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IRTRODECTION

Taploca (Manihot esculenty Crants.) 1s the most ivportant

tuber erop In Indls, both in acreage and in Hotal production.
Tapioca, concidered an the poor man's fool has én imporfant role
in the aeconomy of Kernlse. Eerale occuples a unlque position

es tho main tapioca growing place in India coneisting of an arse
of 2.28 lakh hectares, with en ammual production of 38.49 igkh

tonnes. Taploca forma the major source of 2063 for & large section

of the middie and lower cless people. It alse forme the majoxn
food for livestock in Sonth India, The textile industry utiliasea
 large quantitlios of tapioca starch for the sizing and finighing
operations. Tapioca flour 1z uged for various purposee for which
pure starch ims reguired iike the manufacture of glucose and
blecults. A considerable quandity of ficur is taken up in the
veneer wood Industry in ¢the ménufaotura of adhesives and gums,.
Abraham (1975) recorded that in Java and Milaya, lerge quantities
of taplocn flour azs heing converted into pearle and flnkes for
humsan conaurmpbtion. Taploca poarls are pow manufactured in Solem
in Tamil Fadu; when mized with benzene hexachloride, it is aiss
uged ao & polson balt., Tapioce flour is also uzed to produce
high grade alcohol which could be ubilised om 20 ¢ B0 nmixture

(20 alcohol %o 80 gasoline) for automoblles (Dalagorel ot 8l.,
1980).

A considerable quentity of the tuber grown in FKerala is cul

intc slices or chips, sun dried as such or afier par bolling, to




omihaznced the kespling qusutjr and stored for four months, The sun
dzied chips are mwove widely preforred for huren consumption.

Under storage conditions the chips ere subjscted to heavy attack
hy many insect pesta, oftean lending 4o great econonic ioas. |
Joseph and Qommen (1953) reportad that, stock of taploea chipe
kept An several godowns in Trivandrum wore reducad ints mere powder
by depredations by tapicca bestle Araecerus asciau}iatug and the
material wes found unfit even ne cattle Zeed.

Ag very 1ittle work has go far been done o2 ingeot _peata
associnted with taploca chips, ond the damege inflicted ham besn
found to be of very severs rature, investigaiions were undertaken
to study in detell the various aspects of the dlfferent insect
reste assoclnted with stored taploca chips. Tha study included:

i. a turvey on the ingect peasts of Btoz:st;' taploca chips
in the godowns of Trivandrum Dimtrio%,

1i. =nature end extent of demage cansed hy A, fasciculatius
Sitophilug oryzae and 2xniboliun castoneum S= rew and
in raw end parboilled chipe,

111. blology of A. fmsciculatum and §. or7sne in chips made
from difforent varietles of teploce, and

iv. suscoptibility of A. fagenlotns end S. oxyzee to chips
made from different voarieties of taploca.
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REVIEW OF LITERATIRE

Taplocs chips both raw chips and parboiled chips are
subjected %5 the abfack by a number of inscois in storage and
g grent deal of damage is being done.

Tnliou {1919) reported severc infestation of tho anthribid
beetle Arcecerusg fasciculatus (DeG.) on cassava (Manihot ntilieims)
loaded in chip in Voot Indles.

Zacher (1930) recorded soven speciea of beetles in dried
rooto of casmeava imported lpto CGermamy from various countries,
They included Sinoxylon sp., Salandra orveae (5.), Laemophlgoeus
forrasineng (Steph.), latheticus oryzae (Vaterh.), Hegrobia
mmfipes (DeG.), Amsecemg fasciculatus (De@.) and Rhizopertha
dominioca (7).

Prappa (19%38) noted oixtesn species of pests on stored

cassava tubers viz. Tenehrioldos mouritanicug (L.), Lephocateres

pusillue (Blug.), Ahoaovemna (Cathoring) ndvenp Welkl., Necrobia
rufiven (DoG.), Rhigonentho dominiea (F.), Dimoderms bifoveolains

Woll., linthea oholta Voll., M. rumicollis ¥alk., Sinoxylon

condzorum Gerpt., Lyetus brunnews Stoph., L. afzicopus Leone.,
Tribollum castnneum Hbab., T gonfusum Dur., Alphitobiusg
laevigntus F. (Piceusol), Calandra oryeae T, and Araecerns
fasciculatus (Dad).

Darling (1946) noted thet dried cooseva woots in Uganda
veze geverely dapaged by Calendrn oryzae (h.), Xylonenthodes sp.,




and an urpidentified Bostryoh!id and Araecerus sp. and Gnathocerus
cornetus F., . costaneun (tbet.) and Imenophloeus op,

During a preliminery survey, leir cnd Jones (1948) noticed
the occurrence of C. oryeas, A. fascleulatug, R. doninios,

Gibbium sp. and Iribolium sp. in stored chips and Rhigonertha Bp.,

Bilvenus ep., Calandra sp,. and Laemophloeus op, on taploca starch
in Governmerpt godown at Guilon ard they worked out the life
‘history of A, fagciculatum on taploce chips.

Gormen and Joseph (1961) recordedtwo caterpillar pests
Setomorohe rutelle {2e11,) and BErechthianm gebyina (Dutler) on
gtored tnpioca in Korale.

Joseph and CQomnen (1963) rmeported the occcurrence of 15
specles of Insects infesting stored 4apioca chips, They includsd
coffec-bean weevil, A, fascioninine; xrloe weevil; Sitovhi lus
. pryzamy drug etoxe beetle, Shomoblum vanjesum L.j cigaretts
beetle, Insloderny gonricorne:; legser grain borew Thisopertha

doniptca; rest red flour beetle Tzibolium cestopeum; fLlour
beatles, Alvhitoblug piceng, A. laeyicatum (F.):; saw toothed
grain beetls Oryeaenhilus surinamenaim: fint grain beetle

Leemovhlosug pinuteg Oliv,; +anloca mobthe Pyralis manihotalis

Guen., B. plotallip OQuri.; fig in_oth Iphegtia cautella Wlk,;
tobacco moth, Setomorvha rutelle and Erechthins Bobrins Mtlor:
A. fapciouletug and P. manihotalis as tho moot dentructive pesta

in Keraln .




Studiea on the host blology relations of A. famciculatum
indicated that the drled taploca and malce are favourable foods
of the pest (Repghunath and Haiw, 1970).

Ingran and Fumphriea (1972) weporited that the importent pests
of taploca chips are shasvorue advena (Walil.), A. fasoionlatus
DeG., R. doninice (F.), Sitophilug oryeae (L.), T. gastaneun
(Hbst.) and S. pgnj.céum (..). Teploca flour ic clgo infested

by Z. cagtonenm,.

P41181 {1976) noted thot dried cassava chlpn ars pabjected
t0 the depredation by a number of ptorage pepnts 1ike 4. fagciculotug

Pyralils oictug, Dinodorusm minutuas, Stezobium panicomm, 'Setgm
tolls, Lagioderme gerricorns, Hhizoperths dominica, Alrhltobiuvp

piscum, B, gam, Oryzasephiling surinamansis, etc., of which

A. fagoiculatusm is the mont destructive peet iln storage., He

(1978) recorded the occurrence of Iribolium cnstaneum alsp g &
soxrious peat of taploce ¢hips in Korala.

Hvana (1978) reoported that processed cassava ie dareged by

Z+ castoneun, Tenebroides spp., A. famelculatum and Stesobium
reniceun in Hlgeria,

Parker and Booth (1979) ptated that the major pests infesting
tapioce chips are R. doninica, D. sorsicorne and A, fosciculoius,.
Infentation occurs during the sundrying process, and up to 16
reduction in the welght of chips due to insect infestation wes

recorded after two months of storage.



Thampan (1979) reported that the cormon peste dumaging
sundried capsava chips in India are A, fasciculnins (Dal.) and
Stexobium nandceunm (L.) end these ingeets ere attraotsd by the

formenting cmell of sundried cassava chipa.

Parker et e&l. {198) recorded Sitorhilus zeamais (iotsch.)
and Cryntoleates Klarperichi (Zefkovitch) as conmmon peeis
infeating casseve in storage in VWest Malaysia, but the most
abundant spocles were R, domica ., Idnosalias sp. and Z.
castanenn (Hbst.),

¥aicr rests

1. Arvaecerns fapoleulntup (Del,)
Femily: Antheibidae; Ordsr: Colepptora

Hefuea and oxtent of damapge

A, Tasoleulotus 1o a serious pest of a mumbar of sitorage
cozzoditien 1like tapicca cnips; coffao been, turmeric, arecamut,

cocol leaves and even grosgery aviicles.

Hoyt (1918) reported A. faseiculntug infesting avocado seeds
in Hexzico and Central Aperica. The odvlt insect demesed frults,

leavea, atem and meeds even attacking the hard sarface of the
well dried gooede.

unro and Thompeon (1923) rzecorded A, fosciculatus 2o sn
inpertant pest ir o conelgnment of nuimeg and cooce beans showed

inrge exlt holes and the internal contents converbted to yollow

powder.



Cotberell (1934) gave a 1list of host materials of
A. fascioniastus including coffes beamns, cotton sesds, dleeased

banana, pods of legumincus plents and stored cereals,

Mlwa (1937) reported that the lazvae of A. fascloulatus
(Det,) atdack the coffee mceds and the adiltd emerge from July
t0 Novomber in Japan.

Cohic (1950) zecovded A. fopeiculatug oe & pest of Maryland
tobaces in New Oclidonin 4n field. Bggs ave deposited on the
drying-leavoa, usually near the central veln and the lervae mine
the vein and may perforate doveral lecaves in the pile in search
of fresh onoag, when the first cre cxhausted, Toaves demaged in
this way are unsuitable for oiger wrappings., Attack ceages

when the leaves becoma'dry and brittle.

Figoeiredojr (1957) reported A. fasciculatug as an
important pest of stored coffee in Braril whore the losses

azcunted to 30% durlug & storage period of six months,

Joseph and Qommen {1963) vecorded A. fascioulnius occurring
all over Xevala Stnte as the woet destructive pest of taploca
ahlps. 7This peat nresent throughout tho year caunpos gevers
infestation during Juns to Decenmber; adults causing conslderable
damage by boring into the chips.. The larvae bore into the chips
making emall tunnols and pupates thoreinm., Under lahoratorny
conditions cent per cent dompge wag observed within a perlod of

three monthsa,




CcC

Bnogek and Malinowske (1964) stated that coffee beans
imported into Polend from Columbiq wzs damaged by the coffee
bean wesvll A. famcimilatus. The pest ie susceptible to low

tepporature but decnge oocurs in stare hounes under warm

conditipnn.

Abraham (1975) zeported the tobacoo beatls Lasioderma
aervicorng and arecanut beotle A. fasciouiaius as the most im-
portant pests of stored glnger and turmeric in Herals and the
axtent of damage renged from 30 to GD%. DBoth adults and grubs
of A, fascicnletug are injurious to stored rhisones,

Ial and P1liai {1977) reocoxzdsd heavy infagtation of

A. fagolcnlatus on stored tubers of Diogooren aglats and

Amerrhophalug compapulotus,. The bestles lay egge nonr the cuh

oend of tubore and the grubs scon after hatching bore into the
tuber, form zig seag gallories and fLeed the Internmal contents
reducing 1t to & dblack pouwder. Saevorely damagedl tubers are
rondered unsuitable for consunption or for seed purpose,
Emergence holes of adulte are distincily visible on the surface

and bheetles are seen flylng on diglurbance around the wtock.

Thampen (1979) revorted that the most common insect pesat
damnging the cassava chipa in India are A. fascioulatng (Ded,).

The adult ferales lay eggs on chips and the entire life cycle of
the pest is completed in the chipe, Both adulis and larvae foed
on the chips reduoing them 4o powder In a short period of

storoge.
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Tumbly end Rees (1983) weported the infostation of
A. faacioulntus on four specles of yam viz. Dioscoree dumatorug,
D, rotunds, B. mlate and D. cayensnais., Tho insects atiack
mainly on cut ends and damged mrens of the stored tubers,

Hwena and Azodsh (1084) ssBecsed the offect of variety and
proceseing method on the susceptibility of A. famciculstus, by
pubgequent weight loog and by an index of susceptibiiity. Both
paranaters wore significantly influenced by vazriety, but the
least susceptible varlety did not suffer the lowest welght loas.
The methofl of processing influence the amount of weight loses and
the index of pusceptibiliiy. NHianching or cooking before dnying
reduced the indeneity of damage.

‘Prench (1984) zeported that the infostation of A.famolculatus
on grape fruls in Pexas and the eztent of damge recorded waa
0.t t0 0.5%. The larvae feed and caused gumming, premture
coclouning ard abscision of frulis.

Biology and Ecology of Ae fascionlstus

Vanhizdl and Zlokten (1918) reported that coffee bezrios having
6 moimbure content of 10.5% wan infested with A. Zegolouletunm,
Cotterell (1927) stated that stored croao beone were cttacked by
the larvae of A, fagelenlatup undsr dark and humid conditions in

storage.

fatuori (1931) obsewved thot A. fopoiculatus leid egss on the
borrieg, only one egg belng laid on each which hatch im 6 %o 9 days.
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The larvae foed on the pulp for 10 to 15 deaye and on the smeed
for 25 to 30 daye, the pupzl period lasta for & to 9 dayse.

Cotherell (1934) noted that tvo days after emsrgence the
Texales of A. fagciculaggg lay § %0 6 eggs on an average in the
cocos leaves., The larvae hatch in 3.9 days and féed on the
cotyledona for 65 days, The pupal period lagts for 6 days. Only
one 1arya hores into each hean, and during ils developﬁﬁﬁ% ONGw
third of tho 4internzl contont is econsuamed by each prub, Evene
thouzh the primary injury cauncad to the testa by the :eodtng and
ovipoaition of the female is negligible, 1t 8eTves as a pathway
for Becondary infestation by other pests like Ephestic. Cocos

beans having 8 nodeture content of 10 to 30% in favourable for
Jovinosition and aubﬁequent 1arval development, below 8% moisture,
the 1&:?&1 duration ia greatly nrglongad

Sayed (193%) mede e detailed study on tho bilology of
A. fasciloulatug on maise, nutmeg and cocom. The msx ratio of
A. Zngolcnintum on maize et high humidities wns about 1 1 1; on
nutmog which agpneared to be & less suitnble food, more Texale

than naleg were produced, The 1ifs cyclo could not be completed
on mairze and mutneg whan the relative hunldity was below 605 and
in cocom below 80¥. The 2ife cycle vardisd inversely with the
relotive humidity for éaize and mutmeg, the perisod always heing
lees in the former. The 148 cycle on maigse at 27°C varied from
57 days at 607 relative humidity to 29 at 100% and the variation
occuzzing only in the lexval pericd. The pupa ie the only stage




that could survive reletive hupidity at less than 60%, ITongevity
of adults in maize was 27 4o 28 days al 50% relative humidity and
in cacno only very fow adults lived for more than 20 daye at
relstive humldity below 803,

Yokoo and Tacutl (1938) observed that in ¥orea all stages
of A. Imgsioculotug feed on chinege yeasi sometimes causing mericous
demgo. The larval stage lagted about 14 to 28 days and the pupal
ptoge averngsd 12.8 days.

Iragory (1940) fourd that conmiderable damige was cansed to

ptored coffee beans and mize in Venemuella by A. fsaciconlatug,

The 1ife cycle lasted 56 daye in coffce heans and the development
vag aigo completed in stored mpolge, The infastation was more
merious on maise thon in coifge beans. The larvaee also attacked

gtored rmngo beans (Phageolus zunge) but not the cormon legumincus

geedn,

Cayed (1940) oboerved thot at 908 relative humidity, lezvae
of A. fagelcuiatup completed 4 instars sach with & duration o2
% to 7 deys. Uicol (1941) reported that A. famciculatup wes
common and injurious in the Gold Coast but 4id not seen to
survive winter in Briteln,

Hair and Jones (1943) recorded A. fescionlatus es a serious
pest of stored taploca chips in Ferala and studied the biology of
the peat, Fifty ogge were 1aid by o femle in 3 t0 4 weeks.

Cabal Concha (1956) reported that A. famciculatue caused
considerable damage to stored coffee in Columbin., Diology of the
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pest on a veriety of flour products including ground cocoa and
maige flour wag studied. On an average 52 aggs were 1lnid by &
femaley the eggms hatched in § 4o 7 daye and the larwal astages
lasted for 46 to 66 days at 28°C end about 80% relative hamidity.
The prepupal and pupal stoges lasted ¢ 4o 1.5 and 5 to 8 days
regpectively. Infestation waa heavlest on coffce of poor com-
rercisl quallty in which the beans wers sofier and more easlly
bored tut 1t wae also hesvy on high quality coffae thot was

stored for meore than two yeers,

Pigueizedojr (1957) reporied thet A. famolculatus as on
important pest of ntored @qffee in Braell where the developmsnt
from egg to adult uvas completed in 30 to 45 days end 8 %o 10
gonerations were completed In onc year,

Cranham (1960) noticed that betiexr drying of cocoa reduced
the infostation by A. fasclculatus., Low molsture contentes wsre

advantageous in restricting tho development of the peet.

Pugsid and Pereira (1967) studied the effect of ﬁemperatuxo
and humldity on the development of A, fomoiculatua on coffes beans
and the extent of damage, During hottewt months the muwber of
adults obtained per 100 gran of infestold beocns were 72 to 258 at
Santos (ho@ rogion) and 1t to 27 at Sno Paulo (cold rezxion) and
the porcentage of bean attacked were 31.5 4o 48.4 and 4.7 40 20.5
regpeciively. The corrceponding figures during the cold monthe
were O t0 3 and 29 to 100 adulta and Q to 2% and 5.7 t0 34.5% of
the beans attacked at 830 Paulo end Santos respeciively. It wam
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obeerved that the development was more when the tsmpsrature and
hupldity woze higher. 'Sﬁrnmpel (1969) reported that A.faseciculntus

does not survive on cacsd in winter.

Roghunath and Heir (§970) studled the varintion in the blo-
logical features of A. fascloulatug when reared on difforant host
materials, The remlts indicated that tapioca and malge were more

Pavourable sources of food than black gram (Phasoolus pungo),

ginger (Zingibex officinale) or arscanut (Azecs gntechu). The
devoloprentel period and the adult 1ife of arccanut straine are
longgr than those of tapioca strein on all the host materials
excepiing maiza., Tho tapioca sirain of A. fagelevliatus d1d not
develop on ginger, Abrahen (1975) reported that the 1ifs oycle
of A. fagciculatug on ginger and turmeric lasted 3 4o 4 weelms,
The grubs on hatching feasd on the internal tissues reducing it to
powdery materiml, leaving tho cuter covering intaot, Pupation
takes place within the infested rhicomes. Ginger, dried afier

pealing off the elkin shows maximum susceptibllity to the rpest,

Studios conducted (Fillai, 1976) with dried cameava chips
of differcnt hybride vis. H 226, B 97, HI65, 11 2%04, H 1687, H 38,
H 3041, I 312, ¥ 2509 and B 1310 showed that progeny increass of
4. fasclculatue was lower in the chipe of H 226, H 2364, while in

all othor varietles, poyulation builld np was higher., The quantlty
of chips daresed wvas found directly proportlonal to the progeny
increase and among the variatioé triad H 2304 and I 226 were found
reletively resistant to A, fogelculatua,
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Goncalves ot al. (1976) reported that under laboxratory
conditions in A, fesciculatug the prsovipceiiicn period was six
doya snd under gordition of high ralstive humidity the duration
of devolopment was nesetively correlated with temperzature. On an
average a ferale latd 50 esgs and 4he dongevity of the adult
femnle was 8% to 114 days. Vhen the adults were provided with
different food materiala for opg laying, coneiderably large
nuxmbers of adult besiles smezgald from -graﬁndnuts than from coffes
bean, maise or eoya 'bmna Deetles kept without food died within
15 days,

Tn (1976) at-naied tlm biology of A. Iesaioniatus on stored
maisy, sveot potato {(Ipomosa batgtse) ond the medical horb
ohirotts (Ligusticum soutdlobun) and reported six nvmlapymg
genaraﬁibm é yeﬁ: in all the hocﬁé; On an average 3%.4 egge were
1aid by a female on maiee, aliced pwest potate or chirvette, The
extent of damago estixoted wes 22,64 31,4 cnd 26,68 on maive,
sveet potatn and chivetis respeotively. He miudied the blology
of the post on garlie alno,

Vitelld gt al. (1976) prepared an mrtificiel diet contsining
chloken eggs, prawn or obher dried fruit, nans.oﬂiéoa kitohen salt,
taker's yesat, lemon julce, honey se-laﬁt:, infant feeding formala
(5MA + Simileo) snd whole wheat flouxr, walch were mized, baked, .
¢ut into chunks and coated with thin layer of mixed paraffin wax
and bae wax and meéeanmm studicd the dlology of A.fascicylatug
in the medium. Z4f0 cyole from egg to adult was completed in
‘56 duys at 729F and 26 days at S0%F, Pupntion wes completed within
the diat chunks and the aduld ook 2 to J days to come cut of the
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¢hunk and 2 days aftor emorgence they mated, Freoviposition
period vag 6 days and the longeviity of cdults was O weeks,

2. Sitophilug orvzae, Hice wesvil
Family: Gurculionidae, Order: Upleaptera

Iinture and sxtont of darasge

doseph snd Qommen (1963) mecorded the incidence of 8. grvzae
on taplioca chipe in Eeralo. The laervee bore into the chipa

zaking sxall tunnels and pupate therein, Adults also couse oone
giderable darage by boring into the chips.

 Weldnor {1957) uta'z;aé that casmeve slices were soverely
infentod by 8. gryeae in Hong hong. |

Hookhsrjee 8% ol. (1958) reported that in severe infestations
of 3. icoe, the extent of damge veached to 2 maximum level of
70, 100, 100, 25, 22.7 and 11% in paddy, wheat, uaize, barley,
Jovar and bajre respactively. Singh et al. (1968) observed that
. 4he pmount of food consumed by the oingle wesvil during 1to
developnent varlos from 0.11 g $0 2.9 g. VWhile nomessing the
extent of davage Golebiowske ot al. (1972) estimated that the
aduld of 3. oxyzae consumed en average of 0.4 mz of vheat per day

during the course of deyelonment.

Gupte and Fadyan (1972) reported that the extent of danage of'
wheat due to the infestation of 8. pryzep was 20,84, Xaran Singh
8% 8. (1974) observed thet the loss in weight due to §. oryzas
in different varleties of grains varied from 1.3% to 4.5%,

Ehokhar end Gupte (1974) reported that in wheat high proteln con-~
tent and high graln moisture were linked 4o susceptibllity and
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the hordness of grain were positively correlated with

renistonce,

¥aomillien st g1, (1981) noted that the loes in weight
in grain due to the dammge by 8. oryese (L.) during atorage
varied from &4 to 52% in different sorghum. Banerjes and
Narimiddin (1985) roeported that the mximm weight loss 40
raw rice by the larvme of 8. oryzae wam 57% whereas by the
adult it wae only 16,.,2%.

Biology and.Ecology of S. gryeae (L.)

Rice woovil im on important pest of stored graln like
rige, wheat, barley, oate, maize; bajra and other sbored
copmodities snd of cosmopolitan distrihution., Importance of
rice voovil as a peat of topicca chips was reported only fronm
Indla and Hong Eong. Studies on the biology and bionomics of
S. gnyzoe have been reoported by various workers on mtored
grainsg in Indis, ’

Purthi and Mohan Singh (1950) reported that rice weevil
is found throughout Indie. Thore are generally 4 to § genera-
tion 8 year and on ar average life cycle is completed in one
ronth during warm weathex ;;.nd ig about 4 {0 6 months during

antumn and winter,

Reddy and Michelbacher (1953) reported thot the 1ife
stages of Calandra gryrae were longer in boiled wheat than raw
vheat and the adults weighed honvisr in parboiled whoat.
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Parvett (1960) revorted that the peak ege laying of wesvil
zoached during third week of ovipoaiticn., De Arorea and Enriqueta
{1962) studied the esology of rice weevill and reported that meximm
number of rice weevil developed at 907 IH and 30°C and the 1life
history was completed in 35 4o 40 days in Argentium,

Thare and Agrawal (1963) obmezved that the favourable
temperaturze of oge laying for 3. oruzee in wheat and maiwe was
3@00 and 75 HH,

Joseph and Commen (1963) reporbted the infestation of
S« oryzas on 4apiocs chips in Ferala. Weldner (1967) recorded

the occurrence of 9, oryzac on caesava in Hong Yong.

Teotia and Singh (1958) noted that the devolopment of the
larvae of §. grycae was betber on sceds which are preferred by
the weevil for oviposition.

Karan Jingh et al. (1973) found that the eptimum cornditions
for multiplication of . ozyree in wheat was 30°C and 758 RE,

Tyagl and Girich (1975) obescrved that average number of
ege pluge detented on a single kexnol was paximum on bﬁ.ggéa’c
glged keorpnols and minimum on smllest sized kernels.

Atwal (1976) reported the occurrence of 8. ozyzae in paddy
£ield sleo. A femnle layas nhoud 400 ezgs and the egg hatches in
gix $0 soven days.

Shaxms and Ohshal (1977) obaerved that the rate of ogg
laying of rice weevil imcrensed graduaslly up to 4%h week and lator
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decrensed. Singh Kaven (1977) steted thet bhe peak breeding
period of the wesvil was from July ¢o Cotober in Midnapur
District in ¥est Depgnl. Murthy and Auamed (1978) reported
that the 1ife oycle was completed in 30 daya.

Borikar and Tayde (1979) sbated that tho developmental
pericd of Z. grysasg in difforent varieties of somghum showed no
significent differcnce betwesn the varietieo,

Sharma and Chabal (1980) found that the number of weevils
developed at 8,5 and 11.2 por cent initial) molsture content was
more or less the seme, bult when the moisture per cent inoreasged
Zrom 11.2 ¢0 17, the pumber of adult emergsd were more, There
¥as no eég laying at 8.5 por cent moisture. Maximum egg leying
wap recorded in the casge of 21 day old weevils at 28 £ 4% ana

15 por cent moleture content.

tudhakar and Pandey (1983%) alsaireperted that raw rice
graing were preferzed o par boiled rioe for oviposition and
‘dsvelopment of 5. orysae and the devolopmenisl perlod was longer
in par boiled riceo.

5. Teibolivm osstaneum (Hbset,) - Red Flour Bestle
Farmdlys Zonebrionidse, Order: Colsopiore

3. castanenm 18 a serious pest of flour mills, wershousens
and grocery stores and Infest a vido varieties of food grains and
procesged miiled products, drled vegstables and fzuits. The
oceurzence of this pest is alao roported from copra (Lever, 1934),
cotton aeed (Digsel, 1935), stored cassava (Frapra, 1938), potato
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Plour (Runke, 1938), cacao (Ridey, 1957), taploce flour {Josmeph
and Qommen, 196%), groundrut (Champ, 1965), oak {Jobert, 1966},
Soya beans (Heape, 1966), polm kernele (Riley, 1957), 0il coke
(Meshlen, 1938), yam flour (Courdeoy, 1967), cashew nute (Pinhelra,
1968), Gur (Vorma and Singhvi, 1973}, meat and popper (Jacob and
Mohan, 1973), dried fish (Omuji, 1974), dried capsicum snd heans
(Toriaki nnd Yernex, 1975), walmut (G111 ot ol., 1975), CGingen,
turmeric, cardomom (Abraham, 1975) and on dried mushroom (Srinath
and Pragad, 1975).

Cotton (1938) reported that Z. castaneum does not attaock

the gtored grain unless 1t 1o broken or damoged by other insscta.

Jossph and Oormen (1963) stated thet the rust zed flour
beotle I. onataneum infoats taploce chips on storage ard 1s
occarzing all over Heralae Ag 8 mojor pest in Taploca flour end
starch, Both sdulve and grubs feed on taploca starch and tapioca
flour throughout the year., The incidence of this post was more
in taploca flour.

Eirnoy Pests

1. Zyralda penihotelias (Guen.)
Fardly: Zyralides, Crder: Lopldoptera

Pyralis marthotoalls 45 conmldered a8 a minor pest of tapioos
chips. The cccurzence of thim as a post of taploen chips wag
reporded from Terala (Jusephk and Oommen, 1963).

Beenson‘(1919) obzerved P, manihotaiis (Guen,) breeding in
Cpoangdse monacenthn in Dehwa Dun,




' Joseph and Oommen (1063) reported the occurwrsnce of tapioca
mtﬁ 2+ mpnihotalig as a post of tapioca ohips. The lsrvae settle
down in eilken shelves which they rapidly make by webbing together
small particles and frass. Damnge is ssvere vhan they feed on
materisle elresdy infested with R. dominica, A. fgscioulatug,
Stezobivg paploenm., Tho peet 18 occurring throughout the yeaxw,

2. OryEmsghiing murinanensis (L,)
Family: Cucujidese, Order: Oolecptera

. gupingmenuis {8 & merious pest of stored grain and
procesged cereal products, This wae aloo recorded as pest of tes
and desiccated copra (Jepson, 193%4), atoved flonr (Takahashi,
1957), dried dotes (Levar, 1943), chelled walmuis (Sxith, 1960),
oak (Jobert, 1966), xaw and yellow crystel sugar (Androy end
Altken, 1966), processed cereal products (Loschicvo and Zaith,
1970}, groundnut and swnflower seeds (Varner, 1571), stored |
turmeede (Srinath and Prasad, 1575), walmats (G111 et al., 1975),
noodles and lasagns maceroni (Cline and Highland, 1976), drled
froits (Machelos, 1952) and soya besus (Horton, 1982).

Jopeph and Commen (13635) reporied the aecmtﬁct-nr saw
toothed genin beetle, Q. gurirswensis (L.) as a minor pest of
stored tapicea chips from ﬁimﬁm. Gailon ard Alleppey
Distriots of Keralm Siate. Both adulis and grubs feed on taploca
chips and ocenr throughtus the yean, |



3. Hhizgvexrtha dominica (¥?,)
Family: Bostrychidae, Order: Coleoptera

Pottor (1935) reported thet R. doninicn is an important
post of stored graine particulsyly in Indis, Argentina, the
United Statea and Faw South Usles snd hag also sesn recovded as
attadling wood.

Thie pest wes algo rocordsd as a peat of biscults, stored
cagoave tubers (Frappa, 1938}, coriander poeis and flgurs
(Lover, 1943).

dopepk and Qormen ($963) stated thad the lessor graln horer
B, demipnion ccours all over Kerala as a minor pest of stored
taploce chips., Both edult and larves couse dampge to stored chips
veducing thom to a tangled mams of flour, web and excrsta, The
sdult can boze directly into the par boile§ chipa.

4, Btemobivm pondcenn (L.)
.. Paplly: Anobildse, Ozder: Coleopiers

Stepobiun poniceum 15 a oorious pest of dried roots of
medical plants (Porter, 1934 and Srivectava aond Oaxena, 1975).
‘This was gleo recorded as a psmt of cotion seeds (Dimsel, 19%3%5),
onlon and lotiuce seed (Finkenbrink, 193%4), flour (Takahaghi,
1937), benboe pileces (Iinoley, $1042), shored beans (0lalguiece
faure, 1955), coowava chipa (Joseph and Osmnen, 196%), drled
mughroor (Seinath end Saxena, 1975), turmerio, girger (Abrcham,
1975), corfander (Erar anl Chahel, 1980) and dried chilli
(Rezaur ot gl., 1982).
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5. Lasmophloeus mionius (0liv,)
Tamily: Cucnjidoe, Order: Coleophera

The flat grain beetle L. piyvming is & secondexy pest of
stored prains and other food atuffs. This was retoxdel as post
of cotton seed (Bisesl, 1936), stored arain (Cotton, 1938), rice
(Balmer, 1942), wheat (Howe, 1943), drisd fmuits (Zeok, 1343),
maize (Tiensue, 1947) and cacao (Riley, 1957).

Josoph and Oormen (1963) wecordied the flat graiﬁ beatle
3. pimvtus (034v,) &g 2 ssoondary pest of taplocs chips after
infoatation by other ingeots. They feed on tépiaca flaur damaged
by other insects, throughouts the year. |

6. TLagioderm gerricorne (F.)
. Pomily: Angbiidae, Order: Coleoptera

L. gopnicorne is ar iopordant poost of great varlety of
gtored products of plent and anlmal oxigin. This was zecoprded
es8 & post of turmerle (Srivaestavm and Sarena, 19753 Srimath and
Prasad, 1975; A4braham, 1975), tobnooo (Nesd, 1935), dried ginger,
cotfon seed meal (Blosel, 1935), atored cumin (Morris, 19386),
storad tobnoco sead, rice, maisze and cscao (Vanderveen, 1940),
dried besn pods and drdef cabhege lcaves (Tever, 1943), dried
fmlts (Zeok, 104%), cereal prainm (fowe, 1957), cassava chips
(Jogaph and Oomzen, 19563), stored cnczo (Ghosh and Silva, 1972),
tesk murgeries (Permando, 195%), aﬁareﬁjcautor boons (Fugeain
and Then, 1966), dried mushrooms (Srinath snd Prassd, 1975),
valnude (G111 ot al., 1975), black mushroom (Srinath and




Praced, 1980), smoyabeans (Sirisingh and Rogan, 1981), stored
secds of the drug pland isabgul (Plantoso gvata) and dried

chilll and corimnder (Resaur, b al., 1982).

Joseph end Copmen (1963) reported that the e:i.garetﬁ. boetle
I, gorricorne (F.) ococurs ell over Xerals as & minor pest of
taploca chips. The grube end adults bore into the chipe and
reduce it %o mere powder thzoughout the yeaw. Jevere damege wns
- notiaéd on par boiled Yupioca chips collected from Central
Travancoro,

White (1982) woporded that L. gerzicorne (¥.) is an isportent
pest of druga, tobacee secdn, aplcep, covesl products, lcather and

maoum apecimens, Larene hove the habit of boring into doad hard

woods and coft woods,

7. Zonebraides meuritanicus (L.)

Tapdly: Teaebrionidae, Orxder: Coleopbera

2. moupitanicum was reported to ini‘egzﬁ';'a_numher_of' stored

products like maize and sorghum (Chiarcmonte, 1934), rices (Myers,
1934), cotton (Bienel, 19%5), tobmeco end stored cumin saed
(Vormim, 1938). Prappa (1938) wocorded 2. muriisnicus ap o pest

of atored caseava tubers., VYeldner (1967) reporited the occurvence
of this pest on caspavye stock in Hong Hong. This peat wvas found
to occur in shelled groundmuta (Monro st al., 1966), cashewmts
(Pinheire, 1968), starch based stored producte (Pspanol, 1969),
alwonds (Moroira and Belju, 1973), stored ginger and turmeric
(Abrahem, 1975), storod welmute (GL11 st pl., 1975) end dried
meat (Rout et nl., 1978). |
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Tdvingstone and Reed (1936) mecormded that T.panritanicus
(L.) 13 predzceous on ell steges of L. gerricorne,

8, Exhestis coutella (Wlk.)
Pamdly: Pyxalida.e; Orfiezs Lepidopters

Lofroy (1906) reported thnt E., cautelle feed on rice and
wheat flour in Indis. This pest wap also recorded am & pemt of
stozed groundmet (Bamekrishna Aygaxr, 1919), maize end sorghum
{Chiaromonte, 1934), stored coconuts and copra {Benduwm, 1940),
groundmut, crcao (Riley, 1957), choeolate (Smediey, 1966),
almonds (Aohiliddee, 1967), cashew mute (Pirheirs, 196B), sheiled
groundnnt (Mookherjee ot sl., 1969), soyabeans (Hapoor &} Al.,
1972}, stored cacso {Chooh end Mlva, 1572 and Smith, 1672),
walnats (G411 gt gl., 1975 end Srinath and G432,.1976) end
¢hilli powder (Romzen and Darsan Singh, 1982).. ' y

Joseph ernd OJommen (1963) reported that dthe fig moth
Z. cautella Wik, octurs sll over Keralo 28 a hinon pest of
tapioca chipm, The larvas spin sillken threads, webbing and
matting the fiour particiaa togetuor and bors into the chips.

I:ai and Varma (1974) reporsed thet the lorvae of fig moth
E. conteilsg attsck drled fruid, chocolate, biscuits, tamarind
aced, cacap seeds; lac, malted mill, deded mango julce, amohorx,
garlio bulbs, appricot ceeds, coveals, cereal producte, oil
paeda, groundmut flour, and stored onion Wulbs.




9, Setomorpha rutella (Zeil.)
Famiiy: Tineldae, Order: Lepidopbera
FPlotcher (19192 voported the distribution of O, rntelin in
India and Ceylon., OCormen and Joseph (1961) wecorded this an a
post of atered rice, sagn, coviamnder, glngelly, taploea, pulaes,
peppen, coffos beans and garlic Iin Herale and studied the dotelled
blology of the pest,

‘Heavy infestation usmally cocurs and whole grain gnd grain
products are completoly reduced to a masm of webbings of fruos
and W@Mtﬁ- | |

10. Eywhtzg iag aebrm {(Patlexr)
Familys ILyonetiidae, Order: ILepidoplers
Jomeph and Commen (1963) reported B. zebrema occurs sm a
minoye post of fapicea starch and flour in Zouth Kerals. The
caterpillar webs togather parbiolen of taploca figur with &
pilkén thread, Constructs & emoll tubuisr gallery and feeds
from withln. |



MATERIALS AND METHODS



HARERIATS AND MITHODI

Materiale
Tapioca chipa

San drded raw chips of tapioca varietien vis., Falayan 4,
Sras Sahya, Srec Visskham, Nealaglrl, Hjsmuck and Vella vers used
for the studisss The tubars were procurdd from the District
Agrionltural PFaym, Peringamaln, 'i‘ximmm. and made intd ohips.

M A variosy wne used for the preperation of par bolled taplooa
chipg. Chips of tepiper tnbers wers inmmersed In boiling water for
two minuten and then teken oud, oun deief ard ussd.

Glases {trough: Oircular glass trousha of 20 £ 15 om were used for
the bulk rearing of diffenent peeis and alsd for the studies on
the noture and extent of damage dcauaed by then.

Speaimen taben: Specinen $ulog of pize T % 2 Om wore used 4o
atndy theo blology of dilferent pocts.

- Glaos chimmeye: Gloss chimmays were vsed for vrearing adult moths.

Potrl diches: Potri dishaes of § cm Qie. were used to atudy the
feoundity and development of differsut stazss of Inseat pesis.

Islin cloth: Maslin cloth was used to cover the open a#and ¢f the
specimen tubes, chimneys and troughe.

Rubbher bands: Rubber bands wope used to fix the mrelin cloth to

the glagswares.

Gunny begs: Gunny bage of pizZe 40 m 20 ¢n were uscd to gtudy the
vavietal susoep$ibility of pouts In storage.
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METHODS

A random sample survey on the popnladion of wvarlous ingsct
pests and the extent of damage caused by theas insecis (o storad
taploca chips was conduoted at monthly intervais. the survey vas
conducted from 1-8-1984 to 30«11-1934 4in ten contwes in Trivondroum
Distrios viz. Palode, Parasoals, Hedummngad, Venjaramcodu,
Pothencods, Chizayinkil, Vembayam, Chalsl, Sreckariyam and
Mangalapuram, where taploca chips wors otored. Rendom samples
of 200 g wore dvawn from the bulk otock and brought to the lahoza-
tory. The camples were transforred in glass troughe end covered
. with molstened rmslin cloth aund kept inside wooden boz undisturbed
for o month, After one wmonth counte of popniations of differentd
spacles of ingect. posta including their Llife ctages wore tokon.
_-Zhe extent of damage canged by them was studied by taking welght
of infested end non-infestod chidps ond aleso the wolght 0f powdered
raterials, Thoe posto collected from the eampled were sont foxr
idontification. | '

Hnture end oztent of damere to tapioce chips panged by different
inaect poats

Ingect poats of fteploce chipe wore moss culdured in the

© laboratory, Thinrty numbezs of ench ingeet opeciles were exposed
separntely v ono k3 of taplccne chipp, kept in glass 4trough and
covered with muslin oloth and kept undicturbed in insect reawing
cages. Oboervations were taken on the weight of chips Gamaged by
the poote and expressed as percentage of infesﬁaﬁian. The weight
of powdered material wap token sopazately avd cccounied oo pore

contage weilrnht of powlered moderinl, Tho poyuiﬁtien count of



diftsront otages of the pest at monthly indervala vere aleo
chserved. The neturs and extont of damsge cmused by Arascems
fageieniatns, Sitophilue oryzas and Tnibolium castanaum were

ptudied on raw and par boiled ohinps,

Stmdica on verietal suscepiibllity o A. fapoleulotus end
Se grypos {yera undertokon,. Twe kg of each vorlety of {aploca
ckips were ¢sken in gunny bogs and gtiched with country twine
and labelled., Bags containing different vorietles wors syiansed
rendomly Iin 4 pdrele in inmnces renving cage. 4 trough conteining
waee culitupes of the ineect wap gﬁéﬂaﬂ in the middie of the
oirolo for infemtation. Obsorvations on the porcentage of
infestntion, novesatoge welght of powdored mateznlal, and tho
populetion count of different steges of the pest wore taken at
ponthly intorvols fox o pordiod of thres months.

iaviuence of diifercnt vordeties of tapicea on the biology of

gtored Insgoig

Blology of A. fagcloulsius and 8, pryese on taplocn chips

0% slx dlfferent varieties wore studied, Taploco chipg of dif-
, forent varietiea were token in gpecimen tubsg and den pairs of
adults collectsed from the bnllk reaningo of cach variety waze
introduced and closedl with muslin cloth. Thoe beotles werc
sepazrated from the hoat material after 24 houvs, Eg}nhwga

12id wers counted under a sterse miorostope. IDally obmervationa




vere nade orn the date of emergence of graba. Teploea chips
were broken gently without killing the grubs to locate the
moulted skin snd head copoule 4o study the duration of different
instars and froch chips were introduced as and when necegsary.
The longevity of the beatleno and the pazx ratic wore recorded.

Obmervationa were continued t11l adult emergence,

In oxder to smtudy the effect of yarboiling the chipa

on the blology of A. fasoiculotug and 8. prveao the insects wera
confined on the parboiled chips of the porular variety M 4.

Ohservations wvere made ag degoribed enxlior.

A11 the oxperiments were conducted in corplotely randomised
design with three roplications.

Toanpformutions such as /2 and / = + 1 vora rmde
for the gtnitistical analysls of the data.



RESULTS



RESULES

Survey of inscst pesie of stored tepioca chinm

The remmits of the random survey conducted et dilfferant
eontres in Trivandrum Distrlot are presented, The survey was
eived ot oxploring the extent of dGarnge of taplocs chipes atored
for different periods dus to attack by insect pests.

Ghe major pests observed throughout the survey were, taploca

weavil Arpecerng famolculatnus (DeG.), »ice wesvil Sitophilug

oryeae (L.), ard rust red flour beetle Triboliuvm cagtoneum (Hbst.).

The other poepts observed wereo lesser grain borer Rhigopertha

dominiea (F.), clgarette boeetle Iasicderma serricozne (F.), drug
store begtle Siesoblum reniceum (L), flat grain beetle

Lacmorhloeus miputus (91liv,), tepisce moth Ryralis mapihotolis
(Guen.), tobacco moth Sotomornha rutells (Zell.), flour moth
Brechihiss zobripa (Dutler), fig moth IEghestle cautelle (Wik.),
Tanéﬁgggdea mupitenicns (L.) and eaw toothed ground beetle
Oryzsephilue survinapenais (L.), (Plate 3, Tf, 1N and]V¥).

Location: Yalode

The dota relating ¢to populntion of different Llusect pecta
and oxtant of damane cauned by thenm in samples of taploca chiipa

ptored for different poriodo collected from Palede are presented
in Table .

Araeperun fagciculnins

It wus obsorved that the larvol population of A. Zasciculadus

- rangefl from 8 to 97 under differcont durations of storase. There
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Table Y. Populetion count and exbent of damope
causad by different insect species found
%gltge taploca chips colleoted from
cde

Duration (in montha) after storage

Inaect peats

1 2 3 4
L. faseicnletus  Tarva 8 ). 97 a7
Pupa 5 11 - 16 L
Aduld 40 62 187 12
2. gagtanenm Adult 1 3 7 26
S. gnyzoa ’e 2 4. 14 8
R. dominlon 'y i 2 1 -
%i. gerricorne ’e 1 2 - 1
8. paniceum 'y . - - 1 -
L. pinutug ' - - 2 -
P. menihotalis v - - - f
8. rutelle 'y - - 1 -
. zebrena - - - 1 -
E- Daute]_..‘!_.g, e - - - 1
Q. Burinamensis v 1 - 2 -

Brtent of darnze
Quentity infosted (o) ‘ 25.4 158.% 200.0 200 .0
Quantity powdered (g) 1.2 12.8 186.0 200.0




was gradual increase in the population ap the duration of storage
increasged from two Ho threa rwpatho. Fouy months aficr storacs
the popnlation of A. fesmciouleiue was reduced to 27.

An 1n the cass of larvae, nuabor of pupde aleo increasecd
gradunlly up $¢ three nonthe, tut pupce wvere not ohserved mfter

four months of otorage.

Yith recard to adulf populetion, 40 adulis were obhscrved
after a ponth of storage. The populatlon was found to inorenae
to 187 in the samples etored for threo monthe which ot dram-
tically reduced to a level of twolve mdullds in four months,

Iribolium castaneun

. 1

‘ Thore was & c:éﬁual 1ne:eése in sdult populstion of
Ze comtnneun from 1 to 26 oe the duration of storage inorecsed

from one o four months,.

Sitovhilug gryzae

The adult porulation of S. orygae increased from 2 4o 14
ag the duretion of sloraze inorcased from one t threse months,
Bu$ after foun monthe, the adult gapulaﬁion count was reduced
"ﬁ_O eight.

hioeations Paragspla

Oboervations on tho population of diffcrent inscct posts
and extent 0f dernze cauged in samplos of tapioca chips stored
fox diéferent perliods colleotad from Parnseala ave prepented in
Table 4,
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Porulation ocount and extent of damage

cauged by different inseot specles

found in the tapioca chipse, collscted

from Paraesalo

Ingect rests

Duration ('in months) after storage

1 i fo

] 2 b} 4
A. Zamoioulotns Iarva 5 58 141 24
Pupa 1 T 17 2
Aduld 14 62 aot 17
2. camtaneum Advlt 1 4 7 12
8. orvoae ’s 2 4 12 4
B. dominica T - - 2 2
5. gerrioorne by - = - 5
8. reniceun v - 2 - i
L. piontus - - - - 5
» Danthotalis ., - 1 - ]
« Tutalla o0 - - 1 e
o Zebrens P - w 2 -
o cauntella .o - - - 1
. Surinamenaims s e 1 2 -
Extent of demane
tmantity infested (g) 4549 172.2 200.0 200.0
Quentity powdersed (g) 147 15.1 129.4  200.0
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Avascorus facolonlatns

The larval population of A, fasgeiculatusm ranged from § to
14% under diffezent duzetionn of storspge. Thers was a gradual
increase in the population, oo the duration of sicrage increaged
from one %o three montha. Then the larval population drastically

rvoduced %o a level of 34 at the end of four months,.

Fopulation of pupae was maxisum in chipe gtored for thres
monthe (17). There was & graduel increame in pupal population
pa the duration of storage increased from one to three months,
Then tho pupal population was reduced to a level of three as the

duration of storose increaced to four montha.

Witk rogard to adult populntion also, there was & aradusl
increcso in populotlon fzom 14 to 201, as the duratlon of astorage
increased from two to threo montha. Then thore was o drastic
roduotion in aduld poruletion ond reoching to a lgvel of 17 at

the end of four monthe.

Teiboling captaneumn

Ag the duration of storangs increanoed from ong o fouxr months,
there o o gradual incresse in adult populatioz of T. gestancun

from one to twelve.

Sltorhilum orvrog

The adult porulation of 3. oryzae renged from two to twalve
under differont periodse of storage, There wvas 8 gradual increase

in adult numbers as the Guration of siorage increased which
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reached to & maximum of twelve in chips otored for three monthe,
Then thore was a gradual decrease in aduly population to a level

of four afder four monthe of storage.
Locption: Hedumonoad

Table 3 represents the data on tho porulation levels of
differont poste affecting the stored tapicea chips, collected

fron Hedumengad, The ektsnﬁ of damage was alseC assessed,

Araecerus gagoiculatua

it was obgerved that the averngs lnrval population of
A+ fagoiouiatng ranged from 11 to 197 under different durations
of atorage., There wag a graduel increase in the gopulntion as
the duration of etorage ircreased from one %o three montha,
" Then there was & drastic reduction on larval yopulation t0 &
lovel o 24 at the end of four nonths.

Az In the case of inrvae,; population of pupae elso increaged
graduelly up to three conthas end then there vaa o reluction 4o a
level of two in four months old stock,

The adult population of A. fasciculatua ransed from 56 4o
147 under different periods of etorage. There uas a gradusl
increage in the populotion as the duraiion of shorags incrsased
from one to three montha, Then the adult porulation reduced %o
‘& level of 56 at the ond of Zour monthe.

Iriboliup cagtaneum

T» capbenoum wvas not oboorved in tapiocs chip samples up to
& storage poriod of two months., Then there was & gradual inorease
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Table 3. Population count mrnd extent of dammge
caused by different inseot spevies Tound
in the taploca chipae, collected fxrom
Hedu:m:@g
Daration (1n monthe) efter storage
Ingect peatn Samaen :
1 2 3 4
As fegoioulatng Lorva 1 48 197 24
rupe 3 9 16 2
Aduldsg 56 €8 147 56
2. gagten Adult - - 3 15
3« onveag 'Y 3 " 16 15
B. dominten o - 7 3 4
L. ssrricorne ’e 1 -~ 1 2
o M ” - 1 Lad -
;!.. mintltuﬂ t E N had b 2 4
_S.o mtellﬂ Yy hnd ’ had 2
. gabreng s - - - 1
}E' cautella e e - : | -
D. soxinemenain 24 % 2 - -
2. mannitaonicug - ] - - -
Extent of demace
Quantity infested (g) 28.4 196.2 200.0 200,0
Quantity powdered (a) 1.2 17,1 198.5 200.0
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in 2dult population from three to fifteen ae the duration of

storage increassd from three Yo four nontha.

Citorhilug srysas
The adult population of 9. orygae ranged from three to

nineteen under diffevont periods of storage., Thaere wagd a graduml
increnos in adult population on the duration of storage increased
and reached a maximum of 19 in chips stored for four months.

cation: Nenleramogdn

The data relating to the population of differeniy insect
pests and extent of damage caueed to mamples 0f tapilocan chips
stored for different periods collected from Venjarsmoodu are
presented in Table 4.

Avascerun feacicnlatusp

It wvag obsexved that the average layrval population of
A» fasolenlotus ranged from 9 to 194 under different durations
of storags. There wze a gradunl increame in the porulation as
the duration of storage increzced from cne to thres months and
reached to a level of 194, three rmonths after storage. Then the
population of larvae go¥ reduced 40 o level of €8 in four montha
aefter stornge.

The maxirmm populatlion of pupas in c¢hins stored for three

pontha was gixtoen. Then the pupal pomulation decreased to sero
in four montho, |

With regard to adult population elso, there vap & gradual
increags in population from 24 ¢o 176 as the duration of etorage
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Table 4. Population counti and extent of damnge
cauged by dlfferent insect species found
in the tapleca chipse, collected from
Venjoazamoodu

Duration (in months) after storage
Inmect pesto :

1 2 3 4
A. fapoionlatug  Lapve q 86 . 194 68
' Pura 5 12 16 -
Adult 24 107 176 54
2. cagtoneum Aduld - 2 6 7
_-29 QryZne &y 5 a 13 -
R+ dominiea ¢ - ¥ 5 -
L. gorclcorne 'y 1 - 2 1
3¢ Paniceum ’s 2 1 1 -
Le mirutus »s - - - 6
I, panihotalis .5 - - 1 1
§. putells v - 1 - 1
E. 2ebrena ' - - - 2
B. coutella ' . - = - 1
g, supinonensis .9 4 2 - -
I. manritaniocun - i - -
Extent of damono
Quantity infested (g) 5046 156.4 20040 200:0

Quantity powdered (g) 1.4 17.9 196,14 260,0
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increased from one to three ronths. Then there wag a drastio
- peduetion in adult population and meached to a levol of %4 at the

- end of four months,.

Tribolium camtancum

Adult population of . gestaneunm was practically nil after
one ponth of storing tho chips., Thors was o gradusl increase in
adult pornlation as theo duration of storage increased from two

to four months, the mmber being two, 6ix and seven respectively.

Sitophilug owymac

With regard to 3. grysac the adult population under different
periode of piorage gradually increased and reached to thirtesn es
“he duration of otorags increascd to three monthe. Adnlt inseet

vas not goon in chips sbored for four monthe.

Iocation: FRothencode

In Table § the data reloting to the popunlntion of different
duiseod peets and the oxtent of damge aspeoped in seamples of
topioce chipa stored for difforent poriods collected from Pothen~
code are presented.

Arsogerna fngcienliatng

It wae observed that the average lacval populaiion of
Ao famciculnius ranged from 8 to 169 under different durations
of storage. There was a gradual increase in tho population as

the duration of storage inorensed Trom one o thuee ontha, and
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Table 5. Populmition count end extent of damags
caused by differont insect spoolies found
in the tapiococa chips, colleoted from
Pothencode

Daration (in monthe) after storage

Inpect pests

1 2 3 4
A. fagoicnliotue Lanrva 8 57 164 43
_ Pupn - 7 18 14
Adult 18 46 182 29
2. cosinneun Aduls 2 11 15 57
B. pzyzes o t 3 7 2
R dominien - i 2 - -
De Borricorns ’9 o 1 1 2
8. panlceun - 1 - i -
L, _n_z__in__utua 29 - - o 6
P. manthotalis ’e - -~ 1 i
S. rutelln ’e - - t 2
B, gehrens sy > - 1 2
B, gautolls ’e - - - 1
8. surinanenals ’ 3 i 2 -
L. mouritonicug 4, - 2 -
Drtent of demage

Quantity infeated (g) 145.0 199.6 200.0 200,0
CGuantity vowdered (g) 22 68.4 196,0 200.0
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the populotion was drastically reduced to a8 level of 43 in four
months old stock,.

Pomalation of pupase also inomcaged gradually ond recched
to & lovel of 18 in three monthe under stored corditions and then
roduced to a level of 14 in four monthse old stock.

Vith regard 4o the adult populntion 4t was found to inoreaae
tc a level of 162 in the eonmples of three monthe aftor storape
and $he population was drastleplls reduced to o level of 29 adults

in four montha.
Iriboliup costoneunm

There was a gradval inorease in adult vopulation of
2. cestancunm from 2 to 37 as the duration of storage inoreased

from ¢ne 4o four montha.

Bitophiing oryace
The edult population of S, pryz2ae also incrpeaged gradually

up to thres monthe and reached to a level of scven, then reduced
to two in four monthe old stock.

Locations Ghigxgnggl

The data relating $0 the population of different insecd
peste and the extent of damnge acsecsed in samples of taplocs
¢hips stored for differant periods collected from Chirsyinkil
are pressnted in Table 6,




Tadle 6., Population count and extent of dazage

caused by different insseot sgeeies found
in the taploca chipm, collected from
Chirayinkil
Duration (in monthe) after stormage
Ingect peasts .
1 2 3 4
A« fasoloulatus Larva 6 67 112 37
Papz~ % 11 2% -
Adult 14 162 218 e
T. castenoum Adult - 5 i1 14
S. gzyzag ve 1 4 8 -
Re dominden 2 5 2 4 t
g. chmgl 'Y - 1 2 -
L. pinuing ' - P2 4 7
B« manihotoilg oy - - 1 1
S. rutella - e 2 - 1
_g. 839355@ 'Y} - 2 ‘ -
E. pantella 'Y ﬁ - haut ‘
Qe surinamsnels 9 2 i 1 3
Bxtent of Gamage
Quantity infested (g) 49.1 190.7 200.0 200.0
Quantity powdersd (g) 1.9 44 .8 200.0 200.0
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Arnegsrug fageicﬁlatug
It was obseryed that {he average larval population of

A, foeolonlatum zanged from 6 to 112, under different durations
ol stornge: Thera was o gradual increaée in the populsticn, as
the duraticn of storage Inoreased from one t0 three monthm end
popuiction vae drastically lovered to & level of 37 in four

nonths old etock.

is in the case of larvao, population of pupae alsod incraamsed
gradunlly up %0 three monthsy bub pupas were not cobgerved in four

monthe old stock.
Vith regazd to aduld population, 14 ednite vere observed
- one month after storing of tho chips. The populntion increaged

- 30 & lovel of 218 in the sanplos after three montha of storage
and then reduced to & level of 27 adults in four months,

Irdbolium castaneun

The edult population of Z. casianeum increased grodually
and reached to a mazimm of fourteen in four months.

Sitophilus oryene

Thore was & gradusl increase in the aduli poypuiation of ’
8. oryroe se the duration of stornge incronsed from one to three
nonths, and reached to a level of elght, btut in four montha the
adult population was soro.
Iocation: Yerbayanp

Table T roprosente the data on the population levels of
differont ingoct posts and oxbont of damhge caused in samples



Table 7. Population count end cxtent of damgs
4 caugsll by different insect species found
in the taploca chips, collected from

Vezhayan
Daration (in months) after storage
Ingect poste

1 2 3 4

A. fasciculotus  Iarva 14 49 165 12
Popa 3 11 a2 4

Adult an 68 187 76

2. casgtoncuam Adult 1 J S 7
3. oryzce X 3 (4 5 2
Re dominicn 20 - 2 2 -
L. Serpicoine o L] - 2 -
8. papiccun - 1 3 1 -
_I:I_o pimtus 'Y 1 3 1 5
. panithotalis - - - - 1
2. zutelle ) - - - -
B, gobrena - - - - 1
B, coutellan ’e - - w 1
0. guniromeneis  ,, 1 2 - 5

Extont of damage
Quantity infested (g) 5643 180.7 200.0 20040
Quantity powdered (g) 28 3940 250.0 20040
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of taploca chips stored for different periods collected fronm
Venbayam,

Arsecerie fasoiculntun

The larval population of A. fasciculatus ranged fron
12 to 16% under differcnt duratlons of storage. There wan a
greduzl increage inm population as the duration of etorage ine
oreagedt from ome to threse montho. Then the larval population
decreaned to a lovel of twelve at the ond of four ronths,

Pupal popnlation aleo incrensed gradualiy ond reached to
& loval of 22 in three montha, and then the level decrenmped o |

four in four montha,

The adult population was Yfound to increase groduelly up $o
thrae ronthe; 187 adults were observed in chips three months
after atorage but in four monthe the adult populetion was reduced
to 760

Tribolium castoneum

There was a graduel inerease in adult populadion of
2. cagtoneum from one to seven as the duration of storzge ine
creansed from one to four months,

Sitophilus orymae

The ndult population of 8, onygae increased groduslly from

three to nine as {the Auration of storege increased from one o

three montha, dut in the fourth month the adult population was
reduced o two,
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Tocation: Chalal

The datﬁ reloting to the population of differont insect
peete and oxtent of damage asgessed in samples of taploca chips
ptored for differcnt periods collected from Chalal, are prosentad
in Table B,

Arpegeorus fasoi_milgtua

The lerval population of A. fasciecnlatus ranged from 14 to
108 under differont durations of storage. There vas a gradual
incvease in the population as the duration of storage increased
from one t0 three months. But by the fourth month, the larval
population was reduced to 33,

Ag in the case of larvee, the pupel population aleo increased
gradually up to three monthe from one to scven., But after four
months, the populetion of pupa was reduced 40 s8lZbcon

A4ult population of A. fasciculotus ranged from 5 to 199
undexr difforent durations of gtorage, There wasg a gradual ine
crease in the population as the duration of gtorage inoreased from
one to three months. Dut in four months time the adult population
got reduced to 47.

Iribolium cagianeun

There was a gradual increase in adult populebion of
2. cantanoun from three to eight ms the duzation of storage
inoreased from one to four months.
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Tabla 8. Population count and exitent of demoge
cauped by different insect cpocies found
in the tapioca chips, collected from

Chalal
Duration (in nmonthe) afber storage
Insect peats : '
1 2 3 4
A. fasolculatum Larva 14 40 108 33
. Pupa 1 5 17 -6
Aduls 5 48 199 47
2. cgstencum Adult 3 6 7 8
8. oryeae ) 3 7 13 2
E;v dgm;g;icg 'L 1 - - 4
L. merricorme * - - 1 -
.§- panicenm e - 1 - 1
L. pinains v - - - 2
2. ey !11‘10%3118 'Y - - =3 |
8. zutelln T - - 1 4
Z. gebrenn oy - - - t
E., cautoells - - - - 1
0. purinamensis  ,, 3 5 - 4

I

tent of damime
Quantity infested (g) 49.5 113,2 200.0 200.0
Quantity powdered (g) 2,0 29,0 200,0 200,.0
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Bitophilums grytase

'Tho adult populntion of 8. oryzae increased graduslly from
thres 40 thirteen as the duration of storage increassd from one
$0 three monthe, but in fourth month the adult population was
refuced to two,

Location: Sraskariyan

In Tableo 9, the dote reloting to different insect peste and
" the oxtent of damepge nomessed in samples of taplcea chips stored
Por difforent periods collegted from Sreckeriyam, sre yromented,

It vas observed that the larval population of A. fasciculatus
under d1fferent durations of atorage ranged fron 7 to 188, There
wee a8 graduel increnge in the popuiantion as the duratien of !
atorage lncreassed from one to three monthas, but in fcur‘monﬁh old
samplaa, larval population drastienlly reduced to 48,

Ag in the case of larvae, population of pupze algo increapsed
gradunlly ond reached to 29 in three months, but pupae were not
ohaerved in four months after storage.

With regard to adult population fourteen mdulto were
obhoerved in one ronth 0ld chipe. Then the population wam fourd
%o increase up to 198 in the camplos stored for threo months, Bub
after four months the adult porulation wae found to be reduced
to Ti.
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Table 9. TPopulotion count and extent of daregs
conaeld by diffonent inssct spogles found
in the toplocs chips, colleoted from

Jreekariyam
Duration (in monthag) afbter storags
Ingact pooto - - :
t 2 5 4
A+ faacionlotus ILanva 7 75 188 48
” Pura 2 14 29 -
Aduld 14 a3 198 i
" 8, cogbanenn Adult 12 23 26 37
3. oryene o 4 9 i3 4
. doninica " - - 4 L |
L. gerricorne ’s - 1 ~ 1
S. paniccun - 2 - § 1
L. pinutug ’s 2 o ] 4
Es ‘@-ﬂih_g_"ualiﬁ ' 'Y o~ -, L] 4
B. zutolia oo - - - 4
Be gebrene ye - - - 4
Ee cantells 39 e ¥ - -
8.« supinenmonsin - ¢ 2 3 - -
Extont of damagme
‘Quantity infented (g) 5440 100.7 200,0 200.0

Quantity powderad {g) B P ! %440 200.0 200 .0
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Iribolium captancum

There wam & gradual increzse in adult population of
2. ocsgtancun from 12 to 57 as the duration of storage increased

from one to four montha,

gitophilug oryzae

The adult population of 5. oryzse increazsed gradually from
four to thirteen os the dvration of storage increased from one
to three montha., Then the population wae reduced to four in

four nontha,

hoeation: Hengalapuran

Obacrvations an the population of different insect pests end
4he extoni of dnumage censed in mamples of taploes chips stored
Tor diZferont periods collected from Eangalapuram are presented
iz Table 10,

Araecorng fagoiculatugs

The larval population of A. fasciculetus ranged from
4 to 111 under differant duvations of storags. There wam &
gradual increase in the population as the duration of afcrage
increased fronm one to thmee months, Then the larval population
reduced to a level of 39 at the end of four montha,

The pupl population also inoreasel gradually up to three
monthe; but pupas were nct obecrved in four monthe old stock of
taploca chipa.




Table 10. Populetion count and exient of damge
caunasd by different inmect species found
in the teplioca chips, collected from

Fhngalapuran
uration (in months) after storage
Ingect poets ,

1 2 : 3 4

A. fascicuintus Lerva 4 23 1 39
Pupa a 17 29 -

| , Aduit 27 28 j82 38
‘3. captaneun Aduls 1 7 1 36
S« orvzae o 4 9 15 2
R, dominien 's ' - - 4 -
I« perricomme e - - 1 -
8. paniceum ’0 2 - 1 -
L. pimubus s 2 2 1 4
P, panihobalis - 3 1 - -
§5 rutelln P - - - 1
En mgbrggg 'y - - - 1
P. cantolla v - 1 1 -
0. guninomensis 20 2 3 - 5

Extent of damage
Quantity infested (g) 80 40 150.0 200.0 200.0
Quantity powdered (g) 2.1 2060 185,.5 20040
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The adul® population of A. fageiculatus ranged from 27 to
182 under difforent Gurations of ctorage., There was & gradual
increase in the population as the duration of storage increased
from one to three months., The populotion was drastlcally reduesd
to a level of 38 adults in four months,

Tribolium castanevn

There was o gradual increame in adult porulation of
2. castsnennm fzom 1 4o 36 ap the duratlon of storege increased

from one to four montha.

Sitophilup oryese

Adult population of J. orysag imoreaged gradually fron
four to fifteen as the duration of ntorage imcreased from cne %0
three montha. Dut in four months time the adult populstion was
reduced t0 a level of $wo.
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Rature and oxtent of darnge caused by Araecerua fasoioculatua

to taploca chips gtored for different peoriods

Data relating to the nature and extent of Qumage caussd
by A. fgseiculatus to raw taploca chips of variety M 4 stoxed
for different periods nre presented in Table 11 and Plate V.e, b
and VI.a to d.

Percentase of chips damged

The naturo and oxtent of damapge of rayr topioca chips o
difforent periods of storage viz., one, two, three and four
months chowed that the intenelty of infestation progrecssively
increaned, The percentoge of chips infested incrceosed mignifi-
cantly from 50.32 in the 1s€ month to 92.20 to 100 iu the
sucoseding months, The mean porcentage of infestation for iat,
2nd, 3rd ond 4th m;nth weze 50.82, 99,20, 100 and 100 pexr cent
respectively. ALl the ohips were darcged aftor three months,

DPexcentaro of chips powderod

Apsposement of damage in terme of the percentage of powdered
materinl ot differont poriods of storage xweovealed that the percente
age of powdered material progressivoly increased corresponding o
the percentage of chips damaged. Percentsge of powdered chipme
after the firet month was only 2.45; two monthe alfter atoroge
the meen value incremzed significantly to 7.9. [The percentage of
powdered material reached to a level of T78.3 after thiee months
and by the ond of 4th month the entire gusntity of chips wom

completely reduced to powder. The percentage of powdersd chips




Plate V.n

inture of damase caused by
A. famoicuiatug to rew iaploca
chipe

Plate V,b

Mature of domage cauned by

Ae faseicnintpg 4o par bolled
taploce chips






. Table 11. Ixtent of damcge caused by Armecerus fasciculatug to
raw taploca chips siored for different poriods
Porcentage  VerCODLAS8 morn yo of  Iean Ho.of  Mosn Fio.of
Period of storege  of chips of chips egn 1040 ean 19.0 00
info %gd Dowd orod lorvae pupae adults
One ronth alter 50.82 245 88,65 14.06 13
storage (45.49) (9.03) (9.47) (3.83) (6.18)
Two months afier 99.20 T.90 162.14 66.71 253,01
storage (84.30) (16,3t) (12.7T7) (8.23) (15.94)
Three ronthe after 100.00 T3430 261 .73 T617 567.45
storage {90.00) (62.22) (16.21) (8.74) (23.24)
Four moriths after 100.00 100.00 21.09 o =45 202.82
storago (50.00) (90.00) (4.70) (2.07) (14.28)
Regults of statj.rstieal analysgig
F 4, 10 235.85""  1135.45 155.52""  11.84"" 29.65 "
C.D, at '53 level 8.06 3.63 1.51 2.48 5.03

Fipures within parenthesos are transformed wvalues

¥4 Stgmijicemt
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Plote VI.a

Extent of damge caused by A, fagolculatus

£0 raw tggggca chips ptored Loy dilfferont
neziods

0 - Control (without inasct)
t ~ Ons month nfter storage

Plate VI,0

Extent of dapage caused by A, faggieulatug
to _rew tepicea chipe stored for different

eriods

0 =~ Control
2 = Two montha after storags
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forned was found to vary significantly in the different occo-
siona of observatlons. The percentage of chips damagef by the
bestle during the Vst month after storage was found to be
olenificantly different from tho other interwals of observations,

which were On par emong themselives,

Fumber of lnrvae

Apsogoneont of damage to tapioca chipa_on the basis of
larval populotion of A. fesciouiatua revealed that ene month
after storage the mean number of larvae vas found 4o be 83,65,
The larval population increased to & level of 162.14 after the
secoond nonth, The highomt mean larvnl population of 261.73
wag recorded after three months of gitorage. After four months
of storage, the larval population dropped drasticslly 4o a
level of 21.00 when all the chips were reduced to powder.
Thers was significant difference in the lerval population at
the different durations of storage.

Hapber of punae

Mean pupadl population after'one ronth of storage was found
to be 14,06. It incroacsed significantly to & leovel of G6.T71
afier two months and T76.17 after three montha etoraga, but it
further got reduced significantly 4o 3.28 after the fourih ronth.

Hunber of adulta

One month after storage the maan adult population wes found
to be 37.13. The population inorcased to a levol of 257,01 after



Plate Vi.o

Extent of damage caused by A. f@igaien:mmg
to _raw tepicca chinm aftored for Aifforeny
pericdn

0 = Control

3 « Three montheo after otorege

Plate VI.d

Extent of damage cauced by A. fapsiculatys
to raw taplocz chiva stored for &iffovent
periods

0 = Contzol

4 = Four menths after atorage
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the sgeond nmonth and tho highest mean population of 567.4% was
recorded nfter the third month of storage. Four months after
storage the adult population Goclined to 202.82., The adult
vopulation was found ¢o vary signifieantly'at the different

perioda of storage,.

The date relating to the nature and extent of daramge
caused by A, fapciculatns to par boiled topioeca chivps stored fox
different periods are presentcd in Table 12 and Fiate V.b.

Percentacge of chips damaced

Thera was no syvumpton of damnge due to A« faseloulatus one

month after storage eventhough a@ult inpects survived in the
samploa. lMean percentage of infestation after the second month
of storage vas found 4o bhe 11,20, Level of infestatlion after
the third month wae 21,8 and by tho fourth ronth 1t incressed $o
33.75. The increzss in this porcentage of chips damaged vas
found to be significant as the time of storage incrcased.

Percontage of éhine powlered

The chipes were not reduced to powier after the firss month
o storage. There van progressive increase of the powdered
naterial durlng the successive montha. The mean percentages of
powder vas 1,50 after the sccond month, which increcsad t0 2,00
after three months. At the end of fourth month the powder

produced increaped to 4.2 per cent.



Table 12, Ixtent of damage caused by Armaccerus fasciculatus %o
par boiled tapioca chips

Percentage Forcantege of

Hean

Hean

Period of storage of chipe powiared mgber 0f rmober of number of
Infested naterial larvae porae adults

0ne month after 0.0 0.0 0.0 0.0 14.23

atorage (0.0) (0.0) (1.0) " {1.0) (3.30)

Two months afier 11.20 15D 11.84 0e 91 33.64

storage (19.55) (6.26) (3.58) {1.38) (5.83)

Three months after 21,80 2,00 20,97 1.94 T4 53

Stﬂl’&g& (27 082) (8909) (4 068) (1 t?a) (8;69) oh

Four months after 33,75 4.20 44.49 4.65 85.24 ~

atorage (35.53) {11.84) (6.74) {2.328) (5.28)

Resulta o tatistica o

T 4, 10 173,67 68,53 22.60"" 66T 59.47""

CeDs Fe86 $1.97 - 160 0.68 1.27

Plgurecs within parentheses arc transformed valucs
4 Sﬂmul_‘\ﬁﬁmk

Q"k_ 1 Pﬂ.‘)'\oam" .Q.nrve&-




‘58

Yumber of larvae

One month after storege, there were no larvae in the atored
moterial, However, it increased sigmificently to a level of
11.84 and 20.97 after second opd third month respeotively.
Purther incvease of larvoe (44.49) after the fourth month of
storage was alsgo found to be sgignificanily more.

Fumber of pupaa

Ho pupa was ohserved one month after storage., The average
population of pupae was 0.91 after two months, 1.94 after thres
wonthg and 4.65 efter four months of storage of the chipa. The
increase in the pupol population from the 1st to 2znd month and
from 3nd o 4th month after storage was found to be on yar
gtatisticaliy.

Rupber of adnlts

The mean adult porulation aloo showed an Increasing $rend
corresponding to the increape in the period of storage of the
chips, 1t was 14.23 after one month and 33,64 after two months,
The populotlon of 74.5% aftor three monthe and 85.24 ather four

months of storage wero found 4o be on paw,
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Hature and extent of damge caused by Sitophllus gryzas $o
tavioca chipsg atored for different pericds

The data relating to the nature and extent of dermge caused
by S. oxveae to raw taploca chips (Plate VII.a) stored for dif-
ferent pericds arse presented in Tadle 13,

Porcentane of chips damged

The percentege of chipo damged at d4fferent periods of
atorage vig., one, two, three and four months have shown that
the intenalty of infesiation progressively increnced which was
found to be statisbtleally significant. The mean percontage ol
Anfenstation at the end of tset, 2nd, 3»d and 4th month were 6,62,
16.10, 25.10 and 45.20 respectively.

Percentace of chiva nowdered

Appoenagnent of sxziont of damgoe in rolation 4o the percentage
of powdered material at different periods of storags revealed that
the chipas were not zeduccd to pouﬂér after the 1st and 2nd month
of gtornge. Thora was esigniflcent increase in the mean peorcentase
of chips powdered on the 3rd month after ptorage (0.5%) walch was
on pazr with that of the 4th month after otoragse (1.4%7)

Hamber of larvae

The lawval population of 8. gzyzag one month after storage
was 11.6% and 78.25 after tho second month. Hean larval popula~
tion reached 145.41 at the end of 3rd month, which sgain increasad
to 316.33 after 4 months of storage. The increase in the larval
vopulation at different intervals wore found to be eignificant.,



Table 13.

stored raw tapioca chipe

Dztent of damnge caussd by Sitophiina orvese to

Ferocniage  PorCaliAge peny nuener Meon nunber Mean mumber
h i v o Y. 'S

Perlod of etozage  of chips °§ﬁ§;§§3 of lorvae  of puree  of odults
One month aftor 6-52 9.0 11061 0.0 19028
storage (14.91) (0.0) (3.35) (1.0) {4.50)
Two nrontha afier 16 .10 0.0 78.25 T.21% 39.75
storage (23.67) (0.0) (8.90) (2+85) (6.39)
Threo montha aftor 35:10 .50 14’;3441 1019 iﬁ?aﬁ’
storage {30.06) (4.04) (12.10) (3.95) (12.97)
FPouzr montho afser 45.20 140 Z16.33 14.57 233,78
storage (42.28) (6.82) . (17.89) {3.95) (16.88)
Raenitas of sftatintical analyois
F a4, 10 123,55 529,08 188,635 50,517 £96,96
C oD. 4a§1 0&48 1 051 0.59 0089

Figuren within pareatheses are transformed wveluess

H ¥ S'|3m1)‘itmn\‘ at 1 Pan daml .ﬁnf\uﬂ-
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Plate VII.&

Hature of damnge caused by
S1torhilug oxyzae to xaw taplocs
chips

Plate VII.b

Hature of damnge coused dy
S1ltorhilng prvzaa 4o par holled
‘apioca chips







Iumber of pupae

The mean pupal porulation one month after storage was gero.
The pupal porulntion showed an incressing trend after the 2nd,
Spd and 4th month of storago, the values being 7.21, 10.19 and
14.57 regpectively, However, the population on the 2nd snd 3xd

month after storage were on par.

Fumber of adults r

The adult porulation also incresscd eignificoantly correspond-
ing to the duration of etorage, the populntion count for 1st, 2nd,
324 and 4th months being 19,28, 39.79, 167.31 and 263.78 respoct-
ively.

The data relating t¢ the nature and extent of dampge cauped
by S. gryzse to par boiled taploce chips stored for different
perilods are prescnted in Table 14,

Percentane of chips darnaed

There vas no symptom of damage due to 8, grveae cne month
arter storage eventhough adult inseccis wore ohgerved in the
eample. Mean percentage of infestation after second month of
atorage was found to be 10.9 and afior the third month 1% was
18,4, By the cnd of fourth month 4t inoremsed to 32,65, The
percentage of chips damged Increzmed significantly as the
duration of storage increased,



Table 14. Eztent of damege caused by Sitophilus oryzas on
par boiled tapicce chips

Porcontage Percentage p..p ronben Mean number [Mean numbew
Porlod of storage of chips of chipe .
_! Pentad powdered 0of larvae of pupee of adulte

Cne month after ] 0.0 0.0 0.0 Q.0 12.59
storage (0.0) (0.0) (1.0) (1.0) (3.69)
Two montha afher 10.90 " 0.0 $14.99 0.9% 34,10
shorage - (19.28) (0.0) (3.60) (1.38) (5.92)
Three ponths aftor 18,40 048 53.87 2.00 T8.50
Btoz'age - (25-39) (3*96) (5.9:) (1 073) (8092)
Four months after 32.65 06D 116.99 4697 102.19
storage (34.86) {4.43) (10.85) - (2.44) (10.18)
Reslts of statistical analygls

F 4, 10 354,19 65,33 " 248,61 30,93 150.22""
c.Dl 2164 0.89 0‘68 0.33 . 0.84

PFigures in parenthesses are itransformed valuss
¥ S'ngml‘l;\cum\ et 1 Pan cemt .ismug-

O



63

Poraentage of ochina powderad

Acgeponent of the extent of demage in relistion 4o the pore
centage of powdered material at difforent durations of storage
havae ghovn that the chips wers not reduced to powder after the
firet and second month of storage. The percentage of powder
after tho third month was 0.48, whlch increased to 0.60 after

four months.
Tumbher of larvas

One month ofter etorage, the populction ¢f larvoe was Zero,
but increascd to 11.99 alter the poecond month, 33.87 after the
$hird month and 116,99 four monthe after stormge. The lnorease
in the lazvel population Loy the differant perdeds was found
to bo statistiecally gignificand,

Hapbor of purne
(ne month after storage the mean population wae sern, which
increased signifloantly to 0.91, 2.00 and 4.97 after two, three

and four months of ptorage resvectively.

Humber of aduito

The adult populatlon significantly increased with the
inoreace in the duration of gtorage of ohips, the mean population
being 12.59, 34.10, 78.50 and 102.19 aftter 1st, 2nd, 3rd and 4th
nonthe of storage roespectively.
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Hature and extent of damage causmed by Iribolinm castaneun to

The data relating to the nature and extent of damage coused
by Z. cagiageun to zaw taploca chips stored for different poriods
are presentod in Yable 15.

Porcentiece_of chips damnsed

The nature and coxtent of damage of raw taploca chips stored
for differant poriods visz., one, two, three and four monthe have
showa that the intenolty of infectation progreasaively increased,
The percentage of chips infested ranred from 8.30 ¥o 19,60 in
different months. The mean porcenioge of infoptation for 1ed,
2nd, 3rd end 4%h month wes 8,39, 9.80, 12.52 and 19,60 respect-
ively, The percentnpge ¢f chips damaged in the 4th month weas
found to be simificantly more then in the previous occcasions.

Boezaentage of chivn powderned

Aomoogment of aztent of damage in relotion 4o the percentege .

of powdered materlal gt diﬁferent periods of storage revealed that
the guantity of powdered material progreseively Anorcased COrrege
ponding to the percentoge of chips dameged. Percemtage of powder
after fireh month wae 2ero., Two months after storage the mean
value increased to 0.20 which reached %o a8 level of 0.6% at three
months after sforage end 0,77 after four months.

Iambar of lnyvae

Apsescment of damage of taploca chips on the basls of

larval population of Z. gastancum wovealed that in the firet two



Table §15.

Extent of damnge caused by Trlbolium cashtaneum to
storod raw toploca chirps

Pezcontage  PerContfgl ooy ynmber Mean mumber Mean number
Period of storage ﬁfgg%gg "f_gg%%{.’g o2 larvae  of pupae of adulta
One month after Se30 0.0 060 00 13.28
wo months after 2,80 Q.20 Cs0 0.0 20.7%4
storaze (18.23) (2.56) {1.0) {1<0) (5+51)
Three months afier 12,52 0e63 11.95 0.0 %0.65
storage (2c.72) {2.56) {3.60) {1.0) 6.45)
Four months aftex 19.60 0.77 2057 3«97 738.63
E)’corage {26 927) (5'02) (4a@4) (2.22) (8092)
Hogulta of statistiecal analivals
? 4, 10 100,70""  1002.79"" 206,35 " 89,56 5847
{1, 3,08 De23 0,38 0.18 1617

Figures in parentiesges are transforned valuces

A e S_iamq)\'cgm\— aY 1 Pancpmt L«uﬂ.
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monthe after storage the larval porulation wms gero, The populfe
tion dncreased aignificantly by the third month of storage, the
count being 11.95, farthor the population increased to 20.957
after four montha of otorage.

Tumber of ymoae

The mean pupal populotion was found to bo goro in 1st, 2nd
ond 3Frd month efter storage. Dut aféer the fourth conth the
pupal population inorsased significantly to 3.97.

Bumber of sdulbe

The adult population recorded one nonth after storage wan
18.28, The population incressed. to o level of 29,34 after the
second nonth and 40.65 efter tho third month., In the 4th month
after storage the increase was found ¥0 be simnificantly superior
over the pravious ooccesions, the value being 78.63.

Tho data relating %o the nature and extont of damage cansed
by Z. castianeunm to par boiled teplocs chips stored for difforent
periods are presented in Tadble 16.

Porcentoze of chipas demnred

There wae no aymptom 6f damage of T. gogtonenn one menth
after storage eventhough adult insectoc wore collected fronm the
sapple. Hean perccontage of infeotation after thoe second rmonth
of storage was found o be 2,15, nevel of infostation increamed
to 330 after threo months of atorage and 18.3%0 after four months,
But only tho Incresse in the fourth month was found 4o be
statlstically significant.



Table 16,

Extent of damego caused by Tziboliup capipneum to
stored par bolled tapioca chipe

Percentoge Poercentage M 1.5 hor M b

Pericd of storange of chipms  of chipe oan mmber Mogn mumter Moan number

- i.‘nfes’slead powﬁergd of larvae of pupae of adnlts
One month after 0.0 0.0 0.0 D0 ‘4.5?
storage (0.0) {0.0) (i .0) (1.0) {3.95)
Two months afier 2.15 0.0 0.0 0.0 1754
gtorage (5.38) (0.0) {1.0) (1.0) (4.31)
Three months after 330 0.20 4.359 0.0 18,87
storaze {10.40) (2.56) (2.32) (1.0) (4.46)
Four months aftor 18.80 043 5.30 0.9% 69.49
stornge (25.34) (3.77) (2.63) (1.39) (8.40)
Bosults of siatistical ennlypis
¥ 4, 10 59.22°"  780.91%" 18.00"" 3,25 13t.80" "
CIDO- 4425 0-20 0.59 b 0071

Pipures in parventhessa are traneformsd values

¥ % 5.'3“.“13“ Cb_"ﬂ\'
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Percentage of powdored moterial

Asgegsment of the extent of damnge exprecsed as paroentage
of powdered matorial at differont durations of sitorage have shown
¢hnt the chips were not reduved o povder afier the first and
second month of storsge, There was a progroseive inorcase of the
powdered materindl during succepsive monthe., The percentage of
chipe powdered was 0.20 aftor the third month, which inereased
slanificantly to 0.43 nftor four ronths,

bumber of lgrvas

The mean populaticn of larvae was found to be z2exro up to
two months after storage. The laytal populction increased
significently t0 4.39 after the third monti vhich wae on por
with the population level of 5,90 after the fourth month of

atorape.

Inmber of yupae

Hoan populatlon of pupae in one, two and {thres months after
atorage was Zero, but it increasged to o level of 8.9 after four

monthe,

famlier of adulsn

With regard to adult population, +the mean popuilmtion of 14,57
adults vere observed in one month afder siorage. Aduli populstion
increaged to 17.54 after two months and 18,87 after three months
of storage. Maximnm number of 69.49 wan recorded after the fourth
month which vass found %o be cignificantly more compared Yo previous

monthe of storags.
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Blology of Armecorus fasciculatng on the raw chips of different

varioties of tapioeca

The resulis of the experiments on tho influence of dliffereat
varicties of %apioca on the biology of A. fescicnlatug ore pre-
sentsed in Table 17.

Fecunddty

Average nunber of eggs laid in different varietices of raw
taplocs chips is pressnted in Table 17, Average number of'eggs
1laid in d1fferont varieties varied from 37.% to 46,5 por fomle.
Insects reared on M 4 laid the maximn rumber of ecge (46.5)
followed in the descending orxder by those nearcd on Sree Visnkhnm
(45.7), Sree Sahya (45.6), Njoruck (43.0), Neelagiri (37.7) ond
Vella (37.3).

Incubﬁtigg peniod

Inoubation period of epzs in difforent varleties of %$aploca
chips varied from 5.7 to 5.9 doye. Igz poriod was 5,9 days in
Vella, lleelagiri and Sree Sahye followed by 5.8 days in Sree
Visakhom and Hjaruck and 5.7 days in M 4.

Larval paerdod

The nverage larval perdod wae longest in variety Vells
(29.1) followed in the descending order by Hjaruck (29.0),
Heelagiri (28,9). BSree Sahya (28.8), Srce Visakham (28,7) and
loaat in M 4 (28.6).



Teble 17. Blology of Aragearue fasciculeing on different
varieties of raw taniocs Chinsg

Averags
ooy [ojofenss komee IR M douclln sormue

’ farale period  perlod  yoo4vg
Vella 273 52 29,1 G4 29.9 3¢ 2
Heelagirl 37T 5.9 2849 Ded 4545 3+ 2
B4 406 .5 Sal 28,6 5.1 51.2 2 3
Sree Vieakhen 4547 5.8 28.7 . 5.2 50.9 11
Kjaruck 43.0 5«8 2940 Sel 46.9 3 s 2
Sree Sahye 4546 5e9 28.8 52 42.4 1:1

Remliés of statlatical ornal

F 4, 54 2.39 O.166 0626 0,47 0.82

-

0L
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Punal period

Average duration of pupae in different varictios ranged from
5.1 to 5.4 days. Papal duration was longest in varlely Vells
(5.4 days) followed by Neelaglrli (5.3 days). For Sree Visakhem,
Njaruck and Sree Sohya, pupal period was 5.2 days and for M 4
it was 5.1 daye. |

HJox _rotio

The male-Pfemale ratio of edult inscots rsared in different
varieties was 3 1 2 in Vells, FNeelagiri ond Wiaruck, 2 ¢ 3 in
Mé4and 1 ¢ 1 in Sree Vicakham and Sree Sahy&.

Longevity of adult@

| 1% was fourd that the longavity of éﬁulta Qaared on
different varietiéa varicd from 51.2 days in M 4 to 39.9D days in
Vella. I% was 50.9 in Sroe Vieakhem, 46.9 in Njaruok, 45,5 in
Reelagiri gnd 42.4 in Sree Sahya.

The blology of A, fasoioulatug on par bolled taploca chips
showed that ﬁhelaverage nunber of eges laid per femzle was 22.5
and the incubation poriod was 6 days. The larvel and pupal periods
were 34,0 and 6.4 days respectively. The adult longevity was only
27.1 days. The sex ratio wag found %o ba 1 : t.

Bioclogy of Sitorhilug orygac on the chips of different varieties
of taploos '

The results of the experiment on tho Iinfluence of different
varietiens on the biology of S. oryzac are presented in Table 18,




Pgble 18, DBiology of Sitovhilus oxyzse on different varieties
of raw taploca chipg —

Average sl Yy Average  Average
Teow ST e S Bl SRy e
Vella 49,8 9.6 307 9.6 113.7 3:2
lieelagiri 54.9 942 3044 9.0 126.0 t :4
H 4 57.8 8.9 29.8 8.5 126.7 2:5
Sree Visskham 5045 9.5 a3 9.4 122.6 T s 2
Hjaruck 537 2.2 3046 9.4 123.1 1 :1
Sreec Sahya 5045 2.5 304 9.1 122.8 3: 2

Nesults of gtatisticsl anclysis

F 5 54 1.35 0.36 0.39 0.66 017 .

ol
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Fecundity

Average number of oggs 1aid in differont varietios varied
from 49,8 t0 $7.8 per fomale, IMumber of egge worse maximum in
M4 (57.8) followed by Neelagiri {54.9), Njaxuck (53.7), Sree
Sahya (50.5), Sree Vimmkhem (50.5) and Velle {49.3),

Incubation peziod

Incubation period of oges lald in differont vorlieties
vanied from 8.9 to 9,6 deys. Comperative mspospment of the
average ineubation perlod of sggs rovealed that in M 4, it took
oniy 3.9 deyse to hatch wereas in Neelopiri and Njoruck the
incabatlon period wase 9.2 daye and in Sree Visakham and Sree Sahya
3.5 days each and in Vella 9.6 dayso,

Iarval period

Duration of larval period in Alfferemt varieties varied from
29.C to 30,7 days; it was comperatively chort im M 4 (19.8 dayse)
followed by Srec Visakham (30.3), Neelagiri end Srec Sahye (20.4),
Nisruck (50.6) and marimum in Vella (30.7).

™a griod

Average pupcl perlod in different varietiles varied from 8.5
t0 9.6 days. Pupal period was short in I 4 (3.5) followed by
Heelegiri (9.0), Sree 8zhya (9.1), Sree Visakham and Njsruok
(9.4) cach and Tella (9.6).

" Bex ratlo

It wmo 8lco observed that thore was variaéion in the pex

ratio of adult beetles roared in differont vaorieties, In
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Sree Sahya, Sree Visakham end Vella male / female ratio wams
3 ¢t 2 and in Neolagiri and Njoruck it was {1 ¢ 1 but in ¥ 4 the
ratico vas 2 : J with predominance ot femles.

Loneevity

Average longevity of adult of 8. omyzae reared in different
vardeties revealed that the 1ife period wzs more in M 4 (126.7
days) followed by Heelagirl (126.C days), Wjeruck (1231 days),
Sree Sohya {122.8 days), Sres Visakharm (122.6 days) end Vella
(119.7 days).

Elological investiztlons of 3. orypas on par bolled tapioca
chlps showed that the average muobor of eges laid by 2 Pemele wae
29.5 and the incuhation peorlod was 9.1 doys. The larval and
pupal periods weroe 32.3 and 8.9 days rosnectively. Iongevity of
adult beotlos rocorded in per hoilled chips waa $17.8 éays. The

gox ratio was found o e 2 @ 3,

. Susceptibility of diffcorent varletieg of taploca to Aracconus
fageiondatug under stered conditions

The extont of demage and the populotion btaiid up by
4. fascioulatug in qifferont varietlen of topioca chips vig,,
Valla, Neelozirl, M 4, Sree Visakham, Hiaruck and Sree Sahya were
assessed by storing thege ditfe:ént varleties in gunny bags and
exposing thexn to the insect damage by placing them under storage
conditions, The reoulis are prosented in Table 19,
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A, Cne month after sborass

Pexrcentagze of chipa domnged

The percentage of chips damaged by the post one month after
storege In different varletica ranged from 11.00 to 27,03. The
mean percentage of infestation was high in M 4 (27.03) and least
in Sree Visakhem (11.00). In the other varieties the percentage
of infestation recorded was 12.10 in Vella, 26,00 in Heslogiri,
22,85 in Fjarnok and 14.4D in Srze Sahya., The percentags of
ohipa damaped in the Aifforeat varieties 4id not differ signifi-

cantly,
Peracnirea of vowdered material
e e g B A S P S I

Percontasge of chips powdored one month aftor ghtorage was
high in M § (0.91) followed by Teelogirt (0.51), Njaruck (0.46),
Srea Sahya {0.41), Breo Visakham (0,31) and lemst in Valla
varicty (0.27).

Pents _povalatlon

The lerval porulation wee found 4o be high in M 4 (69.68)
£olloved iu the descending orxdes by Njawmuck (66.02), Heelegiri
(57.58), Sreo Viockien (54.36), Velim (42.93) aund Sree Sahya
(35.54).

With rezard 4o population of ynme, the numbers ranzed from
16.85 to 28,05 eand it was bigh in ¥ 4 vorlety (28.05) and least
in Velle (16.68). Pupal pomulations in other varieties were
23,26 in Feclagiri, 23.93 in Njaruck, 20.35 in Sree Sshya and
18.9% in Ones Visakhom.



Table 19. Varietal susceptibility of Araecerus fascioculatus on

different varieties of raw tapioca chips astored for
different periods

Percentacse Percentage
Treatments / Mean No.of Mean No.of Mean No.of
varieties gﬁfzgtgg ;gwggigg larvae pupae adulta
A. One month after storagse
12,10 0.27 42,93 16.85 23.18
Vella (20.36) (2.95) (6.55) (4.11) (2.81)
26,00 0.51 57.58 23,26 94.29
Neelagiri (30.67) (4.09) (7.58) (4.82) (9.71)
27.03 0.91 69.68 28.05 110.73
M4 (31.33) (5.49) (8.35) (5.31) (10.52)
X 11.00 0,31 54.36 18.85 61.84
Sree Visakham (19.35) (3.20) (7.37) (4.34) (7.86)
22,85 0.46 66.02 23.93 72.41
Njaruck (28.55) (3.88) {8.13) (4.89) (8.51)
14,20 0.41 35.51 20.35 26,31
Sree Sehya (22.15) (3.64) (5.96) (4.51) (5.13)
i
F 5, 12 1,15 0.78 0.31 0.08 417"
c.D. - - - - 3.55
B. Two months after storage
55.03% 6.10 332.03 77.60 226,50
Vella (47.90) (14.31) (18.22) (8.81) (15.05)
95.50 8.60 650,22 176.75 409.09
Neelagiri (77.73) {17.06) {25.50) (13.29) (20,23)
4 98.15 10.85 958.46 287.63 472,54
(82.22) (19.23) (30.96) (16.96) (21.74)
73.03 7.13 580.37 133.85 229.15
Sree Visakham (58.72) (15.47) {24.10) (11.57) {15.14)
) 95,72 8.10 776.43 181.09 246.97
Njaruck (78.05) (16.55) (27.86) (13.46) (15,72)
88,80 7.15 712,31 174.05 293,54
Sree Sahya (70.45) (15.52) (26.69) (13.19) (17.13)
Fs5, 12 10,468% % 5,10% % 2.79 3.65% * 3.99% %
C-D. 1.2.67 2.24 - 4-30 4‘036
C. Three months after storage
Vella 91,60 40.70 1202.20 87.49 267.48
(73.14) (39.64) (34.67) (9.35) (16.35)
- 97.90 74,65 1494.56 89.61 547.67
Neelagiri (81.67) (59.79) (38.66) (9.46) (23.40)
M 4 99.75 85.50 1663.43 93.95 671.47
(87.11) (67.61) (40.79) (9.69) (25.91)
94.75 44,15 " 1319.31 65.32 295,20
Sree Visakhanm (76.76) (41.63) (36.32) zB.OB) (16.89)
96.00 55.05 1362,22 73.69 403.70
Njaruck (78.42) (47.90) (36.91) (8.58) (20.09)
93.80 43,80 1221.63 54.27 277.44
Sree Sahya (75.59) (41.43) (34.95) (7.37) (16.66)
F 5, 12 0.32 1.76 0.16 0.42 2.13
C.D,

Figures within parentheses are transformed values



Porulation of adult inseot wam high in 2 4 (116.73) Lolloved
by'Eeelagiri (34.29), Hisruck (72.41), lres Visatham (G1.84), Sree
Sahyae (26.31) end Vella (23.16).

In the came of nsan nunhor of adults, one month after storasge
1% was found that the populetion was significantly lems in Vells
compared to Neelaglri and ¥ 4, but was on par with others,

Be Zwo monthe after stozace
aroenta 2 chir ™ o7

The percentage of chips infested wvas high in Variety B 4 (98.15)
followed in the descending order by Hiamck (95.72), Heelagiri
{95.50), Sree Sahyn (68,80), Sraec Vieckham (73.0%) and Vella (55.03).

Percenigre of powdered wateriel

Paxcentage of chips powdered 4tvwo ponths niter storage wes hish
in M 4 (10.88) followed by Neelagirl (9.6), Hiaruck (8.1), Sree
Sahwwa (7.15), Sree Visakham (7.1%) and Vella {(6.1).

Peat ponulstion

Tae larval populntion was found 4o be high in 1 4 (958.46) fol-
lowed in the descending order by Hjazuck (776.43), Srea Sohya (T12.31),
llealegiry (650.22), Sree Visakham (560,37) and Volla (332.03).

With regard %o pupal population it varied from 77.60 in Vella,
to 267,63 in M 4. The counta in the other varleties were 181,00 in
Hjaruck, 176. 75 in Neelsgiri, 174.05 in Sree Sahya and 133,85 in
Sree Vipakham,

Population of sadult inseot vas high 4n M 4 (472.54) followved
by Hoelagird (409.09), Srce fahya {20%.54), Niavnck (246.57)
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Bras Visckham (229.1%) and Vells (22645). ODtatistical anmlysis of
the Adata showed that ¥ 4 we found 4 be the post susceptiblie and

' Vella the lenst se indlcated by the perceniase of chips infanted,
chips powdered and sleo the mesn rusber of larvae aund pupae, Sres
Visakbam, Hjarnck and Sree Sahys were found 4o he on par with Vells
in the case of the msn number of poptlating of afulis cheerved in
the diffarent varisties.

G. ! £t 't_
srgenfge chi QIR
The percentage of infestation in three monthe nfter mtornge wns

found 0 be high in K 4 (99.75) followed by Heelsgiri (97.9). Njaruak
(9640}, 3ree Visakham {94.75), Sree Sohya (95.8) end Vella (91.6),

\

 Perceniage of powdered naterial was high in ¥ 4. (85.5) followed
in the descending order dy Neslagiri (74.65), Njaruck (55.05), Cxee
Visekhaw (44,95}, Sree Sahre (43,8) sod Velis (49.70).
Zese popaigkion
Larval population wae found ¢o0 bhe high in M 4 (166%3.4%) folloved

in the descending order by Neelagiri (1494.56), Njamuck (1352,22),
fires Ticelhem (3399,51), Srdo Sahsa (1221.6%) and Velia (1202,20).

Fopulatien count of pupa vas uore in ¥ 4 (95,95) followed dy
Neclagizrl (89.61), Velim (57.49}, Nieruck (73.69), tres Visakham
(65.32) and Srae Sahya (54.27),

A3ul{ population ranged from STIAT 40 207.48: Ilowirum
number of adult ams observed in M 4 (571.47), followed by
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Neelagiri (S547.67), Lijaxruck (403.7), Sres Vieskhem (285,2),
Sree Sahya (277.44) and least in Velln (267.48). .

Statistically all the vorietics were found to bo on par in
saaceptibility Yo ettack by A. fascicnlatnas,

Sumoentibility of differont varieties of topices chipe %o
Sitoohilug orvaag in storags

The remlis of the experiment on aseensment of extent of
damoge and oconseguent population build up of 8. oryeae in dif-
forent varistios (Vella, Neclagiri, ¥ 4, Sree Visakham, Hjaruck
and Srce Sahya) of taploca 'chips at one, two and three months of
gtorage are pregented in Table 20.

A, Ons month efter storage
Lorcentaga of chips infamied

The perceniage of chipm infested by the weovil one month
after ptorage ranged fron T.6 $0 12,2 in differont varieties.
Maximum infeotation was found in variety ¥ 4 (12.3) followed by
Neelagiri (9.2), Sree Visakhom (8.8), Njaxmck (8,72), Gree Sahya
{7.8) end the minimum infestation in voriety Velle (7.6).

Percentane of powdened materield

Percentage of powlered material was found to be zeno in all

variatles,

Rest_vermlnotion

Iarval populatlon was moximum in ¥ 4 (56.96) followed by
Hjaruck (47.91), Heelngiri (46-06), Bree Visakham (40.96),

29
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Table 20. Varie%al susceptibility of Sitophilus oryzae on different
varie?ies of raw tapioca chips stored Tor different perlods

) Percentage Percentage .
Treatments / > Mean Ho.of Mean No.of Mean Yo.of
varieties gﬁfgzigg ggwggégg larvae pupae adults
A, One month after gtorare
7.60 0 34,28 0 9.63
Vella (16.00) I‘ (5.86) (3.10)
9.20 0 46.06 0 29,32
Neelagixi (17.66) (6.86) (5.41)
12.30 0 56.96 4] 36.30
M4 (20.51) (7.54) (6.02)
. 8.80 0 40.96 0 18.29
Sree Visdkham (17.26) (6.40) (4.28)
8.78 0 47.91 0 26.24
Njaruck (17.26) (6.91) (5.12)
7.80 0 40,37 ) 26.31
Sree Sahya (16.23) (6.37) (4.51)
TS5, 12 2.67 - 5.59" * - 52.53 "
€.D, - - 0.76 - 0.43 "
B. Two months after stérage
17.48 0 74.13 2,94 22,51
Vella (24.70) (8.61) . (1.72) (4.74)
23.75 0 73.80 1.9 49,88
Neelagiri (26.19) {8.59) (1.%38) (7.086)
M4 26,00 0 93,13 5.59 61.55
(30.63) (9.65) {2.37) (7.84)
19,82 0 81.63 1.78 %6.19
Sree Visakham (26.43) (9.03) (1.33) (6.06)
21.4% 0 83.88 3.96 48.77
Njaruck (27.59) (5.16) (1.99) (6.99)
19.%0 0 78.69 1.30 40.24
Sree Sa.hya (26.04) (8‘87) (1-14) (6-34)
F 5, 12 6.24" ¥ - 1,41 4.89% % 16,37
C.D. 2,697 - - 0.64" 0.81" "
C. Three monthg after gtoracge
66.07 0.65 91.98 3.73 68.8%
Vella (54.37) (4.61) (9.59) (1.93) (8.30)
; 96.20 1.48 151,73 1,91 88. 74
Ma 100.00 1.98 214.45 9.70 130,12
{90.00) {8.08) (14.64) (3.12) (11.41)
. 92,80 1.25 120.14 5.03 75.27
Sree Visakham (74.45) (6.40) (10.96) (2.24) {8.68)
95.44 1.48 143.71 4.26 79.79
Njaruck (77.66) {6.96) (11.99) (2.07) {B.93)
89.30 0.96 134.15 5.39 75.20
Sree Sahya (70.90) (5.60) (11.58) (2.32) (8.68)
F 5, 12 2.76 2,27 1.31 1.847 ™
C.D - _ _ _ 1-00.9#,.

Figures within parentheses are transformed values



gree Sahya (40.37) and Vella (%4.28), wrecording the least larval
poyulation,

The pupal population wae not observed in any of the varietiea
after first month of storage.

Adult population wao high in K 4 (36.%) and least in Vella
(9.63%)s.. Pcpulation'recdrdad in other varietlos vis. Haeclugivi
(29.32};\Hjeruok (26.24), Sroo Sahya {20.31) ani Sree Vieakham
(18.29) wero found to bs signlficantly more compared to Volla.

B, Iso ronths oftor atorage

Percentans of chins infested

The variety M 4 recorded o high psrconiage (26.G) followed
by Hoelagirl (23.75) and Ijazuck (21.43). Pexcentage of chips
infested in Sree Vieakhon (19.82), Sres Schye (19.3) ond Vella
(17.48) wore found 4o be simificantly low commared 40 other

varietien,

Percentage of powdered raterial

There was no powdered mitorial in any of the variebics

exposed to B. QXYZag.
Beat pomilation

Countis cn 4he population of larvoe ranged from 9%5.4% to
758, lMaximum popalation was found In If 4 (03.13) followed by
Bjaruck (83,88), Sroe Vieakham (81.63), Svec Sahye (73.69),
Neelaglirl (73.8) and Vella (74.13).
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Popnlation of pupae was found 4o Le significantly high In
vordety M 4 (5.6) and Hjaruck (3.96). In the other varieoties,
Velln, Haclagirl, Srce Vieakhem and Sree Sehys, the populatlion wasg
found to be 2,94, 1.9, 1.78 and 1.3 reapectively.

Adult population was maximum in KM 4 (61.55) followed by
Healagiml (49.88), Njaruck (48.77), Sree Sahya (40.24) and Sree
Vieakham (36.,19)3 1in Vella the populstion (22.51) was found to be
plenificantly low comfm:z:*e@ to the other wvarletien,

C. Thzoe ponths afler storass of ching

Porcontage of chips infeoted

Porcentage of chips infested hy the pest thzee months after
storage a6 high in ¥ 4 (100) followed by Feelogirdi (96.2), Hiaruck
(95.44), Sree Visakhan (92.8), Sreo Sahya (89.3) and Vella (66.07).

Porcentage o0f chilng powlered

The pezcen'z:age of vouwder obtained aftor three months of
storage van high in tho vaxdedy B 4 (1.98) followed by leelagiri
(1.48), Hiaruck (1.48), Sree Visakhom (1.25), Szoo Schya (0.96)
and Vella (0.65). |

Pomilation of pests

Maximin number of larvae w2a recorded in M 4 (214.45)., In the
other varioties NHeelagirl, Njaruck, Sree Sahys, Sree Vieskham and
Vella, the larval pomilations were 151.73, 143,71, 1%4.15, 120.14
and 91,98 respectively.
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The pupal pomulatione recorded in different varieties were
M 4 (9.70), Sree Sehya (5.39), Srvec Vimkhan (5,03), Njaruck
(4.26), Volla (3.73) and Heelzgiri (1.9%).

Populetion of adult was silgnificently high in M 4 (1%0.12)
followed by Wealngiri (88.84)., Tn Niamek (70.73), Sres Vieakham
(75.27), Sree fohya (75.2) and Vella (68.83), the populntion wes

lovw,




DISCUSSION



DISCUSIION

In tho propent invoestigation, a survey was conducted in
ten contrec of Trivandrum District Yo know the iuvportant pesta
associnted with tapioca chips under stornge. The nature and
oxtent of damzge done by the different pest %o taplooa chips were
ptudied in detail, Investigations wore also undertalren on the
varletal susceptibility of taploca chips 4o Infestation by mjor
insect poots. Blelogy of Arnecorug fosciculatus {DeG.) and

Saitophilus oryeae (L.), the two major pemsts of tapioca chips were
also worked out., The Tesults of these studles are discussed below,

The ourvey of insect poods of stored toploes chipa revealed
that arong the various insect pests recorded, threo species vin.
the taploce weevil, Arascerug fagsciculntug (DaG.jg the rice
woevil Sitorhijue oryzag (L.) and the rust red flour Leetle
Tribolium castaneun (Hbst,) were found to be tho major pests.

The other peste inolude the dmg store beotle, Sieroblun paniceun

(.)s the cigarette beetle, Lasioderma germicorme (F,); the
lecper grain dorew, Rhlgoportha égminiéa. (F.); the saw tcothed
grain beetle, Orvesevhilug surinemensis (L.)s the £lat grainp

bastle Laemorhlorus mimuus (01liv.); Tenebroideg mé.uritagg._cgg (L.):
the topioca moth, Ryralig manihotalis (Guen.); the Zig moth,
Ephogtin gautelis (Wik.)s the tobacco moth Sohtomorphs rutelle
(Zexl.) and tho flour moth Epechthins gebroma (Putler). The
populations of the minor poots wore found to be very low in all
the locetions gurveyed (Table 1 %o 10).
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The incidence of thece pests on taploca ohips to varying
levels wvas also reported by Ballou (1919), Zacher (1930), frappa
(3938), Darling (1946), Hoiz and Jones (1948), CGormmen and Joseph
(1963}, Ingram and Pumphries (1972), Pillas (1976), Fwana (1978),
Parker and Booth (1979), Thampen (1979) end Parker @% pl. (1981).

Survey conduoted in all tho tcn locations revealed that the
porulation of larvae, pupae exnd adulls of h. fagcicninins steadily
increased up to three months, then thero was g sudden decline in
the population. Similar obgervations were alos seen In the case
of 8, oryras. The entire quantity of tapilooa ohips were consumed
by the larvae end adulte of tho ponts and oonmverted inko powler
within a porled of three months. This reductioﬁ in the population
of these peste may be duc to tho nou-availability of fzesh chips
for oviposition and further development,

In the onge of Trlbolium cagtanenn tho aumbez of adults was

found progrecoivsely incroasing vy 40 tho fourth month of atovage
in all the locationa. This being o major pest thriving in broken
products and stored flour, there was no shortace of food materisl

for the insects for ovipoeltion and further development.

Qbsenvations on the extemt of dommge of tapioca chlips due to
ingect infestation revemled that inm all locations, the entirve
qQuantity of china were comvertad into powdlor within a period of
three monthe. When the durabion of otorasze of taplocs chips wap
Inoressed there was a correspondirg inorsoso in the psrcentage of

infestation up to thres monthe; by that time the entive china
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vere reduced to powdor due to inssot infestation. Jomeph and
Oormmen (1963) and Tal and Pillat (1973) reported similanr trend
in the type of damage to tapioca chips due ‘o the infestation by
A« foscioulntug, S. oryzae and I. cegtancun,

The nature ond extent of damage caused by A, fasciculatus to
tapicea chips stored for different poriods presented in Table 1
show percentage of chips infeated, percentage of chips powiered,

mean population of larvae, pupne and adults after the 1at, 2nd,
3§d ani 4th month of storages The intenelty of infestation prow
gresoively increased up to the third month after storage and by
that time tho entive chips were damaged, Similarly the porcentage
of powdered materiel alco increased and 411 the chips wore con-
verted to powdor after the fourth month of storage. “

The nature and extent of damage caused by A. fasciculatum
to par bolled taploca chips otored for different periods revealed
that the damago due to the infestation was significently less in
par bolled chips over é periocd of four months.

Studies conducted on the nature and extsnt of damage caugsed
by Bitorhilus oryese to tapioca chips atored for different porlode
(Table 13) revealed that percontage of chipe infested, psrccntage
of chipo powdered, moan population of larvae, pupae and adults
aftor ot, 2nd, 3rd and 4th montho of mtoropge inecreased gradually
over the months and reached to a maximum in fourth month after
storage. |
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Situdies in general on the nature and extont of dampe
couged by 8. gryzee on par beiled chips have shown that damage
due to infestation was significantly less.

Thug the progreseive increase of tho Qiffercnt stages of
the lnsect A. fagciculatus up Yo Jzd month afteor storage ns
gbserved by increased larvel and edulld population and a furthex
reduction in the 4th month after eitorage of taploce ﬁay he
attrituted to the non-availability of fresh food materinl fer the
develonment of the larvas and lack of favocurable elte for egp
loying and further development; by the incect. In the come of
8. gryeag the population of the different deveiopmentol singes

ig found to increase even after Lour months, This indicales the
availabllity of food materisl whiéh ie remaining undamaged by the
inmeets even after Lfour nonths conid sapport further development
of the different stages of the inseot.

The romults of studies presented in Table 15, on the neture
and extent of dmmage caused by Tmibolium coptencum to tepidca
chipe gtored for diflercent poriods rsvealad thoe porcentage of
ohipe iafosted and percentags of chips povdered, mean population
of larvne, pupae and adulte efier tot, 2nd, 3rd end 4th monthe
of storage. The percentnge of chips infeéted and porcentasge of
chips powieored aven afier the fourth month are comparatively lems
vhen compared to thnt of A, fasciculatna and H. opyzae. Deing 8
mjor pest thriving more in broken products and stored flouw,
increased nurber of ‘the larvae and pupae wers séen only from thel

“3d
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third month after storags. Joseph and Commen (1963) reported
that the deovelopment of T, castancum was more im taploeca flour

compared to chips,

Apgoasment of nature and cxbont 0f damage caused by
2. cagtanoum on par bolled chips stored for Aifferent periods
revealed that the damage due to infestation was less in par bolled

. ehips, as in the case of A. fasoiculatvg and 5. pryzae indicating
the unsulsability of par bLolled chips for the devalopment oF the
ingect, The percentage of chipa infested was 19.6 in raw chips
after fourth month of storage wherexe 1t was only 18.3 in the
par bolled chipsp. The quantity of powdered mmterial was 0.77%
in raw chips and only 0.43% in por bolled chips.

The non-profernsnce of the pawr bolled chinps by thess inasects
my be aﬁtributeﬁ to the ceoking of the chips before drying
becausa that procese will result In inecreasing the handness of
the ohipe, which will not be favourable for the penetration end
feoding of the insectn, Lwana and Azodeh (1984) nlso observed
ainilar findings and reported that cooking befors drying reduce
the intenslty of infestation by A. fagolculatug.

Studies on the blology of A. fascloulnfus end 8. oxysae on
ohips of egix differant verieties of topioca vizm, Vellz, NHeslngiri,
H 4, Sree Visakhanm, Sree Jahyn ond Wjinruck, have chown that the
biologlcad features of tho inpeocts vary significantly when renred
in diffsrent wvarleties.
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Avorage nurber of eggse laid by A. foogiculatus was maximum
in M 4 (46.5) and leasmt in Vella (37,3) (Table 17), Inocubation
period, the larval period and pupal duration weare also found %o
be shortest (5.7, 28.6 and 5.1 days wespoctively) in M 4 and
longeat in Vella (5,9, 29.1 and 5.4 days recpectively). TLongavity
of adults reared in M 4 wos more (51.2 doys) Jgreas thome rearsd in
Volla was short (39,9 dayae). Howewen dhes Wm (ar ShoSisticnlly momisigmbican

same trend in the biologlcel feotures of S. orysaa was
observed when reared in different varicties with high fecundity,
ohorter developmental periods of egp, larva and pups and more
longevity of insects roared in M 4; in Vella the focundity and
longevity were fouud to be low, the incubntlon period and the
larval and pupal pericds were alcso found o ho exitended. The
other warieties wero meoponding to the different hilologlcal para-
neters in an Iintermediany wmanner in the case of both the inseats.
According 4o Roghunath ond balr (1970) eleo higher fecundity,
ghortor dovelopmental parioa ol 8z, &xubd, pupa sud higher longe-
vity of odults were the critsrie of a proforred host of A
faseiculatug when different hoat materials were oxposed to the
inmsaect.

The oupoaptlbillsy of those 3ixz vorletles ¢f tsploca chips
to infesbation by A. fagziculatug end S. ghveae was also studied

ever a pordod of three months.

Repulte of thease studlos on the varietal susceptlibility of
A. fascioulntus presented in Table 19 Indiceted that the extont
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of demage causedl by the post after three months of storage wos
least in Velle (91.60) end maxirom in M 4 (99.75)¢ The percentage
of povdersd meterinl (40.70), the mumber of larvae (1202.20),
ramber of pupae {(87.49) and numbor of adulis (267.48) were also
least In Velle, tut they were highest in Il 4, the values bolng
85.50, 166543, 95.95 ond 671,47, rospectively.

The rosults vrosonted in Table 20 izndicated that the extent
of damago due to infesicdion by . gryzae 28 noticed three monthe
ather storageo was least in Volla (66.07) and meximom in i 4
(100.00). The percontage oOf péuﬂered matorial (0.65), the murbex
of larvas (91.93), number of pupas (3.?3) end aumber of adults

' (68,85) were leant in Vella but they were highest in H 4, the
values belng 1.98, 214.45, 5.70, 130,12, respoctively.

It was ooen that all the varieties tested were susceptible
to attack by'é; fageiculetne and 8. oryzes. The variety Vells

was found to be least euéceptible. vhile ¥ 4 was highly sumceptible
variety and the other varistises vwoxe intermodiade in thelr suscop-
£4bidity Lo {lhege pesits.

Banldes tho varlety Vells hap legs cooking (uality vheon
compared to M 4, heving good cooking quality and softness of
chips. Thesc factors also help in host selection for egg laying
and easy penctration of the pest and ite singes into the chips
for feeling and dovelopment. Nwana and Azodeh (1984) while study-
ing the e2foot of varioty on tho cuscepyibility of A. fasoleuintus
alsv raeported that the saaeepﬁibiiiﬁy was pignificantly influsnced
by the varistien, The differcntinl) rosponse of the varieties to




the biologleal features of theme inrsests may be atbrzibuted o
the variations in the structural and chemieal compocltion of the
locel end hybrid varieties of taploca under atudy.

Investigations on the susceptibility of chips of different
hybrid varieties of taploca carwiled ocut by Piilad (1976) ravealed
thet Spee Sahya ie a relatively resistant verlety to A. fageic~
ulstug. Contrary to thie, under the presont investigatlon Sree
Sahya showed a damage to the tune of 93.80 of tho chips by the
poot over a pericd of three months, with a population of J75.4Y4

adults in o 2 kg sample of raw taploca chips.

Groat voaviation in the blologloel features viz. the average
number of eggs 1laid, Inoubation period, larval poriod, pupal
porlod and longevity of adulte was observed when the ineects were
 pesred in raw and per boiled chips of taploca vardety M 4, Even-
though raw chips of M 4 variety is preferred by these insects,
par boiled chips of tho same vorlety 1o not concidered as a pre-
Terred hont. DBlological Ffeatures of both the inseots reared in
par boiled chipe were having low fecundity, longor devolopomental
periods of egg, larvas end pupce and shoriter adult life whereas
insecto rearsd in raw chips wore having high fooundity, shozt egsz,
laxval and pupal periods and longer adult 1life, Thie ig in full
agrecment with the obmervations made on the nature and extent of
damge done by these inseote on raw and par hoiled chips of M 4
varlety in which 1t was found that par boiled chips were not

preferred by A. fagciouletum and S. gryzas.
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nture line of work

Detalled investigantions on the control agpectm of A,
Paseliculotug, the major pest of stored tapioca chips will have

to bo taken up under storage conditions, The posalblilty on the
usago of natural plant products and ingecticides on the control
of this pest both under rural gtorege end godovn oconditions will
have t0 be expiored, Imphasis should be given on the gtudies on
roaidue probvlens which my lead to health hngards,

The sclentific storing of dried taploos chips using
d1fferent stornge structures such as polythene bage, polythens
1ined egunny baga, plastic c@nﬁainera. eta. should alzo he studled
in detall to minimise the attack by this pests



SUMMARY



SUIMARY

4 rmandom sample survey on the incidonce of the ingsot
panta of .sﬁored tapioca chipe in sftorago houses wag condueted
in $ten cenires of Trivandrum Vistrict vip, Palode, Paraseals,
Bedumangad, Vemﬂaramanciu. Pothencode, Chiraylinlil, Vembayam,
Chalei, Sreskariyom and Fangalopuram, The samples were collected
at monthly intervale for o perlod of four months from August to
Novembor 1984. The survey vevealed thot among ths; various inseoct

pests, the taploca weevil Araecerus fageiculatus (DeG.), the

vice weevil Sitorhilug ozryzee (L.) and the runt rod flour beetle
Iriboliun cagtaneum (fbet.) were found to be the major posts.
The other posts inclunde, drug otore beotle, Htogoblum panicoum
(T.)3 Clgerette beotle, Losloderre m@ éome(F.): lesser grain
borer, Dhizoperiha dominice (F.); saw toothod graln beotls,
Oryeaegnhling ﬁ:zgmmengig {r.): fiot grain beetle, Lasmophloeun
mirutus (0liv.); Tcnedbroldes rouritonicne (5h.); the tapioca noth,
Dyralig manthotalds (Guon)s the fig moth, Bphestia cougells (Wlk,.);
the tobacco moth, Setomorphe rutells (Zc1l.) and Epschthics
sebrona (Butler)., The population of lawvae, pupas and adult of
A. fpacioulotug and 8. onyzag oteadlly inecreased up to {hree
nonths of atorage; thercofter thore was ouddon decline in the

porulations, whon the ontire guantity of taploca chips was reduced
to powder by the larveo and adulte of the insect poate.

In the cage of the adulte of 2. costancum there was a pro-
greosive increase in the pomlations during the period of survey
in 211 the locations.
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Cbeervationo on nature and extent of démage couaed by

A, fasclculatns to taplocs chlps stored for different periods

- revealed that the percentage of chipe damaged and percentage of
chipe powdered wero 100 and 78.3% resmpectively ot 4th month after
etorage. The mean mumber of larvoe (261.7%1), pupee (76.17) and
adult inseots (567.43) increased gradually as the duzation of
ptorage inorsaped and zeached the meximem in third month after
gborage. Thereafter thero s s drastie roduction in mean number
of larvas (2t.09), papae- {3.28) and adult incects (R02.82). By

that time the entire chips were converted into powder,

In the case of 3. oryzoo tho percentage of chips damged,
vercentans of schips powdered and mean :mmbor of larvoe, pupae and
adult ingecte increased gradually overn the montha and reached the
maximm 0f 45.2, 1.4, 316.23%, 14.52 and 283,78 respectively in

four wonthe after storags.

Rogarding the noture and extent of damnge caused by I,
castaneum hod ﬁércenﬁage of chips demsged, percentage of chips
powdered, méan nunber of lorvae, purae and adult insceots, increased
giadually over the monthe and reached the maximum of 19.6, 6.7?.
20.57, 3.§7. 78.63 rospectively in the fourth month after atorage.

| Assessment on nature and exbent of damage cauased by A.
faseiculatns on par bholled chips for differeont perlods revealed
that the damage due to infostation by the pest was less in par
boiled chips. Four month after storage the percensage of ohips
‘infested was %3.75 and percentage of chips powdered was 4.2, The



95

reen munber of larvae, pupae and adulis wero less in par bolled
chips, the values being 44.49, 4.65 and 85.24 respeotively.

In the case of 8. oprzag nlso the damage due. to infestation
was less in par boiled chips. The porcentage of chips infested
end p@rcentageiof chips powﬂeﬁeﬁ were 32.65 and 0.6 respectively,
The mean npumber of larvae (116.99), pupae (4.97) and adult (102.19)

wore les® in par bolled ohips,

Regnrding the damage causcd by L. castonenpn on par boiled
chips the percentage of chipe dumezed (19.%), pewcentage of chipe
powdered {0.43), mean pumber of lorvee {5.9), vupac (0.91) and

adult (69.499) after four month of Btoroge were couparatively less.

Jtudies on the diology of A. fascicnlotusg on different
‘varieties of teploca chipe have shown that thers was on insreased
fecundity (46,5 daye), short incubetion period (5.7 doys), chort
lerval (28.6 days) and pupsl (5.1 doys) pericds and zors longevity

(51.2 4syp) of inscots rezred in M 4 varlety, whereas in Velle
the inmect sghowed dow fesundity (37.3 days), longer incudation
(5.9 aaye), larval (29.1 days) and pupal (5.4 dzye) poriods and
lower longevity (%9.9 dnys). Other varieties had intormedinry

affects on the differcnt arowth etagmes of tho inaectn.

The raszlits of the experiment on tho blology of J. oryzae
on different varieties of tapioca chips alsc revealed that there
was an inoreazed feacundity (57.8), short incudadion period {8.9),

phort larva) (29.8) and pupal (8.5) poriods nnd nore longovity
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(126.7 days) of insects when reared in I 4 variety; the insects
showed lowor feoundity (49.8), longer incubation period (9.6),
larval (30.7) and pupal (9.6) poriods and lower longevity (119.7
days) in variety Vella, The othor varieties chowed intermediesry
effects on the different growth stages of the inoects,

Biology of A.fascionlatus wao studied on pax boiled chipe
of the tapioca variéty M 4, The results showed thot in par
boiled c¢chips of the M 4 wvariety, the gpecies showed low fecundity
(22.5), longer egg (6.0 doys), larval (54.0 doys) and pupal (6.4
days) perlods and shorter adult lifo (27.1).

In tho caoe of S. orygae also pay bolled chips of tho oamg
variety chowed low fecundity (29.5), longer egg (9.1 days),
lerval (32.3 days) and pupal (8.9 days) and shorter adult 1life
(117.8 days).

The suscoptibility of chips of gix differont varisties o2
tapioca namely Vella, Neelagirl, H 4, Srce Sohya, Sree Vieakham
and Rjaruck to A. foscicnlatug indicated that the extent of dumage
caused by the pest was least in Vells (91.6) and maxirmm in H 4
(99.75). The porcentage of ohips powdered (40.7), msan number of
inzvae (1202.2), pupac (87.49) ond aduilt insscts (267.48) were
least In Vells, but they were highest in M 4., The values ware
85.5, 1663.43, 93,95, 671.47 maspootively. Tho other varicties
shoved intormediary susceptibllity. Fone of the varioties teshed
vao immine to the ingect attack,
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In tho case of 8. grumae the porceniage of chips infeated
vas leagt in Vella (66.07) and highest in M 4 (100). The per-
centage of chips powdcred (0.67), memn number of larvae (91,99),
pupae (3.7%) and adult (68.83) were least in Vella, In M 4
peroentage of chips powdered (1.98), mean number of lavvae
(214.45), pupas (9.%) end adult (130.12) wore highest. In other
varietles gztont of dnmpe was fonnd to be intermediary in

pogition. Noeno of the varzietlen showed resisiance to the atlack

by S. QryIne.
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ABSTRACE

A enrvey on the population of different stages of inseot
peots and the exztent of danage caused by these insects to stored
4opioca chipa were conducted at monthly intervale for a period
of four months £rom August 1984 to November 1934 in ton centres
of Trivandwan Distriot viz. Palode, Tarapsale, Nedumangad,
Venjasronnod, Pothencode, Chiraginkil, Vombayam, Chaled, Sreekaryam
and Mangalapuram, where taploca chips wore gtored, Among the
vm:s.ouﬂ ;Sasta recorded‘three specien vis., taploca wesvll

(4 aoama aaciculﬁ_at&g Bw.), rice woovid (Sitophilue oryzae (L)),
| ar\d ms{: red £lour beetle (Txibolinm cassnnonm (ibss,)) were fournd
t0 beo the major peste, The othor spocles inoluded drug stors

beetle (ftacobium panicgum (L)), cigamette beetle (Zmalodeype
goreicorne (7)), lessor grain borer (Hijzoverthn dopinica (F)),
sav toothed grain beetle {(Qrvzaephilng gurinapensia (F)), flat
grain beotle (iaemorhlgeus pimutug (0)iv.)), Zenehpoidea
parnthignicus (L), taploca moth (Ryralia penihotelis (Guesn)), the
21z moth (Dphostin gentella (Wlk)), tobacco moth (Zatopovrhg
mdelln (2011)) and Erachthinm zobzipn (Butler). It wos also
oboezved thad the population of inrvas, pupao and adult insects
of A, fepacicnlatua and H. onygae increased up o three months of
storago: then thore wac o sudden decline in the populntion. The
entize quantity of taploca chips wae comvorted :!.nto powder during
the pericd of three nonths after storage., In tvae cage of T
cantoneam the population of adults was eoam increxsing aftver four
monthes of ptorzge.



Btudies on the biology of A. fasgiculaiug and J. gzyuxse on
tapioca chips made from different vorieties showed thab ‘Halayan 47
(M 4) wvas the most asusceptible host whore the insects showed high
fecundity, shorter egs, lerval and pupal pericds and more longe-
vity of edults, In the case of less susceptible voriety 'Vella!
there was a corresponding {norease in £11 the different life
gtzgens of inmsects, excspiting the longeviity of adulis which wne
found 40 be comparatively leas. Other wverietico were intermediary

In auaceptibility e the peonda.

Comparative bislogy of A, fascioulatus and S. grysae on

rav and pay holled chipe of wordety H 4 chowed that raw chips
were theo most preferyved by the insects vhen corpared ¢0 the par
boiled chipg.

Ohservations on thoe aature and exient of damsze cnuged by
Ao fopcioulntum and 3. oryese to taploca chipe stored for different
poricdo rovealed that percentage of chips dnpapel, nercentzzoe of
chips powdexed and msan number of la:cfae, puree ané aduld ingects
incrsased as the duraiion of storage increacef and reached the
mazimin Iu thees monthe efier eborage; by that tine the entire
chips weme comverted into powder. In the cuse of . casianeum
the percsntase of chipa damaged waw cogparatively less and the
population of lezvee, pipod and aduld inpecds wss seen increaeling

aven efiesr four ttntha,.

Aepepsrent of tho nature ard extent of damape caused by

A. fagoiculotng, 8. opvsse and 2, gastansum on par boiled chips



stoned Tor different pericds revealed thant darmnpe due to theae
pests wers less in par bolled chips.

Studies on the suzcentibility of dried chips of taploon
prepaved {ron six varietlieo nagely, Vella, Ileelogind, Ialayvan 4,
Sree {zhys, Sree Vieakham and Hjlaruck to A. fageiculatus and

8. oryzag indicated that Velle was tho lenst susocepiible, M 4
wag the most suscentible ond other werieties were intermedinry
in the susceptibility. lone of the vardieties tested wne immine

+0 insect atiack.



