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CmpQfvH Btomg& .&t a qomaodlty is nmt in

inportaiie© to its proimotiott^ as tohat©tf©j* ©nepgy aHd e^-

p©iis©3 spent on th@ -latter -a?uas- to waat© if it is mt

properly a«a ©sonoaicaily stored ana consorvea# For a

pr@doiiiii©iitly ^riowlttiral oouatry liSs© 3Mis wbor© diai-

aisMng returns fro® tfe© iaM îs i^r© a laattor of eoura©

rather than on^ of meMmt bM «hero sor© mA mm- food

has to 13@ fotmd to feed th© r&piQly ineroasing popiilation,

the protjlett of atorago of th© Siricijltwal eoiaii^aitie's is

a Emtt©r of prin® importaneo, -,

aio© i® aor©. siibjoct to deterioration mA ies-

traction than other eereals. Bian (1948) ©gtieated th®

average annml loss hf gitoohilMs. or^ga©. L. alone in Irdia^
to h® 1 laMi tons of atorecl rie©, Ifarayanan (1963) ©sti--

mated th© loss dw to insect p©sts to b© B% of th©

totsl food grains atorea or roi:^hly 2.S sillion tons. So

it is a aatt©r of utsiost iaportanc© to protect oi;b? rie©

while «M@r storageI ©speclsilly at^ this tiia® when InsSia '

Ib passing- throw^i a state of national ©sargenoy and th©

©listing prodmetion ia hardly siifficient to feed th©

people,

.EiQ@t staple food of Kerala* is stored in

th© tiahusked ;^rra for long periods either for constMption
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©I? for- seed pwposes- In storag© this is subject to- con^ •

siierabX© aamg® hy a variety ofinsects . Pruthi smt

Siagh Cl943) ;i'«3eoP«aea; .that .atout m speeies^of pests;ar©

foMie-damaging Fie©; >iii: atpmm* ]^^ng: whloh< the ;mgovmia/.^)

gTOia .mothf S,itotgoga Oli'̂ # the; le33@r'

grain h03?©?f •Miizopertha doBintea Fab,.-are of^ii^or-

taaeejin Keralai. /-(A list of ppsts. fomid In :assso:?slatioii /

wit^i ,st©F@i: ric© is..appQijfiefi)# • • .• ,

• "Oontroi mmsmfm 'lils© -fiaEiigationt thou^' ©ffe*

ctiva"agsiiist Inseet" infestation ,43 difficult to' be appli©^
in rural areas on adeomit of -cieagr© godoim facilities,

Stracener (19M) r©port©a that -ric© is resistant to the_ •

|H3n©ti»ation of,heat anS gases* ;tFse of •inaecticides with
persistent-©ffecst ana low.a^aliwi toaiieity appears tp ",

b© isop© advisabl® .to prot®et ator©^ ric® fro® ias©ot in*»

f@station3» ^. • ; ' • • ' '

' ' 1f^ry-llt^© work has been ^on© in^IMia on

th©' us® of ln8©eticidos' to csontrol lns©©t .in^sstgtions

in^stopM'ric©., Narasiiiigw' and"KrishnaEi0Orthi C1944)

r^orted that burnt paddy husk in finely powdered form

nixed Mith rice amaeB a high^ peroentag©' of' laortality of

•-insect pests • Isrml' and feiaaorti' (19^) revealed that
by ffiixing th© grain ^ith dried powder of th© rhiisom© of

Sweet flag (Aeom.^" ealamiaL) insect infestation is-preven*

ted by .both-killing' and d©t©rtof effects.
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' Fretreataent of-the-gratns wlltj app?«ii>i?iat©'•'

•lasecstieides -befor#" beiiig' stor©a" is^ a •reiatiVely• lln©

of 'thotsgtit -in store -pest doutrol in' tills- cpimtry. • ^faiwdsr

(1961)'''si^g©st©d-a''pj?©*l3.a3?ir©st appllsation with .

salatliioB 'for'the' s'&fe -storag# .-of wli^at. - A 'pre-harvest

application'-.of••iiissctlclil©s':bia^ .SOB® toh©r©iit ^twh- Mclss'.-

Besitos- •ia-FSlidJig •Mdltic^iial' -.eKp&UBm'f thera. is. alao 'th©'

3pi.sk''of'the. gralas •losing- laueli of th@ inseetlcid© deposits

m them during th© |jroe©ssss of thr^aSiliigi drying and

eleaning. .Theifefore' applicat.ion' of the tesectleld© on the

•grains-Just hetom baiog atoret was coiislsierM more advaii--

t^eotts aiad effective • /fl4© present Investigations ¥©r©

therefor© imdefftalseii to find omt the effect of pretreat*

iaeat with laseetlelSes l®fo3?® being sto^Mi on Inseot In-

festatloa M rice tandor storage. -

•laeessarllsri the liisectleldes used lii amh

• treatments -shoiild >© aoii^hasar€o^s* Henc®- ajalathlonf

pyrotteln and llM^e whldh ar© relativisly aon-hEaardous

hav© 'feeen used i»'these• lawstlgatlons* a©sults are in

teresting mi. encoiiragiog •

Literatw© On the prevention' ©nd control of

Insect Infestation In stored rlo© ha¥© been r©yl©w©d'»
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•j -'ffirioias, methoas tiaire fe©eu:,r;eeoia0©iM©4-aaa .prac-

ltisea .Xrom-'@arlF''.tia©s -to ,|jr#veat and; eoiitroX iaseet^ tafes*

tatioR, in ;ator:ea rim* •.^'ollowing .is^-iS rerim ^f^'mrk l©a©

.on th© prewnfeiofi ,an<i; sostroX -.of .iBseeti'.pest-s ,ift stored' •

FGMIQAflbMs •"' ' ' •• " ' '• ' •

: _ .fh©.earli©st: ?©cor«l, of-tlie,.us© .of •fUiiigaats^ ^

to, eontrol: pests in stor©«3: rie© is .tfaat .of./Iiyn® .C1912)„. •- \

He found that the-mg@,©f •oarlsoiit disialphid©'at tte-.fat©- of • • .

1 lb, fop ©very ton© of riee-with m eaQjosm*© of 36 hours

was •suffiei©fit to .kill ali. .ins®ots o©nfii:md in tli© g^^aiu*

Duport.ClSlS), .obser^ea ttot-futaigatioa with capUon iisol- .

phide was effective to ooatrol Pie© mevil ilifestatioa in

stop©d rice* Ihrlbopn ClQliB) also peeopded'th© ©ff©etiv©^

jaess''of• 082 fiaffligation in pis©..

Shinsiak© '"'Cl&lS) fo,tma that -Cwmigatioii of -pice ^

gpain.wlth eaPbon disulphiie at tk© rat© of 6i ogs* fop

35 eiaft» of gpain iJefore stopag© was effective to pr©.sopv©

. the gpain fpoa insect iiife.statioxi;'- pice gPains hai,to

b© ©loosed-to tho gas fop a liupiod of M to 48- 'houps.

Sfreherne <19X8) peeopded that m% all-night s^phijp 'f«i!^g.a<»"
«

tioE did. not .give smffiei©at contpol of aitoshilas ortzm

in Pic©, vih@xi SO lbs. sialphm' was biarnt in m iron carriep' •

\^ieh was- 4S ft» longj 18 ft, laMe aM 8'ft. «i@ep«
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at a, epncentratioii; of ilbs» per 3.000 ciift ♦ 'Was•©ffeoti'te #

''' Koa© -C1937)' la Japan,' ospriea out ©3^©i?isents ^

witfe ehloropici'lii for ^Itie oomtroX of Mt^pMlm L, X

arid' "the resuX'ts sfiowWd' that 'at 30®S it 1:111®^ ©11 lari^e

aiid- pttpm© 111 3. hev^s, th© a^iiltS' and-eggs-la ,©»©• tour.:.

vthm applied -at rat© 0t 1 lb#, per 1000 etift*, fff air#;.'

Strong (1937) vepmt&d -that .?^lo,3?opi0ftn .fftalgatiOK- of tIc©

gay# eompiet© mortality ,of .adtilts of .rise ,¥@©•^11 iB storage

•Mr.s., I<?e.o2*iiiig to bia tii© wmt of; gas

upoa th©, quantity of rise fmigatect thm th0- spa??©- in .

storage* , .' .'

Hargreaves (1937) fd«H€' that-'t^er© was

. erease 'in gsrrainati©^ of rie©-¥h®n ;it was foaigmtM with

carljon disulphMe at the, rats of 6 lbs per 100© euft. or

stored in-coiitaiiaers 'With p^s dlchlorQ^mz©!!® at"the

rate-'of O^SS? to 1,79 ga»1000 ce.. Ftiimda Cl9af)

stmdi©a til® ©ffioacF of-ehlofroplcsriii &b m-.fmigmt

Siteahtltts. orygae in rlQ© anfi ^at its -effieseF

laereasesi. with th® ,t©i3p©rattti'© .lap to^ .30®S but deer^ased

at 3S®0. •

• Strong ®38)" report^S that "th© fumigatioB of

rou^h stored rise with HGII gas ut the rate of 3/4 Ih# li»
•quM SOW per 1000 tsvtttm q£ space fow 7S hours at

killed all Insects to it, AtTOspherte fwiigatiOB of eleaued
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rie@ with HCH Mas not effective b®eaug© th® outer,parts'

of thQ-'sasS'was otiaerved. te :absorb^smch:of th© gas*.

•Mathlein (1938) trlesS HCff as &• .fiaiaigant against ^le©

Mmvtlf BitoBhilua oryzac? using a gas mmQntmtion of

3, ,2 to 1#3 wlucie pei'Cicent f©r 3.0 ia^s'at a t0®pei»ati2Fa >r

<5f "30®e * Ho live imBQts b© detected ia th®' grsi«

tw@ ^bbUs and'after s©v@ral moiitiis ©f storage the .

riee was stlli Mtiinfest©a, I^ayaiaa <1939)" la his' ©3^@-

i*ia©nts with chl0J?oplapla fumigatioii agaiast Flodia. Int&Tm

.PBifiet©ll!a lb» iu &tpTQA rlee in South fauM. that

X fiiaiitgca^tloh st th@ yat© of f Ih* '^©r iOOO Quftm tot 30

to 40 h©ttrs at 3€ to 28®0 kiileS 84 t© of the iiis©et

p©pt^a'tl@n i

fh© investigation bj Goijislses showed" '•

that Sit0i3hilG3' RMzopertha doalniea and' S»eeg©a»

lella in miiiulled i»ie© eoaia be ©ff©ctiv©lF coatr^liea

by bett©r eoaditloa ®f .storage and fusiigatiain with c'arlsoa

.bistiiphid©.- Strong Cl94©)elaiTOcl that o©iii|>l©t® eont^l

of Insecita was aeht©v@(d when Bk aillioa poimds of ric©

atorei la Isimlap' bags in gas tight ©anorete ware-'^hoiises

was .fumigated with sethyl .hmmM® at th@ rate of 0,85 oa#

• per 1000- lSa>- of Fie© for a period ©f 42 hours» f^ns were

ipis©<l to aistribut© the gas# He also found that fttaigstioii

at th® rate of oss- per 1000,lbs, of rice at-TO^F gave

eoiaplet® 3JK>pt©lity iia, brewBPs .rlc© atoreil- in el©^- -smefes

stfter m ©Ep©.siiP© of 4 hmws aiii a dosage of # 'cijs*
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@ff©etive witli m of 18_ lioia?®.

• •,. • Corlsatt •ani Pagdea '(1941)- ht a rmtm o-f soaa

Inwstlgatfoas cojaelMed tliat locsal sto:r.af@ eosilticfa

i^ende^ed fimlgatioa pi^netioallF iffipossibi®t tsmt elilor'®*

pieyis, ms ©ff©otiw la' 'smil 3to2?@s ot sao^®-^

i?lee. Slgti a@seg©s'0f iida^id©-ai4 mt giire ooiaplet©

iB0rtality of rise peats$ tet Im •ommntmtton ifltoibltai

Insect a©ti¥ity -&m Eifght fee us@fwl for proteetloa' of

2*ie© in th@ tosk* Isav^stlgatlojas in Malajra C3.941) steweS

that the p©ii@tretion of e!il€>i?0^iei»is iiito^ tightly pael»d -

sta»r©i rlee liiheii ms@i aloi» 02? silx^d with m ©«ual Quaii*'

'tity ©f G0l4.at t«n tinea th© fiosag© acjifiaaily eiaploysd

aid mt @xe©®fi la f&m days, to mposis^toMr mm

tfeaii tm wmkB was fa#ciessai*y to desttar ^3^ stages' of

t!i@ m^viX in liifestM rtm» Cotton asad Vt&mm (3.941) •

fomd that elil.Qi?opieriE m ©txtur® of, Etiiyleae aiehl03?id©

ana OOI4 coaid hm mtilisdd for fysigatioa '&t jpIq© im eomta?y

©ieirators.

Balsei' C3.948) ©Bse^'feci tiiat satisfaetory Mil

Of insects 'in roiagfe rise in omme^ %?s0d©s e3?ifote©i

M»s muM ©btaiiiet by intSaduotag srtadl© gFEStiiar ©stl-

csiwa o^asid® into th© gj-ain sty#aa m ISbie- bin was

• IJlie d^>ssge usbA was 8 113©» 360 btasbels*

furtfeeFf hB tried fiasigcition of rloe sills witli HGM and
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aetliyl brojold© for all typos of fumigatioat a mixture of

ethylene ojdLdo and carbon dioxide (is95 for vacuum chambers

and chloropicrin for atmospheric ehsonbers. !nie result

showed that methyl broiside was effective for rlee in dif-
•• -Pferent types of packages in atmosphorlc or vacoua chambers :?,)p

while rough or milled rice stored la bags in suitable

.buildiiigs could b@ fumigated with HCS gas applied through •

a piping system at the rate of Is 1000 cuft. space,

Schwardt and Wylee (1943) observed that methyl

bromide fumigation at the rate of 8 ojss, per 1000 cuft.

killed insects in stored rice within 2 ft* of the bottom,

but was not effective against thos© in higher levels owing

to the heaviness of gas-, QIslbs (1944) stated that the

dosage of ©thylen© oxide aiid SOg <1:9> could be reduced

by 25% If the gas was recirculated in tho vacuum chamber

by means ©f a vactn® pump by^pass, I«ever (1045) sug-

gested the fumigation of rice with carbon bisid.phide to

control insefita lite Bitoahilms orvzae. Triboliiam castaneum

and others*

Clegg ^d Lewis (1963) found that no loss of

vitamin B occured when fualgated with sethyl bromide.

Huthu and Plngale (1956) foimd that ethylene dibroiaide

at the rate of 20 cc. per bag gave aor© effective control

of the peats than by CCI4 or aethyl bromide or a lalxtur©
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of EDGT (3ii) when injected into th© centre of the bag.

Samples taken from rise after 7 days showed that in the

treatment with 20 oe# etiiylene aibromide per bag there

was a rosiolual deposit of 13 to 31 ppia* which was not

considered as hariaful« Israel and Yedamurti (1956) obser

ved that ria© weevil and rice laoth started infesting rice

in th© field and reached the store along with the harves

ted grain, fliey recdimehded fumigation with chiorosol at

th© rate of 4 lbs* per 100 ©awnds bofor© stocking the

same# • •

Cogbtirn and Tiltaii (1963) made studies oh the

effectiveness of phosphine as a fumigant for sacked rice

wder gas tight tarpaulins# A dosag© between 73 and 121

tablets per 1000 cuft* (3 gras» tablet of Aluoinim phos

phide and MH4CO3) was found sufficient for comploto kill

of imatur© stages of B.orvaa'g ti» in rough rice when the

temperatur© varied froia 52 to 5S®F» Further» no delete

rious effect on gereiination could b© noticed by any dosage

of this fumigant,

Uae of atomach and contact poisonai

Various inorganic and organic insecticides and

those of vegetable origin had been in use for the control

of insect |50sts in stored rlee» Isaac (1931) reported that

iisrcury could be utilised effectively to control insect
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p«sta by keeping it within the stores# Square (1933) found

that the use of is2^ or geaper oapaiouia as a

repallent proved valueless* However| h© observed that

sodium fluosilicate stirred with «ie rice within bags at

i lb. per bag gave promising results causing 83% i©rtality

in rice weevil,

Okada (1936) fotmd that Boric acid at the rate

of Is800 by weight when put with the grain in tightly

closed vessels was effective to control rice weevils, Kuo

(Li-sein) (1937) also obtained similar results in control-

2-ing S.oryza^ in rice with boric acid at the rate of 1:750

by weight in tightly closed containers or vi^to IsSOO under

less air tight conditions, Stracener (1937) showed that

6 02S, derris mixed with 100 lbs, rice before sacking kil»

led all insects aid that it had a considerable repelling

effect, 2t could jK)t be used with milled rice as the

stain from the derris could not be washed out, Vtien der-

ris was dusted outside the bags of rice infestation was

found to be less than 2S after 8 oonths. He recoi^nded

a prograume of control consisting of eliminating all in

sects from w^e«houses by cleaningi fumigation and spsaylng

walls and floors with contact insecticides (equal parts of

kerosino md fuel oil),

Richardson (1943) studying the tosclcity of der

ris t nicotine and pyrethrum to the eggs of S.cerealella
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Infesting rice found that pyrethrln I and II at a concen

tration of 0.007% were much more toxic than nicotine sul

phate 0,07%^ Dole (,1943) observed that psrcury applied

on sheets of copper were highly toxic to the larvae of

S.oryzae and H.dominica. Harasisd&kan Md Krishnaiaoorthy

(1944) found that bwnt paddy husk In finely powdered

form (100 Diesh to an inch) tdhioroughly mixed with rice

at the rat© of 1% by weight of the grain adhered to them

exceedingly well and caused 100% mortality to R.doainica

under laboratory conditions. Mien laixed with sound grain

the powder repelled the insects to a marked degree•

Krishnaaoorthy a^ Seghagiri Eao (1945) confir

med the effectiveness of finely gomM rice-husk*ash to

destory stored insects* ®iey also found that spraying

with petrol or feerosene extract of pyrethrum in storage

premises gave high Ktortality of adults of Gorcvra cepha-

lonioa ajid S >cerealella but was less effectiw against

those of Tribollum. H.doaiGica and S.oryzae* Tests con

ducted in British Guiana C1S4S) revealed that Dpi at the

rate of 1 part to SO#000 p^ts of rice destroyed all wee

vils in 72 hours. Farrar and Wright (1S46) observed that

dusts containing 9.5%, 10^ and 20% DDT with pyrax when

added to the rice at the rate of 1 oe. per bushel stored

in open bags gave excellent protection for 1 year from
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• •*

insect infestation, iosh (1947) t&vmA that a fflG €mst'

•applied, to.- .in. bags. ;at;-the ^rgte lb.n.:|}<ar ,165..., :.-

sQ,ft.^ of exposel ;®©a .oontPOlM,. tte' |f©st, aaA. tit©, isf^s*-

, tatioii'waS'for:-si^.'_ii0isths. folXovlng.. Amting*

Isi*a©l ana Vei^oorthi "Cl9^) at C^ttaek gtm-'

died'.th® tffeetivQBQss' @f p®wa©r©€ rMs©®® of Aq&tub

SSJLsBMSs town as ®'swe©t flag*' i3aa'f®iiiii that

ei^ther the gri^in or mllloti rise when :aix©a with til© pow-

dier at the rat© of 1 II)# in 100 lbs» pQs©s.s3©i both kill lug

•and •deterrent ©ffaets mi'm thm thos© Qbtainef ¥itl»; BEG or

DDT iusts*. Tile gl*ain thus •treated! di^ m% eia«s©"a»y'w-

pleaaant ©ddmr in -tiie sooted fim»- Fio^f^ ,^€ Saitli Cl9S3>

ea?fi©d omt, iavestigatlons ©n'tte ^effectiirewess of";l|jafia^®

•and ,!». prote^stijig i^ougb: ri©e feoa pcs^t iassideuee)

esp@Giallj 'fTOa, ttio-s® of Sitatroga' .earealglla and H.doainlQj

fhe pyr@ttoiQa prs&ict3 mm applied-as, fine sist sprays or

•as dBsts iipi»inkl©d bj hand-aM liniaae' (S% ,imst) mix©^

witti tha ^ioe. K^caiBlaatlons .wera laade ?j 10 md 11 aontlM

after ti^estaent* Fyreiion©'giTsiB protecjtsnt Cs i^st .ooja*^

taining 0»0Sf».pjrrethi»iii and 0.8S fiperonyl butoxia©) was

•us0d In-all •testa of th© ,pyr®tteua profluets. sni tfe8.ir

application tliaQFeticaliy afforfeS th@' ©qmiWilent of O.OSS
5

OZB* piperonirl' butoxide and 0«p02 ogf. pyrettoiaa ton^

dred»i«r©lght irffeich were i»ef®rr©.a t© as "staiiiard d©s@"»
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Dusts appeai^ed to bs' superior to eaulslon or wettable spray

of pjrrethnamss possibly because tin© husk absorbed aiuch of

tbe liquid and so 'prmentBd a ietlial ooncentratloo of the

deposit on th© sijrface. But all gave good proteetlon'for

7 montlis when applied at the standard dos©* Pyr©tlirins at

twice th© •'standard dose was the fsost effectlire giving good

protection for 10 to. 11 ©oaths and lindaii© .at 3 ga» .per Cut.

gave 'pradtleally cociplet® protection .throiigliout, the period.

Lindane oaused no tainting of rice, . •

M (Chiiig-sifig) (19S3) 'mad© studies on the

control,of 3.»0r¥z'i& aad/T.oaataaeuia in stdred rice by aeons

of impregnated dusta'eontaining SDfj S% BUG or 1,Q%

Hotenon©# H© iaixed the.ge dusts with tmhusked paddy at th©

rate of 25^ 50, 100 or 250 ag, ^per 400 gm.'of paddy arid

then ©sposed to iiifostatioa by 100 adults of fribolium and

.30 adiilts of S,.oryza@ for S -woeks. ' The r©s?3lts showed that

BHG was itore rapid in aetion thaft DDf or Hofenon© aiid that

gamffla BHG atid DDT gave aueh higher kill than loteaoae* ' ''

fritoliTOi was fomd to li© iJi^re suseeptlblQ to th© ins©otl-

cid©s than 5-orvaa©, BHC gav© couplet© kill of boiai in on©

week at 100 lag,. and very high iKJrtality in tvio weeks at 50 rag,

. Pr©V0tt (1959) fouad that 8.Ger©alella and

,S-.orvzae inf©st©d rice in the field either before harvest-

or dwring drying prior to threashing, but only' S^eerealella '

could Q'ontinue thereafter •to breed in good ijuality paddy.
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In an experiment oonsaucted eorapar© th© ©ffeotlveness of

iindane and aalat^ilon for the protection of stored paddy

(par-hoilod) in hags against Hhtzopertha foimd

that adraixtm*© of llndan© with paddy at the rate of S ppa.

was more effective than malathion dust applied to the out

side of the bags. Msiixtur© of gamma BHC (lindane) combined

with extern^ appllcsitioa was the laost ©ffectlv® among treat

ments, He also indicated that malathion was Eiore persistent

than lindane# Oa the basis of these results h© recommended

that the rice for long tera storage Should b© in the for®

of raw paddy. Haw or par-bolied paddy should be stored in

bulk mad, lindan© should be nixed with surface layer especially

in Case of par-boiled rice* ®ie same dust should be mixed

with paddy stored in bags and the bags dusted with M mala

thion Mt aonthly intervals* Ma^wmdar ^ ^ C1960) resi^^ed

that impregnation of 3ute bags with lindan© <76 ag* per sq.
ft») would help to maintain the stock insect free to start

with# He found that the effectiveness of this treatment

was dependent upon the textwe of the jute bag•

Bang and Floyd C1962) carried out esperlments

in Louisiana withj malathion in 10 lb* sasple of polished
rice, MgO-athion was used as dust and spray at dosage levels

of 4 ppm,! 8 ppia,, 16 ppm# and 25 ppEi, The results showed

that by either laethod of appllGation malathion at 8 ppm.

gave cos^lete protection against Sitophllus ®
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months* Dosages of 4 ppm, did not give sufficient ppotee-

tion against this weevils after 3 months* At 16 and 2S ppm»

levels in the dust form and 85 ppm. level as sprays, the

treatments gave complete protection against Triholium fiasta**

neum for 1 laonth but gradually decreased in effect after

3 to S months. Lower rates of application were found rela

tively ineffective. Exposure of adults of S.oryzae for 10

days to rice treated five months previously with 8 ppm. of

malathion gave coBQslete mortality and alallar exposure to

rice treated with 4 ppm. in sprays and dusts caused 8955 and

99% mortality respectively. On residue analysis of m£p.athlon

it was found that residue in rice sprayed and dusted xvlth

malathion at 8 ppffl* were respectively 7.1 and 7.3 ppm^ imme

diately after treatment» 5.8 and S.2 ppm. after a month and

1 and 0.7 ppm. after 3 months.

Bowling (1964) studied the effect of aldrin on

seed rice germination and found that the germination was not

significantly affected with aldrin at rates of 4 oz. and

8 025. toxicant per 100 lb. seeds.

Other methods of controls

Shinsuke (1918) stated that the best preventives

from the attack of Sitotroga cerealella and Sitophllus orvzae

were cleanliness of the store house and isolation of the

infested rice. He suggested that the store house shoijld be
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thoroughly dlsiiifected with S t@ 1Q% foreiaiiia before ijse. -

Isyn© (1919) repeated that all inseets iaf©sting ri©© were

killed after an ©xpoaur© of M b@low freegiag. tep©-'

sur© to 3S0®F fop' 3 hows' gav® t̂h© sas@•reaialt^t' tomt heat

appeared to spoil th©- riea for silling• '

D©iidiy .andi Sllisgtoii C1980) ohserwd that ricse

grains whioh are ^lemi sM dry ar® least at^feraetiv© to luseets*^

that Inseets' eotild'.tt0t thri¥© in rie©, wltfe a 0£>ls-

tUF© content ot ..^ or l^ss# HoMsison' (1986) foima that if

the .oi th@'.ria® grains ©ouM b© brought below 3#C

Boat of •©if-laseots wuld dife* , 0© png (1934) f^mid that •&

poiabiiiation of specially prepared -Qaleitts oarhoiaate aM •lapor-

ted tale whieh lia4 long heeia used In Salifforala for ©oating

th© rie©' lii orier to retain-its flawmrj prot©ct©a rle© from •

by dlffsrent iiiseets*. Sehwardt (1984) observes that

Isifestatlou of rlo© eouM b© re^uaed by the tBmmlBg an4

hurnlBg the loos© aceamt^atloii of'.th© by©'»prodsets J^oai th©

stores, periodisiiily.. Square (193S) ohserTO^ thst 1 Ih,

ealelm esrtonat© per ISO Ih# rlee was ^ffeotiv© in preventing

weevil infestation for- at least' eight tonthjit

. Corbett (1937) ehow^a that stffiialng of rle® for

eight hours failed to destroy lEimatw© stag©^ of S*S2aSlllSS

and a^cerealQlIa* • Maxi3ii«}i tomperatiipi? ohtalmd was 11S®F.

Frapps (19SS) found that th© adults of R.dorainioa in -rice
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wep© 2£lli©a by, for 3 laimites to a tempepatare of

50®C* Kawano (1939) concltided from his investigations that

rice stopod at a temperutuTQ of 1^0 op lower eonld ward off

infestation*

Nakayaiaa (1939) observed that Plodia interpime*

;tella in stored riee could lina effeattwly continued by ex-

posuTQ of the graiii to 120®F to 130^F for five to six ho«rs»

Cotton ^ ^ (19N40) studied the relation of moisture content

of th©,ric© graiii to its susceptibility to insect attsclc aad

found that the grain which was clean arid dry was least attra

ctive to insects•

Douglas (1941) suggested that the Insect damage

oould be reduGcd by cleaning the storage atructiires and dis

posing of all .old.aeemxilations of ric<9 grains. Cotton ^ ^1

(1941) recommended thorough cleaning of the go-down and fumi

gation with oaloiufflt cyanide at the rat© of 3 lb, per 1000

Cuft# of air for 24 to 34 hours to destroy'any insects that

sight b© present in the storage atructi^©. Cotton and Wagner

(1941) found that the exposure of the rice grains to a tem

perature of 140^F for 10 ainutes killed all insects in it»

Corbett (1941) noted that exposure of stored

rice to a temperature of €0®C for 45 minutes killed all in*

sects« Balsey (1942) found that all inseets in the empty
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warehouses•• coiilel hs Mlled.'by spJ*ayi8g 5% pyrmi^vm in Kero

sene, BalB©3? i»-another ,6xp©rls^iit oa a'tpre^'rict^'foaiid

that <ar5rling thoroughly.of »liit rim ris® prMnets-re*'.

<iiito-;th$ir suseeptlhillty tKi'iaseot iaaage* . H© raeoiffiaeMea

tte e;^03iir© of grains ta a t@ap©rat®fe'Of 140®f for 10

isiiiutes to 4®str®y-the pests# But he was'of oplhion that

heating' waa 'm wnsatisfaotory praetie® ms- the @f

the ric® graia.,al'ght'h© aff®Qte^d,«,

' • KrlshaaTOE'thi. (resoamenaea sprsFlng^ of ' ^

petrol 0r Ker©saB© .©xtrsct of'pyrethni® itt empty^ godovns*'-, •-

Cheo aiid Chang-(1948) -re«ord©a that-, e©vexing stored ric© \#ith -

a layer of gsmd 2 to 4 cm, and'storing In'

eoriiltioB' pr©¥©fit0d' weevils' froa entering luto'' It sni those

whloh'hM ^ready-aa^le •titeir'way" into %© saM ©ventually

4ied of -stai'Vatioa*-''tomnd'Ci@4S)" fomid that white-lead'

palntf irtiitewasti'-and'• a solution #f nieotin© siilphat© ¥©r© •

_atl effeetive ln'pre%fenting'3s3^teliSSS'M!E3=it®iSM

Hhimaartha dgainioa from mitmim' th@ wciod work' hias aiid

infesting' the rie@' subsaQuetitlr stored ia it,^ ' ' •

• ^ ^ ^ • - •' ^
•Dasher (1949) ©hseryed that, all adialts.of

Sltophiltzs orygae- kept In' rica ^grains- at '65 to 85®F aiiS 3S
to 85§'-'relative hiaildlty ¥&t@ feill©4'i» 13 siajrst ifeen diastM-

"with 0'mB% hy wei^t of pwQ sp©r@- material of the fi^gws
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.IterlElag- ©a -Hhigoperthfi aoi3iniga> SM*

SESES -ger^aXlellft •and aito^Mly.s 0i?yga© Cb&tte3?3®© (1953) ,,

fotma that at a imintuvo content feelow ^la© gralfis w@r©

l©as d@iBeg©a. by the -etev© tto?e© pests* S^»M "(1956)

aafi® an ©utomlogieal sottost of -ittm aartets and .stos-ss ia

th© mrtliQrii an^ .^seiatrai proyiae@B ©f lyaaalaiii yeve®-

led that toefor© toslog huslaa#-stored rl©© was' attaeicesi

W MLlggBegtha .dc>aiitigii> and .S«Q©3*©ial©lIa» ®0ralte3.

also attwlse-«l l»agg@i' i'ic©» fl©- tha.% iafestatioas

•eou^d -to© pr@veiit€}ii\.tiy a layei* M B' to 3 in©h©s 'fin® sand

&r 1 ,iaoh wood •asM •mjder duimage* F3?©vett ^
tiiat mw paddy'with a moistiap® ©ontaat of IS to ISS could

b© safely stored im bags for a jeaJ? wltSiout iafestatioa#

- .MiMiarJi- (1961)' worMng ©a .Sltoahilias oryza® '

in, rise foima that m(3.©r aif-tight eoMitions the-pest was

mabi© t0. hrmd ii^respeeti^© ..-of ttie m@istur© eoMitions of
^ ^ V/\the grain, lla^ttadsr'@t al~Cl962> found that •.^labolitim ^asta*

gieim iii.a.ili©ci <5oul<a. be attscsessfuiiy eonti®ll©d by

ffiisji'isg the gi'alB -with th© sp^re pov&er of aacills® JBffilB*

^i8ii3l.g at til©, rat® of 1 part p-er a-llli®ii*
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MAfEEiAt* AMD mmom

A.
\

PMdv ggalB usQdt 13i@ vwiisty used tow tfee ©3cp©$'iEi©iit w®a

«Pfa 3jO",| a short ^taratioa.'trarlety obtained from tlie Fara

of th© Agricialt^al Gol3.©ge m?id Heseardh. iBstltutei f^llayafil*

Jute banag SlJCty six l>ags aa€e of Jute ©acsh aeastjring 08eas»

n SO'eas. mre use<a for the ea^epimeiit* . • ,

feat Ina8Qtieid^aa .Hi© followliig las^etieMes mm BS©ds,-.

Mffiisifehiani (g <il (etSio^i;^ oarbonyi) ©thyl di methyl phosphor

i?©thiolothioiiat@) .• A teoimieal graSe containing

9^ aotiire iagi-eiienti obtslTOd imm Cymmaid

laai© I»td., was Ms©i for the ©j^eriiaeiit,

LlMoiiiQi lased la th© teat was a teehnioal product

contaiaiBg 99,5% gmmu BeiigeE© texa ohloritie

ohtaliieiJ tmm lata-Fls'oa (Privat©) l^td.f Bombay•

pypathfir^qg 'Pyifosoa© B*t a prop^ietory ©Emlsifiafele' forsaj-

lation oontalniiig 1 papt pypethrins and 10 parts

pip©roayl liuto:sid©f .®aftmfaettared by Bombay

Che^ie^ (P) l«td., was used fop th© ©xperlTOnt*

TecQoXs ®biis ^@t©Pg©iitf a ppofiiist of Sh©3Jl Qii©E^©®l3 was

used as an ©awlsifiep to pp©par@ th© omulsioaa
/

with aalatt^loii and iindan©.
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0pgayiii^_jaBP-ei!atMst^ Mn atomiser' wor^d with a compreasioa
puap was asefi' for spra^iag th© iPaiaa ani' the bags wltti th©

,... ^ iRseefcioldes ia the Xatoratory*

_Qkmrn tos© consisted, o'l' spmimn tuhm <;?»5 gus., &

^ .-B.S •OBsi)^ Gouical'fiastegf-..piisp^ttes'-of. 1 ee, ,aiid.,2 ee*
eapadities# Masmriiig '©yliaders of ;3.O0 -cc#' and ,1000 eC(.>-

,'healE©r3 of 10© S50 ec, .glass i'ods.

fuh.8.-,.^feaiad3' A Starid'ia©asBri»g„.aas crnsm x as QUBm to toM 72

ttit)©s,¥as ttsed for •th©•^p©3ptia©nts in-th© .latoorato:^.

0i*aifi Sstgac^eiyg ^ 'A grain ©xtPaotoa? of tlm cosveatioiial t^©f

aeasto'iag IB cms • in lesagt^^ with the imietf side s&aoav©, to

; hold a small i|uaatity of the gprnias aai ha^ng a pointed tip

fo^ pleraiftg the, gmm^ liags and a wood©a hand!©, was iased

•fop e^tf-actiiig th© giraiiis £vom th© bags stoi»©d in the godora#

•B. ' ^sms , •\ ,. . .

' ' gQBditlQBiiiig j^f th© esfaiass paddy gmins 'required for

the mpBTimnt mm tho»«gM.|r cleaned to, tmom ,all foreiga

• . iaat©rl©ls and put-in. water t© remove chaff and- other• la^ep-

! 'd©v©lQp©d -ggaingi*^ good gyalas mm collected and dried

ill the sto for 2 h@ws»,

' '.g.g.^Pagfition of th© asray sQlutionss Fop each iiiseoticld©;

three different concentratioas were tried. In the case Qf •
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th© technical matarlala (malathioii an3 iindaae) a stoek ss?iu-

tlon in benaene was prepared from which the lower concentra

tion of emulsions wer© obtained by mixing with water coatai-

ningj 3S emulslfler. The ©Biulslfler used mm feopol# SBie

propertio»s of the solutionst eiaulsifler and water were sb

adjusted that the percentage of benzene in all the dilutions

was kept constant at S% level.

Following are th© details of the preparation

Of the dilutions of the different inseeticldes.

For,, .typ^ting^Jba-ggl^lms

stock solution 1 ($3^)8- 0*S gm. lindane 10 ae» benzene

» solution

Stock solution 2 (S2>s- 2 cc* Sx * 18 oc» benisene ».S%

solution^

Dilutiona of emulsions:-OS cc. Sg * 12 cc, benzene * 135 cc*

Teepol solution. (40 cc» ©uml-'

slon contain 4 ag. lindane)

2) 6 cc. Sg 9 m» benzene + 135 cc#

1% feepol solution, (40 cc» emuLlsion

contain 8 mg, lindane)

3) 9 ee. Sg + 6 CO. benzene + 135 cc«

M teepol solution, (40 cc, emulsion
)

contain 12 rag* lindane).
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•St©cls .mln%lon 1 O.S'gm# aalatliion ,4-.9 ao* tensem

^ solwtiQn*

Steaifi.-.solmtiou 2 4, ,00. Sx-*^ 16 Qc«, hmmm e IS solu-

Bilmtiona- of QaM3>sions8« '

'D , S .cQi'Sg +• 12 ee« Isaijsea© ^ 135-ec#

JS feepol solutioia.: (4© 'ec^ ©CMlsiois

' • ' • ooataia'S isg* mlathloB')

2)' . ' 6 ce# Sg. 0©, l3i@iis©a® •¥ 33S ©o»

• 3S feepol'solution*'(40 €c, eiaulstoa

©ontaiB 16 malatliion)

3) - 9 Qc, Sg .♦ 6 @0. ^mseiie + 13S ee»

iS Se@pQl s©liitloa» (40 ©a# ©imlsioi^

- _ ao^tiala lag# salathioa)*

"Pyge^^iias • • •

1^© Im&T «joae®nt2*ati©as us^i' in th©

were bj aJising py^o-c&n® 1 with wat©2* as follows I*-

1) 1 QQm pri^QOii© 1 -I- 399 ee» water,

C46 "e@» eiaulaim eontais 1 mg* 'pjr©*

"^Pln and 10 iig# plpei'Ciiirl Ijutoxid©)*

8) S €S©» pyrocoae.E + 398, eo» mtei?

<40 "c©# ©si4,sion eoKtaia S lag. pyi?©*-

tfein' and 20 pipereayl bmtojcid®) ,
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B) 4 cc# pyroaon© B 396 cc« mter (40 m*

©laulaioiQ eontaln 4 sjg, pyretdbrln arid 40 mg,

of plperoayl butoxlde).

^Qliitlon..fop' ti*aa1;;ifig the •bags

For bag treatment each ingectielde was used at

a single dOG© th© details of \ihiQh ar© given belows**

Malathlofii

This was used at 7,8 iag» per bag of 1180 sq.cia.

bag surface# For tbis the eii^sion .was proparM as followss-

Ssa o»5 gm, malathion + 9 cc, benzem » s% solution,

2 ec» S- + 4,4 CO. benssen© +, 57,Teepol solution

» 0,16® siaulsion.. ^

fhe specified deposit was obtained by spraying IS bags with

€K) cc» of the ©ciulsion*

MMiSgs

This also was used in th© concentration as i^at

of mlathion#

S = 0«5 gm, lindana 10 cc» bonbon® = 5% solution,

8 eo» S 4«4 CO, bensQiie + 57,6 cc» 1% feapol solution

ss 0.1S6% ©sulsion>,

Th© rate of application was the sanie as in the ease of laala-

thion laentioned above.

SmSbEAB®

This was applied on th© bag so as to give a
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deposit of 0»88 mg. pyrettela per bag of 1120 sq« cias. 0f

bag s\irfacei«

The solution w&s prepared as follows!-

1 eo, Pyrocon® 1*;^ 6e» water# %tien 60 oe« of thla

emulsion was applied on 12 bags the required deposit

was obtained#

Treatmant of the ,1ute bags8 Jkli the Jute bags intended for

treatment with the insecticides, whlqh numbered 12 for eac^

Inseotieidei were arranged close to on© anotherf but not

overlapping! on a paper spi^ead on floor, aii'ty co, of the

conoerned insecticid© was sprayed evenly on the upper surface

of the bags with ttie help of the atomiser as shown in Fig»S.

After about 16 minutes by i^bh time the sprays had been

absorbed and dried> the bags were turned upside down and the

other side also sprayed in the saiae way, ©len the treated

bags were dried in shade for about 1 hour.

I^eatfflent of the grains8 Hie conditioned grains were weighed

out into 1 icg. lots, S'or the treatment of the grains with

the insecticidesI each lot was spread in a thin layer on a

paper laid on the floor* 5he concerned insecticide was t^en

sprayed on this layer of grains (see figure €)• If^en the

exposed surface of the grains was fully covered with the

spray i^e grains wei'e mixed upt spread again in a thin

layer and sprayed again# ®iis repeated till all the required
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aisomit {40 CQ») of 'the spray was sprayed oa t&e' 1kg*

samples'"©!' th® .grains • the treated'grains-wer© dried •

in shad©' and stored' in the re'spectlV© giamy-bag's*'" -tBie top
' . t • •

, of ttoe bags w©r© stltoh'sd properly•'etid th& bags' labelled.

Emaosiag the t^reated gyain. to: Inseet infe.statiORj, l-lith a

¥i©w to assess tfe©'©fficacy-of the' different inseetlcide

-pre-treatments to''pr^otect •stored paddy froa insoot-'infesta*

tion tinder godown eonditioxisj the lots o'f grai'ns, WKler the'*

various iraatcaetits w®r© arranged at raiidom tn a- circular

fflanner Insid© the-'godowrt#' A stoek„eultQre of^PfB^lO" paddy _

grains heavily iitfested witii S.o©r®al©l.l.a» E.».domliiiM>' •

S-.oryaai& -and ©tlier iftaeete was placed Inside tte circle'

showa in-Figur©'?"• ' S^ifeated lots'(replie.ated thrie©) along

with tli@ ^'control"' lots were '^rai^ed randojoly for aatursl.

' Infestation*> ^ .

•Assessmeat of 'the rea^altsi tSo assess the'resiiltsi samp'!©®

' ¥©re ©xiaaiaed froa ©aoh lot 'at 'monthly intervals-. For tblsj,

tile grains" wer® drawn from 'th© bags with the griaiB 'extractor

-• from different regions of. .oaoh-'bag for 'Obtainirig a coiaplete

••reprosontation of tb© grsins ;in-©acb treatia^iit# Âpproasiaately

'20 ga» of .grains ^©re drem fronj-eacli bag and^ltopt i» specl-

man tubes in the laboratory for 15 days i^rthe ©sorgence of.

asny Insecti already present Inside tb© grains CSee Fig.S)*
f
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'AftQJ? 16 days I them gj?aiii s^ples war© spread

on a fiapm*, SOO g3?aiHs raadoaiy selected aud Qxmdm^ IMl-'

vliuaiiy.t ©ios® stewing toseot were coimtesi as da*-

aaiged. P©reentago of grains attaelced was tased as the iM©2C

of til© !3©g^e© of Infestation.

E3EBei»iffl©iital CQgiditidnsi @xperiia©Bts wei-© eoaduet@d

inriisg tte period f3?©a OQtQb&r 1964 to May 196S, a© data

@B teEiperatwe wd limidity for th© period are gimn In

App©|ittl3c '1IX» , ,: • -

pl©t©iy '^andoaised design was adopted hi th©. e:icp©i»lm©nt in

the p?e,s©sit'investigation* ''-The ^sta w&m statistically

an^ysai'^mslag tb© analysis of mrlam® tmlmlqm*
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mTAim Am msmTB^ • '

Effafet'of pge^atomg© tgeatmeiit..,MltlL^^alRtMon%Vllatea8,.Ma

p?^atlmtns_.Qn,J.a.a@fiiLia£asi^^ ift aferQdn.MME '

E^erimental -Befeailss

Paddy grains iis©d

Insecjtleides

•freatmants

fl

T2

M

fS

"FfB 10»

llalatliioaj liniane and pjfret^lns#

©lese WQm used as ©mulsions •

Hier© were 22 treatments ineiti-

dii® on© control details of

whieh ar@ given b©lowJ

0raiaa treated witii iaaJLatiiion

at B ppm» anji bag spraye^i with

•aaXathioa at 7«8 .iag . p©r bag

, stsrfaee#,

Orains treatecl with ssdat^ioa

at 8 ppia. and bag -not treated.

Grains treated with aalathion

at 16 ppm> and bag sprayed with

jsalsthion at 7.8 m* PW bag

3urfa@@*

Grains treated with aialat^ioa

at 16 ppm, and' bag"a©t treated#

Grains -treated with malathioa at

M ppMm and bag spra^d wiitti

malathloa at '7.8, mg. per bag

smfaQ@m'
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m 20 *

- Sratus treated vith aalatMoa at M

ppm* bag mt.treated*

f? - m _. ©rains mt tr@at®a aM tsag treated

••''•' •'• with'agla^lbii at ?*8 ag. pev bag
1 , :

• . 'surfM©.

W • . ©raiiJS treated with liadaro at 4 pfa»

• and, bag::Spra|r©d liMsse at ?«S

i!^»,per hag.sarf^eai ,•: l

2^ . - 0raiag treated with. ^t 4 pp®.

aii<a>ag.i5ot treatM. .; •

, • ,. mo - • 0raiiis treats .with. St.S'pp®*

. ; §Ecl ^ag, sprare^ with, lia^saa© :at

fflg» f©r bag' stirf®@©a ,•

. f3.1 « Oralijs treated, with, Itodane at 8 ppa* ^

. ' aaa bag not treatea* \ . ,

flS . - . traim treated ijilth liMaa® at 12 pp®#

'aoi the- bag treated Mth llMane.at

TrfS-.'Sg.. pm big safifa©©* , . .••

T23 * drains tr©ate.d 'ir/ith liMan© at. 22 ppm*

sM bag a@t treated* .

fl4 - ©rains'iK>t tr@^t@a ©lid .bag treated-.¥i^

... linatoe'at ?,e !ip» p©r bag-^wfac©#

tlB Sraiag traated with pi^thrias at 1 pp®»

bag treated with pyreteriaa ©t ;

0»28 mg, p©r h^g. s«i?fa<5e»- ., ,

fl6 Sraia^ treated witfe p2^r©thriiis at 1; ppm*

md bag mt ^at©a*.
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fl7 • QffatnB treated pyi*©tlM?ins at 2 ppia#

aiid bag tr©at©a w'itlJ ps^ettsriaa at

0.2B Eg* p©p bag

fIS Oralus treated wilti pFretbrias at 2 ppa»

per bag siirfaee#

fl9 - drains treated witb pjrretlirias :..at 4,pp®#

bM bag treated with p^sttoiBS st

0,SS ag* per bag siirface,

too . « . . ^ains treated with p^etasriM at 4 ppm*

bag mt treated*

f21 « ' Grains not treated and, bag treated with'

0.-28 wg. |>y?©mrliis p©r bag ^fac@#

f22 , Sralns aaa'bag wot treated (Osatr©!)#

lumber of roplioatlcm 4 3 for ©a<& treatE^sitf.

Quantity of pafifly used)

for ©aeh.. traatisent « jl Kilogram*
Baslgti of treat* > 6o5^X@t@ly SaMomlaei

mn% )

Date of ^rajrl^ ) g6*10-19^

of bag ' •- )

Date of spraying ) 27«»1D*19C&§

of grain - ) ,

Bat© of es^osOT© of )

of tb© ®£^pX@a to

natisral iafestatioii )

in tli® ©odom )



'Wigmlm ^aph .shoving t;h® ©ffeet of

<l@s©s of mal'athloa treatment® ©a iaseet

iaf©station .is paddy at aoathXy integrals •

V
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Hujgber of observations taicea - 6 (at aoathly istorvals)

Bate at ^dileh observatloais) • 1st on 2^»11-1964

were taH:©a ) • 8na oa S8-12-1964

^ _ ' ' Srd 6ii"28-l-196S ^
4th on ^-2-196S

5th on ^3-196S

6th on-g8-4»i965 ^
\

fenceratur© th© experi- given iia App6B$ix HI

•Kent.

Huaidity during th© experi- given in AppeiMix III

sent

1S!2S0^SS8 Samples of' grains; of the ;r@qiiirod rsplioations •

were treated with th© different insecticides

as described on page 26 « 13ie bags were given A^ ^

the individual tapeatraeat % spraying the insec

ticides oa them as detailed on page 26• the

treated grains were exposed to pest infestation

in the godowri# Saraples of grains were dravm

from the test bags at monthly intervals and

examined for insect infestation as described

on page 27» Bie results «ere ©nalysed statistic

eally»

\

HEatlLggt Sesijlta m?B given in Appendix I| Tables 1 and 2

andi Figures If 3 and 4. ^pendix 1 gives the actual counts

of daisaged grains out of SOO grains examined, fable I shows
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Pig,8, CfPaph showing the effect of lindarie

treatments on Insect Infestation in

paddy at iaonthly intervals.
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PBlGEIiSfA^ SfOffiD PADDY mmBB
mm imsmmn. mm&m;Ais PwmtBMs mmBm& at nmmmm

' • ' • FMIQDS iFTOWMSB

«• w wito m »<«•«>«»•• •> #«>**<«>-il!>«

•'-Fei^ceat iiifostati©^ •.•

Epeatiaeats

MoAm®

f^etb3?ims

2

After'-mntha
»«i«4W (MrWftw>W#) <•»«»-vr «K «i

3- • '4 ' '• • & §

m 0,4 • ,2.4 ,. 3.6 4.1- ' 4.S • s»i •
• ^ 1,4 ••• • ' a.5 . • •4.0- •s.a •. ' 6.0 •

m.. . ©•€ i.4 4.0 4.S 4,i 4,6
m ' 0,8 •Sil ' •3.3 4.4 • • i*i^. • Si3' - •
m . O.S 0.1 2.0 8.0 g.4 . a.B- .
m • • 0*66- •i.06 ••t.80. • -B.e; 3*8 2.9
t? , ' i.8 . •3.S; ,̂ S.6 • 8.4 10.a a3.6

fS ©•66 8.S 4.t • • S.4 7.1 11.S .,
m- •- ••2*S'" • • S.4- • S.6-' •BS- -̂ 11.8•

o«s 2s: 4.4 , S..4 @.6 . 7.7
m-'- ••• -1.2^ ••:2.3 ' 4̂.1 ' •• s.4 •^ 6 .0 • 8.0-
fl2 0,8 1.8 , • 8.S • 3.S 4.6 @»€

•my • 'O.e ••• 1.6 • , '2.3 • • •4.7.- 6.6. • 7.2
•fU 1-.6 , a.4' . @.a ,9.1. io.e X3.0

ns, G.6 2.6' S.O." • 6.0 " • 6,6' 7*3
flS ' • ' 0«8- ••2.7 • ^4.0 ^ . Si2 • •' .S»8' ••6.3
m? 0.6 1.6 3.0" ,3.a . S.7 ' €.4

•f3l8 • : ; Q.n 1.8 4.0' " 4A '4.4 4.8

W '• '0.4 1*6 • ••"i.s • S.3. • ,• 3.3 4.4
no. 0.6 !.•? 2.4 - 4*1 4.S a.i

mi i.4 a.o-- 7.1 ©.0 . n.o. ia.2,

B.S 4.6' 7.2 9.3 •11.S . a3'.7" ,

m-mtmrn^mrn'
»««•* «W.W«W4W



Fig, 3, Graph showing the effect of pyrethrins

treatraents on insect infeatationi in

paddy at soathly Intervals.
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applied ©a tSm gmtos appears to Is© tto© ©DBt effective of;

the treatMoats. But aei"Kbi@p In aala^i«3iii aoy the other

two las©etlcid©s applied oa tlie liags alone aot' pi?0Ti®nt

las@Qt iufeststloii, ' ' • '

• ®i© -dstfe -relatisig ,t@ th©. of the gralas •

Mnd©r. tlie ctifferejit •treatsaents ©baerifed •at ©ach npa^ly

iat@2?irals lia¥©.l>©©» statistleslly aaalFsesI-also*

fabl© III relates t©' the malyais of vari^oe .

of the observations mad© at the- ©M of l asiritli aft©r treat-

ffient mii storage# ;'' " •,; !

E

- '-Miu-lil.

©tervatiofi at Mi©, #nd of. th© lat 'i^oat^' aftor ta?©atiaeiat '

•fast ittsectioMeg •• .Hal&thiont .Linto© P^e^rlias*

Somm'Qf 's«a of • Begx'eea of « ^F» fro®
varii^Otts te@<lom *«• aae© u* table at

5% l©v©l .

lota , sms,:'. • ,65/'

^ tpoatmesit ,'4g?.a" 21' '; 30,34 1.^

irror z let#4 ' •44"; ^ a,.so

*• Sigoifieant at m mA U lovol

CJriti'cal aifferone© at B% lov®l^» 3.2^ • {>C
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f
s

.Inference

ap., ne, t4, t6, tb, tis, 113,117, ts, tso,

fis, fie, 112, T4, no, T9, 111, T2, fSlj fi4

It reveals that there exists significant diff-

rences among different treatments dtirlng the months. 2he :

|variaMllty was from 2(11 and f 19) to 12.3 (In Control 122),

' fi . Untreated %rain stored in bags treated with the
insecticides shows lower infestation than control. This

difference in the infestation is signific^t. All other

treatments are highly significant in their difference from

control in relation to insect infestation. Among the treat

ments, fl and T19 are significantly different from T9, Til,

T2, T21, T14 and T7, Other treatments are not significantly

diil^erent among theisselves.

Table tV gives the analysis of variance of the

data on the observations made at the end of 2 months after

treatment and storage. .

• tABLl m :

Analysis of varlanGe

Observations after two months of treatments

Spiapce of
variations

Stam of
square

Degrees of
freedom Variance F. F from table

at ^ level

Total 1733.8 m

Treatments 1231.8 21 58.6 S.14** 1.83

Error 502,0 44 11.4 /
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Signifleant af m .and 3S leTOl«

Oritieal•'diffemic© at'§%:level «• 5,641• - •

•W'iC*'Wr'"®7'Ei7''Wr®rilir^» fBT'fll-
^T&Tiuwr^mr^'^ •••'• ••• ^

- ' ••• It'is'•3iei@tt"that te@'ti'€j$tia©ats-''ar© ^slgnifleantlF •

ilifferect''. Tlw pgage •of' m̂lum' Qf•i'lif©station•is fpoia:
,4»0 Cf3) ,to'23,6" C3J22) ifc •'411'• tp@#teeists ax*© sigaifioaiitl^•

diffeyeat 0¥©r soats?©!. • •"•••••••".• ;..•

•1!tie •tii'eatisents in '^hieh. Mie baga-alorte a^@-tFeateS

CfMj5Si) .slsQ-'sr© sigftifioajatlF •i.iffei'eiit .feoa patrol*
. . V

fable^-^l^es tUQ miBlyBis of vmim-Qa ©f tli© .
data 'on the iafestation ©bs©i?w€ &t the ona of 3- mnths

•after storage.i

• • mu/ •
Analysis of tragiimaQ

.InfQatatiQii at the ani of 3M' nanth

SDWces Sm of Degrees of
si^iiares fr©©doia ^^a?ian©e F. fabl© F.,

•®0tal , df9S,6 m

^ lpeata©Bts-496?,g. 81 '. 236.S ' ' 1,83

twr 831.4 ' • 18.9

Signifieaat at 6% ms^ 1% level.

•Critical aifferasee 7^15 .
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Infeyencat

T19, T5, T6, T18, TOO, T17, TS3. !p16, T8, T9~

T1S7 114, 121, fS2
Xt is o|)served thjat all th© trsateents are 3lgni~

ficantly different., All the treatKients appear superior to
control except T14 and TSl, ,

lihe range of variation in infestation is from

9 (T19) to 41,6 (T14).

regards the effect of bag treatment alone

malathion treatment (T7) appears aignificantlr different

from Control, while treatiaents with pyrethrins and lindane

(TSl and T14) are not significantly different.

It is also seen that there is no significant

difference between infestation in the grains treated laid

stored in treated bags on the ©n© hand and the infestation

in th© grains treated arid stored in imtreated bags on the

other*

fable ?I gi^/es th© analysis of data relating

to infestation observed at the end of four months.
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• ^ABLE VI .

Analysis of -variance

iBfeHtation at the end of 4th laaath

Total 8157.d 63

TreatEBsnts 7287.0 21 347.0 17.6'<'* 1.83

Ep3?op 870.0 44 19.7

♦* Sigiiificsmitly different at 5% and 1% level.

Gritleal differonee Co.05 level) » 7.3

f ^7n97Wr^i7, Tso,Tlx,

117^f27 T47"H87^V^^ fll, TIO, "nsv fl6, 'TlB '̂' ®,-

T7, T14, m, 132

range of vsriabillty is from 10 iTS} to 46.6 (^2) •

It vdll b© seen that there exists no significant

difference among the êoatroi and the tmatmnts la which the

bags alone are treated vdth the iissectioides. ISier® iSf how»

ever» significaiit variation between the different other

treatments involving grain treatments on the on© harKl imd

control on the otherIt is also evident that in the san©

level of eac^ inaeaticlde thei»e is no significant vailation

between graitis alone treated and grains and bags treated.
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Table VII gives th© analysis of data relating

to infestation observed at the end of 5 months.

TABLE VII

. Analysis of varianee

Infestation after 5 months of treatEient

Total 41294.1 65

Treatment 40108.1 21 1909.6 70,4»* 1.8S

Error 1192,1 44 27.1

*♦ Significant at B% and 1^ level

Critical difference - 8.S43

Inference;

TS, T6, T19, T18, T3, T12, T20, Tl, T4,

T2, T20, fl7, T16, T13, Til, T15, T8, f9,

T7, T14, T21, T2a

The overall variation in th© treatments is seen

to be significant* The range of mean vali^s is fro© 12.0

(T6) to 66.0 (T22).

All th© treatiaents ar© significantly different

from control except the treatments T7, T14, TBl where the

bags alone ar© treated.

There appears to be no significant difference

betv/een grains alone treated and grains and bag treated, in

th© same levels.
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a©tW0en dosea, significant irapiatioa is observed

with malathion treatraents* Warn tr©atBi©at fS <24 ppa. oa

grain and 7.8 mg. per llSO sq* cm. of bag starfac©) was found
significantly different from tJae other levels. Signlfieaat
differences between Mgher do^^s and lower doses were also

obs©rvod in eas© of pyrethrins and lind.an©.

fhere is also no significant differenc© between

the Infestation in the untreated grains stored in tr©atM

bags and control•

In Table VIXX is represented the resiilts of ana

lysis of data on the Insect infestation of grains observed ,

6 months after treatment ©nd storage.

MI.E, • •

Analysis of irariance "

infaatatlon after 6 nontihs of trefttmant

Source D.P. Variation P. Tat>l.e F.
squio^es

fctal ' S094S.8 • 65 .

toeatment 19749•! 21 940.43 34.57** 1.83

•Brror^ 1196.7 44 ^ ^.2

** Significant at and 1% level

Critical difference (O.OS) » 8.564

Inferences f3t. T13, "Q.»

TlV: T2. TliriigrTlO. nit TS, m, m»'T7, TSS
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It is sem that all the treat^ats among thorn-

selves are significantly diffarent. fhe range of infestation

is 14.0 (fS) to 68«3 CfSS)* Ml t3?8atia©nts are also signi-

fic^tly different from control except fl4| T7 and T21* ©i©

latter thro© are troataents in ^ich th© hags alon© ar© trea

ted with th© insecticides# Ho significant difference in

the infestation is observed *®@tM©en these treatments end

Control,-

Coaparlng the effect of the grains alone treated

and th© grains and hags treated| it Is seen that there is no

significant variation hetween the Infestation in the treat

ments -where the grain alone are treated and the infestation

in the treatments wherein ^th the grains and the bags are

treated.

Considering th® different levels of each insecti

cide it is evident that the highest concentration is signi-

ficaht3.y aore effective than the tw lower concentrations

wider stttdy of @a^- insecticide#

fable 1X-'siBaaai^ises the analysis of the effect-

of the variolas treataents observed at .all the ..sIk TOnt^y

intervals taken together. ' '
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fABLE IX

Analysis of valance

Efffiot of various tpeafemeKta ofosepved at 6 stQBthl3LJjl.t^Sgal^

Source of
variations

StM Qf
•sqtisres'.

fotal 9876?.4

freatiieiit aiTOB^l

B0tw©©» eheaicais 3101.1

B^f grain an<l
grain &' bag 1^86#4

Between levels 4691,3

ChemleaL ?s Control 6502,1

Grain ?s -Control. ^ 74S9.6

Month 49928,6

Month K lEr@atM©at 32376,0

Error 4760^7

D»F» Variano©* 1^* fable F.

-S95- •

21 aS09.9 83.7**

2 15S0.6 86.0**

, 2 • S293.B 460.G**

2 • 234S.6' •330.0**'

' 1- 6508,1 a66.a**,

1 • . 74S9-.6 413.7**

S 9984.5 SS3.7**

106 117.9 6.S**

264 • 'IS.03

1.96.

**' Slgnifiaant' at ^ and level

CritloEl diff©r©aae at O.OS level « 6.77

It will b© observed that ther© is significant

tifferaaae in infestation in the different treatments.

Between the three inseotieidesj the inference

is as follows:-
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tpeataent • lfe:aa apaage dtagiae; 6 Months

Malathioh"- ' 17^9

' ,\ Lthian#"" •,••84.9

CritieaX differenc© at 0,0S leTOl is 6.77

ie» Malathion.. ' Pvmthrina • .liinaane

Uius aalatibiOG ^treatments-'ai*©-signifiemtly dif-

fere'rit'ftdsi'iihdane tre'atobtits-.. Ho significant cliff©i*©nci© is

observed Ibetween taalathion and pyrethrin treatiaents and betweon

pyrethrin liudan© trmtmnta^

Coaiparing th© ©ffectlv^i^ss. of ^the ti*eatii©»t of.

bag albn© on th© on© haai aM the tr@ats©nt of the grains only

on the ot^er, it is seen ther© is sigaificaat ^iffereac©

between these two and that th© te@atffi©nts involving the grain

treatments ar© superior to ttos© in whieh tha bags alon® are

treated.

¥ith regard to the collarisqni grain ^one treated

fsi, grain and bag treated, it is seen that in their effect

th©r© is no aignifiean^ difference between th© two for each

level of the insecticides.

Between th© three levels of each insecticide

the comp^isons vere as follows:-
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vSf>}ntMoni tS- CMalathion tr@atsa' grain at; 24 ppm. and bag

spr^ed with aalatMon at 7.B Eig# -bag swfao©) aai' 'X6 •.

(M^athion treated grain at 24 ppia# and bag not tr©at©d) are

sigaifiosatly superior to (grains treated with raalathion

at th© rate of.ieppia* aiiS bag not'treated), fS Cgradias trea

ted with aalathion at 8 ppa.) anS fl (grains treated wit^

maXa^ion at 8 ppa. arid bags treated at ?.8 iag» par bag • ' "

suf^faoe)#

Pvrethriags fl9 (grains treated at 4 ppia» and 0.S8 mgm on

bag swfao©) is sigiilficaatly more ®ff®ctiv©' Mian fl6 (graias

treated at tb® rate of 3. 'ppa* bag not "treated) and fl7

(grains treated at the rat© of 8 ppa» ©*28 on. bag

stirfaa©)* ,

' Lindaaier 3?12 (grains treated uitii lindah© at the rate of

• 12 ppai#. and 7mB lag-., ob bag surface) and TX3 (grains only

treated with liMasie at th© rat© of :!^.pp'M,) appear signi*

•flcantly superior to IB (grains treated at the rate of 4 ppo.

and 7.8 mg. liadaa© ou bag surface) and T9 (grains only

•tr©at@d with liadaus'st th© rat® of 4 ppm-«)»

All •-Khe treatments involving use of insectloides-

on grains ®r©, significantly different; from control with re

gard to'inf©station by insects.
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DISCUSSION

la the present studies# the effect of insecti

cides deposited on the external surface of unhusked paddy^

in protecting the grains against insect infestations has

been ascertained. The insecticides were deposited on

the grain surffice before being stored by spraying the

grains with th© insecticide emulsion and drying th©ra»

The added effect of spraying th© gunny bags in preventing

insect infestation was also ascertained. The three in

secticides used were aalathioh, lindan© and pyrethrins

which are non-hazardous in nature. The ©xperiiient was

done under gottown conditions# Effect of th© treatments

was assessed by observing the extend of infestation in

each treatment for a period of eisi: months at monthly in

tervals. The results obtained are discussed below.

Relative efficacy of three insectlci,des in preventing

insect infestation in stored rice:

Fig.4 gives an overall picture of the relative

efficacy of the three different insecticides under test

in preventing insect infestation in stored paddy. It is

clear that th© aalathion treatments provided the raaximuja

protection of th© grains frois damag©s due to insect pests j

and lindane treatments the least protection. Pyrethrin

X



fig.4. Consolidated diagram showing th© effect

of laalathion^ lindane and pyrethrins

treataients on insect infestation in

paddy at th© end of 6 months after treat'^

ment and storage

'C^1
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treatiasnts occupied an intemediate position. Aawng th©

Eaalathion treatments a deposit of 24 ppm, on the grain

surface was found to be the laost efficient in preventing

insect attack. $hus; this treatraent showed only 2.S^

infestation after 6 months of storage as against 13.7%

in control. The treatment of the did not appear to

give any significant additional effects

Statistical analysis showed that all the in-

secticidal treatments were significantly effective in pre

venting insect damage in coaparison with control. Araong

the insecticidesj aalathion treatments were found signi

ficantly superior to lindane treafeients but not superior

to pyrethrin treatments, ffiiese findings agree with those

made by "SUst (19S8) who found aalathion 6 ppm. superior

to pyrenone and liadane in protecting stored corn from

insect damage for 9 months,. Ke also found that pyrenon©

and lindane gave protection for 6 B3onths» Prevett (1959)

also Eiad© sjiailar observations to the.effcct that laalathion

was superior to lindjme for the protection of stored paddy

in bags.

In both the above said cases? however, the

stored grains were admixed with the dusta of the insecti

cides. In the present investigationj the grains were

sprayed with enRalsion of the insecticides and dried before
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beii^ stored. Biis mettiod of application was considerea

more adv^tageous than aisiag'-with.'dust foriaulatlons.

The usual' processes' 'invoiv©dl after' harvest and before

fin^-storag©-of ric©,, are "threshing» cieanl'sg aM irying#

The proeesB of 'drying 'takes B to 4'days. The inseGtisidsl

spray saii "te apflieS on these grains v©ry ©o'nvenlently

while 'being Iried 'the' spraying can Ije don@ during

th^ last lap ot dryingg siaist® loss of ..insecticid© depo

sit _©»tfe© grains siua be ©figured., Siis s©thod,of appli

cation ootisidered better than tho so called^pre-harvest

prophyllajcis" resomaended 'by Ma^ixader (1961) 'wherein .

pre-harvest application of isalathion spray is envisaged,
» ' ' ' '

to control insect 'infestation in stored wheat. In this

laothod sinc^ th© grains,are subjected to/various processes .

such as threshings•©loaning and drying feefore being storedj

ther® la,' th# possilsility of a fsajor portion of th© Inseoti-

oide deposit 'bein^ lost» .fliia ©ethod adopted in the pre

sent investigation thus apisoars to have elisitnated all

th© disadvantaies nentioned aliove», Kesults.of these in

vestigations ho%Mver have confiriaed that among aon-haaar-

dous insecticides aialathion is the best for protecting

stored paddy• Caaada aiid U.S.A# have set a" tolerence

limit of'8 parts per Billion for oalatlxlon In a stored

prOduafc# k deposit'of ai'ppa,# of m^lathlon was found"

effective in protecting paddy in storage for 6 months in
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the present studies. It may be pointed out that this de

posit ia on the surface of th© husk only and that this

will get eliminated during the subsequent processes of

par-boiltog > drying and ailling. lisus there is absolutely

no risk of any toxic hazard due to the application of the

insecticide in the manner adopted in the present studies.

Goaparing the effect of treating the gunny bags

in preventing insect infestation with that of control it

was observed that bags treatM pyrethrins at 0*28 rag.

and lindan© at 7«8 mg. per USD sq^ cms. bag surface>

protected the grain from insect attack only for a period

of tv;o months* ftia effects of these treatments were lost

subsequently . In the case of malathion treat&ient of the

bag it was found that the treated bag^s gave protection to

th© stored paddy for a period of three months5 the effect

being lost thereafter* So the treatments of bag alone

with any of these insecticidesin the concentrations

tried^ did not appear effective in protecting stored paddy

for prolonged periods.

As regards the added effect obtained by the

treatment of bags in addition to the treatment of the grains,

it was observed that thoui^ th© treatments of the bag re

duced insect infestation to some extent, tSiis reduction was
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aot; gtatistioally significant# As such, the additional

treatsient- of "Khe liags did aot appear to be of aj?y ;-advan,-

tage • These findings are In line with thos© of s&m •pre-

yipijs worterg «•, • Ighus;?, Pii^al© (19§4.) foiKui that pyrethrins

at S.to,^ ag,® p)ei?,,sQ» of. bag, vms effective only for

•g BKsnths'^ It was also foimfl that salatoion SO :E,C, at

1:300 witti water sprayed at 3 litres per 100 aq# meter

stwfac© reaalaed ©ff@ct.iir©' only for 3 weeks t Lallan

Hal ims) \

QvQr-'.all, gQn8lusiQnss- '

Froia the discussion of the^ res?Alts given .abov©'

the following conoli;tsione oaii h© draw*

CD" • ?r@*tr'isatttient of paddy grains involving spra

ying the iisseoti'lslds ©atilsioa on theia and drying' before

^eiiig stored is a suitstol© is©thod -to prevent Ihsoet in» •

fSiStatloii in stored paddy up to a period of 6 Months.

(2) Mong th0 three iMecjtlcid®s,'nasi?ly aalathiont

pyrethrins and lindan©, la^athion and pyrothrin CFyre-
O

thrins and Piperonyl hutoscid© Is 10) are significantly

superior to lindane In -proteeting st^^r^d paddy froa In

sert infestation# Malathion at M parts'|5or aillion of

th© ^rain giv^s the mmlmm protection.
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cs) !ap©atm0iat of bags with lindan© or p2n?©thrlns

give proteiJtion to 'stored paidy onlsr'for 2-months ^whiie

maiathion' treatiaent glvea' prbteo&ion" fiDr 3 months#

(4) Ther® Is no addei advantage In treating th©

ba^s 4n ©aditloa to treating th© grains with the insecti

cides. ,

CS) Malathioii at 84"piirts'pe^ mtllien oaK

•reeeaaended. as a predatorsg# sprayfor praventiog insect

iafestaticjii in stored bj' "virtu# of fes hlgh.iJrot©-

etiire ospacity and its iow- rnrnmAlm toxieit^*



SUMMARY
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. ,X .

An ©xpe^laient ym ooafiucted under godto^n aondl-

tiouB to find out th® ©ffect of pre-storag© treatment of

paddy^ grains (Pfl 10) with tairee doses ©aeh ©f salathloas

pyrothyin sm& lindane in controlling insect infestations

in stored paddy* th© different dos©a of th© ttoae inseetl-

cid@3 u@@d ¥©r© nalathion 8$ 16 and 24 ppm»f_ pyrethrins Ip

2 and 4 pp®#, and lindan© 4^ 8 and 18 ppat fh@ grains

w©r@ .^iiprayed with.th© iasectiside esmlsionsy dried and

esq^osed to infestation in m infested godown.

Effect of treating the bags with the ina©eti«

cfld©s in preventing insect infestations in paddy stored

within the hags, was also ascertained by sprayiri® the bag

with ©ach of thes® insecticides ao as to give deposits of

7,8 mg, of lindarw! and malathion and 0.28 og. of pyrothrln

per 11^ sq. em, of bag stirfaee.

Malathion was found to b@ the most ©ffoctive

Insectieid© in preventing insect infestation in paddy» .

•followed in the descending order by pyrethrins and lln-

dane# Aiaong the ttir©@ doses of ©ach insecticide» th© hi»

gh©3t doses# namely malathion 24 ppia., pyrethrin 4 pps.

and linian© 12 ppis. were significantly superior to the
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lower conoentratious of the i^espcsctive liisecticldes.

a© deposits of the insecticides applied on

the bags reraainM effectiv® in preventing, iiiseof iiifesta-"

tion' in paddy stored within, .those hags, for 2 -aontis' iii the

eas© of pyi'ethrias ma lladan©. mid. for thp@© months in" th® .

case of iialat^iop.

fTOatment'Of the bag, with th© inseetieidess

addition to the -treatise'nt of'the grains, did not appear to

he of any sigtiifieaBt advtotag© in preventing insect daisag®

to the stored paddy .grains.'''

®i0 advaatages of pre-storage treatment of paddy

grains with iiasectieidea have 'been diaeussed. ^ .'

It has heeia conoludod that pre»sto3?age tr@at-

fflont of paddy grains with .aalathion. at 24 ppia,' of t̂he grains

is a suitahl© method for proteetiiig stored paddy frora in- '

sect' infestations•

Ititoratnre on the prevention and control of in

sect inf©station in stored rice have b©en r©'»lewM» •
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' APPEaPIX I

INFSSTATIOH IN STORED PADDY PHE-TRBATBD WITH i-IALATHIOHj LINDAfJB kW PYRETHEINS
OBSERVED AT DIFFERENT PEHIOD AFfBH TRBATMEHTS •

Ilumber of grains damaged out SOO

_ . . -.-™— - Months after treataent
Tpeatments

- HI anRiii HI ail riii ai hii am hi aii ran bi sii siii hi an am
Halathlbn 11 3 2 1 17 9 10 IS SO 16 SI 20 SI 29 IS 26 84 29 Si

f2 6 78 IS 13 10 20 13 20 18 21 21 26 28 26 38 31 30
^•3 1 4 4 8 7 6 20 22 IB 21 2S 2l 23 25 19 25 19 24

5.4 6 2 4 10 12 10 16 18 15 25 24 17 25 25 26 30 24 26

yS 14 3 16 5 10 11 10 13 9 B 15 10 11 IS 11 16

16 1 4 5 5 5 6 11 12 10 12 14 14 15 12 16 13 16 15

T7 9 11 7 19 16 IS 28 26 30 42 40 44 56 48 49 65 70 69

Lindane TS 2 3 5 13 15 14 30 22 21 24 30 27 36 38 32 50 56 62
T9 7 6 6 18 11 13 33 28 20 32 26 27 SB 33 36 48 58 71
ipio 2 6 4 8 9 16 25 20 22 24 28 30 30 23 31 43 40 32

Til 6 7 6 13 15 6 . 19 20 22 25 32 34 36 36 30 42 38 40

T12 4 3 S 5 10 12 15 9 13 20 16 12 20 29 20 23 32 30

T13 1 5 4 10 9 5 15 10 10 21 30 21 32 38 30 36 36 32

T14 5 9 10 12 20 19 38 45 42 40 52 45 49 50 54 59 70 66

Contd.*»«*»*



'•J

APPSHDIX I Contd^

1 V 2 3 4 5 6

Pypethrins TIS 4 2 3 14 11 13 29 26 20 33 22 20 40 36 26 31 44 35

T16 5 2 S 14 10 16 27 IS 17 30; ' 21 27 30 27 30 29 27 38

T17 B 3 1 8 9 7 20 10 14 22 12 14 30 29 27 31 33 32

Tin 1 4 6 13 6 S 28 13 •19 26 20 20 17 24 IS 20 32 20

T19 1 3 2 10 6 8 13 iO 4 S 18 9 20 13 17 30 20 15

T20 , S 3 4 8 9 9 6 20 10 19 27 16 19 34 IS 26 30 21

T21 S 8 8 9 20 16 30 41 36 41 SO 44 68 61 46 68 70 61

Control T22 16 11 10 27 23 20 35 40 S3 42 56 42 66 59 53 75 68 62



APPENDIX II

LIST OF PBSTS OF STOaED EIC5E

1

ORDSH CQLEOPTSM

1. sitophllMs Qgjgaae Man Gtiroiaioniaae

g. iihlaoper^a doaainlca Fab. Boatrychlda©

3* Dtnoderus lateStel F. Sostryshldae

4. ffogoaerma Seafuestida©

Attageims sp. »»

6. LaaiodQgraa serrlcoptte F.

7. QgysaeophlXm suyinaaeiiata Llim Cucujidae

3. Laeaoahloeus 8pp« yt

9. >*

10. Cathartus piiadrleoUls Gue tt

11• Tenebroldea mangltanicus Limi Tenebrlonlda©

IS* Tenebrio obsouyls Linn ,ii

3^. Tribollm spp . »»

Palorus spp. i»

15, Lathettcug opygae Wat. •>

16, Alpliltoblua spp. t>

17, Necroblft Clerldae

IS. Cagpoohllus spp. Nitldiilida©

19. tophoeategfeg pusilto K. ,,

20. Tfaorlctodes heydlnl Thopictidae

21. Ptlnus teofcas Ptinidae ,
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aiQQHP OF AID HtmiSITIT

'.mximm'' : matem' Htiioidtty'
mtm ' M®0ks -

. . Pposj to, , Fyoa to Froa to

October 2 80 83 76 TO ^ M
3 80 81 76 77 77 83

' • 4 • ' BO " 81 • 76, 78 80 • ' 90- ' -

rnvmher 2 81 • 81 S • Zf ^ |?
' 3 • ai • •• 81 76 . 76 • 85 91 •
,4 SI 82 , . , 78 78 80 • 86

.81--', 82 • 76. 78 83, 87
Deeeab©? E 8S ^ 76 73 ,®1 ©2-

3 . 81 82 74 76 ^ 86 91
4 • 82 83 74 • 76 • 87 ' ' 91

76 83 91

tTannaJPy .8 se •83 , 76 78 . '83 87
3 ••' SI 8S • 76 78 86 @0

•4 • . 81 as '76 7S . 85 90
^

February 2 81 82 • 74 78 98• ^ 3 • 83 84 78 SO 80 M
4 83 , 84 '78 "BO 80 84

" 1 ' ' 83 84 76 7S 86 90
March '3 83 76 78 86 91

3 " 86 • • 88 78'. 80 • 86 ' 91
• , • 4 ,32 M , 78- 80 84 . 91

April • "2 •86 90 SO -82 91 96
3 B6 m 80 . 82 • @0 ®6

• 4 , 86 .90 • •80 • 32 92 96

Ifey 0 86 90 78 .80 89 96
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Fig, S, Photograph showing the trsatraent of the bags

with insectleides by- atoralser ana compression

pump.

Fig, 6, Photograph showing the treatment of the grains

with ias0ctici<3es.





Fig .7a. Photograph showing tii® sprangessaJits of th«

treated bags in the godowji with a bulk cul

ture bag in the middle of the treated bags.

b, A treated bag sepe:^&t®ly.

\
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Fig .8, Photographs shov/ing the arrai\senents of

samples of treated grains in specinen

tubes on the tube stand in the laboratory.
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