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PREFACE 

and rep$l.lent-s for tlrn cont:col of iJ2.jor pests of .1tored (;!'&ins. 

A total nu.tJ.ber .of fourteen such cl':nmic,als v,t1s tr.bd .'.;.gn.ii.1st. :four 
{. Ji 

di •,;:, j. ' 1~ ,r f t' ' ~'f I + .tJ..e:r~m.v i;rains-. r,.~n; o · 118m. provGa ver;r fJJ.. 2cc.1.vc a.s toxico.nt.s and 

~Jaltcn. - the thcsL, ::i.dvisor - for his helpful ~dvice, eon&tructi ve 

criticism, necessa.r:r corr·,J<::'r,5.on.s and <::mcoura~:;encnt throughou.t. tliic 

Special thanks ara due to Dr. D. ~. Eowell- Head of Dep::1rtment 

for selecting the pr•oblem and l:'e1:.(orln:r v,,,.luablc suggest:ton at 

Fen'.;on and Dr. J. B. ii;ebste.r - ttc comitteu memh:r~ - for rn.ltin.s 
. 

necees,:;r'J correct1ons in thin :report and holpful sug~;cction1'::. 1'han.ks 

arc also due to Dr .. J .. S. Brooks M. Dcpart.ment oi' AgronorJy- for 

determining t,he rrtoistur.:i content of test gra.l.ns. Much appred2,ticm 

is e·,~pressed to ;r.1 ·• A. :6. Lemart for photographo used in this p3per 

~rnd also to Ur. ScoUie Ifot'iillan, Seed Analyst Oklahoma C.ro;.• I1;~_provs-

f(,ent Association, for tenting the germinating po1,er of the tre~.ted 

grains. 
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INTHODUGI'ION 

indicates thaL se~ious insect 

pests of 

in.fc ut.<:;d 

of today. (CoLton 1956). 

'Io protect LI:c 
' 

t,iw.as.. In. 

aromatic plant the 

the o.ncient ;freti,ods and still usad in some s o.f Inclia t,o kJ.11 

tirn insect infeste.tion. in ( ·ct)r·t1 /.· ,h. ,. l'-? 1 (j) 
• .,,, .; >" ,_._,. ,• Lt; • 

, procipitatocl cl,,:,lk, magnesium 

oxide, alwninium o. 

act..tv:U,ies of those, p<::1Gt.s. 

In ii.is for e1d:.err,.rLn~1tion of his inf.eel:, enc,nies., man has 

devised <'- 1' 

hydrocarbons, phosp!vJ:,ir,~ cOLl[Jouna::i, and do,~2:ns oi' inorganic and orgnnic 

l 
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A II 

REVIEh OF .LITERATURE 

Fletcher and Ghosh (1920) stated that oil, l1ma sand, and 1Etaves 

of sane a.rOJMtie plants repelled the st..ored grain insact...s. Harris 

(19-38) £ound that wood a.sh t l part per JO parts of grain and lime at 

l pa.rt per 50 parts of grains gave a good control of th insects 

Westing stored products. Laudani (1954) proved that pyrenone at l 

part per 500 parts grains pr otected t he grain$ ""ainst the, weevils .. 

Parkins (1944) pro.ved that. quart,z particles of 1 . 8 micron ere 

more effective then those ave.raging 0 .. 5 micron. Alexander dt.. e l. 

{1944) stated that part-icle size below 10 .micron adhered ell to the 

grains and the body of the insects. David (1951) noted in his studies, 

that particles above 15 micron do not adbe.re to eaeh other and to t.he 

insect bodies. Parkins (l9i.4) recOtllmended the use of flints,, feldspar , 

and llmonite quartz against weevils and sawtooth-ad grain beetle . 

Darling (1947) made a stuey on some inert dusts and found t hat kaeol1n 

and eucalypttts wood ashe.s might give a good degree of control. Cotton 

and Frankiield (1949} r ,:,ported that silica aero el at 0 .0 as 1st 

gave l! per cent kill of confused flour beetles . Gra.nd.ori (19 ~ 

reported efficacy or bentonite against. st.Grad grain insect pests at 

200 gms per 100 k g,ns of grain . Cotton and Ashley (1952) reported 

that finely divided silica, rock phosphate , gnesi oxide killed 

the insects hen mixed directly 1th the grains . Grandori (1955) sho ed 

that. Italian bentonite containing 26% silica and. 65% mont morrila:n1t.e 

4 



Do'V~ (1947} SM'Wflld t.t-at. pyr t hr.1ns s~rgie.1ed t•dth pipel'OO,;fl 

b:ut.e~14e 'i!.'$f"J: ver~· ~f!ec-tiite ag:aintt grain. :i!umeiz;,,. &tekle,y (l$4S) 

noted p,ret.hnw t..:ri at~nt ot wheat. proved ettetrt.ive. 'ior Si · months, 

found M-.a o.,s ;pipt3l"Of11'l buto.i<.tde and. o.00'$ pyro.thrina in tbe 1"'3.tlo 

tr! 1., gave lDO'J; ~rt.ru.it3' of r1ce wa,e-vils td.t.i'dn a Tfeek at, l gt:i JX!l" 

100 gms of wht?at.. He also pl/'Ov.ed t.nat ~thri.n ( o.~) alone tnuld 

s1,ve 91/, ld)J. and p!piat'oDTl biutorJ.~ rdngl,11 ga11a oril.3 ll$ kill alt~r 

a. mont.h . ! ale {l."3) et.af..~d· t~ piperen,l but..o,. dfl co.at) .and 

pJNtl'll'ins (0.05,;) uben impt'i gr&ati1:td on jute ~ ,f)l"ovidred protec~ion 

a¢n~t aas•r grai.n po.et.L~s.. CM.ang {l.953) t''tl'Md t hat i-,a.."lit. g,av-e 

l,m, UU c~ed to· 001 and paratJlton dii.st~. 

tvc '' bf t.t"l!Ulti,:i.g U ia baga lfit.h u; lindane., i; a11n (1952) ~seover d 

tbat r!ea $OVU in sorghl.Ull can be eont.t'iOlled by ~praying the ~ 

la~r n\h llndane. Atkttu,at ~ad a~ (1953) , Cot.ton el u . (1'44) 

used sof·t. pa.par kwJel bags and KN.ft- bag a.ml ~;regnat.f.\d t. nu~ with 

~ :liClut.1on 0:t nm in ae&t.0111!.) La.t.Etr in 1945, they !ound ~hat ~:ti 

paper bag& t..rnt. d •it..h S.,5J o~1oo of nm' t .n carbon tat..rac..~lf.'lr1 • 

offered gNat.e:r roda:t..\\nce t.o :tn~~ pan~ratio.n t.~n eott.-0n twill 

bag$ h\r,m~"d •lt.1'1 aldrin, dieldri11., Mc,, ~n<b•in, 1.&')dJ'ina,. and 

lindam at. ~ d1lut.1on,. a.nd :fOWld it :ef.t;;}etiv1a: agninst ria:e ~eevi.1$ 

!or about. six •nt.na. Jewet.t. (1951) impN~nat~~ c.ot:bQn bags 11ith UY,£ 

dtlnticn of DUf in carbon t.etra~hloridffl awl .f'ottnd it. off..,ct.ive ~nst 

insect,$ 1.nfQnttn;g the st.and gr&.lru't ta:r, atoat lfl, menthe.. At.td.n$M 

{l9S5) s.how,ed t r.at, ptU"-:J MC l - 1 .,251 and D1Jr 1.si gave pr¢tect.ion again~ 



stored grain insect., pests . Parkins (1956) r ecommended use of lindane 

at l p.p.m. against weevils in peas and beans . Kockwn. (1953) stated 

t hat llndane 0.4% and pyr ethrin at 8 ozs. per 9 cubic feet controlled 

t he rice weevil and angoumois moth in coni. Radeleff (1952) stated 

t ha t methoxychlor does not tend to be stored in animal body like DDI' . 

Barnes (1953) noted that methoxychlor does not produce any poisoning 

effe cts on nervous system when given to animals . Lemmon (1953) 

classified methoxyehlor as one of the safest insectic.i.des that .may be 

applied without any danger to animals. 

6 

Brett (1953) noted t hat .mal athion 5% dust gave good result s against 

bean beetle in storage. McGregor (1954) studied t he effects of dipterex 

on cattle grubs and proved that it was safe and effective when applied 

as a systemic. Lindgren ei...al. ( 1954) s howed that malathion and 

chlorthion dusts at l P.P •• and 2 P.P.ll. killed rice ~eevils and 

granary weevils in 10 days. Ktllash 1956) stat ed that ]$ mal a t hion,. 

1% lindane, sprayed on inside of twill bags checked t he increase of 

rice weevil for six months. Sivil (1956) proved that 1% dilution of 

malathion, parathion, chlordane did not allow .lllllrkect increase of stored 

gr ain pests for 6 months in heavy cloth bags. 

Graham (1922) stated t hat the optimum t emper ature for most insects 

is i n t he vicinity of 26°c. 13:.ack and Cotton (1924) found t hat the 

granary weevil i s more resistant than rice eevil in t he temperature 

zone of 32 - 60°F. Bodenheimer (1927) made a study on t he rice -eevil 

and granary weevil and showed t hat the former develops more r apidly at 

a hi gher temperature and t he latter at lm temper ature. Schavardt 

(1934) noted t hat moisture cont ents of 11 - 17% are most f · vorable to 

larval development o.f stored gra ins insects. Anderson (1938) proved 

t hat neither rice weevils nor granary weevils could reproduce below 



6 0 belc~w 53 - 0 F. 

sition at 6s0r .. 
Richards (1947) placed the lov.ier limit for ovipo-

Cott.on and Frankfi.eld (19:53) noted that the rate .of 

eontr::::nts of wheat on ciiffe1\:H1t insects and found that at 'ti.,. moisture 

level survival was generally lo~v for the rice weevil and the granary 

weevil.. At 11% .11toistur0, survival of the rice we.evil was greater than 

the sa;wtoothEid grain beetles. Sawtoothed bsetles were more susceptible 

to toldcant than rice v,eevils at all tempera.t.ura levels. For breeding 

of sawtoothed grain beetle, era.eked grain is t::issential. 'l'urne,r (1957) 

has proved that littl.(sl or no re production of sa.1:.,toot.bed grain beetle 

Parkins {1953) s'l:,a.t,sd that an insect was considered dead if it 

noitbo:r moved spontaneously nor responded to slight pressure. Later 

in 1956, be not01d that an. insect was consi,d;:.red. knocked down it it 

7 

lay on its back unable to regain its normztl position and d.i.d not respond 

to any reflex action v1hon tou.ched 1r.1.:'Lt.h a br·ush. David (1956) stated 

that all living lx!etles usua.l.,ly fold their legs against their bodies, 

whereas in ca.N of dead insects, they were more or less stretched out. .• 



CHA Pl'ER III 

r/1.TEFH LS J :·) L~l'HODS 

l . Test Insecticides 

The test insecticides selectad for t his s tudy belong to two 

different grou ·) , w .uel\r: (a) Botanic:ils, lncluding Pyronone a •• d Ryanio. 

and (b) ·aodern s·,nt1 etics , i cludiD·:; C & C 7744, Do•,,£-T- 14, ii 55, R 441 

~ C. r· n 

l"rom t 11 3 brief 1.ct..ount of t he..,. m .tcrials civen be.lo\,, it \ ill 

be c l '1 ~ tJiat all of thc.:n. carry a ve ·y lo,; ordel' of ma.m.nal toxicity 

and tha t there is little potential an er to pu lie .eo.ltii i :1 tr eir 

use as gr< :l.n protectants ,, ·ain::t ir.~e ct pests of stored .;ru.i.n . The 

LD 50 c pressed in eacb caLe is based upon oral dosago to wt itE- rats . 

Pyrenone: It is a trade nr...me giv n to a compound of pyrethrins 

synergised ·1 it~ piperonyl butoxide in t Le r at i o of l: 9 by v,ei ght . 

Pyrethrin are non-toxic to man and anim:,ls , when ap1)lied Et t ·,e 

recommendec dosage level. Tho LD 50 is 200 mg/ke . 

R,y::ania: The active princi le in ryania is Rya nocline (~4 ~5 1 ~) wl ich 

has LD 50 of the order o 12 0 / kg ad h s a co p~ratlvely lonGer 

r sidual toxicity. 

C & C 7744: ( C H N 0) 
2 4 2 It is a product of the Cn.rbi e Carbon Chemi-

cals Compaey . The chemical contains neither phosphorus nor chlorine and 

has a broad spectrUr.1 of activitieG . It possesses a r apid killinb action 

and ha::: a good re idual toxicit.J . It i stable to hydrolysis , ultra 

violet light rays a d thormal d.ecomposition . LD 50 is 200 rag/ kg . 

8 



Dioterex: rC H l? 0 C L) 
,5 4 3 3 It has tD 50 in tha order of 4S0-500 and is 

stable at roai.n temparature but decomposes on heating. 

Dow. Ef-;l4: It is a new chemical used extenEi vely· for fly ccntrol and 

ie a complex organic phosphatic co.!l\")OUnd., It han e..xtremely low order 

of mammalian toxicity. LD 50 is 2500 mg/kg. 

Malathion: <Xoi9 ° r ~) It, is an organo phocphu.t~ 1~Jith lot-) order of 

m.amtaa.lic.n toxicity.. LD 50 ia 1162 mg/ltg and it does not tend to store 

in the bor',y. 

(C H (j CL) • . 
Methox.ychlori 6 152 .3 :.i.S a chlorinatacl hydr·ucarbon closely related 

to DUl? btit is fa;,c lens toxic to ro.a.r.,11].als and does· not ~,to]:'(:' in th2i body 

tissv.es like DDr. !t i.;:; 1.:,t,a.ble to heal; ~.nd rt{sistant to o.:idation, 

6000 mg/kg. 

Lind~(H c& ~ &1) is [;{axi'Ml'la isomer ( 99% or mor~) or technical ben:.?.ene 

9 

hexachlori<J.0. It i:w.s · no dang~r as a ch:ror1ic or cu,,i.ulati''!O to.xi cant. Its 

P (Clo· ~2!-10 C L2. ). 1 D 50 "' e:rthane: 0 is also a ch· orinat~d hyJroc~\rh:.in hav'Lng L . 0,.1. 

than pyrothl'.ins and D.cu.t...; oral.. LD 50 is 2.5 gm/kg. n 55 .:\ru::1 It 41+1 ~re 

V. c. rodent repellent whioh is a. new ch<,.lITdcal was supplied by 

Virginia. Carolina Cha.mi.cal Co:upa.ny. :tt has a very low mammalian t()J'(icity .. 

as 10$ dust formulations fro.n wettable powders, co.noentr;;;.tes, and 

ealclll.a.t.ed amounts of a.t.taclay.. The thorough mL-tlng of the two ingre-

dients in each case tJa.s obtained by using the Standard Ball Mill (F;.g. 2). 



'!'he mate:d.als selected for jute bag impregm1.tion included ft 11, 

2., Test Insects 

li'oa.r deBtructive and conuoon species of st,orcd grain insects were 

used for the exparim.ental v1ork+ They includod: 

{a.) Rice weevil - Sitoe:riilus or,iza (L-..} 
(b) Granary weevil - !:_ granarius (L.) 
( c) {.fon:tused !lour- boetlo - Triboliunt confusum {Duv .. ) 

10 

{d) 3awtoot.hed grain beetle - Ory;;aeg!!ilus surinrunansis (L.,) 

Stock cu.it.urea of these species were received from.tnr .. D. A .... Wilbur, 

Pro.t'esaor of Entomology, Kansas State College_, Manhattan, Kansa.a, and 

were reared separately on suitable eultu.re media at. ao°F .. constant. 

t.e;npera.t.ure and 14% grain moisture le·vel,.. 

'fhree different type 5 of food grains nrunelyt wheat, corn, and 

grai.n sorghums, were selected as host grains for evaluating the v,ll:"ious 

test materials. The grains were obtained from a local .market. Fir.st 

of all, they \1ere cleaned and. caref.u.l.ly ar..amined for possible insect 

infestation. The cleaned grains then were teated £or their moisture 

content with Steinlite Electric Moisture Tester and a.djust.ed to the 

level o! ~ by adding distilled: water to tho grain (Fig. 1)-. 

Thee quanUty of distilled; \1ater required to raise the moist,ure 

contents -of a. given weight. of grains wae oal,culated by the formula: 

{100-A _ .1) x weig· ht 1n r.rra.ms. ·roo::s 0 

A • ad.ual moisture contents of the grains 
B ,;: moisturB contcnt.:s desired 



ll 

and $i:X. days, to determine the level of dosages of those insecticides 

that a~e relatively new to this f'ield.. On the basis of t.hese prelim

inary tests, C & C '7744., 10'$; Dipterex,, 10%; D-01M El'•l4, 10'$;. m.:alathion, 

of the host grains at two levels of dosago of 1/1000 and l/10.,000 ( l 

part in 1000 parts of grai.n. and .l pa.r·t; in l0,000 p&.rts of gre;ins) ea,eh 

exeepting ryania which was mixed at l/500 and 1/1000 levels .. 

me:t.hod .it is possible to secure a reasonably uniform distribution or 
the Insecticides in the g!"'.ains within a short period o.f t.ime. 

in air tight large gla:r;s jars. These jars ~'Jere labelled showing the 

name of the lnsecticlde and the level o,f dos8.ge. 

The entire field of st,u,dy was divided into three .m/!bjor groups 

given below ... 

(a) 

(a} Repelleney tests 
(b) Toxi.cH,y test.a 
( e) Jut.a batZ impregnation t~sts 



12 

'i'he repellency tests were conducted in an ins(:lct proof appurutu.s 

and r,.ature ol test mater·ia1s to tried. Lauda.ni (195.4) dosiguotl a 

r~du.ce the i:x>ssibility of furrd.ga.t,ion effects fro:n v a::cl ou.s d.'J.St s .,.. 

l/500 vw.re t.e.st.od against 

150 g.ms. of 

the circular 

cups, 
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~.s:r t.e~!S ~,oN ,e3rrioiJ Q;lt iga.lt\S't. t.h€1 co;n;ttl,;:i.,!t\ fl~ ~~t~-$ 

ar~ ~t~ned ~. ~fflltil+! • ln a l~:.:?,ii.z'" t,.,;,et t~o ~ther .tet)!!ilJ.'l!nt,i, ll ll 

&£i l~s;;; ~ ~ V\ 'G-• 1~od~Gt 11•e.p@lknt. 1,/J;.. ~t l/lO(;f:),t 1<;;,zr~ z:tmilt:d in 

& .s~la.r M7-, In tzi1~ t.\U.lt._, .bo.;:sev~I"Ji ~$c~; tit~q,.;dc.u ~~"l.ti l'eplies.t~d 

-ti.v~ t,1.-:~i$. 

(b) j;a~e~~ t~~i 

-~ du.'i!i~ ~ l/~ a.nd 1./lti,,;000 li~v~~ of d~?~1r;;,; 2m~ t"Jf:..rd.Q. lcqt! Glr1$ 

at l/500 ~ l/1000 lev~lQ_, ;;;."ll~ ~ceS :1ri thiJ f:il'4f)i1~'r jar"··'• ~;tct1 ~r~at .. 
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(c) Jute Bag Impregnation ·res.ts 
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CHAPJ:ER V 

RtSULTS AI.n) Dlt;CU$SION 

(a) Rewllen.cx 'l'asts 

Table l. snows that rya.nia and pyrenone .100%" dusts at 1/500 gave 

t.he best result$ as rep~llents against rice i,e.evils. Tho other imic ct

icicial dusts like C & C 7744, Dow Er-14, dipterex, malathion showed 

only a small de.gree of re;,ellency. Mel'.he)XJrchlor as 10% dust. ex . .hi.blted 

slight to modorato repalleney to the weevils. R,yenia and p,vronone 

(Tab.le .2) similarly protected t.be grains against the confused flour 

beetle, 'J:. confw.1U111 at 1/500 dosage level while the other mab(irlals 

gave about the same results as in tabl~ 1. 

As shown in table )., t.hese dusts when used against. the s.,x1t.ootbed 

grain beetle gave about the s:ame degree ot repellen,\7 as df"!r"-tom:t1'f..,tod 

in t11w previous t.e_sts... Most of t:hese materials i.n t,h.:i rapell.3nc.y· ts.sts 

because of their loii manmalian toxicity and also because tt!ey twd never 

been tried in this .field. 

?yronone has been found t.o be good repellent :1gain$t such p·.Jsts 

and was includ1?d in the test.,s to act as st-anda.rd of eorrt"Jnrl.:mns. It is 

cleat• :frotn the data presented in the ta:bles 1, 2, and 3 that r:,e.!lin. is 

as good a repellent as pyrenone at 1/500 dosage lo:vel.. 

li. ll as 12 . .-5% dust and V .. c. rodent repellent (Table 4) posses the 

re_pellency, but, of these two materials,, R U has g.iven remrk2.bly good 

results at l/lOOO. 
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otora.go 

Dat..s. presented in table 5 show t,hat rnalathhm, Dow ET-14 and 

A.t -Lhreo 

klllect 

At 1/10,coo 

only 25-90ji, kill.. C & G 7'741+ at 1/1000 caused 

?5-97% kill at 1/1000 and 25-S.2'$ at 1/10,000~ 

four insects and brought about 43 ... Jj.7J of kill.. 

(Table 6) malathion a.t, 1/1000 proved most. 

all the fotu· species. At l/10,000 it 

g1•.::d.n beetles 80-9'~ o.f the other test 

saJi:i.,i dose* C & .G ?741+ 10% at l/1000 killed 

beet.let snd about 80% of the other three :1.,peeies. 

at 1/1.00D and J./5'J(; pi~oved about eqmally good against the weevils and 

flnul' bectJ.es. At 1/10 ,GOO they p.roved poot' again.st all the species 
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'ft.b.1.e 7 show~ th1:•.t .ma1athioa, cliptsr·o.x, Dow ET-14. ~uid C & C 7'71+!+ 

at 1/1000 can.sod total faortallty of 'the foux species. At 1/10.,000 

a.t 1/1000 ¥is.s otmli.ed ::i..gcin.st. tbe four in.1,;ect spccfos in corn ar.id 

sorghuu grains ('ra.bles 8, 9, 10) a.J1d tables 11 2nd 12. It vm.s X'(;V~a.led 

th2t thair i;.(kd.C e;f'fe.cts in thes~ t:wo grains was allnost equal to cue 

-e, th O t bt- .\ l • ti ' • • L 1 !.. • • • • ., ~-f l"OL.1 '. J t'eS!lJ. S O ";;i,ll}(:(, l.!l '1e CO.Xl.C.:!..l,y .:.csvs, J..'G is l.'lV:J.4eni; 

that in general, confused. f lom~ beetle adults were con.sidera.blj, .more 

exposur<3 (Fig. 6). 
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Data. presen\.f,d in table 1.3 show that. R 11, R 55, R 441, perthane, 

&'1d pyr-enone prov,,_id to he excellent repellent.;-; and ga.va a.bout 100'% 

protection againot, rice weevils and coi:..fusGd fln11r beetlea. Ttre 

pectively. 

gavo bettt:r rcr;ult::... an protc.stlvc (93-95%) than at1 ruo::ill8nt (75-89%). 

DipL 101°1:1x &pptie.L<,d to be u fa.lr c;ra.5.n protec.tc..uit- a;;ainst both tho speci€S 

l 
{?'S-92%) •. 

L, The re pell.ency percer1tng0 in tables 13, 14, and 15 was nrri ved 
at by colilparing th,; tot,o,l m.:tE!bf"'.J'.'S of <:k·ad and living insects with the 
number in the chock.. The protection p1rcent2.g'-' vms detcr;nirted by 
comparing the nunibcr of living insects with tho corresponding che-ck. 
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Ji"ror;;, the i~e1:;uJ.ts obi..ai."113d in these t,ests 1 it is rather e-vident. that 

tLHiso .t..li:it.erials gave a i'air to good protection to grains. R U, R 55, 

ll 441, pyx·oi:ione and perthane gava a,1 e::rnallent aeeount as repollents 

w1'1 the ot.!1sro au.ch as malatiuon, met.boxychlor, llndan,2 and d.ipter-e:x 

gav0 quite encour-aglng pe,rfor.mances &s prote.cta.."l.ts,. 

'l'he, mel:.i:od (;,f jute iinpregnation. has ti.::ny advantages ov•.:1r· the other 

raethod.s of controlling stored g;rsin insect. Pil·st., the grain io kept 

fx·ee fl .... o.m i11s,9ct. infastatioo; second, it:. is mo~·e economical; and third, 

th~ nw:ib~ru of nppllcation are low. It is highly useful in eontroUin:g 

inoect peats o! floU!' with which ehemieal:;, cannot safely be ro.ixed. 

Tahle 16 indic.o.tas that iNheat. treated at tirn higoor dosage vtit:h 

C l: C 7744, dipter-to!:Y~,, Do·w E..T ... .1.4,, .t1ie.lathion., and .methmrychlor as 10'$ dust 

and ryani~ a,s 1.00:;,; dt1s\:. h..::i.d :/;;-61-ii of germination as oo.mpared to 507b 

in checl.c. 

Co!'.11 a:.td. ~;,orghum grain treat.ud with C & C 77 44. i1ow 1§£ .... J.4, malathion 

at 1/lOOO showed JS,..4551 g(.jj.rmination cow.pa.rod ,i.Jith .40 .... '4.-?;J{i on the eheeks. 



CHAP-i'E.R VI 

'l'he object. O·i' this i.nvestigatiot1 1,ias to evaluate some non-rwzerd.ous 

grain protect.ants against the insect pests of stored grain. Dust !ormu- · 

la.tion of C &: C 7744, Dow Ef-.14, dipterex., JJ.1D.lathion, methoxychlor, and 

ryania having a vfH'Y low order of Jllru).Jraa.lian toxicity 11 '\'ION ~elected and 

applied directly to gralm; as 10;.; dust~ at trw different levolJ of 

dosages of 1/1000 and 1/10,000, except the ryania lOOt dust which rn:.i.s 

applied at 1/500 a.nd 1/1000.. The insecticid-.'.ll e.ffects of these chettl.ical 

dusts ~ere studied against £our species of .major insect pests of stored 

food products, namely rice weevil, Sitoph.ilu.s or;rza. (L,.), grana:r;,y weevil, 

ftf:toghilus, sranarius (L), confused flour beetles, Tribiolium. cc:mfusum 

(Duv.) and savJtoothed grain beetle, Or,vzacphilus surinamensis (L.). 

These chemicals were studied at three exposure periods o! one da,y, three 

days, and six days in wheat, corn, and grair1 sorghums. 

Repellenoy tests with all the a.hove named dusts and V •. c. rodent 

repellent 40%, Rll 12.5%, and pyronone .10(1;i were carried out at their 

higher dose a.s .mentioned bei'ora.. R ll as 12.5% dust, V .c. rodent 

repellent at 40%, and. pyreno.ne were tried &.t l/1000 and l/500 reBpect

ively against tJ1e ricG 1,,ieevil, eonfus<i:ld flour beetle, and sawtoothed 

grain beetle in wheat grains in an insect tight. ormlooL;.re for different 

e:ir..postire s. 

$01110 nevJ mate:d.als like R 11, H. 55, 11 441-, perthane along with 

dipterex malathion, metho~ychlo:r, pyrenone, and porthane were studied as 
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grain p:;:,o!·,~ctrints bjr ir:1prce;n~~ti.ng them Dn small jute bags at 1% 

dilutionr.;. T:·e p.::·otGctive values of those me .. tcrials '-''-'ere ,-,tudied 

OV(H' tbJ e:xpot:;u.re period~ of om,1 da,v, t:10 m,ek.s, an.J t:·10 months, 

aa;ainst. tb,a rice v·Je.ev:U n.nd the confused flour beetle. 

From the data prcMnt(Jd on the prot.oc:tivc and insecticidHl values 

of different t,re?;.tnsnt,s tried, 1 .. yania e.nc1 R 11 as 12.5% dusL prov.,d 

good rep,,llents. :'.:fa:lcJ.th.lon, C & C 7744, Dov; Eil'-lli.,. 1:1.3t.bo:l';:yc~1lor, 

dipterex at 1/lJOO killed all adults of ull t,he test incects 1~ithin a 

In jute b;,;g impregnation test.::., it vJas rev0.::1lod tb.;t it 11., It 441, 

2J 

R 55,. pertbano and maL".thlon :1.t l;-& concentration gaYo co,11.pbt(:) protection 

to g:ra-1.n a;:;ainst. two of Lho moct prevs.lent and injuriono s_?·3cics of r,he 

test imiects, i.e. rice v,eev.:Us e.nd ccm:tused flour beet.le;;; for hvo 

months. 

In viol1 of the results achiev,3d in the foregoing experiments, it 

is concluded that: 

1. Ryania 1oo;t dust and R 11 as 12,5$i dust hava provod excellent 

repellents against the rice r;eevils, confu.,,ed flour beet.let;, u1d saw

tootbed gr1:;in beet lo, wh m incorporated v;i th the g;rains 2.t. 1/500 and. 

1/1000 respect.ively. 

2. C & C 7744, Dow El'-14, dlpterex, metho:x.ycblor at, 1/1000 

failed to qualif.ir as repellents againt1t any of the test insects .. 

J,. fkla.thion., C & C 7744, dipterex, Dow ET-14 as 1o;;i <lus-t,s at. 

1/1000, and. makthion at l/10.,000 .affected 100;; kill of all the species 

,;ithin a v;eek •. 

4. rAethoxychlor 10;-b dust at 1/1000 killed all the test insects but 

''.r. confusum (85%) within a week. 
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5. R~,·anb. J.OQ), dnst at 1/500 killed ~essentl:iilly ~.11 insects 

6. At the loner kve.l of dosage (l/10.,000 oscopt, ryanb. nt 1/1000), 

all tbe ins:ecticidal dusts killed t\e 881!,toothcd grain beetle. However, 

·with the exception of mid.,i.t.t:ion, theJr did not eliminate the ohher-

specJ.E., s .. 

7'" 'l'b.at the ins0cticidal ef.f:0 ci:.i V(moss o;f ~. ma.torlal did nol vary 

grettly whon used in different grd.ns. 

8. R 11, R 55, h 41;1, perthz.ne, t.nlathion, pyre:none, (lipte::'eY:, 

lindf;na, at1d methoxycblor D.t t{ dilution, ·when ir.1prcgn;:ited it1 jut0 bags., 

gave a good protection to grains <'!.ga.inst tile foU1" fipccics of th: tost 

ini,ects. 

9. None o.f tho te~rt dusts had uny act,.,erse ef.fe ct on gerJTJ.m~ting 

power of ','<heat,- corn, r.rnd grain sorghums. 

In the author 1 D opinion further studies, in the evaluation of the 

to:rlcants group at dlfforent. grain moisture lsvels and at, dif forent 

room. te1nperaturc6m.:i.ght add to the pesticidal values of t,he:se ma\:.,3rials 

for v.::i,ryin:::; environmental conditions~ 
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TABLE I 

RZPELL'.!:l'l"T ND THAL AC IO, OF .U ~ I" , CTICIDAL 
DUSTS .... • INST ICE , EVILS 

o. 
s. o . Tr a.t.m.&nt 

l Pyrono i, pure t. 1 pt . 
i n 500 pts. grains l l 3 l 

2 tJ" nla lJ at l t . in 
500 pts. rai ~ 1 3 l 

,., 
2 ' 

) t ho yenlor 10% dust at 
l pt,.. 1n 1000 s . of r , n 5 10 7 ll 4 14 

4 C C 77 JJ+ 10, dust at l 
pt. in 1000 p • grains 10 ll 7 9 9 

5 Do t-14 10% du ·t at l 
pt. in ·o pts. gr l:!I 10 l2 ll lJ lO s 

6 ipt rex 10 dust t l 
pt. in J._000 • graiM 9 a l 7 11 lO 

7 r lat on 10".l d.u at l 
pt.. in 1000 pt • grains 9 16 9 15 13 

8 
26 31 29 

T - 69° 



~i"Z!:.;,eLJt'~lt !lti,'fr};.tt ll·CTici:~1 :~}F ~l 2:.r.:.}:\j'g;$ l}l~·:Y(::l'ICififa.L. 
1-lt,!.S:cs .fJl.?iliJ~;r 0.)1,FtlSl:!:{ FLt)UF. Ui;iff·tJcl 

.................. ._......,_,._._.. ............... .--................ ~.-------·~ ... ---------------........... .-. ..... _.._...,_ .... _~,~~·~·-·-·--~·~--· .i;IO·• oJr $.{;'C(t,S- ~COUil"._~ i!l 1i\fi'\3-.r~tt t:~~1~t:::ent.!l: 
'I To II 'l'"J@t 

J. i7renoro pin~e at l/t;riJ 2: .... 2 - ... 
Zi,ani.~ .,J.U",C. &t l/1;00 - "l ... -· 2. ... l. 

~t.h0:"f"~ci.1 tor lfl~~ .:it. 1/lfJOO ~ 9 5 3 t~ 1 4- _:#'...,..)JP·· .. -- ~ 

C & C T14l+ 10$. ,Ql}~t~ at. 
1/1000 l 12 l 14 2 10 

i)Qi'f !1£-lli 10$ ~t1 l/1000 '.li .~. ll l l2 , .. 
;; a 

Dlpte:1..-e;:;;::: 1o;t at l./1000 s 6 1 s 4 ' ~)at.td.oEi lJJ$ nt l/1000 e ... , ... ll 1 10 ' Chee.ks { uatra:~~'i.) 
-( avei~tI!l) ... 2l . l.S 19 

·>ti. A l!iii.11.i. • fi,!i I i. -· ......... i.t ' ' lltW!<"lJ$1 Iii! ' i ' !' ' ' I .a .. 



s .. No. 

l 

2 

3 

4 

5 

6 

7 

s 

l/500 

TABLE llI 

REP~Llltr lu\l'D 1E1'HAL AC'fl'.JN Of' 1r.i't.:IOU$ DUSTS 
AGAINSl' SAW£0Cf1'HZD GR.4.IN BELT IE 

No. of Ir.isects found in different, 
'freatmant I '.l'est II Test 

Deo.d Alive Dead AUvei 

PyrenoM pure at l/500 0 0 0 0 

R3R.nia pure rit! 1/500 0 0 0 1 

Methoxychlor 10;1 $.:t 1/1000 $ 5 5 7 

C & C 711..4 10% at,, 1/1000 9 ll 10 

Dow Er-14 10,i at 1/1000 7 6 7 8 

Diptorex lCY" at l/1000 " 2 ll . ,..,., ; 

Uml.a'i:,hion 10% &.t .l./l.000 lh 2 15 '.3 

Check {untroatcd) 
{average) - 24 ..,. 22 

ano. 1/1000 .. l pt. of dust in soo and 1000 pt.a. grai.ns -

33 

·t;re~,.tments 
II! Tost 

Doad Alive 

0 l 

0 l 

6 6 

10 7 

9 6 

8 

14 4 

27 
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TABLE IV 

... LISMT A1ID LE' HAL ACTI , V IOUS OUb"'TS 
I iST t.ICE ,i5vIL A D Cu !r'US 'D FLOUH B. rr 

s . ?fo. Treatment. Rap 

R ll 12.5% 
dust at 1/1000 l ' 0 0 0 

2 2 0 0 0 

3 l 0 l 0 

4 l 0 0 0 

5 l 0 0 0 

v. C • Rodent 
Repell nt. 0 %. l 4 0 3 0 

2 2 0 0 0 

) 2 0 l 0 

4 3, 0 3 0 

5 4 0 2 0 

Ghee.ks 
( unt.XGated) l 19 0 l.6 0 

2 15 0 JS 0 

3 l6 0 17 0 

i71000 a l pt. dust in 1000 pt,s. aina 



TABLE V 

IN"SECTICIDf:.L EFFECTS OF VAR!OOS OOSTS IN ~'.!Ii~.A'l' 
ON DI~RElIT INSEt'TS Arr:ER QIIJg DAY'S EXPOSURE 

Dosage 

l./1000 
l/10000 

1/1000 
1/10000 

1/1000 
1/1.0000 

C & C 7741; 10% 1/1000 
1/10000 

Ryarda (pure) 1/500 
1/lOOO 

l/1000 
l/.10000 

Rica 
Weevil 

77 
63 

'70 
'43 

57 
2; 

57 
33 

47 
21) 

43 
;30 

0 

Granary 
Weevil 

00 
70 

75 
35 

oS 
8 

50 
35 

45 
25 

35 
24 

0 

' T$llf)eratw.-e 'Cao 

Confused 
11.otn' 

Beet.le 

,, 
;o 

55 
24 

35 
9 

55, 
)0 

ltO 
15 

.30 
18 

Q 

$awt.oot,hed 
Grain 

Beetle 

97 
ao 

97 
90 

97 
82 

90 
00 

57 
26 

50 
24 

0 



oraw.a on Don- . 

1 -lathion C1/J 1/1000 
l/l0::>0 

Oo -l4 .l! l/lOOJ 
l/l 00 

lo% 1/l 00 
l/10000 

C C 7744 l/1000 
l/10000 

(p } l/5 
l/1000 

ox.ye. lor 1/lOO 
l/10000 

Che.ck untrec.t d 

T BLE VI 

t lli I Hist,T ON 
YI/ b~ POSOO.., 

rt.alltt Pe:rc 
Confn_aed Sa.wt.ooth d 

F.1.ce anary Flour Grain 
'· evil V l Be ,t.le etle 

100 100 !CO 100 
97 e lOO 

97 95 S5 100 
70 60 30 97 

97 95 95 100 
33 25 25 60 

00 75 100 
60 60 35 10 

Tl 75 65 100 
li5 50 45 40 

77 70 70 100 
16 25 '",1,'. ... / 33 

0 0 0 9 

Uo1 'DJ 
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TABLE VII 

Con:rused S"Wtooth d 
lour Groin 

Yo atlo Do Q B 'Ct.le Beetl 

ttrl.on 1_ l/lOOO l l l . 10 
l/10000 10 1.:0 100 .lOO 

l/ lJO 100 1or l OO 
l/lOJOO 9 85 65 100 

Dipterex l/ 0 lJ -· lOO l 
l/10000 75 7 65 

C & C 7744 J/l).)[. l 100 100 
1/10000 55 60 55 100 

R lli {pure) l/5 9 85 l 
1/1000 70 75 6; 

t h yclllo.r J/l ... lC S5 l! ' 
1/10000 2a 25 JO 53 

Check t ·oatod 5 0 9 

Room 1 71°F .. 



Formulati or;.;s Dosage 

Dow Elr-14 10% l/1000 

C & 0 7744 lO;t 1/1000 

Check 

}trah1.tk1io.r1 10;; 1/J.000 

1/"l .<'-.o· _F' J.V iJ 

C & G 7/44 l~ 1/1000 

TABLE VIII 

VALUb: 017 :'.!AlA'l'HIOtJ., D0l'! lt"T-14, C & C 7744 
DAY'S EXPOSUlll~ AGAirIBl' DIF'.FI,;HEatr :rn'SBC'l'S 

HJ 

Rice 
t::ee.1.ril 

Q(, 

'"" 
;s 

63 

0 

R:i.cG 
lf,:G.uvil 

lCO 

9? 

75 

3 

ttortality Porc::mt::.ge -

G;ranary 
Weev1.1 

90 

65 

'10 

0 

Confused 
Flour 

Beetle 

('j,F' 
l:'.5;::> 

85 

15 

0 

I AGi\Il~ST 

Hort.alit,Y Percentage 

Sa:wt.oothcd 
Grain 

Beetle 

100 

100 

lOD 

9 

Confused Sa:ivt.oothed 
Granary Flour (L~:Iin 
HeGvil Beetle Beet.le 

100 100 100 

9.5 .100 100 

ao 70 100 

0 0 12 



l'ABLE 1t 

~~.~,-----------------·-------- , __ _ 
Form:ulations 

Malathion iat 1/1000 

C & C 7744 l/1000 

fticti 
¥Jasvil 

100 

:we 

100 

Mortilit,y Per-cc11tage 

Grat1ary 
W"'evil 

100 

100 

,100 

Coni"\.tsad 
Flour 

100 

100 

100 

Sa:c.itoot;hod 
Grain 

BeeLle 

100 

100 

10;) 



'ff.I.BIB X.I 

EJ?l>'.ECTS OF lY~\LATHIOt<J, OOW I;.1.' .. 14 AND C & C 7744 
DUSTS IN GRAIN SORGHUMS AGAINST DIFFERENT' INSECTS 

Exposiire Pe d.od 
One Day 

Mortality P,srcentage 

Formulation 
& Dosage 

Malathion 10% 
at 1/1000 

Dow El'-14 10% 
at l/1000 

C & C 7744 10$ 
at 1/1000 

Checks 
{untreat,ed) 

Rice 
1:iieevil 

S5 

52 

52 

0 

Granary 
Weevil 

85 

55 

65 

0 

0 O 
Temperature 69 F ~ and 72 F. 

Ooni'used Sawtoothed 
Flour Grain 

B~~\;_J,e Beetle 

90 100 

60 100 

72 l.00 

0 .3 

Rice 
Weevil 

100 

100 

70 

0 

Moisture content lL,9% 

'J7hrae Days 
Mortality Percentage 

Granary 
Weevil 

100 

95 

65 

0 

Contused 
Flour 

Beetle 

100 

95 

80 

0 

Sav~toothed 
Grain 

Beetle 

J.00 

100 

100 

9 

s 



T BLE Xll 

:tFFOOfS OF MAIA'i'HIOU , DOi ET- 14 At D C & C 7744 ,:, STS AG I JST 
DIF ..:,RE~ I :~Q..._CTS It! GRA. r SORGHU ''"' AT SI . DAY ,-, ,:,.XPOS ~ 

Formulation & Dosago 

alathion 10% at 1/l O 

Dow ET-14 .11)% at 1/1000 

C & C 7/li,4 10% at 1/10 

Checko ( untreated) 

0 Roam Tempera tu.re 70 F. 

ca 
Weevil 

100 

100 

3 

Mortality Percentage 
Confused Sawtoothed 

Granary Flour Gra · 
Weevil B otle Beetle 

100 100 100 

100 95 100 

90 95 100 

0 0 12 

oisture of Grain 11.9% 

41 



TAl{f.B XIII 

EFF.i!:CTS OF VARIOUS CHEfO:CAlS Il4PREGNA'fgD ([N 
JUrE BAGS Q"',J DIFFim:.:i·;.r INSE{.i.'S Af'!'Et; ON:!\: D.4.Y 

Treatment 

No,. Of ;Insoa-1:ts found' in ""each bag a.t't,er 24 hours exposure 
.-J• Ri,;e V.Jeevils Conf'u.sed Flour Beetles 
1:1ead Alive %Repel• %Pro·tee- D-1ad Alive %Repel- %Protee-

______________ 1 __ e-12S_-Y:t 'l}io.n_t • lepc,v t.ion 

l ll J$ .2 0 96 100 l 0 98 100 

a 55 1% 0 3 9$ 95 0 0 100 l.00 

a 44l 1$ 3 0 95 100 3 0 94 lOO 

Pert.nane 1% ) 2 91 96 0 0 lOO 100 

Pyre none 1$ l l 96 98 5 0 90 100 

11.a.J,athion l% 4 J_ 9l 9"' 0 l 0 98 l.00 

Lind.me lt l) a 2 82 96 J l 92 98 

M:et. ho.xychlor 
l% 

lO 4 '14 93 0 3 94 94 

:Pipterex ~ 0 10 ·$2 $" "' 0 5 ·90 90 

Check 0 54 0 50 

4· NUillbere of dead and alive inseo't,s repreaent the total of t.11ree ;repll<'.at-es 
£0:i2 each che.1dca.L. 

I 
'fhe % repellency- was arrived at by comparing the total number oi. the dead 
and .li v.tng insoct.s with tbo numbe2· in the check .. 

t '?he % protect.ion was determined b,y canparing th© nwnhar of the living 
witb tho correspond.i~ chock. 
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-!ii ·---- -4~ 

found .in hours lfo .. of I.i1s0cts Ot1.Ci1 bag aft.or 24 e::-~?oaure 
Hice ~Jee.vi.ts Confused Flour Beetles 

Treatment Dead Alive %Repel- %Protec- Dead Alive <4p l l'l1p to p j;epe · - I'' ro · · c-
~ 

lenc,t. t.ion l~ncy tion 

R ll 11, l 0 98 lOO 0 l 98 98 

R 55 ~ . 0 0 100 100 0 0 100 100 

It 441 1% 0 0 100 100 0 l 9B 98 

·rertha;'le J.%. 2 2 90 95 0 0 lOO 1.00 

Pyr~none 1% 0 0 lOO .lOO l 3 91 93 

Malathion 1% l 0 98 100 ,2 2 91 97 

Lindane 1% /.c. 2 85 98 3 l 91 98 

JJethox;rchl.or l k aa 90 0 3 9J 100 
J:/ .; 

Dipterex 1% a 2 75 95 2 3 89 93 

Check 0 40 0 4r. ;) 



ID'EC1'S OF VAHI.OUS CHEMICJU.S r:;,1Piili.GHATED ON JUTE 
BAGS rn~ INSLC;:r :.C\ll''B,Jl.'A'i'I01~ AFTBR '1' ;!0 Jli)l'!I'HS 

No .. of Insects founcl in er.eh ba.g after r,ry 
{ ,, •. hours a)::pom1r.~ 

ru..ca We~vlls Con.fused Flour Beotlos 
rr reat.roa nt, Dead Alive %He pal- %notec- llead Alive ;J'n 1 pn,epe ... %Pro toe-

.,.lstig,r tion le.nc..z tion 

n ll l% 0 l 97 97 0 l 98 98 

R :55 1% 0 l 97 9? 0 
,., ";6 96 ~ 

R /{l-i,l 11' 'JI l 0 97 lOO 0 2 96 96 

Poz,J;,iia.ne ]$ 0 l 97 97 0 '1 96 96 ,<:, 

Pyre none 1,.% l 2 92 9li. .t 2 93 96 

Malathion J$ l2 J 67 92 9 l 78 98 

Li.::ldan3 4 
,, BJ 94 2 2 91 96 ""' 

Methoxyeh.lor 2 2 89 94 l 5 87 gg 

1% 

Dipterex 1$ 7 J 72 92 3 10 71 78 

Check 0 35 0 45 



TABLE XVl 

Ger.uur-~ation Pere11ut.age 
Dipt- Dow ET .... 

Grain 

Data o! Date 07744 erex; 14 10% 
Treat.- o.:r 10;; at 111,t (bt at 

mant Tc~t 1/1000 1/1000 1/1000 

V<'11aat .De.c. 
20,, 

1956 

.Feb., 
15, 

1957 

arch 
20, 

1957 

Mai·ch 
1957 

Grain Feb., l.tarch 
Sorghum. .lli, l 957 

1957 

57 56 5"' /. 

41 

45 

of .3eoci treated vJith 
llala- t~tno=--.,... Rr<;tTda 
thion yehl0-r pure 
.lfffo at 10% ,rt at 
1/1000 1/lOOO 1/500 

57 57 61 

42 

JB 

45 

50 

42 

40 

'l'h0 corn and sori:-;hwn grains were trca~d with only n10.la.thlon, Do~; hr-14 
and G ?7J.J4 2,nd th~ir g0r;,;tl.nat.ion t'Jas tesl~,:d., 



46 

Fig. 1. Adjllsting the Moisture Contents of Grains . 
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1"ig . 2 . 1 fi.xi g an Ins ct.icide ·ith the Grain on the Standard Ball · 11. 
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i:-. 3. Cultu,.es o Dif1er .. nt 'f e;t I s ct ln tl e ._arin,. 



. , ... , ... 
, . .. .:.I\.. 

~,, : r- ; .. ... ... ~ ~~ .... ~ .. . ,--~-:-,. -.... .. ~ ~ ~ .. ~ ,~-·~' ' . -~ 
---__.-/ 

Fi g . 4. Ar rangement of Repell ency Tests . 

49 





Malathion 
Dow ET-14 

FIGUM VI 

TOT L HCRTALI TY OF T~ST INS_CTS EFF..;;CT,:jD BY 
INS.c":CTICID,\L DUSTS AT HIGEER DCSAG.C.: UVEL 

---------Dipterex _________ _ 

C & C 7744--
Ryania _ 
Methoxyc hlor ____________ _ 

51 



VITA 

.Master of SeiencG 

THESIS: EVALUATION OF SOMf.; NON-HAz.tiRDOUS INSEC1'IC.IDES AND RE:PELIENTS 
FOR TEE COl'J'I'RCJL 01? STOR}~~l Glr).:tn I'.'1580:f P:SS'i\3~ 

Mf-1.JOR FIELD: Entam.ology 

BIOGRAPHICAL: 

Personal Data,: Born ii'l Ku.ltana. (Ir...d:l.a) Janunry ll, 1919. 
The eon of Ch. Lalchand. 

Education: lleceived B. S. (i\~r:tculturc) degree f:rom. Punjab 
Ar;ricultnrgl Colle2c ;1 Lyc.llpu:t• ;;;I Lh :Gnto.11.ology and 
Agriculture as .major subjGci:.s in May 191}2, conplo:ted 
requirements for the Muster of Science degree 1.n May, 
1957. 

Professh1,.'1al Experience: Entered. the Funjah St.,-,,t,c Agriculture 
Depc:.rt,.r.1.ent in 1%.2, serv;::id, in tha Indfon Army for foux~ 
years (1943-191~7), as lJ:i.ceroy' a Co.mm.i.ssioned Officer 
in th3 Arrnx 0:1"diir:?.nce-PrJsl:.-Control Branch. £ntered 
Pun,jah St12.t0 Agriculture Department .in 1949 after 
two years (1947-1948) social service,. and wor.ked ll.p 

t.o 1956 in di:f.farent CS,i)aci1;ics a,~j Plant Protcct.ior.. 
In.sp,2.cto.:r end Ento~..ologictd Res1:1arch f.ssintant. 




