotenooe and.
Rotenaids, Nicotioe, Nelsobutylaides;

— new biological insecticides based on neuropeptides.

This £ield of biotechnology indicates a parentially new  approach to and

i in pest contsol.
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4. Bislogical control
The incressing knowledge and application in this ares are making revola
tionary advances in inset, disesse and weed control, The major progsess of this
biotechnological development in pest munagement are:
& Mass reating and relesse of parasitoids and predavors to blocontrol insects
ond mites.  Currenaly interesting developments in this sector are:

utiization of artificial diet 10 rear these insects (ic., Trichogremma spp.
in China);
— employment of behavioural chemicals to augment the effoctivencss of
ey
genetlc improvement of predators and parssitoids, and of predstary
mites resruine 10 pestcides.

S

b, Use of microorganiscs for insect biocontrol. A wide range of naturally-
occurting micropathogens, and parssitic pematodes have been wed and commer.
clally produced

Advance developmental biotechnology In this field inchude:
imprveimens of femmentaiion ishaology 1. produce bacserial and fangal

)

— desclopmen of formelation spstems 1o protest and delives the bioin-
secticides in the environment;

— genctic engineering 0 produce more virulent strains or fo exiend roxic
agents against a broad range of pests, or 1o encode the protein toxin gene
Baciliay tharingiensis into sl micoorganisms 1o protect the plant roats from
inseces (micrebial pesticides)

5. Pert genctic control

Tncreased study and application of genetic approaches to control several pest '
species, include:

— sterlle insect technique (SIT) to suppeess many pest species over latge
areas;

— genetic sexing systems 10 knprove SIT, as has been recently demonstiated
by suppression of the Medfly in the islind of Procids (Cirio and Ecanomopoulos,
1986);

— hybrid and F1 sierility; meiotic drive.

Recent advances in molecular biology on Drasaphiyla spp. bave stimalated
oS s Ly ghoion i il el St sl
sitempt desirable: geoctic modification of pests. seems promis

6. Plant genetic control

This biotechnclogy offers a geeat possibility for pest conteol.  Efforts in
ares may include:
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4. Use of classical breeding techniques, nuch us pyramiding of genes, se-
quentisl celease of cesistant lines, which have already permitted the kvchpml
wad commercialization of & wide wnge of cultivars resisnt 10 pumerous pest

b. Applyng genctic cagineering which:

— allows the ntroduction of foreign penes into plants ta develop new
cultivazs able to produce their own insecsicides;

~— alters the inherent defense mechanisms o induces sn “immunization™
of plans toeliclt esistance to pests.

7. Integrsted pert management

e i 5 o LS okaiee sl nes il e gl
populations at the lescls below those cousing economic fojury bas been rec-
ognid a5 the most desirable approach for controlling pests. The dovelopment
of this approach inwolves basic disciplines of coolngy, entomelogy, ceonomics
and marhemaics.

“The grorwth of modern computing faclities bas now permitied the modelling
sad analpais of compler pest sinuations which suggest apprepeinte spprosches. 1o
the practical management and control of pests.

Apruicarion oF BloTECINOLOGY

Using bion (Fige 2) we can atiempt 1o contiol pests using 4 mimber
of diffescot. procedures (Gelcr, 1966).  This can be describod a3 follows:

1. Genetic manipulation of pests aimed 1t longterm crop protection by
“abfecting the intrinsic properties of pest species.

2. Biological conseol, new insecticides, and plants producing own insecti-
cides anempt 1o reduce capldly the pest popalation by killing the individusks
directly.

3. Behavioeal comtrol and genetically resistant plants aim 1o modify the per.
formances of the species by aliering a population's environmental qualities.
Techrologies of the fist group become mote desitable when 4 pest s
difficult 1o coatrol by other methods, causes economic damage at low population
density, reuires long temm conmrol, or effers wocial cconomic sdvantages when
ﬁl.mppmmimmd:m
second group inclades pmndumwhkkmmplkdmmbjmem
druwulh- reduce the population below the demry causing. coonoaic
&mbiulonulmlwl




NETIC CONTFOL:

of sosiln Insects causes sy *
troduckon of dolaterious ——
penos inka pest popuation postfineas.

2 ACTING DIBECTLY UPON THE PEST

Z1BIOLOGICAL CONTROL:
“Risisass of masseared bung . cauges moaily =
e
“Retea
o /‘urr; keobia koot omsmes ey

.
22HONEL insECTICIOES:
U o hamical allarag . causes iy "
uncion of past
LANT GENETICS:
Crowth varietiss wilh foregn ___ causs mostalty
Insecticida anas.

3. ALTERING THE QUALITY OF ENVIRONMENT :

31 BEHAVIURAL CONTROL:
“Usa of cheemicals ta affect po Frodicaton of
pest parformances

medifcation of
pos parfomancas®

2 - Schematle representirion of main biotechaies] messures wvallible for differens pest
cemimd mrategien (scwording @0 Geler, 1966},

The plant genetic les long-term protection 1f resistance b
not overcome by the fum.rmm of new pes race.

hese major biosechnological procedures which can be used 10 affect
the ife cycle of pews, are shown in Plgure 3,

EcoLocicat CONSoasaTion

The ecological appraach 0 pest contral i the contexi of knowledge, function,
and stracture of the agroscosystem has proved useful for pest management
programmes.

This basic understanding of pest populstion ecology and dynamics has
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CYOE  PROCESSES  BIOTECHNOLOGY  APPROACH
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perminied the improvement of control techniques mnd the discoery of agronomic
and colrural meshodologies o munipulate the e sysiem of target species

For example, the plantarion of olive trees under subtropical climatic con.
ditions and. in hilkide forest zones bas posed unexpected and serious pest probe
Sess (Fig. 4). The high polyphagous sylophagous species are more difficult to
control with pesticides compared 10 clive pests of the Mediterranean areas.

Clearly, different strarcgies are required 1o minimize olive pest problems
in the subtropical areas. Among these are:

— to avoid the olive trees’ growth in mixed forest 2ones;

— to grow olive trccs in bush systcm fot reducing the dumage of these

Tavestigations on popalation performance I ity “functional® environment

popul
allow us o predict the effect of any manipulation of ecosyitens upoa the target
_pest. Among the umerous performances which . pest can cxhibit within a
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definite. timespace cropping system ater pest genetic variability, reprodustion
strategies, spatial distribution, cconomic level, Each of these indicates an
spproprisie soatsol sitategy (Fi. 2

From geaeral considecat cises that the mose difficult pests to contrel
are hote which prsc i Felirs e e e el vy
and low ecanomic infun

Particulasly, the genetic v.n.lur.q of & pest populstion has important impli-
eatians in lorg term appl control sechmiques.

Resistunce of imsect popolaion cun develop under ineressed selection
pressure by chemical toxicants, resistant plant varistics, behavioral agents, and
sterile insecr teleases.

The most scrious contemporary. problem, however, is the tapid and cootin-
Bous increase of pest resistance to pesticides. Todsy there are thian
specien of insects, il ke el these: chemicals: Daver and Cooft,
1986 The sdvent of recombination DNA technology sims to improve
biological ol ans e il okl el i

ment of resistance mechanisms in pest populations. However the rise of re.
sisuance s unprediciable and differs among pest species (Bush and =i Hef b
Understanding pest population strategy s bypothesized by MacArdbor aod

OLIVE AGROECOSYSTEN

AR
EDITERRANEAN  [SUB-TROPICAL(CHINAHUBEL
~MAN MADE been grown since Recently mede{sbout 20
Iorenistoric tmes. yeers)
~CLIMATETYPE [Mediterrsnesn Sub-tropical
-DIFFUSION  [Extends ovor large reas | Faw smell scattered grove
in

turs
mixed pientation. willside forest zones

~CULTIVATION |Hore or less spplied Poar or not spplied
TECHMIQUE

-PEST STATUS |Relative stability; Low stablitypraveli
3 g pariong
| maitivaiting end gous, Tang 1ifs cicle, and
|r-strategist species low fecundity species
~ECONDMICAL vy high Unknown.

4, - Compurwive charscesiseles bermeen, olive agrocconpmems sirssed o diferent e
o the workd
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Fig 3. - A whomutic represesmion of efficeacy of differens blosechowioges In selution 1o
pest population ocology

Wilion (1976), Couway (1976) aad Soutliwood (1977), provides wieful fnsights
1o establish relative priorities among the different control strategies (Coaway,
1984).

The s-peats; such as fruit flies, characterized by high efficiency resoarces of
coloniation, tapid culbreaks and srong dispersal, may theoserially be berer
conrrolled by chemical inscciicides.  Howsver, thels large reproductive rate allows.
pests to recover ropidly from chemical control treatments so that further appli
cations are often required.

Monitoring and survering of these pests over wide aeas are now very mich
factlitated by the availability of powerful behuvioral peoducts which permit optie
mization of the trostmeat in fime and space, Vice verss, kelocted specics, such as
the codling moth, characterized by a ;lw mmhnun growth rate, more 1j-xu|md
siches nd less dispersion ability, are more sultable to control by other. tech-

niques.

The pesi density-damage relaionships play a key role in determining the
proceddure 10 canitrol pests.  Chemical and inscct genetic controls offer the most
‘effective approsch agalast species Which cause econvmic damage to erops st low
population demsity. However, to estimate this threshold of pest damage requies
scicatific background, extensive dara collection and high costs.  Although modem

biotechnologies to control pest species possess @ high speciess tion and
minimal side cffects, the complex lteraction processes which regulate the
bomeostasis of sgroccosystems limit the efficacy of a single approach to pest con-
1ol and may causc serious negative boomerang cffccts (Eascy of ., 1984).

The integratcd pest management (IPM) approsch bas provided a more effec
tive sttategy for crop protection.
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For exa he Comsartium for Integrated Pest Manager (CPM),
compising 17 ot USA Universities, has made impressive galns in studing
and developing appropriste TPM systenss for alfalfa, apple, coven and opean,

In developing countricy ] mational end
ponal organizations devoted

meat of IEM

vements have been obtained, the progress of
Among the resscns are the Juck of tesources, extension ser-
research.  These serious setbacks are
techoology nceded for TPM. programn
iples of IPM are equally valid in
considering the cffors to raise land productivity a

of pests which have caused the collapse: of cestain sgricultural
envitonmentsl problems

Concusion

Cooperation between different basic disclplines and applied seience biosech
nalogy bias improved knawledge and erested the Inceative to develop & new
elficient peat comtrol.

their advent promises (o make simpler and easier the approach
w overcome most of the disadvantages of wraditional

However, the ecological princlples remnain n.mu.m.w 10 pest management
and relevant 1o selecsing the most appropriate control tactic
T ful th e oF e it komogien el Iiparusocll uitlonns i
Instance, the release of eagineered organitms mey posc bealth and environmental
risks.  Recently an ocolae iofection with i fnaccicide Dipel {Bacillur
thurigientis) was identified i a farmer who splashad the insecticide In his eyes
(Saoples and Buettner,
Regulatory plans foc tegiaering and esing such biocomurol agems are
the Eavironmental Protection Agency (EPA).
1 of the agroccosysten requires & grester mansgement precision
y und avoid oscillaions In crop ylelds. For the future,
e also 1o depead an rational and effective pest

setiously requessed
i

management.
The wse of pew technologies can help 10 increase yield in boih induserial
natioas and ia developing countrics
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