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K. 20p57%

Evaluation of Fumigants for Control of

Insects Attacking Wheat and Corn 1in
Steel Bins'

By H. H. Warnsnex and R. B. Senwrrzausen,? entomologists, Division of Cereal
and Forage Insect Investigativns, Burean of Entvmology wnd Plond Quarantine,
Agricultural Research Administration
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IR
& INTRODUCTION

-

The pgotection of stored grains from insect attack has long been
a scrious®problem. The ever-normal granary program, started some
years afft, provided for the storage of n reserve stock of grain on the
farm to help stabilize prices in years of surplus and to be a safeguard
in years of scarcity. Soon after the Federal Government began to
acquire large quantities of grain under the Agricultural Adjustment
Act of 1038, an investigation was begun to determine the hest methods
of storing and caving for grain in farm-type bins.?

! Bubmikted for publication Muy 18, 19351,

* Resigned June 26, 3945,

*This investigation was conducied, wunder he auspices of Ehe Commodity
Credit Corporatinn, by the Agrienltural Adjustment; Administration, the Bureau
of Plant Imlustry, Solls, and Agriealtural Enginecring, and the Dnresu of Ento-
mology and Plant Quarantine, in cooperation with the State agriealtural experi-
ment stations of Kansus, Yowa, and North Dakota.
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Because fumigation was considered the best means of combating
insect infestation in stored grain, large-scale tests were conductect
with various fumigants known or thought to be of value for this pur-
pose. Owing to the scarcity of the common grain fumigants during
World War 1T, many other materials were tested to discover effec-
tive substitutes. Approximately 660,000 bushels of wheat and 306,060
bushels of shelled corn were fumigated in steel bins to determine the
minimum lethal dosage, the rate of penetration, the vetention of vapors
by the grain, and the eflect on viability of seed and on the milling
and baking qualities of the wheat. The toxicity of the fumigants
to insects was established by laboratery tests. The performance of
promising materials under practical storage conditions is reported
in this bulletin.

MATERIAL AND APPARATUS

The wheat was stoved in calked steel bins (fig. 1) having capacities
of 1,000, 2,740, and 5,000 bushels, at Hutcliinson, Kans., and James-

IPrauke 1.—Steel bing uwed for the {umigation tests.

town, N. Dak. The corn was stored In uncalked steel bins holding
2,000 and 2,740 bushels, in Boone, Hamillon, Menry, Linn, and Stery
Counties, Iowa.

FumicanNTs

Several factors must be considered in the selection of a fumigant
for controlling insects in stored grain. Its vapors must be toxic to
grain-infesting insects of all species and capable of penctrating the
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grain rapidly enough to produce a lethal concentration in all perts of

thebin. If shonid be nonexplosive and nonflammable, and should have

no deleterious effect on the viability of the grain or on its milling

and baking gualities. It should leave no objectionable odor on the
ain,

CAUTION: Chemicals used in grain fumigation are poisonous
to human beings and animals., In handling them, the operator
should take all necessary precautions and follow all directions
given on manufactured products. Care should be taken not to
breathe the vapors or spill the fureigants on the skin or clothing.
A suitable gas mask sheuld always be worn by anyone who is
exposed to the concentrsted vapors of a fumigant.

l\gnetgen Liquid fumigants and various mixtures of them were tested
(table 1).

Tasur 1.—Physical characteristics of liquids used in experimental
Sumigation of stored grain

Sptoisic| Weight
e per
gallon

Boiling

ing|f Range of flamimability in
point [gfavity i

—_
IFumigant air

Paunds Fercent by volume
6 6 31017,

11,7 No information,

10, 1,06 to 504,

13. Nonflammablea,

13. 0.

.22p | 10, Flaminable above 131° T,

L4515 1 11,

L 170 | 18,

L3567 |10

. 883

. 025

. 732

. 336

L 166
. 688

Acrylonigriie

Allyl bromide

Carbon disulfide.. ___._., -
Carbon tetrachloride -
Chioropierin

Diighloroethy! ether. . ...
1,1-Dickloro-l-nitroethane. _
Tthylene dibromide
Bthylene dichloride
1sopropyl formnle ... ___
g-methyiallyl chioride
Mathy! bromide

Melhvlene chioride

Nonflammabie,
6.2 to 15.9.

2.4 {o 8.6,

(1)

13.5 to 14.5.
Nonllammable al labora-
tory teinperatures,
3.4 to L1.5.
Nonflrinmable,
Tlo.
Do.

D S D (00 R
—

b R w e G e 00 b3 DO 63 O

Propylence dichloride a6,
Tetrachloroecthaue 136
Tetrachloroethylene. ... .1 121, . 631
Trichloroasetoniirile 84, 139
Trichloroethane 74. 1 . 323
Triehloroetlyrlenc 88.0 7 L4577

|
! The explosive range of air mixtures lies between 93 and 375 grams por cubie
meter,

el P T ]

OO N -]

o.
Nonflammable at labora-
tory temperatures.

Tesy Insgcrs

The test insects were adults of the red flour beetle (¥'riboltivm casta-
acum  (Hbst.}), the flat grain bectle {(Laemophlocus pusillus
(Schénh.}), the vice weevil {Sitophilus oryza {L.) ), the lesser grain
borer {(fhyzopertha dominice {F.}), the saw-toothed grain beetle

Oryzaephilus surinamensis (L.)), and tho long-headed flour beetle
&Laﬁwziczw nryzae (Waterh.})}. ¥ges of the contused flour beetle
(2ribolium confusum Duv.} were included in some tests.
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Test insects were reared in grain 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.

CacEs For Test INsECTS

Cages of two types were used in exposing the test insects to the
fumigant {fig. 2) : (1) One-ounce gelatin capsules with silk bolting-
cloth ends (4), described by Farrar,' which proved unsatisfactory
under Kansas conditions, becauge they became brittle and were broken
easily in handling; (2) cylinders of 45-mesh brass-wire cloth (B)

Froree 2. —Cares for oxposing [est Insects to Fumipants: o, Gelittin capsule with
&illk bolting-cloth ends; 7, wire-cloth exlinder of 45-mesh brass wire,
L}

closed at one end with wire cloth and at the other with a cork stopper.
A cage of the second type was constructed by forning a rectungular
piece of wire eloth, 214 by 224 inches, into & cylinder by soldering
the longer sides together. A glass test tube was ideal for shaping
the eage and for holding it while it was being soldered, as the solder
didd not adhere to the glass. A small square of wire cloth was then
soldered to one end of the eylinder, and the protruding edges were
rimmed.

From 30 to 70 insects were placed in each cage, with w little grain
for food.

CHECK ProBEs A¥D StRFAcE CacEs

The caged insects were exposed to the fumigants by means of check
probes (fig. 3) composed of dowels 1 iuch iu dinmeter fastened to-

CFanrar, M, 2. snal Lo NSECT cack. Jour, Beon, Bob, 35 T T2
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Frevks o —Construetion delails of choek pribes s, Perforategd meta] sleeyve shose-
Ing mothnd ol attacliment to dewels; b, cage (or exposing fest insecls: e, hottom
slevve Hired with woodén point; 4. lsndle ued for thrasting peobes ity the
zrain,

gether with sheetemetal sleeves (¢ and #3 of the =ame diameter and 9
inches long, so that at ench union a cell was formed in which a eRge
{6} could be placed.  The sleeves were perforated (o admit the fumi-
want.  The bottom sleeve was fitred with a avoaden point to Facilitate
msertion of the probe into the grain.  The dowels were cut so ag o
make the distance between the colls about 3 feet when the sections were
joined. In this manner the probes condd be made np in any desired
number of 3-foot lengths and when thenst vertieally to the boitom
of the bins the test insects in (he eells woere exposed at S-fool inter-
vals {fig. ).

A landle for pushing the check probes o the grain was con-
strieted with iron-pipe nipples and o tee connection (fig. 3. ). Fhis
handle was fitted over the end of each probe as it was being inserfed in
the grain and removed when the probe was properly focated,

The distribution of the fumizant within the rrain mass wwd. to sonwe
extent, its concentreation could he determined by noting the martality
of the test ingects ut the diflerent levels and locations,

Three probes thrust vertically into the grain to the bottom of the
bin gave n_good indication of the efliviency of the fumigant. One
probe was inserted in the eenter and the others 2 o 3 feet from the
watlls on opposite sides of the bin.

Because some fumigants camsed comparatively low mortality of
insects near the surface of the grain, five cages were inserted from 3
to 6 inches beneath the surface—one enge in the center and one in each
of the four eardinal divections—about 3 feot from (he walls of the bin.
An 18-ineh Tength of twine was attached to ench crge. with (he end
remaining above the grain surface (o insure cusy recovery after
Tumigaiion.
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R W

Froune 4.—Check probesg ready to be pliuced in the grain,

As a check on each day’s work, a probe contrining several cages of
insects was placed in an untreated bin of grain to determine the
mortality in the absence of fumigation.

APPARATUS FOR APPLYING Liguin Fumicants To Gramy

Tramigators of two types were designed for use in the fumigation
tests. One was a combined air compressor and fumigant tank (ﬁg. §),
consisting of an air-cooled 14-horsepower gaseline engine connected by
a V-belt to a single-stage 1-cylinder air compressor, and an 18-gallon
upright galvanized-steel tank with a glass gage on ene side calibrated
from 0 to 16 gallons. A gate-valve inlet was fitted to one side of the
tanil near the top and connected to the ajr compressor with copper
tubing. A side connection for attaching air hose and chuck and a
pressure gage were alse provided in this line. The filling opening
134 inches in diameter at the top center of the tank was fitted with a
threaded bushing for a plug bearing a metal handle. A gate valve low
on the side of the tank was provided with a pipe-to-hose connection for
attaching the discharge hose. The air-compressor unit and the fumi-
gant tank were mounted on a steel base with metal carrying handles.

The other fumigator was similar, except that an air-pressure tank
was substituted for the air-compressor unit. This apparvatus pro-
vides the required energy when mechanical or electrical energy is not
availuble. The air-pressure tank can be filled at 2 gasoline station.
The construction details of this fumigator have been described by
Wallkden and Barre.

*WALKDEN, M. H,, and Baneg, H, T, AN AUEPRESSURE TANK FOR THE INEU-
MATIC APPLICATION OF LIQUIN FUMroanNTs, U 8. Bur. Ent. nnd Tlant Quar,
ET--210, 4 pp., llus. 1943, [Processed.]



http:Rurre.fi

FUMIGANTS FOR CNNTROL OF INAECTS ATTACKING WHEAT, CORXY 7

Frevur S—Alr compressor and fumigani tink wsed in applying liquid Tumigants
tn the grain,

L

T

Fuetun G Deview nset] in epnsferring liguid Donfgant from 33-gailon drums
tooa roiznnt Lok by compeesse] air,
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A device was constructed for transferring liquid fumigants from «
55-gallon drum into the fumigant tank b3 means of (‘nmpwﬁsu‘l air
available on both types of fumigntors (fig. 6). Its use protecled the
operators from fuines.

Becunge many of the common grain fumigants wee solvems fov
rubber, natural rubber hose ecannot be usetl 1o deliver the fumignant
from the tank to the grain.  Neoprene hose strong enough to wilh-
stand presgures up to 100 pounds per sguine el was seleeted for
the work.

The nezzles used fo distribute the fumigant over the surlace of the
prnin (g, 7) were fashioned aut of frou prpe and couplings by (laften-

[Pkl 7. -Nozziog peedd o ppplyinge fomdgnnls to the grain,

ing the ends of pipe of different dismicters (o form slots of didterent
}(‘Il'rtll‘-\ and widths, The sizes of the nozzles were varied necording
ta the eapacity of the grain bins and the dosage of the Fumigant.

ASPIRATING  APARYIUS

Larae nombers of insects were handled in malking np the test cages.
Fheir eaging wis expedited by the use of a slplmn -type ‘l'w])ll(l!fll
operafed “witlh compressed air, The aspirafor consisted af a vial,
rubbes seopper. o vight-ungle glass tube of Lg-inch inside dinmeter,
n T-shaped glass connection tube of the sme di: ameter, and o glass
jet (fig. 8. The arm of the tee helding the jer was cnnnv-:lml Swith
Fuhber tubing to the air supply,  When compressed air w us released
through {lw]ot ihe ate pressure in the vial was lowered, eausing aiv to
he drawn into it through the intale tube. The inseets to Tie eollected
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were sifted from infested grain into a shaliow pan and drawn into
the vial through this intake tube. A 55-gallon drum was employed
as a rveservoir for the compressed air, pressure being renewed when
necessury. A drum of this type is not safe for a pressure of more
than 16 pounds pel square inch.

AIR -u-é .

AIR HOSE ~* .-

™ INTAKE

STOPPER

WIRE-CLOTH ~
GOVER

r,

Ficrre S--Constracilon of siphun-type nspirsior for eaging test insects,
METHODS

A fumigation procedure was followed which permitted observations
on the rate of penetration and the retention of the different fumi-
ganls, as determined from the mortality of test insects,  To determine
the natural insect population. smmples were taken with a grain probe
from different levels in the eenter and in excls quadrant of the bin,
\thongh the effect of the fumigant on the natural population was
found to be an excellent index of its elliciency. bins with sullicient
natural insect populations were seldom available, and cheek probes
containing caged insects had to be introduced in all of the experi-
mental worlk.

To determine the effeet of the fumiganls on the viability of the
grain, probe sumples of grain were taken vertically from the top to the
bottom of the bin about halfway between the wall and the center, he-
fure and at different intervals after each fumigntion. Subsamples
werp ent from thent with a Boerner grain divider for the germination
tests.

i TR S IR
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Care was taken to select grain of uniform quality when comparisons
were being made between different dosages of fumigant, Gueain con-
taining more than 12 percent of moisture or over 3 percent of dockage,
or that was caked or moldy or had recently been turned and clenned,
wius found to be unsuitable.

In general, a 72-hour exposure was adequate for comparing the
different fumigants. However, mixturescontaining high percentages
of ethylene dichloride requirved a longer time to effect the maximum
kill. especially when applied at low dosages, and in such cuses the
expesure period was inereased to 6 days.

At the end of the exposure period the probes were removed from
the grain and identified by attaching n snanila tag bearing the bin
numiber and the location of the probe,

FACTORS AFTECTING EFFICIENCY OF FUMICANTS

Some Taetors affecting the efficiency of u famigant are (1) the
manner of application, (2} turning of the grain before fumigation,
(3) the amount of deckage in wheat or of crncked Jernels and lor-
eign material in corn, (+) the moisture content of the gemin, {5) the
femperature of the grain and (6) the tightness of the bins.

MANNER OF APPLICATION

The manner of applying the fumigant to the grain affected 1he
diffusion of the vapors in the prain mass. A mixture of methy]
bromide, carhon tetiachloride, and ethylene diehloride was applied
in four ways: (1) On the center surfnee: (2) on the center surlace
under yeinforeed kraft paper covery (3) onc-fourth of the dosage
n the center of each quadeant; and (4) uniformly on the grain sap-
face. .\ uniform distribution of the Famigant over the entire grain
surface gave the best resulls (table 2).

About 1 gallon of fumigant per 100 square foet wis (he minimam
that wonld give an even distribution of the materinl over the arain

Tanste 2, --Fflect of munner of application on efficiency of @ 1:2.25:6.75
mrture of methyl bromide, carbon tetrachioride, and ethylene dichloride
in killing Insects in grain

) . .
i ddosage 0 Merinlity
{ per 1,080 ¢ of

v bushels : tnseels

Munner of application !

Inocorn (2 {esixy; P Oallons . Pereent
Ow cenlor surfree under paper cover .
Unifermiy on weain s e
On eenter surface
Unifarmiv on grain sorfnee
In whest (1 fesiy:
On center surluen
One-fourth of dosnge fu eenter of onch quadrant
Unifornniy on gprain suefee

By — —

o O )

P Na eover except where indiented.
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surface. Tt was delivered from the nozzle in n coarse, Fan-shaped
stream at n fank pressure of 40 o 60 pounds per square lnch,

Touxmee Grauy Brrowe Fusicaniox

The efliciency of carbon tetrachioride and the 3: 1 mixture of eth-
ylene dichloride and earbou tetrachloride was. "rmlly inerensed in
wheat turned iguuediately before being lumiwlted The mortality of
the insects 1 mgml from 11 to 26 pewcnt ]nlrhm i he turned wheat
than in the undisturbed wheat (table ). Boih Jots conlained less than
1 perveent of dockage, The cost of tirning, however, was much greater
than the saving of Twnigant,

Tanng 3. Hifeet of turning wheat Tmmediately before treaimeni on
effiviency of bwoe fumiganls

Whoent undis-

Wheat turned Lisbsed

Dlosnge ,
L. por Tin
Famigant N {l()() ety : :
O Movial- - Mortal-
ity of Tests ily of
inseets insecly

CCatlens Bushds  Number  Pereend v Namber  Pereent

Cacbon tetraebloride | i R TR . 14y : 87
A

|

3 . ' s :
Eihylene dichloride- 3 F 0U0 95 . ; ?

earbon tetraebloride 9 5
T HE 4 P '

1, 040 . Lil¢]
2 2,710 U3 S S
3 2,740 i 37

Dok w6 i Wik

Thard winter whest seldom eontabis moee than 1 pereent of dockage,
which doees not afledt the doswge of fomigunt regiiived, However, the
efficiency of an ethylene dichloride-carbon tetrachloride mixture was
considerably reduced in wheat containing 3 or more pereent ol dockuge
{tabie -t).

Tanvne 4. Jtleet of dockage in wheat vn efficiency of funugation with
3:1 muhm’ of “ethylene dichioride and  carbon tetrachioride {bin
e aweily 2,750 bushelo

| Mortaity of
; insecis

. C Dustge per | o
Pockagi ig.nu(llll 1,600 Dushe l\ fosts

14

|

i .

; flalfuns 0 Nuwmber Peroent
i I |
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Crackrp Kerners anp ForeioN Material iv Cory

The amount of cracked kernels and foreign materinl—husks, cob
chaff, rodent feces, and dirt—iu shelled corn stored in steel bins affects
the amount of fumigant required. When the bins are filled, this ma-
teriul iz distributed unevenly throughout the grain mass, and the
vapors of fumigants do not penctrate uniformly, The concentration
is lowest in the portion of the grain containing the most of such ma-
terials, and here insect populations are nsually heaviest. Thevefore,
it is important that shelledd corn be put in storage as nearly free as
possible from such matevial.

Mowsture CoNTENT orF GRAIN

As the moisture content of the grain inercases above 12 percent a
proportionally higher dosage is required. No differences were noted
in grain of low-moisture content. Bing containing surface grain hav-
ing a moisture content of 15 to 20 percent could not be fumigated satis-
fuctorily beeause the fumigant failed to penetrate the moist layer.

TEMPERATURE 0F GRAIN

The mean temperature of the grain was caleulated from thermo-
couple readings taken in 20 places in the grain mass before the fumi-
gant was apphied. 'The duta for three fumigants (table 3) showed no
marked differences in the insect mortality in grain temperatures rang-
ing from 36° to 85° F.

Tasry 5.---liffect of temperature of stored wheat on mortality of insects
resulling from treatment with three fumigants

!
] Mortelity of insects fromn treatment with—
Mean temperature of | B .
wheat (°T%) athylene divll]ori(lc-E Caurbon felra- ¢ ('arbon
Tearbon telrachlaride | cliloride, disulfide,
(3, 4 gullons 3 gallons 3 gallons

H
I
1
i
L]

Pereenl Percent ! Pareent
3610 i
A1--45

4650

al-55

30 -G0. .

IG5, . .. ...

GhH—=70. L. .. ... ...

TI=T3.0 o iee e

] | R

81-85 . ..
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TIGHTNESS OF BiNs

The tightness of the bins materially alfects the length of time the
vapors of the fumigants ave retained in lethal concentrations in the
grain. In uncalked steel bins the vapors could be defected seeping
through the lower joints of the bin walls a few minutes after the
fumigant was applied. In ealked bins this did wot occur.

RATE OF PENETRATION OF FUMICANTS

The penetration of the vapors in the grain mass was observed by
putting 11 probes in the center of the bin and removing 1 probe every
hour for the first 8 hours and then 24, 48, and 72 hours after Tumiga-
tion. The numbers of living and dead test inscets were recorded 24
hours after removal of each probe. The mortalities showed that e
vapors reached the bottowm of the 1,000-bushel called bin_within 1
to 2 hours after the fumigant had been applied {table 6). However,
& maxinuwm mortality was not reached until some time later.

TasLw 6.—Penetrution of two Jumigants in wheat stored in 1,000-bushel
eallced steel bins (grain 8 feel deep)

PARBON TETRACHLORIDE, 2 GALLONS

Mortality of inseets 24 hours affer romgval

Txposnre pertod
{honrs)

fowr

Pererad

106

100
160 |

16 feol above !

59
108 |
100 -
100

3 foot above
floor

!J{""('{'H {
q6
108
04

109 |
106
106

|

Al fluor

Perecnd
A0
rg
03
a7

104
100

b
i

Moean

Pereent

ETUVLENE MORLORIBE AND CARBON TETHACHTORIDE (311), 4 GALLONS

.
100
100

100
100

100
106
1900

00 |
100
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RETENTION OF FUMIGANTS

As pointed out by Cotton and coworkers,® the fumigation of grain
1n steel bins is influenced by sorption. Becaunse of the possible effect
of the fumigants on the viability of the grain, the period that they
were retained in the grain after fumigntion was determined. At
weekly intervals after fumigation from one to three check probes
contalning caged insects were placed in the grain and sllowed to
remain for 8 to 6 days. This procedure was continued until the mor-
tality approzimated that of insects in an unfumigated bin. The
retention period of lethal concentrations in wheat stored in calked
steel bins ranged from 2 to 39 weeks, depending upen the frmigant,
the dosage, and the capacity of the bin (table 7. In shelled corn
istored. i uncalked steel bins the retention period ‘vas less than 72
hours,

TaBre 7 —Retention of fumigants in lethal concentrations in stored wheat

pgo??(%g Bin enpae- | Retention

Fumigant ey )
huslicls ity period

Collons Bushels Weeks
i, 006 2-3
2, 740 -5

1, 060 2-3
1, 0G0 3¢
2, 710 3-4
2 740 -5

1, Qa0 4~5
t, 000 16-12

Carbon tetrachloride

LA )

S-methylatiyl chloride-carbon tetrachloride
S

1:4)

Carbon disulfide-carbon tetrachloride 1.4

PR Ol ]

Chlorapicrin-earbon tetrachloride:
1:8.1

bd L2

1,060
1,080

RESULTS OF FUMIGATION TESTS

In Wiear

The results of the fhunigation tests in stoved wheat are given in
table 8, o _

Carben tetrachloride alone and the 4: 1 mixture of it with carbon
disulfide were satisfactory fumiganis al 2 gallons per 1,000 bushels.

"Covron, It. M., Warxoer, . M., and Senwrrzosen, R, B, TR ROLE oF
E0ORPTION IN TIIE FUMTOATION OF STORED GRATN ANDB MTILLED QEHBAL TROLUCYE.
Kang Bnt. See, Your, 17: 98-104. 1944,
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With earbon tetrachloride there is no fire or explosion hazard.

The 8:1 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 namber of tests was adequate at 1.5 gallons per 1,000
bushels.

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

The i:1:18 mixture of acrylonitrile, trichloroacetoniirile, 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 disnlfide is extremely toxic to stored-grain insects,
tllle hazards from explosion and fire are too great to warrant its use
alone.

Dichloroethyl ether, trichlorcethane, tetrachloroethane, and allyl
bromide imparted a persistent objectionable odor to the grain. The
oder of dichlorvoethy] ether was earried over into the bread made from
wheat fumigated with it.?

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. SEELLED CoRN

l’ﬁ'he resilts of fumigation tests made in shelled corn ave shown in
tnble 9.

In the tests with carbon tetrachloride and the 3:1 mixture of
ethvlene dichloride and carbon tetrachioride, 4 gallons per 1,000
bushels were required {o give satisfactory resulits.

The following mixtures gave good results when nsed at 2 gallons
per 1,000 bushels of stored shelled corn:

Cnrbon tetrachloride-methy! brotmide—
Alone (3:1)
Pius earbon disulfide (8 1: 3.4}
Lthylene dichieride (2.25:1:6.75)
Propylene dichioride {(2.25:1:6.70}
Carbon totrnehloride-g-methylaliyl ehloride (5.25:1)
Carbon fetrachloride-aerylonitrile {7: 1 and 4.3: 1)
Carbon tetrachloride-trichioronccionitrile—
Alone {30:1, 15.6:1, and 9: 1}
Pius acryionitrile (27:1:55 and 18:1:1)
Methiylene ehiorvide-methyl bromide (4 1}

"AMiNing and baking tests were made throngh the cooperation of the Dopart-
ment of Milling Industry, Kansas State Coliege.
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TaBLe 8.—Mortallty of insects tn stored wheat treaied with variows

Jumiganis

Fumigant

Dosage
per 1,000
pushels

Mortality
of insects

Carbon disulfide

Carbon tetrachioride_ o oo L

Dichlorocthyl ebher
Ethylene diehlorido oo oo .

Methylene chloride

Pronyiene dichlaride
Tetrachlorosthane
Tetrachioroethylene
Trichloreethane. .. _ . _.._.___.__...

Trichloreethylene

.-’u.rylom trile-trichioreacctonifzile-carbon
tetrachloride:

53:1:27

Alethyl browmide-cerbon letruchioride {129

Callons

Ll b bt D 0

—

=

B e

L]

=R =R e ) L= E- T R T

anlanll - ol

19 5 &1 de 0 9 0T 1 pe G0 ol 1D

Number

-
Ers Rl S S S

BN e €3 TV e B0 e bt e et

—

e BRI

e B o G el ] b B b bt

STt b e 3 ]

Percent
a1
a8

100
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TasLe 8.—Mortality of insects in stored wheat treated with various
' fumigants—Continued

Dosage
Tumigant per 1,000
bushels

Mortality
of tuseels

Chioropicrin-carbon tetrachloride: G“ug“s Nunber | Percent

154 7% OOV
Chiloropierin-clhylene dichloride:
.5

B BD D OO CD = L0 O et

led 3 e
|2 3

Ethylene dibromide-carbon letrachloride:
1:

ot i B 1Y

BT BS N e bR e

b3 b3
- B

1:9 :
Ethylenc dibromide- mcth_}l bromide-carban |

tetrachloride (1:1:18)_ ... __..

Ethvlenc dichloride-carbon tetruchloride
G} PR e s - -

— ) —
O L9 D e G it 1

fithylene dichloride-varbon telrachioride-
cthylene dibromide {14.2:4.8:1y_ __ .. _. ..

Ethylene dichloride-carbon tetrachloride-
methyl bromide {6.8:2.3:1) e

v

Ethyiene dichloride-methyl bromide (3:1) ..

Lol ol S (R I O

Methylene chloside-methyl bromide (!):l),_..'i

S b = ORI RS RO LT = b S 30 e G (D e e

Propylene dichloride-carbon tetrachloride
3: o .

Propylene dichloride-carbon ledrachtoride-
methy! hromide (0.8:2.3:1) -

Propylene dichloride-methy! bromide {8:1)

B0 B0 = B
R ET1 e 25 T e e i

Trichlorneetonitrile-curbon tetenchloride:
YOO, . oo oo
1:156, ... ..
I
7. ..

[V S S ]
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TanLe 9.—WMortality of insects in stored shelled corn treated with
various fmmgants

. Dosage per Morlality
Fumigant 1,000 of
bushels insects

Cullons Number Pereent
. 56

Carbon tetrochloride 73
: 04

Acrylonitrile-carbon Letrachloride:
] '7

Acrylmul.nle trichloroacctonitrile- mrlmn !
lutrachlorlde

b LD

1118

1820 e e L

i

Carbon tetraehloride-methy] bromide (9: 1.

[l B 2= ]

Carbon tetrachloride-earhen disulfide-
methyl romide:
12.3:8.8: e et
bR S VIR ¢
(‘Imropicrin-mrbml reirachioride:
D245 i S U
B A T
1,1- Il)mhloro -l-nitroethnne-carhon tctrmh]o-
ride:

— 3

(3 1
Ethylene dichloride-carbon tetrachlorids- |
methyl bromide (6.75:2.25:0 ). .o (..., ~__;

Lthyiene dichloride-carbon tetrachloride- I
dichloroethyl cther-methy! bromide !}
{7:2.5:2:1).

Methylene ehloride-varban disuifide {51y

Methylene ehloride-isopropy] formate (9: 1} ‘

ORI — e i

(===l L e

Ethylene dichloride-methyl bromide (8:13..

= NS
LOLL D B —

Methylene chloride-methy] bromide (9:])--_!{
Propylene dichloride-curbon tetrachloride
3:1

Propylena dichloride-carbon  teirachloride- j{
methyl bromide (6.75:2.25:1) . ccnvvuena.

Propylene dichloride-methyl bromide (3:1). {
Trichloreacelonitrile-carbon fetrachiloride:

B R
1:186... ... . . e e s
1 I R

(SRl e
el e G b J =

13 B3 by
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More information on 8-methylailyl chloride is given by Richardson
and Walkden.®

RESULTS OF GERMINATION TESTS

The 3:1 ethylene dichloride-carbon tetrachloride mixture contain-
ing 10 percent of methyl bromide at dosages sufficient to kill the test
insects (2 gallons per 1,000 bushels) reduced the viability of wheat
stored at Jamestown, N. Dak. (table 10). Similar effects on viability .
were nofed in wheat stoved at Hutchinson, Kans. Germination in-
jury was also observed with mixtures of chloropicrin or 1,1-dichloro-1-
nitrosthane with carbon tetrachloride. Moreover, their lachryma-
tory effect made them disagreeable for use under conditions impesed
by steel-bin storage. When the effect on viability is not & factor in
grain fumigation, such mixtures may he used. None of the other
compounds tested in this investigation adversely affected the viability
of wheat. Tn some instances fumigation with the 3:1 mixture of
ethylene dichluwride and carbon tetrachloride stimulated germination.

TasLe 10.—FEffect of fumigation with a 3:1 mirtwre of ethylene dichloride
and carbon tetrachloride containing 10 percent of methyl bromade on
the viability of stored wheat, Jamestown, N. Dak. {grain fumigaied
November 1941 and Augusi 1942; dosage 2 gullons per 1,000 bushels)

Viability of stored wheat,

In 1,000-bushel hins  Tn 2,740-bushel binz
Iate of test ) {2 fests) {7 tesls)

Nol
- famignied

{ Panigated

R Net
Puinigated | fumigated

1341 ' Porcent  Percent . Pereeal - Pereent
Aupust. .- .. . ... 42 40 91 43
9.
Februnry ce o eea 63 . 37 32 h)
Apgust_o .. ... . . ... . e 63 85
Novembor., . . - ot - 42 85
1943: ' 1
Februnry. ... ; 88 - 40 86
Muy. oo . C e £ 88 . 2 - 87
August ... . .. . 88 . 23 8l
Tolat ¢change ... o —p3 . -2 —00 —8
A series of 23 bins of shelled eorn were fumigated twice 1 month
apart with the 3:1 mixture of ethylene dichloride and carben tefra-
chloride containing 10 percent of methyl bromide. Germination tests
made before the second fumigation and 1 and 6 months thercafter in-
dicated no adverse effect on the viability of the eorn.
PRremanngox, ¢, 1L, and Warwniy, TI, 1], g-METHYLALLYL CHLORIBE AS A
FUMIGANT FOI INSECTS INFESTING STORED CouN. Jour. Beon, Bull 38: 471477,
1845,
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SUMMARY

Large-seaie tests with 19 fumigants and various mixtures of them
were made to determine their efliciency for the control of insects at-
tacking wheat and corn stored in farm-type steel bins, The test
insects were adunlts of the red flour beetle (Z77dbolium castaneum
{Hbst.}), the flat grain beetle { Laemnophioens pusitius (Schonh.)), the
rice weevil {Sitophilus oryza (L)), the lesser grain borer (Rhyzo-
pertha dominicq (F.1), the saw-toolthed grain beetle (Oryzaephitus
serinemensis (L)), and ihe long-headed flowr beetle (Latheticns
oryzae {Waterh.)). Eggs of the confused flour beetle (7'ridolivm
confusum Duv,) were ineluded in some tests,

Best results were obtained when the fumigant was applied as a
coarse spray uniformly over the surface of the grain, rather than at
one to four restricted loeations on the surface, Wheat treated im-
mediately after being turned veguired less fumigant. than undisturbed
grain, but the cost of furning was mueh greater than the saving in
Tumigant. Wheat containing from 3 to 6 percent of dockage required
more than twice us much fimigant ns wheat with less than 1 percent.
No differences in dosaze requirements were noted in grain of less than
12-percent moisture confent, hut above this percentage proportionately
higher dosages were vequired. Bins containing surface grain having
u moisture content of 15 to 20 pereent could not be fumigated satis-
factorily becanse the fumignnt failed to penetrate the moist layer.

The temperufure of the zeain had no observable etfect on the effi-
¢ieney of fumigntion within the range of temperatures observed.

In penetration tests the lethal concentrations of the vapars of earbon
tetrachiovide and the 3:1 mixture of ethylene diehloride and enrhon
tetrachloride reached the boitom of bins with 8 feet of grain within 1
to 2 hours afier application te the grain surface.

The vapors of the fumiranls were retuined in the wheat in lethal
concenirations for 2 1o 52 weeks, depending on the fumigant, the
dogere, and the t‘:zl'm(-il}' nf the bin, The vapors of the 3:1 mixture
of ethylene dichloride and earhon teteachlovide weve retained langest
in 5.008-bnshel bing at o dosage of 3 gallongper 1,000 hushels.

Although most of fhe fumigants tested were eftective, some had
praperties that made them undesirnble for fumigation ot wheat stored
i steel bins, When used af dosages sullicient to control the infestarion,
mixiures containing methyl bromide, ehltorepierin, or 1,1-dichlory-1-
nitroethane redueed the viability of the wheat. Tichloroethyl cther,
trichlorocthane, tetrachloroethane, and allyl bromide imparted an
objectionable ndov to the wheat and the odor of dichloroethyl ether
was carried over into the flomnr and bread. Where the odor or the ef-
fect on wiability is not a factor in gimin fumigation. such muterisls
gt be used.
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