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Careful storage of a commodity is next in
importance to its productﬁ@n, as whatever energy and ox=-
penses spent on the latter runs to waste if it is not
properly aﬁﬁ econonically starea angd congerved, For s
predominently agricultural country like India where dimi-
nishing returns from tha'ianﬁ,ia more s matter of course
rather than one ét'aeezﬁenﬁ and where more and’mare.tbad'
has to be fauhd to feed the rapidly ;neregsing population,
tha‘proplem-of storage of the agricultural commodities is
& matter of prime importanﬂa. - | |

| Eiee i1s more _Sub:}eet to ;latariowtion and des-
truction than other cereals. Khan (1948) estimatéd the
average annual logs by sggoghglugfqrgggg L alone in Indig/@% _
~ to be 1 lakh tons of stored rice. Narayanan (1953) esti-
' mated the annual loss due to insac#iﬁeéta to be 5% of the
total food grains stored or roughly 2.5 miilion tons. So
it s a mattor of utmost importance to protect our rice
whila’unﬂ@r storage, especially at this time when India
13 passing thraugh & state of nati@nal emsrgancy'and the
eiisting production 1s hardly sﬁfficient to feed the
peoples . L |
Rice, the stepie food of Kersla, is stored in
the unhusked fqrm for ;éng periods either for consumption



ué for- seed phmpasesq,”In'stgragé,this_ialsubgect tn-éqné :
siﬁaréhle demage by a veriety of;insects.‘ Pruthi and

. 8ingh 61943)qrezaraea%thatK&ﬁeut 50 specles of pests are
found. damaging rice.in storage, among which. the Angoumo ig;,/‘ ) .
grain moth, Sitotroms cerealells 01iv. and the lesgser
‘grain borery QQQgggggggg dominica Fab. are of majar‘impor~
tanceqindngrala. LA list of pests. zhund in asuceiatiom
with.storaé-rice is appended). - '

Géntrcl maaaures 1ika fumigation, thaugh effeo
ctiva against inseat infestation i% ﬂifficult to be applieé//
in Pural ‘a¥eas on acﬁount of meagre gadown facilities¢
Strdcener (193&) reported that-rice is resistant to the
 penetration of heat and gasag, RBse af‘insectigiaes with
persistent. effect and low memmalian toxicity appears to.
be more advisable,to protgct a§oreé'r1¢a frbm ingect in-

festations.

 Very 1ittle work has been doné in India on
VG&tﬁé‘uéa 6f'1néaetieiaés_tc'ﬁaﬁtral inséet infestations

- 4n gtored rice. HaﬁéSimhaﬁ aﬁ&;ﬁriéhﬁémbaéihi (1@@@}‘
raported that burnt paddy hugk in finely powdered fbrm
pixed with rice causes a high percentage of mortality of
" insect pesﬁs. Israel and Vedasurti (1953) reanled that
by mixing the grain with dried p@wder of the rhizome of
Sweet flag (ﬁggggg ealamus) insect infestation is pravenr
ted hy,bath4k1111ng and detereﬂt effesta;



Pretreatment of the grains with appropriate -
~'inaecticideg before’ baing stored is & relativaly new line
of thought in store pest control in this gauntry. HaJundar
: ggig;f(1@61113uggestédxa*pré—harvest &pplieatian_with .
malathignifbthha'safe;atarage,Qf wheat;::ﬁipreéharvast
.apylicatibﬂ%ofvinsactiéiﬂesphas.séme inherent &réwubackéuu
_ Beﬁiaéé~invblving'&&éiﬁiﬁh&iﬁexpénses,'theye.is\also1tha‘
‘Arisk‘éf'thé‘grains‘l@sing much of the insecticide aepoéits
on them du?iﬁ@ ‘the praeessss of thrashing, arying and
-cleaning., Therefara applicaxian or the 1nsect1¢ida on the
grains Just befora heing stared was cansidar@d mare advanp
tageous and effective._ mhe gr@sent 1nveatigations ware
therefare unﬁertaken to find out the effaet of pratreat*
ment with insechiei&es bafbra being stareﬁ, on inseet 1nr

'festation 1n rice undar storage. o

--Neeeésarily, the insectiéiaeshusea in sueh

 treatments should be non»hazarﬁoua. Eehée'malathion,
yrethrin and lindana whieh are relatively nanrhazaraous -

have ‘been used in th@sa 1nvestigatimns. Results are in-

teresting and eaaouraging,

Litarature on the prevanficn‘and control of

insect infestation in stored rice have been reviewed.
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. -Various methods haﬁa been;ﬁecammendedlanﬁ}braQJ'
iticeﬁiiram«eazlyat&me¢ to prevent and. éOﬂtral inaa&t'iafas~
\tation in stored rice. Fallnwing is a review of work done
on the prevention and coatral of 1naect ‘pests in sﬁor@d

rice. .

. FUMIGATION:

| ,  The earliest record of the use .of fumigﬂnta S
to. control. pests in stwred rice &s that of Lyre. (1912) .
He found that the use of carbon disulphide at the rate of
1 1b, for every téna'a£<r1§eiﬁith an exposure of 36 hours
was suffieient to kill all insects confined in the grain.
Bupart (1915) abaerveﬁ that fumigatian with carbon d13u1-14t
phide was effective to centrol riee weavil 1nfestatian in :f
stored rice. Ehrhorn (1918) also receraeﬁ the affeetive~ -

ness of Q&g fumigation in rice.

Shinsulke (1918) faund that fumigation of rice'
: grain with earban,disalphiée at the rate of 5% ozs, for
' | 35 cuft, of grain before storage wus affactiva to preserve -»
,.the‘gtain from 1nsecp infestakinﬁxleha‘rice graiﬁé haﬂ,éé ‘
be exposed: to the gas for a yéfieﬂ of 24 to 48 hours.
Z.Treherne (19218) recorded that an all-nighﬁ sulphur fumiga=
tion aid not give 5nfficiant control of §i taphi;g s or¥zae LD

in rice, When 20 lbs. sulghur was burnt in an iron carrier '?9-
vhich was 43 ft. long, 18 ft. wiﬂe and 8 ft. daep. :



Jack (1923) observed that fumigation of rice
in eirtight bins with 2 to 3 1bs liquid carbon disulphide
10 1000 cuftg spuce was effective to control alllinsect
pests.  Lord (1928) also racammandad the carbon disulphide
fum&ga%ian to eaﬂtral inmaats in rice stored in bags.

i Back gzlggfﬁlﬁsﬁi obzerved that cthylene oxide
as & fumigant at the rate of 1 1lbs per 1000 cuft. of rice
in bﬁlk'wgs effective in controlling insect pests in 1t.
Squire (1933) found that fumigetion of rise wes difficult

- owing to its imp@netrabiiiﬁya Eé‘reeommeaﬂed naphthalene
. to control insect attack, Stacener (1934) in Louisiana
found thst spread of the pests within the store housahéas:‘
" more rapid than in the fielda. He suggested fnmigatiah
of stored rice with C8p in the store house, when the quans
 tity is very low: He moticed that CSg was non-inflammable
.an& effeetive to control infegtation when*usad at the rate
af a% 1&3. gar 1000 cuft. space.

Gommun (1534} found that carbon tetra chloride
was effactive to protect stored rice in lerge grenaries
when jars containing 13 ozs. CCly placed at intervals of
about 2 yds. and 1%"‘deep in the layer of riee graing
(whiahv§hﬁula be 2 ft. thick) and left for 42 hours.
Hargreaves (1936) in his fumigation trials with CSg against

pests of stored rice observed that an exposure of 48 hours



at a,e&neentration-of ?%;lbs.vpar 1000 cuft. was effective.

" Kone (198?} in Japan earriad eut axp@rimenta
with ehloropicriﬁ f@r tha cantral of §;tgphglug ga*ggg &.:{
and ‘the results showed that at 30°C 1t killed ell larvae
" and pupae ig,a_hsuralan&‘the adults end eggs in one hour ..

* when app;iga.at,ihaj§ét§,Qi«l;lb.hyer 1000 Qﬁftd,9f &ir¢h
Strong (1937)ﬂrep9;t@ﬂ-tbat:ghlﬁéapicxin:fﬁmigatiéﬁ;af*ri&e
gave gowp%gte mérﬁality1@fVadalts;nf.riae,wéavil in storage
.b;nsf_ ﬁécording to hin the‘amsﬁnt of gas requlired depended
upém,tha,gugntity of rigewfumigaﬁéd than the-ay&ca'iﬁ |

storage.

H&rgreaves-flga?} found that there %as'nphéea
_erease in germination of rice vhen 1t was fﬁmigatea‘vith
cerbon disulphide at the rate of 6 lbs per 1000 cuft. art
starad in ‘containers with para dichlorobenzene at th@
rate of 0,357 to 1.79 gm. per 1000 cec. Fu&u@a (19387)
studied the efficacy of chloroplerin ss a funmigant egelnst
éi%gghilggmggzgag L, 1in rice and found that its efficacy
: 1ncrea33& w1th.th@,temp@rature up tp‘aﬂQG but éegﬁ@ased
at 35°C. ' |

' Stranghﬁﬁaa)'raporéea th&t the fumigétian‘ef |
rough stored rice with HCN gas at the rate of 3/4 1b. 1li-
quid HON per 1000 cuft. of space for 72 hours at 80OF
killed all inséats in it. ﬁtmﬂsphérie funigation of cleened



X

rice with HCY was not effective because the outer parts
of the miss wag obgerved to absord much of the gas.
Mathlein (1@8@) tried HCE as & fumigant against rice

weevil, ﬁ;wﬁgggwgg gggggg usinw B Eas concentratian of

1.2 to 1.3 volunme per*eent far 1ﬂ days at a tamperaﬁure >
of 3&901 ﬁa 1ive ingaets cmuld be detected in the grain
aftar twn W@@k¢ and’ after aevvraL manths of starage the :
riea was still uninfeqtea. ﬁakayama (1“39) in his exya-
rimnnts with ehlaropierin fumigatien against Eggg;& ;g&“g,'
By ctellg Hb. in stored rice in South Korea found that
fumiag:aagian.&t th@ ruta of ¥ 1b, yer 1000 cuft. for 30
to 40 hours at 24 tojsaoc kiiled 84 to 100% of the insect
p@éulaﬁion¢ \ ’ |

| ‘?hé in#estigat;am 5§'Geijskes {1920) showed
that Sitophilus oryzae, Rhizopertha dominiea and Seceres-
lells in unhulled rice eould be effectively controlled
by better conditichl@f @tarageﬂand'fumiéatian with carbon

bisulphide. Strong (1940)cleimed that complete control

of insaats was achleved when 8¢ million pounds of rice

isﬁﬂred 1ﬁ burlag bags in ges tight conerete ware-houses
was fumigateﬁ wiﬁh methyl bromide at th@ rate of 0.85 02.
- payp IGGQ 1bs, of rice for o period of 42 hourss Fang were

used to éistributa the gas. He slso found that funigation
at the rete of 1} ozs. per 1000 lbs. of rice at 709F gave

complete mortality in brewers rice stored in clean sacks

after an exposure of 4 hours and a dosage of & 0z. was



affective with an expasuye af 13 hnurs.

Corbatt and Pagﬂen (1@41} in & review af sone

inves tigatiena ccneluﬁed that local starage condition

rendercd fumigatian praetic&lly impeaﬁi%lw, but chloroe-
picrin was effectiva ia dmail air«tight stores of aaaked
rice. Righ dosages af carbon dioxide did nct give aamp&ete
mortality of rice pes 3bay but law c&na@ntr&tien inhibitad
1ﬂuﬁ@t aativiﬁy and might be useful for tha yrateetion cf
riece in the husk. Knvestigatiana 1n Halaya (19241) Bhﬂﬂﬂﬁ
" thet the Eenatrgtien of chlorapierin intc tightly paaka&~
stored rice when used gloune or mix@dAwith an emaal Quane
tity of CCly . at ten times the dosage normally emgloyed
digd not oxceod 5;«~ft; in four days. An exposure Dr nore
than two waéks was ﬁewesﬁary o ﬂeétray sll stages of
the weevil in infested ri@é. Cotton and Vagner (1941).
found thét chlmrgpicrin or nixture of Ethylene dichloride
and CCl, could be nzilia@ﬁ for funigetion of rice in country

clevatora.

‘ Balzer (1942) observed thet satlisfactory kill
of insects in rough rice stored in cev%reﬁ waaden»evi%beﬁ
bins could be obtained by intPoducing erude granniaé_eal-
ciun cyanide into the groin stream as the bin Qag being
filled, ‘The dosage ussed was 8 lbs. yéﬁ 360 bushels.
Further, he tried fumigstion of rice mills with HCN and
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methyl bromide for all typeq of fumigation, a mixture of
' ethylene oxide and carbon dioxide (1:9) for vacuum chambers
end ch;orapicrin for atmospheric chambers. The result
showed that methyl bromide was effective for rice in difb
ferent types of packages in atmospheriec or vacoun chambers‘\g
while rough or milled rice stored 1n bags in suitable
bulldings could be fumigatﬁd with HGN gas applled through °
a pipingvaystem at the rate of 1:1000 euft..space.

| Schwardt and Wylee (lﬁéa)Aobéervmd that methyl
§rom1ae fumigation at the rate of 8 6zs. per 1000 cuft.
killed insects in stored rice within 2 ft. of thé bottom,
but was not effective agninst those in higher l@mels owing
to the hgaviness of gas. Glass (1944) stated that the
;‘dogége of ethylene oxide and COg (1:9) eould be reduced
by 25% ifthe gas was recirculated in the vacuum chamber :
by means of a vacuum pump and by-pass. -Lever (1945) sug-
gested the fumlgation of riég with earbon bisulphide to

_eontrol inseﬁta like ﬁitoghilgg ggxggg, Trivoliun ggggggggg

" and others. |

Clegg end Lewis (1953) found that no loss of

, vitamin B occured when fumiéated with methyl bromide.
Muthu and Pingale {1955) found that ethylene dibromide
},at the raﬁe of 20 cc. par'bag gave more effective eontrol

of the pests than by CCly or methyl bromide or a mixture
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of EDCT (331) when injected into the eenﬁre of the bag.
Samples taken ‘from rice aﬁter 7 days shewad that in the
treatment with 20 ce. Gthylene‘dibrami&e per bag there
was & reaidual’depoéi@ of 12 to 31 ppus which’ﬁas not-
considered as harmful, Istael and Vedamurti (1856) obser-
ved that rice we§vi1'and'riﬁe}math‘started infé§t1ng rice
| 1ﬁ‘thé fleld and reached the store along with the harves-

| ted gfﬁin; They'réébﬁmeﬁded fuﬁig@tibﬁ Qiﬁh chlorosol at
| the rate of 4 ;bs. per 100 maunds before stockinglﬁhe

salie. -

Cogburn’an& Tiltan (1963) msde studies on fhe
effectiveness of phiosphine as a fumigant f&r sacked rice
‘under gas tight tarpaulins. A dosage between 73 and 121
tablets per 1000 cuft, (3 gms. teblet of Aluminium phose
phide én& ﬁﬂ4093) was fodﬁd sufficient for complete kill
of lmmature stages of aaarx§§3 L. 1n raugh rice when the
temperature varied from 52 to 589F. Further, no delete«
rious effect on germination could ba'noticed by any dosage
of this fumigant.

| Use_of_ stomach and contact poisons:

Varlous inorganic and érganic insectlcides and
those of vegetable origin had been in use for thélcontrpl

" of insect pects in stoied rice. Isaac (1931) report@d that
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pests by keeping it within the stores. Square (1933) found
that the use of Melis agedarach or Pepper capsicum as a
repellent proved valueless. Howevér, Lo 6béerved that
sodium fluosilicate stirred with the rice within bags at

% 1b. per bag gave promising results causing 83% mortality

© in rice weevil.

Okada (1936) found that Boric acld at the rate
of 1:800 by welght when put with the grain in tightly
‘closed vessels was effective to control rice weevils. Kuo
 (Li-gein) (1937) a156 obtained similar results in control-
“1ling S.oryzae in rice with'boric acid at the rate of 1:750
by weight in tightly closed containérs or upto 1:5C0 under
less air tight conditilons. Stracener (1937) showed that :
~ 6 ozs. derrls mixed with 100 1bs. rice before sacking kil
led all insects and that it had a, considerable repelling
effoct, It could not be used with milled rice as the
staln from the derris could not be washed out, Vhen der-
ris was dusted outside the bags of rice infestation was
fouﬁd to be less than 1% after 8 months. He recommended
a programme of control consisting of eliminating ail~1nf
sects from ware~houses by cleaning, fumigation and abﬁééing
wails and floors with contact insecticides (egual parts of -
kerosine and fuel oil).

Richardson (1943) studying the toxicity of dere
ris, nicotine and pyrethrum to the eggs of S,cerealells .
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infesting rice found: that pyrethriﬂ I and Il at a concen;
- tration of 0.007% wéne much‘more,toxic than nicotine sul-
~ phate 0.07%, Dolé=(19é3) observed that'#ercu?y applied
:Qn sheets of copper were highly toxic to the larvae of

: S,ogzgge and R.dominica. Karasimhan‘and Krishnamoorthy

S44) found that burnt paddy husk in finely powdered

form (100 mash to an inch) thoroughly mixed with rice
at the rate of 1% by wei ht of the grain adhered to thenm
| 'exceedingly well and caused 100% mortality to R,dominigg
'undep-laporatory gonditians; when mixed w%th”saunﬁ grain

the péwaer repelled the 1nsed£s<to'a:marked‘degrea.

Krishnamaorthy and_§g§§agiri Rao (1948) confir-
- med. the effectiveness of finaly gound rice~husk-ash to
‘destory stored ingects. They also faund that spr&ying
‘with petrol or kerosene extract af pyrethrum in storage
premises gave high mortality of adults of_Corcgzg ggphg
lonleca and S.cerealella but was less afieetive~ggainst
those of Iribollum, R.doninics and S.oryzse. Tests con-
ducted in British Guiana (1845) revealed that DDT at the
rate of 1 parf to SOQQOO parts of rice destroyed all‘wee—
vils in 72 hours. Farrar and Wright (1946) observed that
dusts contalning 2.5%. 5%, 10% and 20% DDT with pyrax vhen

 added to the rice at the rate of 1 oz. per bushel gtored

| in open'bags gave excellent protection for 1 year from



»

insect infestation.‘ §osh (1847) found that a 5% BHC dust
.spplie&.té*miea»1n;bags:@ﬁwthe;rate'gfulﬁ lbifpé§‘1§5..w

5q.ft. of exposed .area controlled the pest and the infose
”ﬁaﬁiaﬁ*wasiﬂottappﬁreﬂt fprasixamanthsAfbliawiﬁﬁ.duating.

A R

| Israel anﬁ Vadamnarthi (1953) at Cutﬁaak st&«
'di@d tha aff®ativenaﬁa of yawder@& rhizama of éggggg -
gg}m_u&, popularly kuawn a3 "swﬁat flag“ énd faunﬂ that
‘eithar tha graﬁn or milleﬁ rice wheﬁ mixad with tha ﬁaw»
der at the rate of 1 lb. in 190 lbs. pOSEBa@ﬁ hath killiﬂé
-and- &eterrent @ffects noza than thasa abtain@d with BHG or
ooT austg‘ The grain thu treatea aid n@t causa aﬂy un-
. pleasant odbur in the cooked rice. Floyd aﬂ@ Smith (1963)
~earriod aut‘investigations an‘the,effgctiv@nass of lindahe

»an&;gyrethrin‘inApretecting rough: rice from pest ineidence,

eégeeiallyifram.thaﬁe of Sitotroga eersalells and R.dominica.

- The pyrethrum products were aypliedvaé finé mist sprays ov
as dusts sprinkled by hand and lin&&ne (8% qust) mixad .
with the rlece. Examinations were made 7, 10 and 11 months
after treatment,’,?yrenoneagraim protectant (s dust con~.
taining 0.08% pyrethrin aﬁﬁ 0,8% piperonyl butéxiﬁé) wés
used ia‘a11~tests of the pyrethrum produets and their
appliestion theoretleslly afforded the equivalent of 0.032
0ZS pip@?@nyllbutaxiae,&ﬁd 0.002 azgiyyrethrins‘per hune

dred=welight which were referred to as "standard dose".



';-'14-

Dusts appeared to be superior to emulsion or %eftabla spfay
of pyrethrums, possibly because the husk absorbed much of
the liquid and so prevented a lethal concentration éf the
deposit on the surface. But all gave good protection for i
7 months vhen applied at the standard dose. nyétﬁriﬁs)at

. twice the standard dase‘was the most effective giving good
protection for ;ﬂAto.il monthe and lindane at 3 gm.l@er Cut.
~ gave practieally conplete pr@tegti@m,throughaut tha period.

Lindane caused no tainting of rice.

13 (Ching-sing) (1953) made studies on the
control of S.oryzde and T.castsneum in stored rice by‘means
of impregnated dusté‘coétaining 5% DDT, 5% BiC or 1.5%
Rotenone. He nixed these dusts with unhusked paddy at the
rate of 25, 50, 100'qr 250 mg;”par 400 gm.’af paddy and
then exposed to infestatlon by 100 adults of Tribolium and
30 adults of S.oryzae for 5 weeks. The résults showed that
BHC was more rapid in action than DDT or Rotenone and thét
gauna BHC and DDT gave much higher kill than Rotenone.
Tribolium was found to be more suaéeptibla to the insecti-
cldes then S.orygag. BHC gave complete kill of both in one
weslc at 100 mg. and very high mortality in two weeks at 50 nge

 Prevett (1959) found that S.cereslells and
Se.oryzae infested rice in the field elther before harvest
or during drying prior to threashing, but only S.cerealelia

could continue thereafter to breed in good guality paddy. ;
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In an experiment_conﬁﬁcted iéicompére the effectivenaess of
lindane and malathion for tha pratecﬁion of stored paddy -
(par-boiled) in bags ageinst Bhizopertha dominics he found
that admixture of lindane with paddy at the rate of 5 ppm.
was more effeetive than malathion dust applied to the out=
side of the bags. Admixture of gamma BHC (1indane) combined
with external applicstion was the nost eff@ctiva among treatw
. ments. e also_ina;eated that malathion was more persistent
than 1indane. - 0On the basls of these results he recommended
.-fhaf‘thé‘rica for long term storage should be in the form

of raw paddy. 'Rs# or par-bﬁiied paddy should bé'storea in
._‘bulk and linﬁane shauld be mixed with surface layar especially
’in ease of gar-bailed rice. The same dust should be mixed
with paddy stored in bags and the bags dusted with 1% mals-
 thion at monthly intervals. Nasumdar et gl (1960) remar&ed

| that impregnation of jute baga with lindane (75 mg. per 8Ge

| ft } would help to maintain the stock insect free to start
withg Hé found that the effectiveneas of this treatnent

was dependent upon‘the texture of the jute bag.

\ Bang and Floyd (1%62) cars ied out experiments
1n Louistana with alathion in 10 1b. sauple of polished
rice. Malathicn was used as dust and spray at dosaze levels
of 4 pphiey 8 PpU.y 16 ppm. and 26 ppm. The resulis shoved
that by eithor mthbéi of ap‘plication malathion af. ) pprih
gave comgleﬁe protection sgalnst Sitoghiig§ oryzae for 6
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months. Dosages bf 4 ppm. did not give sufficient protec-
'tipn against thils weevils after 3 months. At 16 and 25 ppm.
levels in the dust form and 25 ppm. level as sprays, the .
treatments gave complete protection against Tg;boliuh~g§§§gr
neum  for 1 month but geadually decreased in effect after
3 to 5 menthé, ﬁower rates of application were found rela-
tively ineffective. Exposure of adulﬁs of S.oryzag for. 10
days to rice treated five mbnths‘breviously with 8 ppm, of
.malathion geve complete mortslity and \similariexbosure to
. rice treated with 4ippm. in sprays and dusts céused 89% and _
| 99%‘mortality respectively. On residue analysis\of maléthion'
'it‘Was found that :esidnamiﬁfrice‘sprayed and dusted with
malathion at 8 ppm.'were respectively 7.1 and 7.3'ppm,-1mmé-
diately after treatment, 5.8 and 5.2 ppm.‘after-a month and
1 and 0,7 ppm, after 3 months.

Bowling (1964) studied the effect of aldrin on
seed riée germination and found that the germination was AOt
significanily affected with_aldrin at rates of 4 03; and
' 8 oz. toxicant per 100 1b. seeds. I

Other methods og‘coﬁtroif

, Shinguke (1918) stated that the best preventives
fron the attack'gf‘sitotrqgg cgreg;ellg and Sitophilus orvzse

. were cleanliness of the store house and isolation of fhe

infested rice. He suggested that the store house should be



- thoroughly disinfected with 5‘té 10% formalin béﬁare use. .
Lyne (1212} repo?teﬁ that'all Insects infesting rice were
killed after an ék§osura of 14 days'bélaw fra@ziﬁg‘ Expo=
sure to 33&@F for 3 hours gave the same: rasults, but heat
appeared to apoil tha riea for milling.

Dendy and Elingtan (1926).obéérved_xhat rigé
grains which are_aléan and dry are least attractive to inseets.
He‘faunﬁ‘that‘1ngeéte-ﬁaul§»nat thrive in rico with'a molse-
ture content of . 8% or Less, Robinson (1926 found that if
the temperature. of the rlce grains sould be brought below 35°C
most of the insects would die. De Ong (1234) found that 2
cembinatien of speeiglly prepurod ealcium c&rbenaxe and . 1mporn
ted tale which had long ba@n used in Callfornis for goating
the rice in order to retain zts flavmur, protected rice from -
injury by differeﬁt insects. Sehwardt (1934) observed that
infestztion of riee'eﬂulﬂ ba &e&uoed by the removing énd
| bn:niﬁg the laosa'aqeummlatian 0fﬂthe bye-products from the
storea, @eriadieéliy; Square (1935) obserVQd that 1 1ve
ealcium earbonate per 130 lb. rica was affee%ive in preventing
weevil infeastation for et least eight months.

Corbett (1oa37) shoved that snnning of rice for
eight hours falled to des tray ima&ture stages of Re.gominica
and Se.cereslells. Maximum teﬁperature obtained was 1159F.

Froppe (1938) found thet the adults of R.dominies in rice
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vwere killed by exposure for 3 ninutés to a temperaturé of
5090. Kawano (1239) concluded from his investigations that
~ rice stored at a temperaturé'of 159C or lower could ward off

Infestation.

Nakayama (1939) observed ﬁhat'Elgg;g interpunc-
kells In stored rice could be effecfively eontrolled by ex-
posure of the graiﬂ.to_lzo?F to 130°F for five to six hauré;
Cotton et gl (3940) studied the relation of moisture céatent
of the rice grain to its susceptibility to insect attock and
found that'the groin which was clean and doy waé least attra-

etive to inseects.

“”“ﬁouglas (19&1)'auggasted'that the insect danage
could be reduccd by cleaning\the storage str&ctnres and dig-
posing of alli old accumulations of rice grains. Cotton gt al
(1941)'recommended thorough ecleaning of the go=down and fumi-
gation with ealeium gyanide ét thé rats of 3 1lb. per 1000
fuft. of a2ir for 24 to 34 hoﬁré to aéstroyAany‘insaets that
mighﬁ be present in the stcgage strueturé. ‘Gettcn anﬁ~wagner
(1941) found that the exposure of the rice grains to a tem=
parature of 140°F for 10 minutes killed all insects in it.

Corbett (1341) noted that exposure of. stored
rice to & teumpersture of 60°C for 45 minutes killed all in=
gects. Balgzer (1842) found that all insects in the empty

A
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'Wgyghnvseg.cqulé be killeaﬁb& sprayimg 5% py§a£§ru$ in Kefb~
- sene. Balger in*énather axpériaﬂnt én étareairiaé'founﬂ |
that drying tharoughly of m@ist rice and rice pr@ducts e
duca th@ir suseeptibility to inseaﬁ damages . He racommenﬁed
tha exposure of g?ains to a temperature of 1@G°F f@r 10
_minutes to destroy the gest&. But h@ was of cyinion ﬁhat
heating wais ai unsatisfactery praetiaa as the quality af |
the riea grain mlght b@ affeated.,

A Krishnamazthi (19@3) recammanded syraying sf
p&trél éﬁ_ﬂarosana.extr@ct of gyrethrum in_emptyﬂgoacwnw.v.a:
Cheo aad‘Ghanga(igéa)'recordaﬁ thatxﬁav@ring staréd rice with
a layer of éénd 2 to 4 ém, thick and storing in unhusked
.“eondition»prevent@&=we@vilé from'eﬁtérihg'intéfit and those
whicn:haavélneaéy~mada.ﬁheir:way'iﬁﬁb the sand eventually
dled of starvation. ' Annand (1845) found thet white lead
' paint, whitewash'snd a solution of nicotine szaiphate were o
el effective 1n preventing ‘Tenehroideg &W and. |

_gghgﬂggmggg gamin;gg from entering the wood work bins ana
infesting the rice suhsequently stored in ity | i
- D?esner (1%9) ta'bserved that all adults of 7
1tog§ilg oryzae kept in rice gralns at 65 to 85°F and 38
to 85m walative humidity were killed in 13 days, when duataa

“with 0,3% by weight of phre spara naterial of the fungus



Beguggg a bgs&iggg Wbrking'bn Rﬁ;génarghg goggnig By Sito-
;g,gg gercallells and §1taghilu§ opyzae Chatterjee (1953)

. founﬂ ﬁhat at a maidture cantent below 12%, rice grains were
less damagud by the abave ﬁhree pests. Salmond (1956)

made an entam@lagical survey of rice markats and stsw@s in
the narth@rn an& eentral provinces of Nyasalanﬁ which revna-
_1e§ that before belng husked stored rice was attacked chiefly
by Rhigagartha dominics, S.orkzas end S.coresiells., Termites.
also attacked bagged rice. He observed that infestatiens |

“eould be prevauted hy a layﬁr of 2 to a inches fin@ sand

or 1 inch wood ash under dunnagan Pr@vett ilgng observed ;*
that ravw paday'with & molature acntant of 13 to 153 ecould

be safely ét@re&:in'bags for éﬁyéar without infestation.

Rulther j1 (1961) working on Sitophilus oryzae
in rice found that under air«tight conditions the- pest was
_unabls talbree& irreapective.af the neisture canaitions of
the grain. Hajumdar et al (1962) found that;rwg'~'lium Sogta-
neun in nilled rice gould be suceessfuliy contbollied by. '
mixing the grﬁin with the spore powder of wﬁgiiggg xhgggg
Zlensls at the rat& of 1 part per million.
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MATERIAL AND METHODS

A, HATERIAL:

Paddy grain'ugég: The varlety used for the experinent was
"PTB 10%, a short duration variety obtalned from the Farm
of the &gricdltural.CQllege and Research Imstlﬁute, Vellayani.

- Jute g Sixty six bags made of Jute each measuring 28ems.

x 20 cms. were used for the experimenﬁ,
Pest 1g'ect cides: The followlng inseeticldes vere used:~

Mglathions '(2 dl (ethoxy carbonyl) ethyl.di nethyl yhsapﬁoq
- ,rothioléﬁhianata); A t@ehnidal graﬁé eantainiﬁg -
95% active ingredlent, obtained from Cyenamid
India Lta., was uged fer the ezperinment,

Lindane used in the test was a technical product

£

containing 99,.,5% gamma Bengene hexa chloride
|  obtained from Tata=Figon (Private) Ltd., Bombay.
Pyrethring: 'Pyrocone B'y a proprietory emulgifiable'fbrmu-
' lation cantainiﬁg‘i part pyrethrins and 10 parts
piﬁérqnyl Sutaxi&a,imanufaeturad by Bombay -
" Chemical (P) Lt&.; was used for the experiment.
_Teegpol: ' This detergent, a product of Shell Chemicals wes
‘ | used as an emulsifier ?o prepare the amulslona/
with malathion and ;1ndane. ‘
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Spraying spparatust’ &ntataﬁisér‘wnrkéd with a compression
pump was used for spraying the grains and the bags with the
insaetiaiﬁes in the laboratory.

_“;uggwggx;ﬁ These canaistad of specimen tubes (7.5 emng. %
,3.5 cms.{) Conienl tlasks,‘pippettea of. 1 cc. and 2 co.

capacities, mﬂasuring cyiinﬁ@rs of 109 ec. and 1000 cCay.

-',beakexa of 100 ce, an& 250 ce. and.glasa raﬂs.

Tube st ggg' a s‘taﬁﬂ measurmg 135 ems. X aa eus, to mm 72

| tubes waa uaed for ﬁh@ eﬁweriments in tha Labaratory.

Qrain Ex ac ar: a grain extraator @f’the eonventional type, ~
measarimg 18 cma¢ 1n.length with the inmer side aancave, ta
hold a small quantity of the grﬂins anﬁ having a painted tip
for plereing the gunny bag and a wnadgn h&nﬁle, was used

for extracting the grains frbm the bags stored in the godown.
B. @mg :

’ ondit; gggg af the grgggﬁa ?ha paﬂdy grains required far |

the experimant wera thoraughly eleaneﬁ ta ramova all fbreign
materialg and gut in water tu rEROVE chaff and other . unﬁer~

‘:davelaped-grainsa The good grﬁlns were calleated and driad

in the sun for 2 hauxss

"‘?gaparﬁticn £ _the spray so utio : Por each insecticide

three different concentrations were tried. In the case of
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the.teepniaal materials (malathlon and lindanei s stock solu-
‘tion in benzene'Was;prepare&.from.which\the‘lower concentra=
tion of%emulsionszwere obt&ined by mixing with ﬁatef contal-
ning, 1% emulsifier. The emuloifier used was Teepal. The
-propertions of the sclutions, emulaifier and water were so _
adjusted that the parcentaga of benzene in all the diluticns

- Was kept constant at 5% level,

4 Following are the details of the greparation
af tha dilution of the different insecticides. |

For Irea 1ng the ggg ng:
Lindane:
Stock solution 1'(Sl)=- 0;5 gm. lindane + 10 ce, benzene
o | . = 5% gsolution |
Stock solution 2 (8g)s= 2 ce. Sy + 18 cc. bengene =.5%
S - solution, N
Dilutions of emulsions--p& ece Sg + 12 cc. benzene + 135 cc.
U 1% Teepol solution. (40 ce. emul-
sion contain 4 ng. lindene)
' 8) 6 ec. S5g + 9 cc. benzene.+ 135 ce.
1% Teepol solution. (40 cc, emulsion
contain 8 mg. 1indane) B
3) 9 ce. Sg + € cc. benzene + 135 ce.
1% Teepol sclution. (40 cc. emulsion

contain 12 mg. l;naage).
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"’%taek solutien 1 (s1)=~ .5 gm. malathion +. 9 e, banzene )
. : .= B% solution. o

Stoek golution 2 {8g):- 4 cc. B3+ 16 ce. benxena = 1% solu-

\»tiage”

1

- Dilutions of emulsio

1y a,cai‘SQ + 12 ee;'henzané + 135~eéa
1% Teepol solutilon. (40 ec, emulsion
‘contain 8 mge malazhion)
'2) 6 ce. ﬁgs*'ﬁ ce, benzene + 135 cc.
‘ 1% Teepol solution. (40 ce., cmulzion
contain 16 mg. malathion)
3) - 9 ce. Sz + 6 cc. benzene + 135 ce.
1% Teopol solution. (40 cc. emulsion
contain 24 wg. malathlon).

”‘P- athrins |
| The lower concontrations used in the experiment
were prepared by mixing pyrocone E with water as followsi=
1) 1 ec. pyrocone E + 399 cc. water.
(40 ce. emulsion contaln 1 mg. pyres-
thrin and 10 mg; piperonyl bﬁi@ﬁiﬁ&).
2) 2 ec. pyrocone E + 398 ecc. water
{40 ce, emu}sion contain 2 mg. pyre-
thrin and 20 mg. piperonyl butoxide) .



L3 4 cc. pyrocone E + 396 ce, water (40 cc,
| . emulsion,eontain-é.mg. prrethrin and 40 mg.
of piperonyl butoxide). |

Solition. for treating the Dag:
For bag treatment each 1nsecticide was used at

a single dose the datails of which are given below:~

Malsthion:

. - This was used. at 7.8 ng. per hag Gf 1120 Sgecm.
boag surface. For this the emulsion was prepared as followsie

Su 0.5 gm, malathion + 9 ec, benzene = 5% solution.

2 ec, B + 4.4 cc. benzene +,57.6%§%Afeepal solution A

= 0,156% emulsion»., o _ :

The specified deposit was obtainad by sprayin" 12 bags with
- 60 ce, of the enulsion.

Lindanes:
This also was used in the concentration as that
of malathiqa,
8 = 0.5 gn. lindane + 10 cc. benzene = 5% solution.
2 e0s 8 + 4,4 co,. benzane'+vé7.6 cc. 1% Teapol solution .
= 0,156% emulgion, ' |
The rate of application was the same as in the eése of mala=

thion mentioned ahove.

Pyrethrin: -
This was applied on the bag so0 as to give a
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dopoéit of 0,28 mg. pyrethrin per bag of 1120 sq. eng. of -
bag surface.
The solution was prepar@d as follows:-
- 1 eac. Pyraeona + 178 éc. water: then 60 ce. of this
enulsion was applied on 12 hags the required deposit

vas ohtained.

Treatmang of the juse bags? ‘ﬁll the jute bags intended for
treatment with the insecticides, which numbered 12 for each

insecticide, were arranged elose to one an@thﬁr, but not
overlapping, on a paper spread on floor. Thirty ec. of the”
congerned 1nsactieiﬂé was spréyed”evahly on'thé upper surface
of tﬁe bé5s with thé help af‘the atuﬁiser as shown in Fig.5.
- After abeut 15 minutes by uhich time the sprays had been
'absorbed and dried, the bag were turneﬂ upside down and the
'other side also sprayed in the same ways Then ﬁhe'treatad B

bags wera dried in shade for about 1 hour.

Iregtnent, y graing:  The eonditionad grains were welghed .

out into 1 k¥ge. lots. For the treatment of the grains with
 the insecticidés,'aaoh lot was spreaa-ih a- thin layer on a
paper lald on the floor, The concérnad7insecticide was then
sprayed on this layer of graina {see figure 6). When the
expoued surface of the grainm was fully covared.with the
apray the grains were mixeﬁ up, spread ggain in a thin

layer and spraycd again. This repeated till all the requlred



-27-- , - !

amount (40 ce.) of the gpraétfluia was sprayed on the 1 kge
aamplas‘af the graing. Then the treaﬁed'grains’wére dried
in mhade and st@red 1in the regpactive gunny bag5.<‘The't§y
of the bags were atitcheﬂ praperly sind the bags labellea.

E;g@sing g a_tres ed ggg ; gggggt 1nfgs§§tia§ with a8
view to asaess tha effiaacy of the different insecticide

_pre-treatm@nts to prntecﬁ @torad paﬁdy frou 1ns@at 1n£esta4
tion una@r goéown QOH@itithg the 1ats of grains under tha« 
vdriaus traatuantg were arranged at rendon in a eircular
manmar insiﬁa the gadown." A stoek oulture of "PIB.10" paddy
grawns heavily infosted with ,eereala la, “4§gg;g;gg,

“ ,arxggg anﬁ cther inseets Wﬂﬂ placed inside the cirele as:
shown 1n Figure 7. Treated lots {Peplicateﬁ thrice) along
with the "control” lots vere arrangeﬁ ranﬁamly for natural

‘ ini’estaticm.

1

wﬂgsegsment of thgﬁresultgﬁ Eb assess the results, samples‘

‘vere exauined from each l@ﬁ‘at‘monthly 1ntervals. For this,

- the gra ins wére ﬁrawn from ‘the bags with the grain extractor

 fron ﬂiffbrent regions of eaah ‘bag for nbtaining a complete
“represenﬁatien of the gr 1ns in. each traatnent. A@proximately
20 gm. of grains were drewn from each baz and. kept in speci-
men tubes in the labaratary fﬂr 15 days fer the emerzence of

any insecﬁ; already present insidé the arning {See Fig.s).
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"After 15 dsysy these grain samples weére spread
on & paper, 500 grains randonly selected and exanined indie
vidually. Those shewing insect injury were counted as daw
naged. Percentage éf gréins attacked was used as the index

of the degree of infestation.

Experimental ccnaigien s Eha[exp&rim@nts were conducted
during the period frowm October 1964 to May 1965, The data
an‘tempéraﬁurﬁ and hunmidity for th@»periad are given in
laﬁpemﬂix‘III. ‘ |

" Desizn of ﬁhg}gxﬁggimagg; “'égatisgicg;“gggggggz The com-
- pieﬁe&?‘raﬁﬁomiaé& design was adopted in the experiment in
the present investigetion., The data were gtatistlcally

" analysed usitig the analysis of variance technique.
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Experimental Detaillss
Paddy grains used . - UPT3 300

Insecticides ‘L , i « Malathion, lindane and pyrethlns.
Thepe were.héed_as7emulsion55

Treatments .« ‘There veré 22 treatments inciu-

‘ | ding Gna'eanptél“details of

‘ uhieh aré giﬁen belnﬁs

no - Gratns treated with malathion
" at 8 ppm. anﬂ bag 5praymé yith
‘malathion at 7.8;mg. per bag

| surface.
T2 . o - Grains treated with malathion
"f ‘at 8 ppm. and Eag»not treated.
™ I'ﬁ"*“ffflmihf' .‘ - Grains treated with malgﬁhiﬁnf‘ﬂ

at 16 PpO,. ahd b@g spraye& with
mglathion at 7.8 BE s per bag
aurface. | .
fT%  "‘ o - Grains treated with malathian
| at 16 ppm. and hag nﬁt treated.
5 < Grains treated with malathion at
| | ' o 24 ppm. and bag sprayéﬂ~withl‘
malathion at 7.8 mg. per bag

' surfaae¢



. 10

P11

112

T13

Ti4a

T15

P16

w30 -

Grains treated with malathion at 24

| pém.ianﬂ bag not treated.

Grains not treated anﬂ bag traated “‘

" with malathian at 7.8 mgﬁ per bag
“'surface. f
. Grains treated with lindans at 4 ppn.
- and bag. sprayeﬁ with lindsne at 743

ng. per hag surfae@..~ =

Gralns treated with lindane at 4 ppm.
and bag not treated. .

Grains treated with dindang st 8 ppnm.
and bag sprayed with lindane at 7.8
mng, per bhag gurfaeea.-

Grains treated with lindane at 8 ppm..
and bag not treated.
Grains treatea_@ith.lindane st 12 ppm.

‘and the bag treated with lindsne ab

T8 mZ. par bag subface. o

Grains troated with lindane at 12 ppm.
and bag not treated. ‘
Grains not treated and bag treatedzﬁgﬁh
lin&ané'at 7.8 mg. per bag surface,
Grains treated with pyrethrins at 1 ppm.
and beg treated with pyrethrins at

0.28 ng. peﬁ bag surface. o
Grains treated with pyrethrins at 1 ppm.
and bag not treated. .
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Graing treated wlth pzﬁethrms» at 2 ppm.
and bag treated with pyrethrins at

0.28 mge per bag surface.

Graing treated with pyrethrins at 8 pphie

per bag surface.

Grains treated with pyrethrins .at 4 ppm,

and bag treated with pyrethrins at
0.28 nmg, per bag surface.

- Grains treated with pyrethrins at 4 ppn.

and bag not treated.

Grains not treated and beg treated with
0.28 mg.‘ pyrethrins per bag surfage.;.
Grains and beg not treated (Control).

Rumber of replication -; 3 for each treatment.

Quantity of paddy used

- for each treatment ~ gl Kilogram.

Design of the troats)
ment R g
Date of spra&ing ¥

6!‘ bag | ]
Date of gpraying

of grain

O st

Date of exposure of )
of the samplesy to %
natural infestation }.
in the Godown 3

Completely Randomised
26 10-1964
27«10=1064

28«10-1064



‘Fig.l. OGraph showing the effecet of different
dosea of malathion treatments ©n insect

infestution in paddy at monthly intervals,
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- Number of obsérﬁations‘;aken = 6 (at monthly intervals)
Date at which observations ; = 1st on 2B-11-1964 |

vere taken

Temperature during th§ éxperiaf :given in Appenﬂix’-III”

Yo o ana on £8-12-1964
" 3rd on 28-1-1965
4th on’ 28-2-1965
| ‘5th on 28-3-1965
" 6th on 28-4-1965

ment,
Humidity during the experi- " given in Appendix’ III
ment . I
Erocedure:  Samples of grains of the required replications
o were troated with the different 1nsecticidaé
as described on page a§< The bags were given %\mé
the indiviﬂual traatment by spraying the 1naac-
t1cides on then as detailea on page. 2%. The (/b
,treate& grains were exposed to pest infestation ‘
in the godown. Samples of grains vere drawn
from the test bags at monthly 1nterVle and
examin@d for insect infestation as deseribed
on page 27. The results were anslysed statisti-
cally. . '
'BESULTS:  Results are given in Appendix X, Tables 1 and 2

anﬂ‘Figures i1y 2y 3 snd 4. Appendix 1 gives the actual counts

of damaged grains out of 500 grains examined. Table I shows



the percentage of grains duimaged by insects observed at
msaﬁhiyviﬁtervals aftarftnagtmanﬁ snd storsge. Table 1T
gives the mean number of gralns damaged out of 500 gréinﬂ
examined. The same results &re reﬁrasénta&‘ia‘Figuﬁes 1,
2 and 3, Tt will bo obsorved thst none of the treatments
give absolute praﬁaaéian of tﬁe stored p&ﬁﬂyffr@m inf@étabv
tién by the insects. It is also observed that the intensity
of damage inereases as time elapsos. ' However it is evident
that in general this iﬂareaae’in infestation is RMOTE Pro= 7
novnced in the case of untreated grain stored in bags trested
“with the insecticldes and in %he-ease of control ie, untrea-
ted grain stored in untreatea bags, than in the case of
grains treat@d Uiﬁh tha 1nmectiaiaes¢ In the latﬁar caaé
| & suppression in tha eumulative 1nfestation of gr@ina by
insects: is evidanuedw Gemparisan of th@ figuras 1y 2 and 3
will show that traatmant with malathian is the most effective
in suppresaing 1nseet infﬁaﬁatien in the grain and lindane
the least effeativa, py?athrina shaw 1ntermmﬁiate effect. .

. ‘R@la%iva effieiency‘af all the treatuents in <
preventin, insect dam@ge to stareﬂ grains is showm in Fig¢4.
" The exbenﬂ&&/bf damage coused to the: grains under the various
treatments, € months after treetuents and storage is shown in.
this figure. It will he observed that on the whole malathlon
-traatmamﬁs are move. effective followed inf#he'deseendingl
order by‘pyfeﬁhrinsAaﬁd liadana.“ﬁalathiég at 24 ppite



Flg.2. Graph showing the effect of lindane
reatmants on insect infestation in

paddy at monthly intervals.
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Fig., 3. Graph showing the effect of pyrethrins
treatments on insect infestation in

paddy at monthly intervals.
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- MBAN VALUES OF INFESTATION Iﬁ S!P.ORED PI&DﬁY UNDER PRE-
. < TREATMERTS WITH MALATHION, LINDANE AND PYRETHRINS OB
 SBERVED' 4T DIFFERERT PBRIODS ﬁFTER TREAT%EE@TS :’i"m STORAGE

T e

‘ﬂ"“‘--ﬂ“ﬂn.ﬁﬂﬂ---“”“ﬂﬂ-ﬂ*’-’Q*h”ﬂﬂ'.‘-ﬂ-ﬂ‘“'”ﬂﬁﬂﬂﬂﬂﬂ ﬁ*-ﬁﬂ’ﬂ‘“ﬂ”” -

Number of grains damaged out of 500

‘“'ﬂﬂﬂﬂ'” ”ﬂﬂ--ﬂ’OQ*.-‘-QQ‘_ﬂ”-’“hﬂﬂﬂhﬂﬁﬁﬂ -ﬂl‘-bﬁﬂ‘l

Ppeatments . L Honths after treatments e o
1 8 -3 4 8 - 6 means

‘P“vﬂb-numrn-unoudmﬂnamounﬁww ﬁﬁﬁ&”’ab.Q-ﬁﬂ&ﬂ'“”*.b”ﬂﬁﬁ“'ﬂ--“‘-ﬂﬂﬁﬂﬂ -

[ Malathion T 260 13.0 3.2’9 '2&.6 24,3 25.6 17.7
- S T2 7,0 - 11.6 17.6 20,0 26,6 33.0 19,3
M 4.0 10,6 1@ .3 8240 B5.3 B6.,6 3.'?.5

 Iindang - T8 . 3.3 14,0 24,3 27,0 35,3 56,0 26,6 -
: TQ 603 ) léoo 2?.6 ‘88.3 &203 5‘300 ! 29.5 L

110 - @.0 A28 283 2763 88,0 32.3 21.8
"Tll Ge3 . ,lu.«3“ 203 27.0 @ 34,0 40,0 23.2

T2 4.0 - 9.0 12,3 16,0 23.0 28,3 15.4

- P13 3.3 8,0 11.6 24.0 33.3 4.8 19.2
. Td 8,0 17,0 4l.6 45,6 . 8l.0 65,0 38,0

-Pyrethrins T15 3.0 ' 12,6 25,0 85,0 24,0 36,6 22,7

. S T8 4.0 13.3 19.6 26,0 = 29,0 B3l.3 20.5
T17 3.0 8,0 24.6 16,0 88,6 32.0 17.0 :
P18 8.6 9.0 20,0 22,0 18,6 24,0 16,2
T19 - 2.0 8,0 9,0 10.6 16.6 21l.6 . 11-3 o
21 7.0 15,0 35.6 45.0 58,0  €8.3 3’? ;3- -

CControl 122 12.3 23.6 36.0 46,6 56,0 8.3 404

‘*_‘ﬁ“““‘“ﬂ‘ﬂ ’“"‘-““-ﬂ“ﬂﬂ‘“‘ﬂ.*‘”“-"“.‘“-ﬂﬁ‘-ﬂ‘“-‘ﬂ”’-‘n nﬂ“-‘--')ﬁﬂl
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- applied on the grains appears to be the énst effective of
thg treatments. But neither in malathién:naxvtha other
two insectieideé app11ed on the ﬁags alone do nbt-pravent
insect infestation. o a | | |

 The'dats relating to the darage of the grains
under. the different treatments observed at each monthly
intervals have\baéﬁ“étﬁtistieélly aﬁélysaﬁ-élsos

m Teble IXI relates to the analysis of variance .
of th@ observations msde at the enﬂ of 1 wonth after treatn

"mant anﬁ storage.

EABLE IIT
© Analysis of varignce
Observation dat the‘éhd‘ef the lat nonth after treatuent |

 Test msectmmea - %E&lathmn, Lindane and Pyrethrins.

ﬁ&nn’h“»amn«mmnh - ,—wnw‘ nﬁanmnhu-*ﬂw-hﬂhnuunu’-uunnu

Souree of Sum of Bagr@&s of , Fo. from
. variattons squares freedon ?ﬁrianee Fs g%bia a%
eve

m-uw-unﬁuuunuoawﬁnhnuuummmu-#huhumnunﬁﬂ'ﬂ&“hﬂﬂ"‘ﬂ“hﬁ“ﬂﬂﬂﬁﬁﬂ4

| Total 594.6 €5

| Treatment  427,2 210 30,34 5.3+ 1.83
. Error . 16744 44 3,80

”ﬁ'-"“ *“‘"‘--‘-“ "“m"*@ ”“~~QQ’~‘“””-~““”%‘“-H *ﬂ““'»‘-’ﬂ-ﬁﬂ

#% Significant at 53 and 1% lavel
Critical difference at 5% lavel= 3.282 X
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Igferenee.L

Tﬁ?‘iﬁﬁ?‘ﬁ@, T6, TS, BT AT 17, 13, 120,
P— Tls, “T16, Ti2, r4, T10, 19, 111, §§I“§§1, TiZ

S T?,lﬁ“”.; o | |

It revaals that there exlsts significant diff-

‘rences among different treatments during the months. The '
kvariability was from 2(T1 and T19) to 12.3 (1n Control T22).
0 N 'ow_ Untreated grain stored 1n bags treated with the \
insecticides shows lower infestation ‘than control. This
 aifference in the infeststion is significant. ALL other
treatments are highly significant in their difference from
"control in relation to- insect infestation. Among the treat-
ments, Tl and Tl9 are significantly different from T9, T1l,
‘T2, T21, Ti4 and 17. 0+her treatments are not signlficantly
.diﬂferent among themselves. o |
| ) Table IV gives the analysis of variance of theﬂ:
‘data on the observations made at the end of 2 months after
Emfttreatment and storage.
. QABLE V,*.,,.
ggg;ysis of var;gncg

Source of ».Sﬁm.of . Degrees of.

variations 'square freedon Variance. F. at 5% level
Total = 1733.8 65 | -
Treatments 1231.8 21 58.6  5.14%  1.83

Error = 502.0 44 1.4 /

F from table-
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## Significant at 5% and 1% level.

"It;ié5ééen“th&tkihaztreaﬁﬁénts”are significantiy
differont. The renge of mgan valuas of infestation is from
4,0 (15) to 2346 (P2g), a1l treatmﬁata are uignificantlg
difféﬁéhfyévaf control. R
The trestments in which the bags alone are trested
'Cme%, 31:?, T21) alse are signifidantly different from control.
Y | Tahle/ﬁp/iV@a the analysis of variance of the
data on the infestation observed at the end of 3 months

after storage.

. DapiE ¥
L \,mm&m | ;
Enfas aﬂion the end_of 3rd

uinmnuﬁnmmun-uwm-un-\-uuu;-m-rmz-ni-a,m;-emght—mwéﬂnu*w.ms’»&bﬁmuﬁu&mhﬂlh!e’ﬂ-
Sources  Sum of Degrees of ; ‘ :
squares freedom \Vari&nee . Yable F,

Total 67986 e R
Treatments 4967.2. 21 236 5 wfsm" 1.83
Error 831.4 4 18.@ s L

”*”‘“”ﬂm-nﬂﬂw-ﬂﬂ‘.-ﬂ~W<’“~ﬁ‘ﬁ-' “h-q.ﬂﬁ " Cxle ‘-u-"‘*“h““ ’ﬂﬂ ‘”ﬂﬂ“’_

& stgnizieaat at 5% and l% level .
Critlcsl qifference 7.15
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Infevence: _ , o
T8, 15, 76, T18, 120, Ti7y Ti3. T16, T8, 10—
- 115, 17, 114, 151, 153. |
. It is observed that all the treatments are signi-

ficantly different. All‘the;tréatmenps appear superior to
control except T14 and T2l. o

- The range of variation in infestation is from
9, (T19) to 41.6 (TM4). | |

. Ag:regards the effect cf bag treatment alone
malathian.tr@atment (T7) appears qignificantly different
from Control, while treatments with pyrethrins and lindane
(T21 and T4) are not siznificantly different.

It i1s also seen that there is no significant
differsnce between infestation in~the grains treated and
stored in treated bags on the one hand and the infestation
in the grains treated and stored in untreated bags on the
other. - | '
| ~ Table VI gives the analysis of data relating
to infestatlon observed at the end of four months. |



- TABL VI

Anslysig of variance .
Infostation at the end of 4th month
‘--"ﬁﬂl-uﬂlﬁ-‘-uw-‘n-—bn’un-ucn‘-uu-’;uwﬁ”nwwhouuﬁun-cun;‘hu--uunn_-;-Q-

- Source zggaggé gﬁgggﬁg of Varisnce F. Table P,

Total 8157 .0 65 |
Treatments 7287.0 21 347.,0 - 17.6%* 1,83
Error 870 90 44 18 07 :

i aignifiéaﬁtly different at 5% and 1% level.
| _ Critlcal aiffevence (0.05 level) = 7.3
Inference:
- T5;TIS, T, T17, 180, T,
T1, 12, m, T18, 13, 18, ©1l, T10, 115y 116y 113y 19,~
T7, 114, i2i, 18
The range of variabiiity is from 10 (15) to'éﬁ.é (122) .

It wlll be seen that there exlsts no significant
difference among the control and the treatments in which the
bags alone are treated with the insecticides. There is, how-
eve§§ significant variation between the éifferent other

treatments involving grain-ﬁreatmeﬁts on the one hand and.

" control on the other., It 1s also evident that in the saue

level of each insecticide there is no significant vari ation

- between grains alone treated and grains and bags treated.

14
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Table VII gives the analysls of data relating
to infestation observed at the end of 5 months.

TABLE VII
. Anaiysis of voriance
Infestation after 5 months of treatment

---—-—-—----;--:----—--—--uu‘dp-uﬁ‘.----bé--_-------—n------—u--.-h-

Sum of Degrees of

Source squares  frecdom Variance F, TableF.
Total 41294.1 65
Treatment - 40102.1 21 1909.6  70.4%* 1,83
Error 1192.1 44 27.1

** significant at 5% and 1% level
Critical difference - 8.543
Inference: _
TSy T6, T10, T18y T3y 112, T20, Tl, 12,
y T80, T17, T16, T13, T1l, 115, 18, 19,

| The overall varistion in the treatments is seen
to be significant. The range of mean values 1s from 12,0
(T6) to 56.0 (I22).

411 the treatuents are significantly different
from control except the treatments T7, Tl4, T21 where the
bags alone are treated;'

‘ There appears to be no significant difference
between grains alone treated and grains and bag treated, in

the same levels.,
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Betwaeﬂ;dbsesjsignificant variation is observed
with melathion treatments. The treatment T5 (24 ppm. on
grain and' 7.8 mg. per 1120 sq. cm. of bag surface) was found
significantly different from the other levels. Significant ‘
differences b@tween,higher doges and lower doses vere also
observed in case of pyrethrins and lindane. = - ‘»
| There 13 also np significant ﬁitference between.

the infestation 1n the untreated grains stored in treated
| bags and control.

In Table VIII 1s represented’the results of ana-
1yéi§ of data on the insect infestation of grains observed

& months after treatuent and storage.

TABLE___VIII =

L2 T T T —--n——o----dp—g-&--ég-nﬁvﬁ-u-'e-n--ﬁun-‘puwnh.--'- Py LT

Source squaras D.JFe Variation . Table F.
Total - 20045.8 2 65 . A o . ‘
Treatment - 19749.1 21 940,43 34.57**+ 1.83
Error 1196.7 4 27.2

»+ Significant at 5% and 1% level
Critiesl difference (0.05) = 8,564 ~
Inference:

e r——_r—e o

I5, Tﬁ, Ti0, T3y Tidy Z20, Tls T35 T12s J1C
7 T8, 115, 15, 10, 1, B, B T, 25 T, 153
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It is seen that all. the treatments among them-
selves are signifieantly diffarant. The range of 1nfest&tion ‘
1s 14.0 (T&) to 68.3 crza). All treatments are also signi-
ficantly different frem cantrol exceyt Tmé, T? ana Tal. The
1atter three are treatments in which the bags alone are trea-
:teﬁ with the ingectieides, No signifieant differenee 1n
the infestatian is abserveﬂ eatween these treatments and
- Control. . . ‘
j comparing the effeet of the grains alone treated
and the graing amd bags treat@ﬁ, it is seen that there is no
‘significant variation between the 1nfestation in the treat-
ments where the grain alone are treated and the infestation
in the treatments wherein Both the grains and the bags are
treated. - | | |

| Ccnsidering the ﬁifferent levels of each 1nsecti~
cide it 19 avident that the highest concentratian is sign1~
fieant]y more effeetiva than the two 1ewer canaéhffétions
under stuﬁy of eaeh 1nsectieide.

Table IX summarises the analysis of the effect
"‘Gf'ﬁhé.various treatments observed at all the siz monthly

| intervals taken together.



L EABLE XX
Analysig of varieance

9 s i e S 0 5 5 e S A A 100 S O o A S S S N O 0 4 VR S W O S A B A S B O

‘Source of : Sum af : -

Ay A W R “ﬂw"“~.ﬂ "ﬂ-'ﬂ-”nﬁ-.ﬁ"'ﬂ ~~~‘”~-“”--ﬂ ‘”"‘-* - oAy -

Total  esrerie  mes. 1 1.96.
Treatment .  3170B.1 21 1509,9 83,7+

Betveen chemicals  810L.1 2  1550,6 86.0%.

Bag, grain and E
B2903 .2 460,.,0%*

grain & bag - 165864 - .2

Between levels = 4691.3 = 2 2345, 130.0%%

Chemical Vs Control 6502.1 1. 6502.1 366,2%%

Grain Vs Control . 7489.6 1 - 7459.6 413.7%%

Momth . 49922.6 5 9984,5 553.7¢*

Momth x Treatment = 12376,0 106 - 117,  6.5%*
- Error T 4760.7 264 - ‘18‘,03 '

h‘-uuuo-ubm-n.—nnumuum-un—aaﬁwm-uhnwuuq&n-uu‘noqh.-u---ﬁnﬁmﬁw-n

¥ Significant at 5“ snd 1% level |
Crltieml difference at,ﬁaﬂs level = 6,77

_ It will be observeﬁ that there s significant
differenoe in infegtation in the different treatments.
Eetween the three 1nsectieides. the inference

ilg as follews:-
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Malathion - |
. Pyreothrins '*1» “ ”3»1‘23¢-1. o
iLiﬂdane o '"~-"*~~}T-32é’9“.A.H. *

Gritieal differemce at'0.05 level 1s 6.77
1g,_ Malathion. éxz,uggzggm,é;aéﬁng..’

- Thus ﬁaléthidhﬂtreatméntsfare~signifiéantly aif-
,féraht“fﬁém”iihﬁané.éféatﬁsntg. No 515aifiéantlaifféﬁence is
bbservé&fbatwéeﬁ'malathien and gyrethrin treatments and between
pyrethrin and lindana treatmenta. , | _ “ >P, |

' comparing the effectiveness of the treatment of
' bag alone on the one hand anﬁ the treatment of the grains only
on fhe ‘other, 1t is seen that thera is significant difference
_betwean these two and ﬁhat the treatments 1nvolv1ng the grain
treatments are superier to thﬁse in which tha bags alane are
treated. o o
- With regard ta the comp&rison, grain alone tre&ted;
Vs grzin and bag treated, it is seen that in their effect
jtharewis no aignifigan; difference between the two for each
level of the 1nsaaﬁiéi&ea. |

Between the threa 1evels of eaeh 1nseeticide

the comparisans wWere as followsa-
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gglggg;ggz TS (Malathion treatea ‘grain at 24 ppm. and bag
sprayed with malathien at 7.8 ng. bag surface) ana e -
(Malathion treated vrain at 24 ppm. and bag not ‘treated) are
significantly superior ‘to ™ (grains traatad with nalathion
at the rate of 16 ppm. ‘and bag not treated), T2 (grains trea-
ted with malathion at 8 ppm.) end T1 (grains treated with
malathian ab 8 ppm. and bags treaﬁe& at 7.8 ng. per bag -

surfaae)-

i gggethrig': T19 (grains treated at 4 ppm. and 0.28 mg. on
bhag surface) is significantiy more effective than 718 (g:aiﬁs
t:eated at the rate of 1 @gm, and bag not treated) and T17
€grainé treated at the rate of 2 ppm. @nd 028 mg. on bag

surface).

‘ginggggs Ti2 (grains treated with lindahe at the rate of
12 ppm, and 7.8 ng. on bag surface) and T13 (grains only

- treated With lindane at the rate of 12 ppm.) appear slgni-
'ficantlesﬁperior to I8 (grains tréate% ét the rate of 4 PPB.
and 7.2 mg. lindene on bag surface) and ™ (grains only
~treata$ with lindane st the rate at 4 ppiie )« '

&ll'the'treatm@nts involving use of insecticides
on grains are significently differentjfrom control with re-

gard te‘infeatatioﬁ by insects.



DISCUSSION
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DISCUSSION

In the present studies, the effect of insecti-
cides deposited on the external éurface of unhusked paddy%‘
in protecting the grains against insect infestations has
been ascertained. The insecticides vere deposited on.
the grain surface before being stored by spraying the
grains with the inéecticide emulsion and drying them.

The added effect of spraying the gunny bags in preventing
inseet infestation was also ascertained. The three in-
secticides used were malathion, lindene and pyfethrins'
" which are.non-hazardaﬁs'iﬁ nature.4'The experinent was
done under godown conditions. Effect of the treatuents
was assessed by'obser§ing the extend of infestation in
cach treatment for a period of six months at monthly in-

tervals. The results cbtainad are discussed below.

Relative efficaez of three 1n§eccicides in gggvegging
insect infestation in shored r;ce.‘

) Pig.4 gives an overall ﬁicture of the relative
efficacy of the three different insecticldes under test

" in preventing insect 1nfestation'ih stored paddy. It is.
¢lear that the malathion treatments provided the maximum '
protection of ‘the grains from danages due to insect pests,

and lindane treatments the least protectlon. Pyrethrin




Fig.4. Consolidated dlagrem showing the effect
of malathion, 'lindéne and pyrethrins
treataents on insect infestation in
paddy at the end of 6 months after treate
ment and storage
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treatments occupied an intermediate position. Among the
malathion treatments a deposit of 24 pbm. on the grain
surface was found to be the most efficient in preventing .
insect attack. Thus this treatment showed only 2.8%
infestation after 6 months of,storage=as-agginst'13.7%A
in control.. The_treatment_ef-the,bagrdid not appear to
give any. significant addilt;iﬂnal: effect,

| Statistical analysis showed that all the 1n~

_ secticidal treatments were significantly effective in pre—
venting 1nsect damage in comparison with control. Among.
the insecticides, malathlon treatments were found signi-
ficantly superior to linﬂane‘treatments but not superior
to pyrethrin treatuents. These findings agree with those
made by Yast (1958) who found malathion 8 ppm. superior

to pyréﬁnne and lindane in protecting stored corn fronm
insect daﬁage for © months. He alsc found that pyrenone
and iindane gave protection for € ronths. Prgvett‘(l9595
also made eimilar observations to the effect that melathion
was superior to lindsne for the protection of stored paddy

in bags.

in both the sbove sald cases, hpwever; the -
stored grains were admnized with the dusts of the insecti-
eides. In the present investigation, the grains were!
sprayed with emuléiQn of the insecticides and déied before
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being stored.  This method of application was considered
more advantigeous ‘than mixing with dust formulations.

The usual_prceesses“involved after harvest and before

finel storage of rice, are threshing, cleaning and drying.
.The process of drying takes 3 to 4 days. The insecticidal
apray can he applied on these grains very convenlently
vhile being dried and 1f the spreying can be done during
the last lep af Gryin " minimﬁm loss of insecticide depo-
slt on the gra ins ean h@ ansured., This method ©of appli-
catian is eeuaidered better than the so callad“pre-harvest
prophyllaxis" recammended by ﬁajumder gt al (1961) wherein,
preuharvest aypliaatian of malathion spray is envisaged

to control insect infestatian in svgrad wheat. In this
methadwsin¢e tha‘gra;ngvare subjected tm,vaﬁgaus,proeessasy
sﬁch as threshingg-elaaning and drying @efar@ being stored,
there is the poss ivllity of a major portion of the insecti~
" ¢cide degosit‘baiag_;ost» The Q@th@dladO@teﬁ‘in the pre~
gent invesﬁigation,ﬁhus appears to have eliminated all

the disadvantages mentioﬁed above. Results of these ine
vestigations ﬁgw&var have confirmed that among non-hazar-
‘dous inséctieides,malathEOﬁ i3 the best for protecting
stored paddy. Canada and U.S.A. have set a tolerence
linit of 8 parts per million for malathion in a stored
product. 4 ﬁeg@ﬁiﬁ‘af'aé'§ym; of maslathion was found
effective in protecting paddy in storage for 6 months in
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the prasent“sguﬂies; It may be pdintéd out that ﬁhis dé—
posit is on the supface of the husk only and that this
will get eliminated during the subsequent processes of
par-boiling, drying end milling. Thus there is absolutely
no risk of any toxic hgzard'due'to the applicétion“df the

insecticide in the manner adapted'in'thé present’sﬁuaies.
gffgctzog tresting the bags with the insecticides:

Comparing the effect of treating the gunny bags

in preventing insect infestation with that of control it

was observed that bags treated wiih pyrethrins at 0.28 mg.
and lindane ot 748 mg. per 1120 sq@)cms; bag surface,
protected the grain from insect attack oniy for a period
of two months. The effects of thede treatments were lost
subsequently. In the case of malathlon treatuent of the
bag it was found that the trested bazé geve protection to
the stored paddy for a peried of throe months, the effect
being lost thereafter. So the treatments of bag alone
with any of thesé insectleidaes, in the concentrations
tried, did not\appéar effective in protecting stored paddy

for prolonged pericds.

As regards the added effect obtalned by the

treatuent of bags in addition’to the treatument of the grains,

it was observed that though the treatments of the bag re-

duced; insect infestation to some extent, this reductlon was
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not statistlcally significant. As such, the additional .
treatment of the bags did not appear to be of any advan-
tage. These findings sre in line with those of some pre-
yioﬁa workers. ' Thus, Pingale (1954) found that pyrethrins.
at 8§ to 30 mg. par_ség ft. af_bag was effective only for

2 months, It vas also found that malathion 50 E.C. at
1:300 with water sprayed at 3 litres per 100 sq. meter
surfece remained sffective only for 3 veeks (Lallan

Rei 1963). . . |

. Over-sll conelusionss

From the discussion of the results glven sbove

the following conclusions can be drawn.

(1) = Pre-trestucnt of paddy grains involving spra-
ying the insecticide emulsion on them and aﬁying‘berdré
beiﬁg stored is a suiéable nethod to pr&vent'lnaeaﬁ ine

fostation in stored paddy up to & period of 6 months.

{2) Among the thﬁee insgetiei@as,'namely malathion,
pyrethrins and lindana; malathion and pyrethrin (Pyrao=
thrins and Piperonyl butoxide 1:10) s&re siéﬁificantly‘
superior to lindane in protecting stoered paddy from in-
aeaé infestation, ‘Malathlon at 22 parts por milllon of

the graln glves the maximun protection.
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(3) Treatment of bags with lindene or pyrethrins
give protectian to &t@red paﬁdy only for 2 months while |

maxathion traatment gives protaatien for 3 months,

L (4) There 15 no aﬂdeﬁ advantaga 111 treating the :
bags 1:1 add:itian ta treating the. grains w:lth the insecti—
cldes. ' |

€§3 Malathion at 2&*93@%9'9@2 million nan be
‘recommended ss a 9rew$%évﬁgé/apraj'far prevonting inseet
mi‘e.gﬁatim} iz{ stored paddy by viritué of £s high prate«
ctive capacity and its low mammalien toxdicity.
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SUMMARY

An experiment was conducted under gedcﬁn'cmndi-
~tions to find out the e:fact of éée-storage treatment of
paddy grains (PTB 10) with three doses each of malathion,
pyrethrin and lindene in controlling insect infestations
in stored paddy. The d;ffereﬁt‘dosea of the three insecti-
cideé used weré &alaﬁhi@n 8y 16 and 24 ppm., pyrethrinsll,
2 and 4 ppm., and lindane 4, 8 and 12 ppm, The grains
were spprayed with the insecticide emulsions, dried and
exposed to infestation in an infested.godawn.

Effoct of treating the bags with the insecti=
cides in preventing insect infestations in paddy stored ‘
within the‘bags,‘waé alse ascertained by spraying the bag‘
with each of ﬁhé@& insecticides so as to give deposits of
7.8 mg. of lindane and malathion and 0,28 mg. of pyrethrin
per 1120 sé. en, of bag surfé@e. '

» Malathion was found to be the most effective
insecticide in preventing insect infestation in paddy,
‘folloved in the desaanding order by pyrethrins and lin-
dane. Among the three doses of each ingsectieide, the hi-
ghast dosess namely malathion 24 ppm.; pyrethrin 4 ppﬁ.
~and lindane 12 ppm. were significently superior to the
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lower concentrations of the respective insecticildes.

Tﬁe de?bsits of the insectlcides applied on
the bags remainad eifectiva in preventing insect 1nfesta-’
tion in pad&y starsﬁ within those bags, for 2 manths in the
case of pyrathﬁins and lindane and for thrée months in the . N

case of mﬁlathian.

Treatment 'of the bag. with the inseeticides, 1n '
'adaition 0 the ‘treatment of the grains, did not appear tod
be of any signxfieant advantage in praventing 1nsect damage
to the stored paddy graius. o

The advanﬁagea of pre-storage treatuent of paddy
I

grains with insecticiﬂaa hava ‘been discussed. .
| It has bean cancluﬁed that pre»stor&ge treat-

ment of padﬂy grains with melathion. at 24 ppm. of the graing

is a suitable &ethea for pretectiug stored paddy from in=

sect 1nrestaticns.

|

- Literature on the prevention and control of in-

seet 1nfestatioﬁ 1n>storeﬁ rice have heen raview@d.
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- APPENDIX I

INFESTATION . IN STORED PADDY PRE-TREATED WITH MALATHION, LINDANE AND PYRETHRINS
OBSERVED AT DIFFERENT PERIOD AFTER TREATMENTS - ‘

.‘--------‘--‘“--‘-ﬂ--,ﬂ-"---“------'“-‘-’-----’---’.’--““‘----‘-Q--‘-—"’-“. - - -

Number of grains damaged out 500

‘--Q’-”Qﬂnhﬂ--—---------------’ ..... ----------"-----‘------Q-'---‘------------------- . -

Treatments : , Months after treatment

., BRI RIIATII RI RII RIIT RI RIT RIII RI RII RIII &8I RIL RYII RI RII RIII

Malathton TL 3 2 1 17 9 10 18 20 16 21 20 21 20 18 26 2 0 2
g2 6 7 8 12 13 10 = 13 20 18 21 21 26 28 26 38 31 30

‘g3 1 4 4 8 7 6 .20 22 18 21 26 21 23 25 19 25 19 24

M 6 2 4 1012 10 16 18 15 25 24 17 25 25 26 30 24 26

75 1 4 3 1 6 5 10 11 10 13 @ & 15 10 11 15 11 16

¢ 1 4 5 5 5 112 10 12 14 4 15 12 16 13 16 15

7 9 11 7 ‘19 16 18 28 26 30 42 40 44 56 48 49 65 70 6

. Lindane T 2 3 5 13 15 14 30 22 2. 224 30 27 36 38 32 50 56 62
T 7 6 6 18 11 13 33 28 2 32 26 27 58 33 36 48 58 7l

o 2 6 4 & 9 16 25 20 22 24 23 30 30 23 81 43 40 32

T2 e 7 6 18 15 6 . 19 20 22 26 32 34 36 36 30 42 38 40

mz 4 3 5 5 10 12 15 9 13 20 16 12 20 20 20 23 32 30
T3 1 6 4. 10 $ 5 15 10 10 21 30 21 az 38 30 36 36 32

9 10 12 20 1% 38 45 42 - 40 52 45 49 50 54 59 70 66

T4 &

Contdecesss
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. .
.-‘----’-‘---—-‘_---------'--ﬂ‘---’.--------‘-ﬂ--------‘-"-‘------‘-----_-. - A B U AD WD TP ED TG S O
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LIST OF PESTS OF STORED RICE

'ORDER COLEOPTERJ

Sitophilus oryzae Linn Gurculionidaé
ggigogegﬁhglggm;nicg Fab. Bostrychldae
Dinoderus minutun F. Bostrychidee ’

Trosoderms ganapiuy Dermestidae

~ Attagenus sp. ’e

,Lasloderng §erricoggg P o9y
__m.e.gnh;lug surinemensis Linn cucujmae

Lagmophlogug Spp. vy
Agasvegg advena W, ;,
~ Cathartus ganricolLig Gue ’y
Tenebroides mgurigggigug Linn Tensbrionidee
Tenebrio obseurig Linn .
Iribolium spp. 1)
.32:22232 ‘spp- ' v
Latheticus oryzae Wat. S ’s
Alphitoblus spp. ‘ ; 19
Necrobia rufipes ~ Cleridae
Cerpophilus spp. Nitidulidee

Lophoeateres nug; llug K. Y )
Thorictodes hevdini  Thorictidee
Ptipus Lectus Ptinidze
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28. |
g0,

Tines granella C.
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RECORD oF gE%PERA?U.@ AND ﬁumrpxm, ,
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: Maximum . Minimom
Month = Veeks temperature. temperature Humidity

S D N ﬁ’ﬂﬂ-—- .“ﬂ“-“‘ﬂ'u%%ﬁm"#ﬂ“ﬁﬂﬁhﬁ“ﬁ”

.Fron to. Peom to From to

. FW gy W SR B B W S W GO D W W G %”’ﬂﬂ’”-~—---'"--"*ﬂ-‘~W“--”"-"‘-“~“ﬂ-~’

, .01 & 8 W™ 79 67 @ 86
October, -2 80 83 - 7% 78 7 80
- ::.3.;,- g0 8L @ 76 77 ?7‘; 83

4 ’ 8@ 81 76 78 80 80 .

_ 1 S 74 70 ‘85 90 .
Hovenber 2 - 81 8l 74 . 76 85 80
' 3 81 81 6. 76 - 85 21
! , 81 82 78 78 80 86
1 .81 . 88 7% 78 83 87
Decamber a 82 238 76 7z 91 82
3 . 81 82 74 76 - 86 o1
4 82 a3 T4 76 87 8l
i 21 83 76 78 83 91
Janvary : 2 82 88 | 76 78 . &3 87
3 - 81 82 - 76 78 g6 90
4 81 83 7% 78 . 85 90
. 1 a1 82 778 86 24
Pebruary 2 81 82 . 74 78 83 o2
3 . 83 84 78 20 80 84
: & %3(_ 84 78 80 80 24
‘ 1 a3 24 76 73 88 00
Meprch 2 | 83 &4 76 78 86 21
3 g 88 78, 80 0 8 0 91
4 82 8 i3 80 g 91
) ‘ 1 88 :88 ‘80 82 20 94
ﬁpril 2 86 50 80 a2 91 26
.03 86 80 20 82 20 26
4 . 86 90 8O 32 92 96
: l 84 86 ) 92 = 95
“ﬁy 2 8¢ 90 78 80 89 06



FIGURES



Filg. 5. Photograph showing the treatment of the bags
with insecticides by atomiser ang compression
pump . ‘ |

Fig. 6. Photograph showing the treatment of the grains
with insecticides. |






Fig.7a.

Photograph showing the arrangements of the
treatcd bags in the dodown with a bulk eul-
ture bag in the middle of the treated bags.

A treated bag seperately.

AN






Fig.8., Photographs showing the arrarngenments of
samples of treated grains in speecinmen

tubes on the tube stand in the laboratory.
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