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'Technical Bulletin No. 104.') Septem ber 1951 

• 

Evaluation of Fumigants for Control of .

Insects Attacking Wheat and Corn In 
Steel Bins 1 

By H. H. WAJ,R'I1EN Bnd R. B. SCHWITZGl~RB[,.2 entomologist.•, Division of Cereal 
nnd .Forage Tnsect Jnvestigo:tion,~, Bureau, 0/ Entomology (Inti Plant Quarantine, 
Agrtcultu.ral Re,~e(!rch Aclmtnistralion 
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C\ bJ) INTRODUCTIONc: 
The 1;Z;otection of stored grains from insect attack has long been 

It s&l'io~pl'oblem. The ever-ll01'mal granary progrltm, started some 
years ago, provided for the storage of a reserve stock of grain OIl the 
farm to help stabilize prices in years of surplus (tnd to be a safeguard 
in years' of scarcity. Soon after the Fedeml Government began to 
acquire large quantities of grain under the Agricultural Adjustment 
Act of Hl38, al) investigation was begun to determble the best methods 
of storing and caring for grain hl farm-type bins.s 

• 1 Submitted for publication :Muy 18, 1951. 

2 Re:;igne<l .Tune 26, 1940, 

• Tllis investigation WflS condllct:('d, under file Husllices ~)f the Commodity 

Credit Corporation, b~T the AgriCllltuntl Ad.lllshllent; Adlllinistration, the EUl'eau 
of Plant Industl'Y, Soils, find Agricl1ltlll'lll Engineer'jng, aud the Bureau of Ento­
mology find Plant Quarmltine, In cooperation with the State agricultural experi­
ment stations of Knnsas, Iowa, and North Dakota. 

0533:;8-51--.1 
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Because fumigation was considered the best means of combating 
insect infestation in stored grain, large-scale tests were conducted 
with various fumigants kno.wn or thought to be of value for this pur­
pose. Owing to the scarcity of the common grain fumigants during • 
W orId ",Var II, many other materials were tested to discover effec­
tive substitutes. Approximately 600,000 bushels of wheat and 300,000 
bushels of shelled corn were fumigated in steel bins to determine the 
minimum lethal dosage, the rate of penetration, the retention of vapors 
by the grain, :md the effect on viability of seed and on the milling 
and baking qualities of the wheat. The toxicity of the fumigants. 
to insects was established by laboratory tests. The performance of 
promising materials under practical storage conditions :is reported 
in this bulletin. 

MATERIAL AND APPARATUS 

The wheat was stored in calked r:teel bins (fig. 1) luwing capacities 
or 1,000, 2,740, and 5,000 bushels, at Hutchinson, Kans., and James­

• 


FIGUIIE 1.-Steel bins used for the fumigation tests. 

town, K. Dnk The corn was stored in ul1calkec1 steel bins holdillg 
2,000 and 2,740 bushels, in Boone, Hamilton, Henry, Linn, and Story 
Counties, Iowa. • 

FUTlIIG.\NTS 

Scyeral factors must be cOllsidered in the sf'lec! iOIl of a. fumigant 
for controlling lllsects in stored grain. Its vapors must be toxic to 
gr:ain-infesting insects of an species and capable of pell(>tmting the 
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FUMIGANTS i'OR CONTROL OF INSECTS ATTACKING WHEAT, CORN 

grain rapidly enough to produce a lethal concentration in all pr.rts of 
the bin. It should be nonexplosive and nonflammable, and should have 
no deleterious effect on the viability of the grain or on its milling 
and baking qu;dities. It should leave no obJectionable odor on the 
grain. 

CAUTION: Chemicals used in grain fumigation are poisonous 
to human beings and R,nimals. In handling them, the operator 
should take all necessary precautions and follow all directions 
given on manufactured products. Care shouhi be taken not to 
breathe the vapors or spHi the fumigants on the skin or clothing. 
A suitable gas mask should always be worn by anyone who is 
exposed to the concentr~\ted vapors of a fumigant. 

Nhleteen liquid fumigants and va:rious mixtures of them were tested 
(table 1). . , 

TABIJE I.-Physical 	characteristics oj liquids used in experimental 
jumiglitionof stored grain 

Boiling' S~cifiC Weight Range of flammability in Fumigant 
point 'grS\;ity g£l~n air 

Acrylonitrile____________ _ 
Allyl bromide ________ • __ _ 
Carbon disulfide________._ 

DC. 
78.0 
71.3 
'16.3 

0.797 
1. 398 
1. 261 

Pounds 
6.6 

11. 7 
10.5 

Percent by volume 
3 to 17. 
No information. 
1.06 to 50+. 

Carbon tetrachloride ____ ~"_
Chloropicrin ____________ _ 

76.8 
112.4 

1. 5!J5 
1.692 

13.3 
13.8 

Nonflammable. 
Do. 

Dichloroethyl ether_______ _ 178.5 1. 221 10.2 Flammable above 1310 F. 
1,I-Dichloro-I-nitroethanc__ 
Ethylene dibromide ______ _ 
Ethylene dichloride. _____ _ 
Isopropyl formate ________ _ 
tl-methylallyl chloride ______ 
Methyl bromide_________ _ 
Methylene chloride ______ _ 

124. 0 
131. 6 
83. 7 
71. 3 
72.0 
4. 6 

40.1 

1. 4]5 
2. 170 
1. 257 
. 883 
.925 

1. 732 
1. 336 

11. 8 
IS. 1 
10.5 

7. ,1 
7.71 

14. <1 
11. 1 

]0. 
Nonflammable. 
6.2 to 15.9. 
2.4 to 8.6 . 
(I) . 
13.5 to V1.5. 
Nonflammable at labora-

Propylene dichloride _____ _ 
Tetrn.chloroethaue ___ • ___ _ 
Tetrachloroethylene______ _ 
Triehloroa-otUl1i Lrilc _____ _ 
Trichloroethane. ________ _ 
'l'richloroetll;rlcnc________ _ 

96. S 
130. 5 
121.2 
85.0 
74.1 
8S.0 

1. 166 0. 7 
1. 5SS 13. 2 
1.631113.6 
1. 439 ]2.0 
1.325 11. 0

11. -177 t 12.2 

tory temperatures. 
3.'1 to 14.5. 
N onIlnmlllable. 

r Do. 
Do. 

; Do.INonflammable nt lnbora­
t tory temperatures. 

1 The explosive mngc of air mixturcs Jies bct\\-cen 93 and 375 grams per cubic 
meter. 

TEST INSECTS 

The test insects were adults of the red flollr b('etle (1'ribolillln C(l.~ta-
ncU'n~ (Hbst», the .f1at grain beetle (LaemopldoC1l8 pusillus 
(SchOnh.)), the ricc wc('yil (8itophilll.~ 01'yza (L.)), the lcsf'cr gL'aiu 
borer (Rhyzoper'tlw, (101nirl,ic(l (F.), the Slfw-toothed grain beetle 
(O?,,!!zaephillts SW'inam,en8i8 (L.», IL1ld the 1011g-headed flour beetle 
(Latlt.ethnts oryzae (Waterh.». E!fgs of the confused flour beetle 
('1'1'iboliurn cOnju81l17L Duv.) were inCluded jn some tests. 
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Test insects were reared in gmin stored in 20-gallon garbage cans. 
The grain in the culture was screened, and only :insects able to walk 
out of the screenings were used. 

CAGES FOR TEST INSECTS •Cages of two types were used in exposing the test insects to the 
fumigant (fig. 2) : (1) One-ounce gelatin cttpsules with silk bolting­
cloth ends (A), descl'ibed by Fal'l'ul';1 wllicll proved unsatisfactory 
under Kansas conditions, because, they becume brittle a,nel were broken 
easily in handling; (2) cylinders of 45-111e5h brass-wire cloth (B) 

• 
FI(Wft~} :,!.-('a;:es for pxposillg tt.'st illscetR to fUmil,(allts: A, Gelatin capsule with 

silk bolting-l"Iolh tmds; B, \\"il'e-elOl:h l'ylillll('r of 4;:i-lllesh brnss wlr(·. 

dosed flt one end with wire ('10th and at: the other 'with it cork stopper. 
A cage or the secolld typt' was ('onstrlleted by for-ming a redangu!jt1" 
piece of wire c10th~ :!]/~ by :2% inehes. into a. eylinc1cl' by solc1t'I'ing 
tIl(' longeL' sides towth(,'l·. A g-Iass test tube was ideal fOl' sh;Lping 
tIl(' rage, and for holding it ,,,hilt' it was lwjng- l:lo\dl'rt'd. as till' solder 
did not adJwl'(' to till' g-Iass. _\. ,:;ma11 ;:;«unr(' of ,,,ire cloth was 01(.'n. 
so1dert'd to one t'n(] of the cylimlN', llIlcl tht' pL'Otl"llding Nlgl's Wt'L'(' 
trimmed. 

From ao toiO Jnserts 'w('re placed in each ragt', with n. littlt' g-r'ain 
for food. 

CHECK PHOB~S AND SL"HFAC~ CAG~S • 

The ('urred ins('cts were expost'd to the fumigants by rneans of ('heck 

probes (fig. :1) ('omposednf dowels 1 iu('h ill diatnt't('L' fastt'IH~(l to­
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FrueHI;: ::"~-('O",;tJ'lI('tiOI1 (I('i11 il;; (Jr ('Ilet'" llJ"ohl'>': II, I!l'rl'ol,'atl'tllllPwI sh'e\'(' show­
lug Ilwt'ltnd III' :ltla(')l1ll('nt 10 tlnw!'I,;; Ii, <'ag!' 1:01' pXposing' II',,' in,,!'l't,;: ('. bottom 
81('1'\'(, lith'll with WlW(it'll point: d, 11:111(111' II"!'!! fur thl'lIsting Pl'olJ(',; into till' 
gntin. 

gl'th('l' ,,-itll ~hp~'t-II'l'lal slpl'\'PS (II alld (.) of till' "alIlC' (liHllwt,(,1' and!) 
.incllPs lOll!!. so tlwt nt (,H('ll unioll a ('pll was fOl'Il1('(l ,in which lL cage 

• 
(b) ('ouldh, pllll'N!. Thp slppY('s \\'('J'P pp,'fol'atc~d to admit tIle f'nn1i­
gnnt. ThC' bottOI1l sll'f'\,(, "'as fiUNI wi III n ,WOO(]PII poi Ilt to faei Iibtte 
hlsf'I'[ion of till' pl'Ohp illto thl:' gl'ain, Tile do\\"("ls \\'PI'(', cut so as to 
Il1nkp Ill(' d isi':1 11('(' bptl\'Pl'1I [lIP ('l,IIS abollt :1 fl'l't ",11('n till' sections were 
joilll'd, In illis 1I1lI1lllPI.' till' p1'olH's l'ol1ld Ill' 1I1adl' l1p in any d(':-lil'pcl 
1l11111l)(>1.' of :3-foot h'lI!!tits. Hlld 1\'11('11 tl1I'l1:.t "('I'lieall\' to the boltom 
of til(' billS the tt'st illspcts ill llj(' ('plb \\,pl'l' (,:xpo:wd' at ;;-1'001 inl(']'­
"als (fig, .~), 

A handle '/'01' plIsllillg (ht' ('Ill'<"i( pl'ob(':. illio till' gl'ain was ('011­

SI,.\1('((>(l with iroll-pipp lIipplps and It tl'l' ('ollnl'etion (fig, !~. iI), This 
handlt, wtts filtl'd 0\'1'1.' tl1l' ('1\(1 of ('aeh Pl'Oill' as it Was Iwillg insPI'{ed in 
thc' gmin and 1.'l'/lIo\'t'd wlIPIl tin' pmb\' was Pl.'o]Jt'r1y loeatN1. 

The (listrihutioll or tIl(' fllllligant withill tilp grain mass and, to SOl1lP 
('xtl'Jlt, its rOIH'entL'lltion could 1)(' d('U'l'lllil1('(l by noting tll(' nHll'Iality 
of Ow, test inspcts at till' dill'('J'('ut 1('v1'1s and Io('n ti OilS. 

1'11I'PP pJ'Obps thl'ust '·Pl'tieltll.,· into till' gl'ain {o 111(' bottom of the 
bin gaye a goodindicldioll of Ih(' I'lIi{'iPIH'Y of th(, fllmigant:. Ono 
proh(' was ills('ltNl in (lIP <'Plltl'I' and 111(' otlH'I.'S ~ I'rl !} i'Pl't frol1l the 
wa]!;.; OJ) oppositt' ;.;idl's of thl' bin, 

• 
Del'lllls(' :,;on1(' fllmigant;.; cllus(>(l ('ol11parntil'l·ly low mOltality of 

ins(>('ts 11('a I.' t11(' Sllrra('!' of tlw grain, fin' l'ng!'s \\'(,I'P insl'ri('d fl'om;3 
to 6 1nrlll'5 bellPalh tIl(' SII1'fa('('--011(, ('ngl' in tlIP ('l'nl('I' and 011P in each 
of thp fOUl' cardinal dit'pctions-ahout3 IN'tf''OIll tll(' walls of the bin, 
,.:\.n IH-iJH'h ll'ngth of twi 11(' was Ilitfte1l('<l to (':tel! eng(', wi tit llw ('nd 
l'emaining aboi'l' tll(' gl'nin ~Il/'fa('(' 10 inslll'l' ('liS), /,('('OYPI'Y [tHor 
fllmigal ion, 
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FIOUllE 4.-Check probes reody to be plncell in the grain. 

As a check on each day's work, a, probe containing several cages of 
insects was placed in an untreated bin of grain to determine the 
mortality in the itbsence of fumigation. • 

ApPARATUS FOR ApPLYING LIQl:IO FUMIGANTS TO GRAIN 

FumiO'ators of two types 'were designed for use in the fumiO'atjon 
tests. One was a combined air compreSSor and fumigant tank (trg. ::;) 1 

consisting of an ttir-coQled ~'2-horsepower gasoline engine COlU1cctcd by 
a V-belt to a single-stage I-cylinder a.ir comprcssor, and an 1S-gallon 
upright galvanized-steel tank with n, u:lass gage on one side calibrated 
from 0 to 16 gallons. A gate-va lye llliet was fitted 1:0 one side of the 
tank Ileal' the top and connected to the ail, compJ'essor with copper 
tubing. A side connection for attaching all' hose and chuck and a 
pressure gage were also provided in this line. The filling opening 
1112 inches in diameter at the top center of the tank was fitted with a 
threaded bushing for a plug bearing a metal hal1(lle. A gate valye low 
on the side of the tank was pl'ovided with a pipe-to-hoso connection for 
attaching the discharge hose. The air-compressor unit and the fumi­
gant tank were mounted on a steel base with metal carl'ying handles. 

The other fumigator was similru:, except that :m air-pressure tank 
was substituted for the air-<:omprpssor unit. This apparatus pro­
vides the required energy 'when mechanical or electrical energy js not 
available. The air-pl'essnre tank can be fined at a gasoline station. • 
The construction details of this fumigator have been described by 
",Talkden and Rurre. fi 

• 'VALKDEN, H. n .. aJl(l BAHltE, H. J, AX .\JIt-I'Il~:R~WltE 'l'.\XK FOil ,'UE I'~Er'­
Jo{ATJO APPLIOATION O~' I.JQlJlO F{;)£IOANTS. U. ~. Bur. Ent. and Plant QUllr. 
ET-210, 4 pp., ll1us. 1943. [Processed.] 

1... 

http:Rurre.fi
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PWl'l:E :;,-..:\i1' ('Oll1(1I'CSR(,r nnd fUlIligant tl1nk 1l~('(1 ill llpplying liquid fumigants 
to tIl(' grn ill. 

• 

• 
FHa'm; 0, tlpri('\' lI!'\.'d in t\'HlI"fl'I'['!ng liquid fllIlLig-anl frolll :;:;-gnllon lil'llll1S 

1011 I'umignllt lIIlIk h,l' (,OIIlIlI'\'S1«-,1 :Iii', 
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.A de\'iee was COl1stl'twted jot' tl'!lnSfclTing liquid fumigallts £L'om a 
55-ga,l10n dtum i.nto the fumigant tank by means of com}w('!';sed ail' 
available on botl,l types of fumigatol't\ (fig, G), lt~ lise Pl'otl'(,led the 
operatm's :I'J'om fumes, 

Bee:tuse mallY of thl' ('Ol)llnOI\ gl'ninrumigllnts (lI'C solYcm~ (Ot' • 
rubber. natUl:al rubbe!' hosl' eallnot 1)(' lll:'Nl {-o (lp1i\'el' tll{' fumigllllt 
from Ore, lank to the grain, Neopl'C'IlP hm;p sh'o]1g (,lIough to with~ 
sta,nd pl'l'S~U\'(~S up \:0 100 pOll \l (h; pel' sCIllal'e inch wag se\('ctt'll for 
f'llC "\YOI'1\:. 

The .11011111(>;; lIsed 1"0 dis('\'ihut(l n1(' fumiga1lt: ()V(lI,' Ill(' ;H1I'1'l!('C' oj' tlll~ 
grain (fig, 7) wel'(, i'ashionl'd out of il'oll pippaml ('onp1inl!::> hy Hatten­

• 

"'ltn'III'; 7. '~~"~~Ips 11".·t1 in :1(lpl,l'illg' flllllig:IIIlS 1.0 Ill(' gl'uill, 

illg t bl' (ll1ds of pip\' of <lifJ't'I'('II[ dinnl(,!PI'S tn 1'01'111 slots of' <liJft'I'pnl 
](,lIgth~ lind widths, 'I'll(> sizt's of t1lt' Ilollzl('~ W{'1'P rlll'il'll lW('OI.'ding 
to 01(' {,lIPH('ity of till' gl'nill billB fllld tll(' dosag(' of til(' flllll.igant', 

ASPII\\TI,(; AI'I',\I\\Tl'S 

J~1I1'1!('I1\11111It'I';-; of illiit't'\ii \\,l'1'<" halltllNl ill nllIkillg lip thl' I('iit (,\lges, 
Th(lil' ('aging \\'IIS ('x]l('ditpd by tilt' IISI' of Il Hiphon-typt' HHpi!'at(II', 
o»(,l':It('(/. wil Ii ('OIlI]JI'('Sl:'p([ ail'. 'rll(, nSpil':lt:OI' ('Ollsist(l(l of a, vial, a 
1'ubl>(II' ~tfJPPl'I'. a I'ight-al\glt' l!llu;s tub(' of 1,;'-il1\'h in:;it1(' <1i:uneter, 
a T-sIHI)(·<J glass ('ollni't,tioll lub(' ot'tlle !lalllP diallwtl'l', and a glllss 
j('[' (fig, R), '1'11(' 1II'IlI of till' tN' holdilll! tht' jp[' was ('01111('('('<1 with 
I'ubb(,)' tubing to t.Iw ail' s\lpply, \VII('I\ t'ompJ'('sBNI ail, was \'{.Il'as('(l • 
(hl'ouglt the j(·t. tllP ail' pll'SSlIn' in tIll' "ial WlIS 1(l\\'('!'l'(l. ('nwiing ail' to 
be (iI'awn into if iltl'ollgh tlll' inUlkl' tulw, Thpimil'ds to 1)(' eollp('(l'(l 
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were siftecl from infested grain into a shallow pan and dmwn into 
the yjal through this intake tube. A 55-gallon drum was employed 

• 


• 


• 


as a reservoir for the compressed air, pre.')slll'e being renewed when 
necessary. A drum of this type is not safe lor a pressure 01 more 
than 10 pounds per square inch. 

:::.:. 
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COVER 


li"lG1:Hg t\.-COIH;tru('Uon of siplh\ll-t~'pe n~Jlil'ntOl' fOl' l'aging test insects. 

l\lETHODS 

A fumigation proc('dl1l'e .ras followed which p('rmittecl obscrvations 
on the l'Hte, of peMtl'ation lmd the retention of the diffel'ent rumi­
g:\ntR, as det(,l'l11inrd from the mortality of teRt insects, To c1riel'mine 
the, natural insect population, Hnmplcs were taken with n, grain p,'obe 
from differcllt l('vch; in tIl(' ('('111('1' :u1(l ill {'aell qlla<11'fll1t of tilt' bin, 
Althongh the ('£fcet of t'he fumigant on thc natural popu1ation was 
-fonnel to bc, an exc('l1('nt imh.·x of itl': ('1Ik-ienC'y. bins with stdlieiellt 
Ilntul'Hl insect populations were seldom avnilable, and c'heC'k probes 
containing ('aged inseets had to b(' introduced in all of the experi.­
mental work, 

To detcrmine tl)(\ ('1I'eet' of the flllUigtlllts 011 the, ylability of the 
grain, probe samples of grain WC1'(' takcn Y(,1'ti011,l1y from the top to the 
bottom of the bin about hitlfwlty bet,w('cn the wall and th(> 0cnter, be­
fore and at diffel'ent; interva1s nft:e!' ('11('h fumigation, Sllbslunples 
were, C'l1t :from tlH'11l with a HOPI'II(,] gl'ain dh'id('I' for the g(,I.'mination 
tests. 
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Care was taken to select grain of IIniiorm quality when comparisons 
were being made between different dosages of fllmigant. Grain con­
taining more than 12 percent of Jl1o.isture or over 3 percent or dockage, 
01' tha.t was caked or ,moldy or had recently been t1lrned and clettJled, 
was rOllnd to be unsmtnble. 

In genera], a -72-holH' exposure -was adequate for comparing the 
different fUll1igalll-s, However, mlxtures'C'ontaining high percentages 
of ethylene di('hloride required a longer time to eired the maximum 
kill. especially when applied at low dosages, anc1in slIC'h (,lIses the 
expoSIl re pel'iotl was i n('reased to G dttys, 

At the. end of theexpostlre pel'ioel 'the probes ",el't' r('IllO\'l'll tl'om 
fltp grain IIlH1 iclt'nt:1fied by attaC'hing It manila tag bearing the bin 
1lIII1Ibel' and Ihe 10C'at:ion of the probe, 

F'ACTOHS AFFECT[l\"C EFF'TCTENCY OF FUMTGANTS 

SOIllt'f'HC'/OI'S affeeting (he (lflieienC'y of. It fumigant IIrc (1) the 
mann(>l' of application. (~) (1ll'Iling of til('. gmill befol'e fllmigation, 
(:3) the amollllt of (lodmge itl wlieat 01' of (,J'at'ke<1 kel'l1('ls alld 1'01'­
(·jgn matel'ial in ('Ol'n, (,1:) the moishll'e (,Ol1t('l1(- of the gmin, (5) the 
t-!lnlpl'ml'tll'(' of tIll' gl'aill, UI1(1 (0) the tightness of tltcl him" 

iHANNIW OF Apl'J.IC,'1'IO:'< 

'!'ltl' manlll'I' of nppl,\'illg fhe fumigant· (-0 fhe gmin nffN'(pcl 1he 
diffusion of' 1he Yapol's in !hr gruin mass, .\ mixture of methyl 
bl'omi(l(', ('urhon tetl'a('hl OI'i dC', and e(-h,\'lpnl' <1i('hlol'i<1e waH nppliN1 
in 1'0111' WHYS: (1) On the ('enter Hlldnep; (2) 011 tlw (,pnlpl' slIl'f'aC'(' 
1111(1('1' l'einf'oreec1 kraft pnpel' co\'(,I'; (:-\) oM-JOUl'lll o-r the dosage 
in the ('('nte]' of eaell qundl'un('; lind (01:) IInif'ol'ml,r on nil' {!I'ain SIII'­
faee, .\ unifol'm distl'iblltion () f' the :film ign nt (n-PI' (Ill' pnti I'e gl't1 ill 
Hlldate ga.ve 111(' best l'l'RuHR (tabk 2). 

About 1 gallon of i'lIlllignnt 1)('1' 100 sqluu'e rep( was tll(' minimulll 
that would givl' an ('\'(111 c1istriblltion of !-1w matel'inl over the gl'ain 

'I'AHI,g 2··'·'Wf('ct q( /lU1/1/If'!' (!( applicatio/l Oil ~tli{'i('n('!1 (d (/ 1:,!,2/;:6',7/j 
mi:rlul'e oJ l/1(lthy' br()l1Ii(h, ('(/rbon tef/'(/('h{m'ide, and (lth!l/(llI(I dil'/t/orir/(I 
in killin{/ i1lS(>Ct8 ill (lNlill 

J)()Sn.~(' l\lorllLlily
l\itullIPr of lLJlpli!'lLtiOIl 1 p('r 1,000 of 

hllflh('ls il1::melfl 

1n ('·O1'1l (2 1('sts): c:III/(JI/ ,~ p('/'('('II/
On ('('nt('I' :-:llrfa('(\ 1111(\('r pn.PN ('(1\"('1' I ,18
l~llifor1nl,\' 011 I!;mill SlIl fll('l' I \10Oil ('l'IlI('r 1'l1l'fu('(\ 2 (;7
lTlliforrnl\' on grain sl1rfn('(' 2 100rII wlwlLt (I t<':<1 J : 
On (,ClIll'l' slIrfn('l' 2 77 
OI1('-follrl II of do,w,w' ill ('('ntor or {'llC'h ((lUldmnt '>' 80-.lTllifonnly Oil ~l'Idn surfa('(' 2 100 

• 

• 

• 




• 


• 


• 
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stll'fltce, It waS dcliYcl'ed fl'om the. lIozzlp ill a. ('oal'se, fUII-slmpefl 
stream at II tallk [lI'eSSIIl'l' of. 40 to (i0 pOllnds P('I' sqllal'eilll'h, 

'fUHNING GHAIN BI~I"OIlJ, Fl-!llIGA'I'ION 

The cfliciency of ('arbon {etJ'aehlm'idt> alld the :1: 1. InixtllL'c O[ cth­
ylc'lH' diehlol'ide llnLll'III'\)OIl t('tm('hIOl'itil' was,crl'l'ntly inel'pnsed ill 
wlwat tUl'Ilcd. i~IIIJediatcIJ.T b(.~fol'c b('.illg. fllllligalcd, Thl'. IlIol'tality of.­
the insec'ts I'all~'d [I,'om It {-() ~(i pen'Pll1 higher in the IUl'lINt wheat 
than in the Ulldii;tlll'upd wl1l'at (table :3), Bodl 10tH c'olltailll'd Il"SH t hllll 
1 PC'I'C'('nt of doekag(l, Thp ('ost of' 1"111'11 ing', 11OWl'\'I'I', was much gt'l'at(ll' 

lhnll the sl\\'illg of fllllligant. 

'L\llT~I'; 3,-IWf('cf (if 	 tUl'llill!) 11'11('(11 illlllleciialdy b~fol'(, II'Ntlmenl on 
l:f1il'i(,IICY Id two .fnmirl(/lIt,~ 

W\I('nl 1IIHli:;-
WlwtlL IUI'II('c\ 1III'llPd 

'J)o~ngp 
BillJll'1'FlIlIligHIlL l'npllt'ity1,000 .\1()I'lal- : '\Iol'tlll ­

hll~h<,l~ 'I'('~t;; ityof it" of 
i 1\:;('('(,; ill;l'l'IH 

(,'(/{/IIIl,~ HI/shrill sl/lItlltT />('/,1'1'1/1 t XlIlI/hl'l' />"1'('(,111 

('al'hon It'!rm'hlol'i(\('_ I , 2,7·10 I 100 I , 87 
2 1,000 I 95 : 3 I 8,\

1-:1 h\"l('nc c1i('hIOl'iC\<,­ a 1,000 I 100 5 I 7·1('arbon t('( I'Iwhloridp 	 ') ­-, ;) 2, 710 2 !lSt:3:l) • ___ 
a 2, 710 	 5 i71 

I)OCI... \G8 t:-.i \\'1I E\'I' 

Ilal'd Will!('I' whl'all'il'ldolil ('olltain:; 11101'(' (ltan 1 Pl'I'('('nl or do('kagl', 
whkh doeH II()( afl'l'l'l f.l\l' (lol'iHgl' {)j' fllllligHll1 1'l.'(lItil't'd, BOlYl'\'l'l'. till' 
I'lIieil'llc'y of lIll (·thylt·nl' <li('hlol'idt'-('a1'lH)11 tvt l'al'ltloj'idp nlixt lin' was 
('{)nHid('rahl~' 1'('<I\I('('d in wheat t'olltainillg ~~ (JI' 11101'(' P(')'('('lIt (If do('kngl' 
(tablp ,1), 

T,\nJ~I'; 4, lWhc/ (11 r/ockaf/I' ill wheat ull ':I/icil'I/l'!I Id .rUlil/fllI/io/l Il'ifh 
8:1 mi:lluI'(, Id flhyl('I/(' t/I('lt./uriile ((/til ('arbol/ /I'I('((I'//Iol'i(/I' (bin 
Nt flllI' ity ;2,7. ~o bll,~h pIg l 

! 
1 )osflg(' pl'l' i I ilrlll'lalit..I' ofDo('kng<' (1)('1'('('111) 1,000 hll~Il('I:; i insC('IIl 

(lall(}t/,~ NUlI/llI;/, !'nt'l'lI/. 
0,2 to O,!) <I IIi \lU 
,\'0 105,3_" -\ I au 
3,2 to 5,5. Ii I 7S 
3,,\ to 5.7 S I I sa

I 
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CRACKED KERNELS AND FOHEIGN MATEHIAL IN COHN 

The amonnt of cracked kernels n11d fOl'eigli matedaI-husks, cob 
chaff;, rodone. feces, and dirt-in shelled corn stored in steel bins 3.fiects 
the l,tlIlOUttt of fumigant required. 'When the bins ar£!. filled, this ma­
terinl is distributed 11ne\'enly tlll'oug11Out the grain mass, and the 
vapors of fumiglL11tfl do not penetrate uniformly, The concentration 
is lowest in the portion of the grain containing the most of: s1lch ma­
terials, and here insect populatIOns are usual1y heaviest Therefore, 
it is 1111pol'hmt thnt shelled corn 1m put in stoL'age as nearly fl'ee as 
possible from such material 

MOISTUHE CONTENT OF GHAIN 

As the moifltUl'e eontcnt of the grain inc1'eases flbove 12 percent It 
proportionally higher dosage is required, No differences were noted 
jn grain of low-n:iOisturl' ('ontent. Bins containing surface gl'llin hav­
ing a moisture content of 15 to 20 percent coulclllot be fumigated satis­
£n,ctor.i1y because the fum ig!ln t fai led to pcneh'ate the moist layer. 

'l'EMPrmATuHE OF GRAIN 

Thc mean iCl1lppl'atm'e of tl1(' gl'a.in was calculated from thermo­
couple readings tnkpn in 20 plnc{'s in thc grain mass befot'c the fumi­
gant was applied, The (lILb. TOI' three fumigants (table 5) showed no 
~lIarked diffeL'ences in the insl'ct mortality in grain tempemtures rang­
mg from 36° to 85° F, 

TABr,]~ 5,··--/Qject oj iernperat'lll'(', of star'cd wheat on "lnol'talit1! 0/ insects 
l'eS1llt~no /I'mY/. trea/m(mi with three j71"lni{lants 

:'Iforl;l1lity of illl'('('ls frolll trcatOlent with~ 

:\[C!\,lI ielllpel'llllll'e o(
whcat (OF,) lEt h ,'I(,lIe dil'hloJ'idc­ CI1I'bon Letl'u- 1 (,arbon 

Il'(\.rtioll tetrachloride chloride, I dis\llfide,I (3:1), -! gallons 3 gullollf; I 3 gulloHs 
! ..... '"~~ ._,•••. "",_~._..~~. l__~_ 

IPl'rCl' III PCr('I!lIt Prl"ccnl 
!In--IO !la I U3 

."" "'"'. 112" ""'5·16-50 03 . '" '" -~ . I 08JOO 1_______ ., •• __ _51-55 
,56-00. on JOO I 100 
HI-05 07 
fi(j-70...... f)·1 --~~~ :====:~:::::=~:IlJ ". ___________ _71--75 .•• , __ _ !)(i J00 " ____________ _7fi·-80 .... __ . _ _ .' 05 _____________1 10081-85 •• _ 08 

_____ •••--.-__~4 

• 


• 


• 


I., 
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TIGHTNESS Ol!~ BINS 

'1'he tightness of the bins materially affects the length or time the 
vapors of the fumigants are retained in lethal concentrations in the 
grain. In uncalked steel bins the vapors could be detected seeping 
through the lower joints of the bin walls a :few minutes idter the 
fumigant was applied. In calkecl bins this did nol; occur, 

RATE OF PENETRATION OF FUMIGANTS 

The peuetmtion of the vapors in th~ gmin mass was observed by 
putting 11 probes in the center of the bi.n andl'emoving 1 probe c\'el'y 
hour for tIle 1irst S hours and then 24, '18, and 72 homs lLiter fumiga­
tion. The numbers of living nnd dead test insects wen: recordccl 24 
hours aIter removal of each probe. The 1l1ortn1ities showed that I'he 
vapors reached the bottom of the I,OOO-bushel crtlked bin withill 1 
to 2 hours IL:Nel' the fumigant had been applied (tn,ble 6). However, 
It maximum mortalit.y was not reachec1until some time litter, 

'PARL1,) G,-Penetl'ation oj 11VoJliml~fl((,nt~ in 'Wheat stored ill 1,OOO-bU8/tel 
callcecl steel bins ({jl'(/m 8 feet deep) 

:\[ol'talit,y of il1s!'t'I:4 2·1 hoW'S aft!'!' 1't'lIloYILI 

EXPOS1U'P lwriod 

(hO\ll'K) 


P('I'l'I'lIi Prl'ceni Percl'lIi1___ _ 
20 2·[ 31 

2_ ,Iii ·10 (H 
3 .. 

4 • 

.100 7,1 \l2 
()3".4 . , (Hj I \Jfj

5 __ 
-I 1.00 \)7 un 

(L~ .. .. ,.. - ,. j 100 j 100 100 
7•. _•• ____ ..• ...... ---i too! 100 100 

I ­_.-._..--_... 
WI'IlYI.I';XI·; IlH'IU_Oltll)l~ ANIl CAItIJON 'l·J';~I'ItACHr.OJt[J)l~ (:I: .1), ., OM.r.ONS 

] " ., - 100 I IG 1.5 5G 
2. 100 ' 34 15 G2
8 .. __ . 100 70 ]0 58 
<I 100 58 55 (il) 
5 ... <-+ = . 100 5G 42 08 
(i_ 100 100 G2 83 
7 ••.. _ . 100 . \)7 (i0 8H 
24. 100 ! Of! \)3 !l8 
48 ... =. 1.00 100 ]00I~OJ___ I 
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RETENTION OF FUMIGANTS 

As pointed out by Cotton and coworkers,G the fumigation of grain 
in steel bins is influenced by sorption. Because of the possible effect 
of the fumigants on the viability of the grain, the period that they 
were retained in the grain after fumigation was determined. At 
weekly jntervals after fumigation from one to three check probes 
containing caged insects were placed in the grain and allowed to 
remain for 3 to 6 days. This procedure was continued until the mor­
tality approximated that of insects in an 	unfumigated bin. The 
retention period of lethal concentrations in wheat stored in calked 
steel bins ranged from 2 to 32 weeks, depending upon the fumigant, 
the dosage, and the capacity of the bin (table 7). In shelled corn 
stored in uncalked steel bins the retention period 'vas less than 72 
hours. 

'LUII,B 7.-Retention ojjumigC£11.ts in lethal concentrations in stol'ed wheat 

Dosage
Fumigallt per 1,000 Bin capac- Retention 

ity periodbushelo 

Gallons Bushels TVeeks 
Carbon tetrachloride______________________ { 	 2 1,000 2-3 


3 2, UO 4.-5

P-methyJallyl chloride-carbon tetrachloride (1:4) ________________________________ _ 

2 I, 000 2-3 
2 1,000 3-4Carbon disulfide-carbon tetrachloride (1:.1) __ { 	 2 3-42,7'10 
3 2,7·10 4-5Chloropicrin-carbon tetrachloride: 1:8.1 ______________________________ _ 
2 1,000 4-5 
2 1, 000 10-121,1-15i:ct!o~·~:l:~ it~'~etl;~~e:('-~rho~; -t~t~~;l~lo: -I' 

ride: 
2 1,000 4.-5 
1.5 I, 000 5-6i~g:i==:::==:===:::====:============1 3 1,000 'J-5 
'J 1,000 6-8
,1 2, 740 12-HiEt~~)~.-:~,,'~O:"~~'~:~ _ro~:~~~~'i'~.- ____/1 (j 2,740 2<1-28 
3 5, 000 24.-32 

~ ----~--~---~--

RESULTS OF FUMIGATION TESTS 

TN ''<'nEAT 

The results of the -fumigation tests in stol'rc1 wheat are giYen in 
table B. 

Carbon tetrachloride nlone and the 4: 1. mixture of it with carbon 
disulfide were satisfactory :fumigants at 2 gallons pel' 1,000 bushels . 

• COTTON, R. ~t:., "\VA1.KflgN, H. H., ana SCIIWl'I'ZOElll~L, R. B. 'I'JII~ ltOLE OF 
SORPTION IN TIm FUMTOA'l'JON OF S'I'OIlED OHAJ.\' ANIl Mn~Llm CEIII~Ar. l'ItOUUC1'S. 

• 


• 


• 

Knns. Ent. Soc..Tolll'. 17: !l&-l03. 1944. 

http:jumigC�11.ts
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With carbon tetrachloride there is no fire or explosion hazard. 

The 3: 1 mixture of ethylene dichloride and carbon tetrachloride 


• 
gave consistently good results at 4 gallons per 1,000 bushels. The 
vapors were retained in the grain longer than were those of the other 
fumigants tested, giving adequate protection from reinfestation for 
several months. 

The 1 : 4 mixture of ,8-methylallyl chloride and carbon tetrachloride 
in a limited nnmber of tests was adequate at 1.5 gallons p~r 1,000 
bushels. 

The 1: 19 mixture of ethylene dibromide and carbon tetrachloride 
was more toxic than carbon tetrachloride alone, partiCUlarly in the 
surface layer of grain. 

The 1: 1 : 18 mixture of acrylonitrile, trichloroacetonitrile, and 
carbon tetrachloride was more toxic than carbon tetrachloride alone. 

Trichloroethylene was slightly less toxic than carbon tetrachloride 
at 3 gallons per 1,000 bushels. 

Although carbon disulfide is extremely toxic to stored-grain insects, 
the hazards from explosion and fire are too great to warrant its use 
alone. 

Dichloroethyl ether, trichloroethane, tetrachloroethane, and allyl 
bromide imparted a persistent objectionable odor to the grain. The 
odor of dichloroethyl ether was carried over into the bread made from 
,wheat fumigated with it.7 

In tests with tetrachloroethylene and methylene chloride control 
was not satisfactory at the dosages used. 

• 
Ethylene dichloride was more toxic than propylene dichloride. 

Neither of these materials can be used alone, however, becanse of their 
flammability. The fire hazard can be sufficiently reduced by using 
1 part of carbon tetrachloride to 3 parts of either of these fumigants. 

IN, SHELLED CORN 

The results of fumigation tests made in shelled corn are shown in 
table 9. 

In the tests with carbon tetrachloride and the 3: 1 mixture of 
ethylene dichloride and carbon tetrachloride, 4 gallons per 1,000 
bushels were required to give satisfnctory results. 

The following mixtures gave good results when used at 2 !!:allons 
per 1,000 bushels of stored shelled corn : 

Carbon tetrachloride-methyl bromide­

Alone (9: 1) 

Plus carbon disulfide (0: 1: 2.5) 


Ethylene dichloride (2.25: 1: 6.7:;) .. 
Propylene dichloride (2.25: 1: 6.75) 

Carbon tetrachloriclc-j3-nH.'thylllllyl chloride (5.25: 1) 
Cnrbon tctrachlol~ide-ncrylonitrilc (7: 1 and 4.3: 1) 
Carbon tetl'achloridc-trichloroacctonitrile-

Alone (10: 1, 15.6: 1, and 0: 1) 
PIllS acrylonitrile (27: 1: 5.3 and 18: 1.: 1) 

• 

lUetlIylene chloride-methyl bromide (0: 1) 


T l\mli1lg nna lIaking t"l'Hf"/:; Wl'l'l' lIIn<1l' thl'ongh t"lIl' CooJll'l'rl I"ioll of the Dp.llnrt­

ment of l\TiIIillg' Imlllstn'. Kam;ns Stllte Colll'gl'. 
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TABLE 8.~Mort(1,?ity oj insects ~'n stored wheat tre(tted 1IJith various 
fumig(@.ts 

Dosage 
FuruigaIJt 	 per 1,000 

bushels 

Gallons 

Carbon disulfide~ _________________ ~ ______ { 	 ~ 

I 

1.5 

Carbon telrachlol'ide_~____________________ ~ 
{ ·l 

5 

Dichloroethyl ether_______________________ 3 

Ethylene dichloride_______________________ <1 

Methylene chloride_____ ~_________________ 32 


{
Propylcnc clichloricle_______ •... _. __ • ___ ____ 4. 

Tetrachloroethane___________ •.,. ___ .______ 3 

Tetrachloroethylene _____ ________ ______ ' 3
« • 

Trichloroethane__________ • ____ .... ____ __ 	 3 

2


Triehloroethylene_ - --- ----- --- --- --- ---.- { 3 

Acryloni trile-carbon tetrachloride:
1:15.6_______ - ______________________ _

1:7________________________________ _ 2 

2
1:4.3_____________________________ . __ 
2 


Acrylon i tri le-tri chloroacclollit:rile-carboll 

tetrachloride: 


5.3:1 :27 ___________________ ' __________ { 2 

1 


1: 1:18_____________ • ________________ { 1.5 

2 


Allyl bromido-carboll tetrachloride:1:27.6______________________________ _ 
1:17.9______________________________ _ 2 

1:13_______________________________ _ 2 

1:1] _______________________________ _ 2 


2 

,B-methylallyl 	chloride-carbon tet,rachloride: 

1 :5-- _______________________________ { 1.5 
1:4________________________________ _ 2 

l~ _____ " __________________________ _ 1.5 


! 
'1.5 

Cllrbon disulfide-carbon tetrachloride: 
1 :1 ___ .. ". __________________________ { 2 

1:2 ________________________________ _ 4. 

~1:3 ________ ______________________ _ 3 

4. 
1.5 
2 


1'4_________________________________ 3 

3. 5 

4. 

5 

6 

1.5Methyl brolllide-cl~rboll tetrachloride (l :!l) __ { 	
2 


Tests 

Number 

2 

2 

2 

1 

3 


16 

11 

1 

1 

1 

4. 
4 

5 

;~ 

5 

5 

3 

4, I 

5 


1 

6 

] 

5 

3 

Ii 

1 

1 

1 

1 


1 

1 

1 

1 

2 


11 

7 

1 

3 

1 

I 

2 

4 


MC!rtality 
of IIlsects 

Percent 
In 
08 


100 

,37 

08 

09 

00 


]00 

100 


flO 
fl4 
6!) 
8'/

75 

66 

74 

77 

1)1 
1)7 

]00 

!l4 


100 


100 

94 


]00 

100 


fl8 
92 

98 


]00 


88 

100 

JOO 

100 


100 

100 


IHI 

100 

100 


fl!) 
!)!) 

100 

100 


!)Il 
100 

100 


!1I 

• 


• 


• 
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TABLE S.-illm·tality of insects in storecl 'Wheat treated with 'Va1ious 
. 	 fumigants-Continued 

Dosage• 
 IIM~rtal:: of I ~lsects

Fumigant 	 per 1,000 Tests 

bushels 

-------------~---------I·--------!--------i----------

Chlo~~r~~t~~~~r~~~l~~t~:~~~~l~~~~~~ _________ { CClllfS 
1 :8.1 ________________________________ {

1
~ 

1:5.7_______ ~ _________________ .. ___ ._. 11' ~5 
.• 1> 
2
1:3.3______ ______ ___ __ __ ___ __ _ _ _ _ _ _ _ _ 1 


Chloropicrin-ethylene dichloride: ______________________________ _
1:5.7 
1:4________________________________ _ 1 


1. 
1,1-Dichloro-l-nitroethane-carbon tetrachlo­

ride:
1 :12.3 ____________ •... ___ .- •....• _____ 1 
 2
1:8.1 _____________________ • ____ . _ __I 


1

1:5.7----~. ---. - - --- ... _.• - _.. -.- - - -- ­ -l{ 

2 


1.5
1:4.3____ '- ... _____ ... __ ...... _ ..•. _ 1

1:3.3______ •• _. __ .. ____ ...... ____ .' 1 


Ethylene dibromide-Cllrbon teb'achloride:
1:19_... ___ ... _____ ~ .. _._ ... _.... _, 2
1:9 _______________________ •. ___ ._! 

2 

Ethylene dibromide-met,hyl bromide-carbon i 


1 

2 

3
• Et;:;~~~::::;:,:;~::.::~,~ .W:;",hl";~" -.•.•11 
-I 

1 


1) 


6 

Ethvlene dichloride-carbon tet.rachloride­

ethylcne dibromide (\4.2:4.8:1) _ . ___ . 2 

;r 1.5

J~thylene dichloride-carbon tetrachloride­
methyl bromide (6.8:2.3:1) - ..• "" ,I! 2. 

2 
5 


2 

Ethvlene dichloride-methyl brolllidt' (\):1) _ -Jr 2. 5
• • 	 I 


I 
l 3 

;vlethylcllt, chloride-mcthyl bromide (\): 1) __ . ;{ 1.5 


2 

4
Propylene dichloride-l'arboll tet rachloridc il 5
(3:1). ___ 

jl 6 

1
Propylcnc dichloride-clLrbon tetrachloride- j I 
 1.5mcthyl bromide (6.8:2.3:1) . -it 2 

1.511
Propylelle dichloric\('-mel.hyl bromide (!l: I) 2 


• 

:t 2. 1) 


Tri(~hloraceloll itrile-l'urboll tctruchloriC\(': 

I:I!L,._ . 2 

1:15.6.. ___ .. 	 2 

1:!l. 	 2 


Nu.mber 
1 

1 

3 

3 

1 

3 

3 

2 


2 

2 


4 

4 

1 

5 

2 

2 


2 

4 


2 

1 

3 

\l 
32 

13 


6 


2 

7 


15 

1 

2 

1 

1 

4 

4 


"4 

1 

1 

5 

Ii 
1 

5 

2 


I 

1 I 


1 


Percent 

87 


100 

97 

74 

89 


100 

88 


100 


70 

88 


92 

95 


100 

99 

U8 
98 


100 

100 


!l6 

35 

84 

76 

96 

96 

98 


n5 
1)0 

!)5 


100 

89 

.''17 
78 

!)(l 

8!l 
87 

!l!) 


100 

70 

70 

!l4 

77 

87 

7!l 


75 

!l4 


100 

1:7 _. _ 	 2 1 100 


I.... 
I 
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TABLE 9.-illol'tality Of insects 'in stored shelled CO1'1/, treated with 
'lJa1io1ls /1t1nigants 

• 
Gallons lVltjnocr Percent 


1 56 

Carbon teLrachloride_~____ --------- -------l{ 	 2 " .~ 75 


2 0'1
Acrylonitrile-carbon Lclrnchloride: 1:7_________________________________ !: 	 " 

1:4.3••. ____________________________ . 2 1 O,~ 


2 	 2 04. 

Acrylonitrile-tri chi oroacetollitrile-~!\rbon I 


telrnchloride: f

5.3: 1. : 27. ______ .' _.. __ • __ .. ___ . ________ ! 	 j1:L:18_____________________________ .! 2 I. 100 


2 1 100 

{j-mc~~13·lal.I:'~' _c~~~~i_dc,~ca~l~~l~ It': ~I~~I~I~~~~::_ .. 1


1:7 ________ - _____________________ I 2 	 88 

1:5.25 _____________________________ ·1, 2 "4 03 

2 3 04 

Carbon tetrachloride-methyl bromide (0: 1) _J{ 1 3 
 06 


2 3 06

Carbon tetrachloride-('Iubon diS\llfide- , 

methyl bromidC':12.3:3.3:1__ . ______ .. _________ • _ ,
0:2.5:1 ________________ · ___________ ·1 2 4 02 


2. 	 -1 !J8
Choropicrin-('urbon tetrachloride: j1:25.3_____________ • ______ . _______ ./ 

2 	 3 100 

3 100 


1, 1-rii~1~~~~:):~it;~~tl~I~1~~:(,~~i)()~;t;l;;~~hi~:-	 1 

ride:1:25.3 ___ ..•• ____ • ___ ._ ______ 0.

1:12.3. ____ .. _____________________ _ 2 3 . O!J 

1 	 3' 06 •I~thylelle dkhJorick'-Cllrbon tctrachloride (3": 1) ___ . _________ •• _________ "' __ • ____ .. 
4 101, 04 


~EthylcllC diehloride-curbon trlrnchloride- ,{ 	 1 p , 09
mcthyl bromide (O.75:2.25:L) .• ____ -- ___ I 2 
 51 100 


O. 64 	 I I 53 

EthylcUt' dichlorid('-methyl bromi(!r 	W:l>--t{ 1 2 63 


2 
I 

3 80 

Ethylene dichloride-t'urboll letrnt'hlorid('- l I , 

I, 
I ,dichloroethyl ether-methyl bromide 1


(7:2.5:2:1} •. _________ • __ .••• ______ .. ___ , 2.•1 
 I 00 
Methylene chloride-(,Ilrboll disulfide (n:l) ... r 	 2 
 4 44 

Methylene t'hloridc-isopropyl formllle (n:l) I 	 2 2 56 


1 	 :3 80
Methylene chloride-methyl bromide (9: L) .. _.!{ 2 I 	 3 90 

Propylene dichloride-carbon tetruchloride' I


(3:1)_. ___ .. _:- _________________________ ! I

4 	 2 87 


Propylene dichloride-carbon tetrnchloride- l{ 	 1 3 78

methyl bromide (6.75:2.25:1J _________ ... 2
T 3 92
I
] 	 3j O,jPropylene dichloride-met11yl bromide (!): I) .!{ i
2 	 31 09
! I
Trichloroueelonitrile-cllrbon tetrachloride: 	 I
1:19 .. ___ . __ ••••• __ 0 ..... ••• I
2 	 !HI 	

- •1:15.1i. __ ..• _ 	 .. _.' 2 j tI 05l:!J .. ___ ... .... ._ .... ... _ ........... __ 2 ., 1 ! 
 100 

) 

..' ­
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More information on ,B-methylallyl chloride is given by Richardson 
and Walkden.8 

RESULTS OF GERMINATION TESTS 

The 3:1 ethylene dichloride-carbon tetrachloride mixture contain­
ing 10 percent of methyl bromide v..t dosages sufficient to kill the ter:,f, 
insects (2 gallons per 1,000 bushels) reduced the ,dability of wheat 
stored at Jamestown, N. Dak. (table 10). Similar effects on viubility . 
were noted in wheat stored at Hutchinson, Kans. Germination in­
jury was also observed with mixtures of chloropicrin or 1,1-c1ichloro-l­
nitroelhane with carbon tetmchloride. MOl'eover, their l:tchryma­
tory effect made them disagreeable for use under conditions imposed 
by steel-bin storage. 'Vl1en the effect on viability is not it factor in 
grain fumigation, such mixtures may be used. None of the other 
compounds tested in this inYestigation adversely affected the viability 
of wheat. In some instances fumigation with the ;3:1 mixture of 
ethylene c1ichh,1ride and carbon tetrachloride sUmulated germination. 

TABLE 10.-Elfect ojju,ln1:gation with a 3:1 mi.l'tu,J'e oj ethylene dichloride 
and em'bon, tetrachloride containing 10 percent oj methyl bromide on 
the t)iabiUty oj stored wheat, Jmnestowll, lV. Dak. (grCbin jumigated 
November 1941 and August 1942; dosage :2 {jallons per 1,000 bu,shels) 

Viability of stored whelll; 

In J,OOO-bushel bins In 2,7-10-bushel bin;: 
Dale of test (2 tests) (7 testsJ 

~ot 
fumignled 

,--.~--
! 

Hl41: Percent Percrnl Percellt 
August. _. 02 91 93 

1042: 
Februllry. _••• ' . 
Allhrllst •• " ~ •. 
~o\'emlwr .. 

1943: 
February•• ' _. 
~l1lY , _ ,, _____ " , 

03 
87 
5,l ' 

I, 
57 \ 
·15 ' 

~7 i 

82 , 
!

88 ; 
88 ; 

82 
03 
42 

40 
2\1 

no 
85 
SS 

SO 
87 

AlIgu"t _0 •• '·· 

Totlll change 
31l 

-53. 
88 

-2 
22 

-GO 
8·1 

-9 
.~ '~~ 

A series of 22 bins of shelled corn were fumigated twice 1 month 
apart with the 3: 1 mixture of ethylene dich10L'ide and carbon tetm­
c1lloride containing 10 percent of methyl bromide. Germination tests 
made before the second fnmi~ation and 1 and Gmonths thereafter in­
dicated 110 ach'erse effect on tne viability of the corn. 

sRrCH.\!tJlSOX, C. n. t and ,,',H.1CJII1:N, IT, n. ft·~II';TlIYr..\J.L:Yl. CHr.OHlm; -'5 .\ 
FU.lIlG,\X'I' Fait lXS~:C'TS rXn;sl'I~W STOltEIJ ('(IIIX. .IOlll'. BC·OIl. ,Bnl. 3S: 4j'1~jjj'. 
1945. 
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SUMMARY 

Large-scnJe tests with 19 fumigants and various mixtures of f:hem 
were made to determine tlwir efficiency for the control ot insects at­
tacking wheat and corn stored ill f:rnn-type steel bins. The test • 
insects~ were adults of the red flour beetle (Tribolium aa,~taM'U!m 
(Hbst,), the flat grain beetle (Lae1nophloeu,</ pwdllu,~ (Sch(inh.)), the 
rice weedl (Sitophil'll8 oryza (L,)), the l('fiSet' grain borer (Rhyzo­
IUll'tlUt d011linir(l (F,J), ill(' saw-too/lINl g-I'nill bel'tle (Ol'yzaepldlu.8 
s!o'inamen,"dN (L.)). and t1w lon~-I1l'ade(1 flollr l)('et1(' (Lrdileficll8 
07'!lzae C'Ynterh.) ). Eggs of the, coni'llsed f10llr heetle ('l'riboli1lt1n
(·o'n!u8utnD\I\r.) w('re il1cludNl in son1(' tests. 

Best results wert' obtained whel1 the fumigant 'was applip<l ns n. 
eonrRe spray uniformly ow'!' the SIlI'fuN' of 01(' gl'ain, rathel' than at 
one f'o foul' l'estl'irtl,(l locatiOl1s on til(' sUI'face. 'Vh('at b'eated jm­
.medillf:ely n'ftet being turned required lNi!>'fumigttnt'. than l111di.stmbed 
gl'uin, bllt the ('o!';t of fuming was muC'h greater IllHn the saving in 
fumigant. "'heat containing from a to () 1)(,I'('(lnt of clo('kagercquired 
mor(' t:11an twi('e as IH\l('h fumigant as w11cat with less tlmn 1 percent. 
No diiTel'(lnees in dosage l'equil'(ll11ents wen' noted in grain of less than 
12-p(lI'(,(,111 1l10iStUI'(> ('ollt:ent. bill' ahon' ('his pl'I'('(lntage proport.ionately 
higher dosages W(ll'l.'l'(lquil't'(l. Bins ('ontaining ::;uda('(' grllin ha.Ying 
a moistm'e ('on(lnt of Hi 1'0 ~O percent ('0\11<1 not he fumignted sntis­
fHeto!'il~' bN'tltlSP tlH' fumigant IailNI to penef'r'al'l-' tl)(1 moist layer. 

The, temperatlll'\;' of tlH.' gl'all1 had no obsen'abl(1 effe('t on th(l effi­
('jPIH'Y of :funrigationwithin the range o:f t'empel'llt:ul'(,s observed, 

In 'penefl'atioll (-(lsts tll(' h'i'lln) con('entrutiol1!,; of tIl(' Yarm's of ('al·bon 
tell'll('h1ol'id(l, and the a:l mixtuTe of ('11n-lene <1i('I1I01'i<1e lind ('arbon 
t(>il'a('hlol'i<ll\ l'(lac11l'c1 th(l boUom of bins '\'if'll 8 {P(lt of g-rain within 1 • 
to:2 hours nJIl'1.' appliclltion to th(' gl'a.in sllrface, 

Tbe \'apOl's ot til(' :tumi,!!a.nts W('I'P l'p!'aiIlP{[ in Ilw \\'Iwnt in lethal 
('oll(,pntl'alions 1'01' 2 10 ~~ wel'\;:s, ([('pending on the fumigant. the 
rlof;Il,!!P, nnd t11(1 eapa('ity or \11(' bin, The Yapo!'::; of tlH' 3:1 Illixtme 
of ('Lhyl('ne di('hlori<ie andc:tl'bon teh'f[('hlol'id(\ w(,t~e t'etilinl'<l longest 
in :1,O()O-bushp] him; at a dosag(l of g ~a 110I1~';~pel' 1,000 bushpls. 

AHhollgh most of nIP fumigant::; iegt('<l '\\:")'P ('ffr('!:ive, f;OI11C IHld 
Pl'op('I'tiell thaI mnde, tlwm IIndcsimhl(' for flllnigatiou of wheat stored 
in ste(,l bins, ,,'Th(,11 used nt dosng('s sullk-ipn! to ('ontrol tll(1 i.ni'esf'at'ion, 
mixtUl'('s('ontninin,!! meth,d bl'omicl(>, ('111 ol'opi ('I'i11 , 01' l,l-diehlol'o-l­
nit I'o('thane. 1'(I(lu(,l'(J tile via biJily of fl1(I Whl'H L Dichloroethyl ('ther, 
tl'i('hlol'oefhall(" t(liTa('hlornethane, and allyl bl'omicl(' irnpal·ted an 
objeC't ionnb11' odor to the w})pnt nm1 tlH' odor of di('hlol'oethyl ether 
was ('al'I'jed 0\'('1' into the flollr lind bl'ead, 'V11el'C the odor 01' the ef­
fl'('t on viability j:-; no! a faetol' in pTuin :fumigation, fillcl) mate)'illls 
1:ll.1l be 11S(>(1. 

Q 5 GOvtR,H4I:Nf PRlIlnHG QfflCe, lut • 
~'or Slll~ Ill' tht' Sup('rllltl'll(INI~ iJ( DOl'llrnrllts, \',11. (lII\'('nJlIlcnL 'Printin!: Olllcl) 

\l'lIshlll~tou 21i. D, C, • !'rlc,,' I(l C,'lItS 
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