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complete climination of insecticides, but new bioactive products will be needed
which are pestapecific, nonteic to man and benelicial organisais, biodegradable,
less. pron 10 pest tesistanse, and less cxpensive. The altermative fnsect control
agents developed a5 a result of rational Jeads from basic rescarch in entemology
include metabolic dissuptors andd inbibitors and behavio: madifiess of insects.
Since the carget sites of sction for these chemicals are koown, they have Jess
deleterious effects oo vontarget species. This paper revicws the status and
potential of insect prowth repubstors, satifoedams, phosomones, and other

attrctants,

IsecT Growrn Resuiators

Tnsect growih regulators (IGRs) have become an imporant class of insect-
based pesticides over the past several years (Saxens, 1983). These chemicals
selectively and specificaly affect the growih and development of knsects. 1GRs
are slow-acting chemicsls which advenely lotorfere with the normal growth
und development of fnsects. Tn addition to their short environmental persistence
(Quisisd et of, 1974) and generally low 1o verchiates (Siddal, 1976),
! alicrnasives
IGRs effectivencss depends on synchrony
w in which the absence o presence of the
growth regulator s crtieal for natmal developoent. Four groups of IGRs based
on hormanal processes are known: 1) maling hormones, 2) antbmoliing hormones,
3) juvenile hormones, and 4) antijuvenile bormones,

Molttag, Hormones

Melting hormsones are 3 group of steraid bormones found in insects and
crustaceans whish are responsible for mainteaance of the normal moliing, growih
and maration pattern (Watkinon and Clarke, 1973), Any distuption in the
metabolism of these might possibly uncouple the insect’s contral over Its own
harmonal system. The molting bormenes aze represénted by ecdysane, ealyureronc
and other edysteroids. These are blochemically derived from cholestesol, srill
retaining ite Co cabon skeleton.  These compounds cannot be economically
syothesized. Although certain plant sourees are sich in phytoeodysanss, their extrac-
tion for insect control would be economical only if they ace highly cffective. Dat
genenally they are elfective only through injection. Also, the use of any chemical
resembling steroid bormones, which play important soles in man and higher animals,
would requite carcful 1cating to climinate the possibiliry of side cffects. ‘The
molting botmones have alia a regulatory function in crustaceans and, thesefore,
would be less seloctive. So the potential for these compounds as insect conrol
agents will be low. Although a number of ecdysonclike compounds shaw theic
effectiveness against various insects, the studics of Watkinson and Clarke (197))
‘ave shown that the complexity of the ecdysone demoxificarion system makes it an
unlikely candidate as thete site of action.




=B
Auti-Molting Hormones

Same chemicals are known 10 be ancagonibits for imect. molting hormanes,
but their we for insect conerol v il expesimental (Staal, 1976 Saxens, 1983)
For example, cesrain aromerols, or even nansternidsl] secondary and tertiary
amines, are seporter to disrurh grawth amd develapment of phytophagous nsects,
However, the mode of action depends on the convenion of dietary stesol fae
dnsects” chulesterel eequiement because most Insects roquite @ dietacy sterol for
nocmal growth and development (Claton, 1964), and plinc foeding ineters mint
be able o convers the major phytosterols of their hose w cholesternl (Walkee and
Svoboda, 1973). The snimolting hormones inhibit inseer growrh whea
od into dts diet by causing a marked reduction in the chotesterol captent
of the ncects and an accumulation of certain intermediates ivolved I the
eanversion of these phytostetols to cholesteral (Svoboda and Robbins, 1967, 1968,
1971; Svoboda et al., 1969),
The anthmolding hormooes may alio fnterfers with steroid hormonal regulation
Jin higher animals and, therefore, the wse of sich chemicals for insecr control may
ot be an cusy peoposition. The high cose of amostcrols limits any agrienlrral we

 but simpler antagonists may have some potential epainst phytophagous insects

thit &0 0ot have sccess 10 cholesteral in their diet. Also, [t may be possible to.
find other types af monsterond anragonlsss affeeting symehests, transport, storage
o, rempnition by endogensus hormones (Staal, 1976),
Jusemie. Horaoies

Insect juvenile bormone (JH) was first described by Sir V.B. Wigsleswocth
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o ts vasions physiological sspects, CM. Williams #n 1956 sugsested the

posmibliy of uslag JH o ipset normal growth of iniees peses. Alrer the discovery

wee of JH,
(1967) proposed JHesctive substances as poserful “third geoeration. pestickles™
10 which the pess specics may be unable to develop resiatance, The concept, that up-
etting the titer of JH at coruin periods during the Inseex's e history will adveseely
ffect ftx mesamorphosis, evoked considerable inierest in frs use for pest control.
This can be glaned from mumerous publications (Nowak, 1965; Wi h,
1930; Slama ef ., 1973; Swaal, 1975; Bowers, 1984; Retuakacan et al,, 1985).
Ope of the main reasons for JH being atractive a5 an Insect cootrol agent s
its terpenoid nature which enables it to penetrate the anicle with great case and
wxers s effect on the mrges tsme, whereas the steroid hormones have little
topical effect and face the risk of degradation upon ingestion (Retnakaran et al,
1989).

Tour different mawrally occurring fuvenile hotmones (JH0, 1, 11 and 11}
have been identified occurring singly or in combination bn different insect spocies
(Richards, 1981). The mumber of carbun atoms ranges from 19 for JHH0, 18 for




JH T and 16 for JH ILIIL. However, the use of natural JH as an insecticide
is 0ot feasible bocsuse of its Enstability and difficulties in synthesis. Bowers (1969)
made 3 breakthrough by synthesiing severs] hundzed-fold mare acive substituted
sromatic terpesi g ol el it ahalodoited
(JHA). Synibesis s cvalustion of thoussnds of such snthetic anslops have
yielded compounds with higher specilic civity, greater stability, lower manafactur
ing costs, and eshanced selectivity for several imcct orders (Staal, 1976). The
basic mode of action of JHA appears identical w0 that of exogencusly applied
nanural JH, but sany of the snalogs escape the pommal degrmdation route of
the nataral bormone and excer agonistic function. A representative list of pexts
of field crops and stored grain on which control. with JH analogs was tried is
presented in Table 1.

Awti-Juenile Hormones

Afier the discovery and deployment of varioss JHAs 1 mimics of mataral
juveaile bormone, W.S. Bowers (1976) discovered two anti-juvenile hormone
compoands  (ATH)  (Pmety. sod  6,7-dimerhosy-2, 2-dimethylchromens
mmed prococencs | and 2) from extracts of the bedding plant, Ageratnn
boartomiamum, The insect species. oa which the activity was fint detected was
Oncopeltus fuicistus, the milkowead bog, Coneact with precocencs Indisced o
smature bugs 10 skip succeeding nymphal nstars by peemaute metamorphosis which
developed into tiny siesile female o male "dultoich” with varying degree of
viability. Some othet goup of compounds such as ethyl 4-2-(tertburylearboaylexy)
butaxybensoste, ethyl-aethy]-2-dodecencate, uad piperony] butoxide (Stasl, 1976)
alio show characteristics of JH-antagonists against tobacco horaworm, Manduca
sexta and wobacoo cutworm, Hellathis sircscens, Because these chemieals Interfere
with the activity of JHs they can be explorcd to complemeat the we of THAs
and may be more nseful in circamstances whese larval demage aher tesuments
s ot nm.me (Staal, 1976). The presocenes can teadily penctrste into the
insect system, migoate to and penesnate the corpora allata and destroy the natural
orid n,‘ enzymes which atc esscotial in the final cpoxidation siep, in the bio-
syothesis of JH hatmooes (Sul. 1986). Althoagh ATH rescarch I very fascinating
s, and e produoed wrach Boecomse Bo¥ ArrOlgeaE aad b
he practical application of ATH and frs analogs s limited becase of
the high and nessow  dose requiremend. and . thsir. hepatotomic. and: pephetosic
effests en vertebrates,

INSECT ANTIPERDANTS

Tnsect damage 10 plants resuhs from dircct feeding of from indirect trans-
mibssion of discase organisms during feoding. Therefore, antifoedants which reduce
pest infery by rendering plants unsuractive oc unpalaisble offer a oovel spproach
in vector snd. disease mansgement and can be considered 45 3 pateatial substitute
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aod stored grsin by juvenile hormone anal

JHA sl Mode of action

es (Mariappan and Saxcoa, 1983). Antifewlants are ot neceswarily
™ Insects but whea perceived prevent or reduce their lwdm::mn.!
. Comsequently, insect growth, develogenent, survival, and reproduction
affected (Nowis, 1986).
dnsecticides’ that kill outright both pests and predatoss, the anth
obtained from plants are relatively safe for natural cpemics thar subsist
suther thas on plants (Saxena ef ol 19816). Abo, the high cont of
_Wunﬂu&urnuhﬁmhm,wskﬁu&hk

counics. Morsover, the use of a “winig’ losectiids wmay cuse greates

 sntifeedunts. The chemisiry of aafeedsats & highly variable inchuding
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small molecular weight orgaosoluble compoands and high moleculsr weight gh-
cobdes and proteins (Bowers, 1984), The greatcs diversity of antifeedants is
found in higher plants 08 compared to primitive plants, and is attributed to @ vast
armay of sccondsry compounds (Noris, 1936). Several classes of secondasy plant
compounds passessing antfecdant activity are listed in Table 2. Beonse the
antifccdants arc the messengers in chemical ecology which reduce or prevent
ml:\ml R they determine which subsrates are consumed by Insects
Mos

T e el peit. management programs may have enormous
sdvantages, becsase it satifies the need 1 protect the crop while. avoiding dimage
10 non-target organisms (Bernays, 1983). Became of the biodegradsble nature
and relacive safery for beneficial organisms in the emvironment, sesearch o the
biological activity s chemistry of antifecdiis is being cmphasized (Kubo aad

iskasishi, 1977). Many planis are presently being investigated for the presence
of feeding inhibiting compeunds and many crxde plant extracts have been tested
against a variery of inscct pests (Jacobson, 1986; Jacobson er #f, 1978; Saxenn
et al, 1981 ab, 1984ab). Programs have been launched in several countries
1o uilize the ferding deterrenis known 1 ocour naturally in same planis

Although the current use of antifeedants as dependable crop protectants undet
fiekd conditions is silllimised, research on the mode of sction of insect ant
s today an dmportaat frunt i selentific Investlgatons.  Pehaps the moss widely
Koown. and sed phytochcmical with antifeedant per

TanLr 2 - Sccondary products which have aniifeedant activity agalost one o more
species of insects,

Chemical class

20
Terpenes 110 Glasolidesh
Stesoids. © Ecdiersids
Proteizs : Lestins

Aiee Nowin (1986).
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i the triterpenoiod wzadirachtin. Tt s present In the leaves and soeds of the Tndian

peem tree, Assdindcths indica.
i G bfor bt ineviides became available, famess in the Tadiaa
 subconsinent protected cropa with natural repelleats and fesing deterrents found
m btk Y of the i e (S, 1983). Thoe Tntcmatoonl Neen
| Ganferences held in 1980, 1983, and in 1986 indicare the impormnce of developing
natural insecticides from plants, such a5 neem. Scientlsts fn many coumries are
nvessigasing the N i i disg i
*of neem desivatives.

" Esperimental trisls indicate wseful control of posu of scveral field crops
and stored products usisg ctm derivatives. Neem il and neem eake were found
tn be bighly effective in roducing fice tungra views tramsmission by the groen
 leafbopper, Nepbotereix virescons (Matiappan and Savens, 1983; Smena and Khan,
1987 &; Sexena and Jusio Jr., 1986; Saxena and Khan, 1986) and rageed stunt
 and grassy suunt transmissivn by the browa plaathopper, mu,mm tugens (Saxena

,.td‘ 1981; Saxena and Khan, 1983 b). Application of neem il on brown
fomalles dieruptod their mating behwvior (Savens and Khan, un-
m d“-) The complex srrocrre of azadirachtin (CuHuOw) prevents it
quantities, However, its sbundance in nesm weed and
u,,_nfmmm“.mauu and Aftics enceutage the use of crude
 commercial source of muadirachtin. Neem is widely
 distributed in most of the rice producing countrics in Asis and. Africx and its seed
il and cake can be casily obtained ar low cost by the average furmer, Tn India
 alone there are about 14 million neem tzees (Ketar, 1976), In ope season
‘?G'l"\!:lndummmkg-!mlmum 30 kg of neem seeds wicld; 6 kg of
necen oil and 24 kg of neem cake.
The potential of ncem and other tropical planis with anilfeedant propertics
 has ooc been fully exploited for pest mansgement becanse of the advent and

scceptance
prowing awasensss of huards assocltod with the wee of syatheri
recently evoked a workdwide intereat in pest control agents of plant ovigin.

Txsper Pramomones

Pheromones are defined as chemicals secreted by one organism that afect
the behavior of other individuals of the same species. Chemical modes of com-
theough pheromones are now known to occur in most groups of animals,

musication

but they play a dominant rolc in fnsects, Pheromones, like other communtcation
meass, imply a social relationship between individuals (Shorey, 1976).  Although
pheramones can cvoke many types of behavioral responses, the sex aftmaciant

Bl e e cos o ety ot et ol e, Ding
the bist owo decades romarkable progress has been made In the Mentificaion
a0d use of sex and sppregation pheromoses, pacticddarly those of Jepklopterans
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and colcoprerass, but alarm, dispersal, social snd il phesomanes have ahso beca

investigated (Beevr et of, 1983).
Pheramanes can be used as a suecensful means 10 redice. our dependence
pon. conventionsl broadspectrum insectieides, At least thice approsches o the
of pheromones in pert. management programs have been explored, one of
hich, the moditoring of fnscet poguulation by using traps baited with sex: Attractants,
has alteady proved valuable in several ciops (Avonymous, 1979; Raman, 1962,
Kirltani, 1976). Pheromoneblied traps are relatively inexpensive

many sdvantages over conventional. methods such
o light traps and uwmnu programa. {Beevor «f o, 1983). The two other
strategics for pheromone use in pext munagement are the mass tapping and
“male confusion” techniques. Both thesc. methods ultimately. prevent. seproduce

tion of the targer Insects

In the miss trapping technique, traps arc vsually baited with sex pheromones
thar lore the male insects tm dhe. trap tather than to.the females. The method
has been most wiccesaful he pest population is localised by
astificial barriers soch s warchouses and oechards (Burkholder, 1985;
Maclellan, 1976; Negishi 1 al., 1980),

“Male confusion” ar male disruption is achieved by perm
mosphers with female sex phesomones. Pecmeation of the 4
wynthetic phezomancs, hun
although the exsct biological mechanism s not dear nd may Endeed vary In
differen spocics. Mulng disropion has boch cxploned 2 3 control techique
for peat of food caop, bt masly in relatively small scale s (Asooymo
1981 Tatsuki and Ko 0, 1981; Les o o, 1781). Go
bean achieved ia Large seale programs using. goss
ihe gink toll worm, i gosypielis,

Gasto 77)
Pherommoncs unchub:ndly Fave an impostaat mle 1o play in post mansgement
fundimental changes in their mamifacnaiog sad distibation sregics are
e that wuch chemicals are available for field use. These behavior
s when jntelligendly integrated with other tools will be help.
less suible for survival oc reproduction of

n coton (Shorey et ol 1976;

Onikn Artracrants

aursctant is defined a3 o stimulus to which an insect responds by
arienting is movemcot towards the apparent soarce. Atteactams play 4 domlouat
isect behavior and govern various activities of the
nsect, such as hndlrm the food, the opposite sex aad u place o lay their cggs

rovs, 1970; Sk, 1983}, The e of food oviposition
rexsion Js discuised here.

attmactants in insect population




' Food Ateactants
_ The use of food attractants s widespread in trapping of insects for derecting
infestation or detcemining popalation aod in devices. thar capture, kill or snare
imects when they respond 1o the bait, Although at present sex pheromones are
wﬁr-immuwwh&mmmmuh
are scxspesific, aitming only the males and thesefore sometimes it ia difficalt
10 corrcluse the number of twapped insocts with pest popalation density and
crop damage (Stidler, 1983). Thercfore, traps using food attractants (syntheric
-uﬁﬁ-nqg host plant) may hold more promise for population monitaring.
The concept of using food aftraciants fo. control insccts s not pew and
‘several food atiractants for cuntrol ef various major pests have been identified
(Table 3).
¥ g ihe food s, meripl sl i probbly 4 maut pavil
syntbetic insect sttractant. Tt has been inyetigated more extensively for contral
of insect prsts than any other synthetic sttracrant (Steiner, 1932). Methyl eugencl
in combination with a fastacting insectcide i nndnmdhu:bennenui
*fiuit fly from Rots, o swall island in the Pocific Ocean (Siciner et al, 1969).
-wumdyﬁwum“mam

10 bold maximum scope for future. applied research for improving oc designing

Tants 3 - Sclectod xamples of host-plant derived and syathetic chemicals identified
= food aumetans for some tropieal imsect peats.

Tnsect species

Pes of crasifers

Lepiopeeran
Sawicothed grain beecle (Oryzaepbilss sarimamensis)
Sawswothed grain beele (Orymscpbilnn surimamensis}
Sewpoched graln beede (Orypaephiles vurinamnsis)
Rl four beolle (Triltism casiamenn}

Riee wnemboeer (Chila ssppressdis)

Melon fiy (Dacs cucarivicer)
Oxicatal fraitlly (D duesalis)

 Movlied. aftes Berons (1970) aned Seiller (1983}




wraps and bains for estmation of population and control of pests In Integrated
st management.

Deypite Hmiraions of working with stiractants, i, the time and expense
inwolved in finding a cruly effective chemical, insect sttractants can be increasingly
deployed in insect suppression stratcgica in the future as mote powerful atirsctants
ansd methodds of effectively dispensing them are discovered,

Oipasitiag Attrsctants

Ovipositing females are tecognized s the ¢rucal “ageats® in most insect-plant
ationship (Stidler, 1933). Therefore, patural attractants thit guide these insects
1o suitable ovipos viral 10 sarvival of n fnsect spocies. Althaugh no
ovipasition attractant is rautinely used for the contral of insect pests, these chemicals
an soocihless be diploped in inct ot mamgement. The scces of och

s in pest control would largely depend on identification and duplication
S el oAbl eI AR P e s sumatepic. time
o plase where the eompering matuns] tractant is grealy leited, Fot plant
freding fsect pests, which lay their eggs on host planes, the natural oviposition
sites e 40 vanly discribuiod that the ovipasition atractants cabnot compete
1a 4 degrce of pr mn power-

il o gt e Syponiing
Since the host erop or vasiety will not Jose s
attroctancy for oviposiiion, care would have 10 be Taken to_pedice its suitability
by delaved sowlng or by using repellents or deserrents, Table 4 presents some
examples of oviposition attractants.

i
i
g
H

Tanex 4 - Sclected cxamples of lnsect ovipesition atractants.

Reference

Al fambicyssse Thzeiosca (1960

Gapis snd

Carliste 0, [1965)
Scltncerea gregaria)

Tulsg beesle Applebecan, ot ol (1963)
{Callosobenchis chinemsici

Gran weerll Macshlma ve . (1985}
{Sitnpbiur sears)

Fexoon Rice sermion
e ICLS sxppeert)




of strong ovipesition aitraciants and their mode of spplication will
helpful in finding ways to use thess chemicals in coateol of fncect

Furvan ConsiorsaTions Axn CowcLusions

Human survival largely depends upom the availability of food. The fi
gfeen revolution and other advances in agricultural sciences have greatly
in limiting the starvation in the tropics. Besides high yiclding varleties,
protection technclogy played a major role in increased food production. Uniil aow
the control of sgrculiural pests and dscase vectors largely depends upan the
use of toxic, nmu:!muvr synthetic pesticides. Wm:lbnuudnxbmkdl

supplement and even sapplant the wse of persisteat yntheic. pesticides.

selectivity of these bioactive products makes them nllnhla in integrated pest.

 control. Ezamples of their successful use against inseet peu:h'wdmmmmd

their potential for development as future geacration insecticides. However, produc-

tion methods, formalation, and method and timing of application ase more critical
than of

l{uuthm' agents, While a number of JHA have shown
pests, their use in the field is will limited durm high cast. Also, the

resembling their naiusal honnoses
facis, Howeves, the continuous development d novel 1GRs and further neuro.
- endocrinological rescarch will be needed in order to seay ahead in the continuows
struggle with insect pests.

The plant kingdom is the richest saurce of organic chemicals on this earth.
Severtl of wch chemicals possess ancifeedant sctivisy which would be highly
waliable in pest control. Many potent chemicals have been discovered in plants
which were not even thought of posscssing defense chemicals, For instance, an
elfective rice stemborer oviposition deterrent was fsolared st TRRI from » riee
“variety “TKM6’ and was identified a5 pentadecanal. Efforts sre under way 0
ymtheras und cvahst e nevel chenieal. On the other hund, Mumn-ﬂ and
Margosan.D) insecticides, are being.

scmmwg.,.mwmmmdglmn!wmu
10 insect pests, Field workers and extension advisors will be required 10 exploit
the use of these chemicals in conjunction with other techaiquer in intcgrated
st management and to select the most appropriate method and timing for their
application.




L

Feeding and oviposition atcractants in insectplua relationship seem 1o hold
105t promiss in dnsect pest management. Despite past disappointients o failures,

these attzactants: can be made 10 play & prominent role i insect suppress
strategies in the future a8 uew powerful attraztants and their effective apphcation
methods are discovered.

The fotare of pest conteal in the 21st ceatury losks very promising a3 it will
be supporced by new bioactive products of known chemistry and physiclogy.
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