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HARI CHARAN AGARWAL ABSTRACT

Experiments were conducted to evaluate the residual
effects of Dowfume-75, Dow Grain Tumigent (R22-2) Mixture),
Dowfume EB-5, Serafume, malathion and DCW-ET-14 against
five common grain rests. The five test insects were:

saw-toothed grain beetle, Oryzaephilus surinamensis (L.);

confused flour beetle, Tribolium confusum (Duv.); granary

weevil, Sitophilus granarius (L.); cadelle, Tenebroides

mauritanicus (L.); and larvae of the Indian meal moth,

Plodia intervunctella (Hbn.).

The fumigation of two bushel samples of wheat and
corn, according to commercial recormeniations, did not
provide any noticeablec residusl effects against the above
insects. In order to durlicate as clocely as possible the
conditions which exist on the surface of large grain bins,
wheat was dipped in the fumigants and the phosphate emul-
sions of malathion and DOW-ET-14.

Vheat dirped in emulsions of malathion 2nd DCW-ET-14
at a concentration of 200 ppm (30 ppmn of actual material
was depocsited on the wheat) provided effective resiiusl
action azsinst saw-toothed grain beetles, granary weevils
and confused flour beetles for seven to ten weeks.
DOW-ET-14 residues were alco effective against Indian meal
moth larvae. Recidues of malathion at ten rpm (1.5 ppm of
actual material was deposited on the wheat) were effective

against saw-toothed ¢rsin bectles and granary weevils for
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HARI CHARAN AGARWAL ABSTRACT

a period of three weeks. DOW-ET-14 residues at the came
concentration were not effective against any of the above
test insects.

Residues on wheat dipped in Serafume ga§e 70 to 120
percent control of saw-toothed grain beetles and granary
weevils for eight and four weeks, respectively. Dowfume
&ZB-5 residues were less effective than the Serafume treat-
ment, while Dowfume-75 and 80-20 Mixture did not show any
significant residual activity.

Fumigation at the normal dosages 4id not reduce the
germination of wheat, corn, barley, oat, rye, and kidney

bean seeds.
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INTRODUCTION

Man has been fighting insects since time immemorial
in one wa& or another. Insects are so numerous and diver-
sified that they are present in almost every type of hab-
itat. BStored grain and stored products are no exception
to this. About ten percent of the world's production of
cereals, pulses and oil seeds are destroyed annually by
various pests, mainly insects. In the United States the
losses from insects to cereal grains and their products
have been variously estimated to be from 200 million to
600 million dollars annually. With the increase in the
amount of stored products we are faced with a serious
problem of saving our grain from insects.

Many studies have been conducted in the past half
century regarding the protection of stored products. At
the present time fumigation is considered one of the most
successful means of combating insect infestations. Methyl
bromide is one of the most recent fumigants to be used
successfully for grain fumigation. Recent problems asso-
ciated with the residues resulting from the application of
methyl bromide and other fumigants have increased the in-
terest in some of the older formulations. The increase in

surface infestations of the Indian meal moth, Flodia in-




terpunctella (Hbn.), in many grain storages has also fo-

cused attention to the residual activity of various fumi-
gants.

The objective of this study was the evaluation of
the residual effectiveness of various formulations of fu-
migants against the following five stored grain pests:

confused flour beetle, Tribolium confusum (Duv.); saw-

toothed grain beetle, Oryzaephilus surinamensis (L.);

granary weevil, Sitorhilus granarius (L.); Indian meal

moth, Plodia interpunctella (Hbn.), and cadelle, Tene-

broides mauritanicus (L.).




LITERATURE REVIEW

OCne of the oldest fumigants known was the fumes of
burning sulfur. It had been used for the fumigation of
houses for thousands of years and was a common practice as
early as the 12th century B. C. Hydrocyanic acid (prussic
acid) was known by Egyptiancs as a poison derived from ex-
tracts of the peach and other plants. The Romane acquired
this knowledge and used the roison for suicidal purposes
(Blyth, 1895). 1ts use as an insect fumigant to kill mu-
seum pests in insect collections was recorded by Bell
(1877). Coquillett (1822) used hydrocyanic acid for con-

trol of the cottony cushion scale, Icerya purchasi Mask.

In 1922 a mixture of liquid hydrocyanic acid ani chloro-
picrin absorbed on diatomaceous earth was developed in
Germany for general fumigation work. It was used by lletzger
(1926) to a limited extent for local fumigation work in
flour mills. The great development of fumigants for in-
secticidal purposes has taken place during the past fifty
years.

The use of carbon disulfide as an insect fumigant
waé discoverel by Garreau (1854) for control of the gran-
ary weevil. His results indicated that carbon disulfide

was the most satisfactory material for control of this



pest. Since about 18D the use of carbon disulfide has
steadily increased, chiefly as a so0il insecticide for the
control of rats, gophers and ants. Chittenden (1£77) rec-
ommended its use in genersl fumigations of stored products
in warehouses. Hinds (1909) and Hinds and Turner (1910)
extended the use of carbon disulfide to the control of in-
sects in stored corn.

The mixture of carbon disulfide vapors and air is a
highly flammable mixture and for this reason it is consid-
ered unsafe for use as a fumigant. In order to reduce the
fire hazard associated with the use of carbon disulfide
many mixtures with non-flammable chemicals such as carbon
tetrachloride have been proposed (Cotton, 1956b). Mix-
tures containing about 15 percent carbon tetrachloride to-
gether with other ingredients are relatively stable and
can be used safely.

Chloropicrin was important in chemical warfare dur-
ing World War I as one of the tear gases known commonly as
"vomiting gas." According to Roark (1934) it was first
prepared by Stenhous in 1848. According to Cotton (1956b)
the insecticidal use of chloropicrin was first proposed in
1907 by Fabricwerke of Austria. Moore (1918) discovered
its value as an efficient insect fumigant. Piutti and
Bernadini (1217) in Italy, and Bertrand,(l919) in France
rublished papers on the effect of chloropicrin on stored

rroduct insects. Chapman and Johnson (1925) reviewed the



history of chloropicrin research and determined some of
the limitations for its use in cereal fumigation. It is
extremely toxic to insects and non-flammable, but is dis-
agreeable to handle because of its lachrymatory and nause-
ating effects. 1Its vapors cling to fumigated commodities
and seriously decrease the germination of seeds when mois-
ture content is high or if used in heavy dosages for long
exrosures (Cotton, 1956D).

Morse (1910) employed carbon tetrachloride for the
first time as a fumigant for control of insect pests in
stored grain and grain products. Chittenden and Popenoe
(1911) tested it as a substitute for carbon disulfide for
fumigating stored grain and published an account of its
effectiveness. Doane (1919) reported the successful use

of carbon tetrachloride for controlling Sitophilus oryza

(L.) and Sitophilus granarius (L.) at the rate of two gal-

lons per 10200 bushels of wheat. It was recognized shortly
after the discovery of its use as a fumigant that carbon
tetrachloride is not as effective as carbon disulfide and
at the present time it is more frequently used in combina-
tion with other chemicals more toxic to insects. These
combinations reduce the fire hazard and aid in the distri-
bution of the fumigant by increasing the volume of the
mixture. |

Neifert et al {(1325) found that ethylene dibromide

mixed with carbon tetrachloride was a promising fumigant



for stored grain. ©Bthylene dichloriie mixed with carbton
tetrachloride was employed in the fumigation of stored
products by Cotton and Roark in 1927. Later, Cotton and
Wagner (1941) recommended a mixture of ethylene dichloride
and carbon tetrachloride (75:25) for the fumigation of
wheat. -Farrar and Flint (1942) extended its use to corn.
Cotton and Roark (1228), in an effort to find an acceptable
substitute for carbon disulfide as a grain fumigant, dis-
covered the insecticidal properties of ethylene oxide.
Cotton and Young (1929) reported that by mixing carbon di-
oxide with ethylene oxide the insecticidal action of
ethylene oxide was increased while the fire hazard was re-
duced.

Methyl bromide is one of the most recent additions
to the list of the fumigants. Le Goupil (1932) used it to
eliminate the fire hazard of ethylene oxide and he discov-
ered it to be even more effective than the compound with
which it was mixed. Vayssiére (1934), de Francolini
(1936) and Lepigre (1936) in France reported on the insec-
ticidal uses of methyl bromide and noted its effectiveness
against grain-infesting insects.

Hicks and Dabney (1897) reported that field corn is
one of the seeds most susceptible to injury by gas tfeat—
ment. In their exvreriments, the germination of corn

treated for 42 hours with a standard atmosphere of gas was



reduced 40 percent. A 24-hour treatment resulted in no
injury.

Hinds in 1209 conducted tests to find the effect of
carbon disulfide on the germination of seed corn. He used
carbon disulfide at the rate of 75 pounds per 1020 cubic
feet. The seeds, soaked with water before exposure of 4D
and 72 hours, were all killed. Others which were soaked
in water and then aired showed an injury of about 27
percent. He concluded that the proportion of water in the
seeds at the time of treatment has much to do with the
posseibility of gas injury.

Moore (1918) reported that small doses of chloro-
picrin, such as one-half pound per 1000 cubic feet of
space, did not injure the germination of certain grain
seeds. Higher concentrations did reduce the germination
when it was attempted before the grain was aired thorough-
ly. He further noted that pure chloropicrin did not
change the color or baking properties of flour.

Willard (1923) working with carbon disulfide found
that, in practice, no aeration of storages was necessary
afper fumigation with carbon disulfide, unless they were
air tight. Bins and similar storages for seeds seldom are
air tight and the carbon disulfide would diffuse out of
the bin. It required large concentrations of carbon di-
sulfide for an extended period of time to have any marked

effect on the germination of seeds used in the expreriment.



8
The injury slowly became zreater as the time anl the rate
increased but was not directly prorortional to either va-
riable. The first effect of the tréatment was to delay
gsermination one or more days later than the check. Wil-
lard also observed that when liquid carbon disulfide was
proured directly on most seeds during fumigation it 4id not
cause serious injury.

Roark and Cotton (19728) durinz their tests of vari-
ous aliphatic chlorides as fumigants for stored grains in-
dicated that these compounds when used at normal dosages
1o not injure the germinating qualities of the grain.

Shepard and Buzicky (1239) founl that ethylene di-
chloride, unlike many other fumigants, produced a delayed
mortality for the first ten days after fumigation.
Richardson and Casangec (1742) working alongz the same line
found that this delayed effect continued beyonl ten days.
In some of their tests 40 to 60 percent of the confused
flour beetles were killed betwe=n the tenth and twentieth
days. There was only slicht increacse in mortality betwecn
the twentieth and fortieth days. The mixture of ethylene
iichloride with carbon tetrachloride was found to have 2
similar latent effect, while carbon tetrachloride alone
1id not produce this delayel mortality.

Cotton (1744) working with methyl bromide and
chloropicrin reported that these materials may cause se-

vere losses in germination of wheat with low moisture con-
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tent. Smith and Staton (1242) pointed out that demage to
the germ of wheat by fumigants may imrair the baking value.
Cotton further noted that with many fumigents sermination
injury increase@ if zrain mecisture is above 12 rercent, if
the concentration is excessive, or the exposure period
prolonged. A three to one mixture of ethylcne dichloriie
and carbon tetrachloride did not retard germination of
grain, regardless of the above factors.

Richardson and Walkden (1945) obtained 100 percent
mortality of rust red flour beetle, saw-toothed grain
beetle and rice weevil with the use of 2) percent P -
methylallyl chloride at the rate of two gallons per 1000
bushels of shelled corn stored in steel bins. The germi-
nation was not reduced in corn and wheat treated as above
and containing 9.1 percent moisture. Injury to germina-
tion increased with the increase in dosage or moisture
content of the grain. They also observed no reduction in
the germination of corn and wheat fumigated with the
ethylene dichloride-carbon tetrachloride mixture (25:75).

Fisher (1245) found that when methyl bromide was
applied at the rate of two pounds per 13000 cubic feet for
a period of 24 hours, there was a retention of 2.6 ppm
(expressed as bromide) in raisins, 1.6 ppm in dried
peaches, 2.8 ppm in dried arricots anl a trace in prunes.
R0lled oats had a residue of 130 prm and raw cashew nut-

meats 1482 ppm, 42 hours after fumiration. Oil-bearing
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foods tend to absorb more of the oil soluble methyl bro-
mide. Farrar and Wright in 1946 found that the use of DDT
at the normal rates had no deleterious effect on the ger-
mination of wheat, barley and oats.

Richardson (1946), while comparing the efficiency
of the carbon tetrachloride-ethylene dichloride mixture on
shelled corn, found that the effective dosages of carbon
tetrachloride (two gallons per 1000 bushels for 24 hours)
did not injure the germination of seed corn even when the
fumigant was poured directly on the corn.

Grayson (194f), while testing the effect of chloro-
picrin on the germination of shelled peanuts at rates up
to ten pounds and for exposures of 24 hours, found that at
a moisture content below ten percent very little reduction
in germination occurred. At moisture contents greater
than 14 percent slight reduction in germination resulted
from a two pound rate and the germination reduced consid-
erably at higher rates.

Glass and Crosier (1949) tested the effects of
acrylonitrile-carbon tetrachloride mixture (50:50) on ger-
mination of bean, beet, cabbage, carrot, corn, cucumber,
lettuce, lima bean, o0at, onion, pea, pumpkin, radish,
squash, tomato and wheat seeds. The fumigant was used at
dosages varying from one to 25 pounds per 1000 cubic feet.
No evidence was found of immediate or delayed deleterious

effect on zermination of any of the seeds.
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Smallman (1749), in an effort to find a fumigant
with long residual action for use in milling machinery,
tested compounds with low vapor pressure. He found that
furigants with low vapor pressure and high toxicity have a
longer residual life. Ethylene dibromide with a vapor
pressure as low as 13.5 mm. of mercury at 25°C. gave 100
percent mortality for 20 days.

Gerhardt, Lindgren and Sinclair (1351) pointed out
that when whole walnuts stored in sealed, double-walled
cellophane bags were vacuum-fumigated with two pounds of
methyl bromide per 1207 cubic feet, the methyl bromide
persisted over a period of one hour to 21 days within the
bags and the nuts absorbed 0.41 to 4.84 mg. bromide per
100 gms.

Walkden and Schwitzgebel (13951) noted that carbon
tetrachloride, when applied to 1000 bushels of wheat in a
steel bin at the rate of two gallons per 1000 bushels, was
retained in lethal concentrations from two to three weeks.
An increased rate of application extended the time of re-
tention of the fumigant in lethal concentrations. The mix-
ture of carbon disulfide-carbon tetrachloride (1:4), when
applied to 1000 bushels of wheat at the rate of two gallons
per 1000 bushels, was retained in lethal concentrations
for two to four weeks. Increased rate also prolonged the
time of its retention on the wheat. A mixture of ethylene

dichloride and carbon tetrachloride (3:1) was retained in
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lethal concentrations for four to five weeks when three
gallons of this formulation was applied to 1000 bushels of
wheat. It was retained for 24 to 22 weeks when 5000 bush-
els of wheat were treated at the same rate.

Lindgren, Krohne and Vincent (1954) observed that
rice weevils, granary weevile and lescer grain borers,
when exposed to malathion-treated grain, were killed at
dosages as low as two ppm. After storage for three months
the kill of these insects was relatively high, especially
when the malathion was applied to the grain as a dust,
Concentrations of eizght and 16 ppm were still effective
six to seven months after aprlication. The insects ovi-
posited normally prior to their death in the treated
wheat. In cases where 100 percent mortality occurred
there was no evidence of breeding four months after treat-
ment. The same workers also reported that the tests under
progress indicate that the residual effectiveness of the
malathion treatment may be affected by the moisture con-
tent of the grain.

Berck (1956) recently pointed out that fumigant
containing ethylene dibromide and carbon tetrachloride
showed greater insecticidal effectiveness than a fumigant
containing ethylene dibromide and methyl bromide. He ex-
rlained this phenomenon by the improved downward distribu-
tion and persistence of ethylene dibromiie when carbon

tetrachloride is present. When ethylene dibromide sand
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methyl bromide mixture waes aprlied to wheat, bromide resi-

dues were found on the fumigated wheat.



FROCEDURE

Field run samples of corn and wheat were place in
fiber drums. Ten drums contained two bushel samples of
~corn and ten adiitional drums were used for two bushels of
wheat. The fiber drums had a diameter of 20 inches and a
height of 31 inches. The drums were filled to a depth of
12 and 14 inches with two bushels of corn and wheat, re-
spectively. The exposed surface area of the grain was
314.2 square inches. Ten drums, five of corn and five of
wheat, were kept in a storage room in the Natural Science
building. The remaining ten drums were placed in a
screened insectary where they were exposed to cutside tem-
peratures but protected from rain. During storage, drums
in the Natural Science building were covered with a metal
cover and those at the insectary remained open. The con-
ditions of storage in the drums in the Natural Science
building were very similar to those in tightly closed
grain storage. The grain at the insectary was exposed to
conditions representative of those in open farm storage.
Small cares, 2.5 inches long and 0.75-inch in di-
ameter, wevre filled with 150 insects. Tach cage contained

57 saw-toothed grain beetles, Oryzaephilus surinamensis

(L.); 50 confused flour beetles, Tribolium confusum (Duv.)
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and 5) granary weevils, Sitophilus gzranarius (I..). Larger

screen cares, 4 inches 1én; and 2.75 inch in diameter,
were filled with wheat flour containing egzs, larvae and
puras of the confused flour beetle. <The cazes were then
fastened torsether in pairs with rubber bande. Hach rair
consisted of one small and one larze cage. In each drum
two such pairs of cages were incerted in the crsin in an
upright rosition, one peir at the bottom anl the other
pair near the surface. A small cheese-cloth sack contain-
ing more than 120 seeds each of wheat, corn, rye, barley,
oatg anid kidney beans was placed 3t the bottom of each
drum.

The drums were fumigated on July 7, 17956. The fumi-
gant was evenly distributed over the surface of the grain
by means of a small sprinkler consisting of a rubber ball
of 30 cubic centimeter capacity, attached to a narrow glass
tube which tapered to a fine opening. The fumigants used
were all commercially rrepared materials. They were:
Dowfume-75, consistinz of 70.2 percent ethylene dichloride
and 29.2 percent carbon tetrachloriie; Dow Grain Fumigant
(82-20 Mixture), consisting of £3.5 percent carbon tetra-
chloride anl 16.5 percent carbon bisulfide; Dowfume EB-5,
consisting of 7.2 percent ethylene dibromide, 27.2 percent
ethylene dichlorile and 63.6 rercent carbon tetrachloride;
and Serafume, consistinsg of 3.5 percent ethylene dibromide,

13.2 percent carbon disnlfide, 10.0 percent ethylene di-
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chloride and 76.5 rercent carbon tetrachloride. Slightly
more than the recormended dosaces weres used, because of
the small amount of the grain fumigated.

Four drums, two at the Natural Scjence buildinsg and
two at the insectary, were fumimated with each material. |
One drum of corn anl one of wheat were treated at each lo-
cation. The remaining drums were left untreated as checks.

All drums were covered immediately after fumigation
and opened after 24 hours for aeration of the grain, and
all of the cages were removed. Thirty-six hours after fu-
migation the drums stored at the Natural GScience building
were covered. The small cages were transferred to a con-
stant temperature and humidity rearing room maintained at
80° F. and 50 percent humidity. Each large cage contain-
ing infested wheat flour was emptied into a one-half pint,
wide mouth glass Jar and covered with white muslin. These
samples were placed in the rearing room for future obser-
vations. The mortality of the insects in the small cages
was determined after 72 hours. Twenty-four hours after
renoving the first ceries of caves a second series was
rlaced in the grain. These cages were taken out after 48
hours and the same process as above was followed.

Forty-eight hours after fumigation approXimately
one-half pint of grain was taken from both the surface and
the bottom of the zrain in each drum. Two samples of 50

zms. each were taken from the surface, and one from the
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bottom of the zrain in each drum, and placed in one-half
pint, wide mouth glass jars and covered with muslin, Ten

Indian meal moth larvae, Flodia interpunctella (Hbn.),

about one-half inch long, were prlaced in one of the sur-
face gamples, andl in the second as well as the bottom
sample 50 adults each of confused flour beetle, saw-
toothed grain beetle and granary weevil. Ten adult ca-

delle, Tenebroides mauritanicus (L.), were placed in 50-

gram samples of the fumigated and unfumigated wheat stored
at the Natural Science building. The jars containing
these samples were placed in the rearing room. After one
week the number of dead incsects anil the number of Indian
meal moth adults thet had emerged was recoried. The num-
ber of adult confused flour beetles emerging in the flour
was noted. The samplinz prrocedure as outlined above was
continued for four weeks. Nortality counts and observa-
tions were continued until the second seneration adults
appeared.

A second series of experiments was established by
actually dipping samples of wheat into the fumigant. Ap-
rroximately five pounds of wheat was dipped in a fumigant
for one minute, after which it was spread on a sheet of
Paper to dry. The materials used were Dowfume-75, Dow
Grain Funmigant (20-20 Mixture), Dowfume EB-5, Serafume,
DOW-iT-14 (four pounds DOW-ET-14 per gallon), and Malathion

(premium grade, five pounds per gallon). Malathion and
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DOW-:5T-14 were used at the concentrations of ten and 220
ppm. Since about 256 cubic centimeters of the emulsion
were retained by the grain, calculation shows there was
apyproximately 1.5 prm (10 ppm) and 30 ppm (200 ppm) of ac-
tual malathion and of DCW-ET-14 deposited on the wheat.

The dipped grain was allowed to dry for 12 hours and
" then divided into two lots of 2.5 pounds each. Each lot
was placed in a wide mouth gallon jar. This resulted in
12 jars, eicht containing grain dipped in fumigants, eight
with grain dipred in DOW¥-ET-14 and malathion emulsions,
and two containing untreated wheat. Nine jars were stored
in the Natural Science building and the other nine were
kept at the insectary as in the previous case. The jars
in the Natural Science building were covered and those at
the insectary remained open.

Two samples of 50 grams each were removed from each
Jar weekly. Ten Indian meal moth larvae were introduced
in one sample. In the other sample 5) adults each of saw-
toothed grain beetle, confused flour beetle and granary
Weevil were introduced. These cultures were maintained in
the rearing room at the temperature and humidity as above.
The pumber of deai insects and the number of the Indian
Teal moth that had emerged were recorded each week. This
sampling procelure was continued for eischt weeks.

Seed germination tests were ccnducted before and

8fter the fumigation. Before fumigation 230 seeds each of
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wheat, corn, rye, barley, oat, anil kiiney bean were test-
ed by the upright paper towel method. The number of seeds
germinated after six days was recorded. The sacks contain-
ing the seeds for germination studies were removed from
the drums five weeks after fumigation. Germination stuidies

of these seeds were conilducted as above.



FRESENTATICN CI DATA

The exposure of confucsed flour beetle, saw-toothed
grain beetle ani granary weevil adults to the normal los-
ases of Dowfume-75, ©0-20 Mixture, Dowfume EB-5 and Sera-
fume normal fumigstion procedure for twenty-four hours in
wheat and corn resulted in the mortality shown in Table 1.
The mortalit+ of the three species of incects approached
109D percent. 1In the cacse of Dowfume-75 all of the insects
were killed both at the bottom and near the surface of the
rain except in one drum of wheat located at the insectary.
In this drum 3/ percent of the granary weevils were killed
in the cage near the surface of the wheat. In the same
wheat 94 percent of the confused flour bectles anl ten
Percent of the granary weevils were killed in the cage at
the bottom of the drum.

¥ith the exceptfon of one drum of wheat fumisated
wWith Serafume, 100 percent mortslity of the insects lo-
Cated both at the bottom anl near the surface of the grain
Wa s obtained by fumization with £)-20 Mixture, Dowfume
“B~5 and Cerafume. In one drum of wheat treatedl with
Serafume anl located at the incectavy, 20 rorcent of the
SC&nary weevile wore kill=1 in the bottom caze. In the

Ch scks the mortality was low, th> hivhect h2ing in the
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TABLE 1

FERCENT ORTALITY CF INSECTS EXIOSED TC FULIIGATICON
FOR 24 HOURS IN GRAIN STOR&D IN WIBSZX DRUMS

— —
— —

II
|

Fercent of dead incects

Focsition
. P Type of of insect Oryzae- Tri-
Material Grain storage cage philus bolium Sitorhilus
in grain surina- con- granarius
mencis fusum

Dowfume Nheat Closed Surface 100 10D 100

EB=5 " " Bottom 100 109 122

Corn " Surface 1990 120 192

" " Rottom 10D 120 100

Yheat Cpen Surface 100 120 100

" " Bottom 1200 10D 100

Corn " Surface 100 100 100

" " Bottom 100 120 1200

Cerafume ‘Vheat Closed Surface 100 - 100 120

" " Bottor 1230 120 10D

Corn " Surface 100 120 120

" " 3ottom 100 100 109

¥heat Open Sur:ace 100 10D 100

" " Bottonm 100 100 98

Corn " Surface 100 100 100

" " Bottom 100 100 100

80-20 Wheat Closed Surface 100 100 100

Mixture " " Bottom 100 100 100

Corn " Surface 100 100 100

" " Bottom 100 100 100

WVheat Open Surface 100 100 100

" " Bottom 100 100 100

Corn " Surface 100 100 100

== " " Bottom 100 100 100

ggf“me‘ Wheat Closed  Surface 100 100 100

" " Bottom 100 100 100

Corn " Surface 109 100 100

" " Bottom 10D 100 98

N¥heat Open Surface 100 100 34

" " Bottom o4 120 10

Corn " Surface 100 100 100

— " " Bottom 100 100 109

Check Wheat Closed Surface 0 0 4

" " Bottom ) 0 20

Corn " Surface 2 2 8

" " Bottom o) 2 2

Wwheat Open Surface 0 o) 16

" " Bottom © 0 6

Corn " Surface 10 D 18

" " Bottom 8 2 20
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case of the granary weevils, where 2J percent of the in-
sects were dead. llortzlity was zero to ten percent in the
case of the saw-toothed zrain beetles, zero to two percent
with the confused flour bectles anl two to 20 percent in
the case of granary weevils.

The second set of insects was exrosed to the fumi-
rated wheat ani corn, 4° hours after fumigation, for a
period of 42 hours to obtain data on resilues from normal
fumigation. The data in Table 2 indicates that the high-
est kill was obtained with Dowfume ZB-5. 1In the covzared
drums the mortality of saw-toothed zrain beztles (Table 2)
placed on fumigated grain 42 hours after aeration varied
from 60 to 94 percent, granary weevils from 48 to 76 per-
cent and confused flour beetles 12 to 78 percent. The
mortality was less in the samples stored in the open
drums. In these drums the mortality of saw-toothed grain
beetles varied from 12 to 3D percent, granary weevils %4
to 46 percent and the confused flour beetles zero to two
percent. The mortality resulting from the various fumi-
gants decreased in effectiveness in the following order:
Dowfume EB-5, Serafume, Dowfume-75 ani £9-20 Mixture. A
mortality of zero to 12 percent for the saw-toothed gzrain
beetles, six to 28 percent of the granafy weevils and zero
to four percent in case of the confused flour beetles was
noted in the checks. In all cases higher mortality was

observed in closed drums than in oren drums. 1t was appar-
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FERCENT MORTALITY OF INSGCTS EXFOSED FOR 48 HCURS TO FUMIGATED

GRAIN 48 HCURS AFTER FUNIGATION IN FIBER DRUMS

Percent of dead insects

Position
. Mg Type of of insect Oryzae- Tri-
Material Grain storage cage philus bolium Sitophilus
in grain surina- con- granarius
mensis fusum

Dowfume W¥heat Closed = Surface 82 40 76

EB-5 " " Bottom 60 18 S4

Corn " Surface 66 30 60

" " Bottom 94 78 48

Wheat Open Surface 12 2 42

" " Bottom 26 2 46

Corn " Surface 16 0 42

" " Bottom 39 2 34

Serafume W~Nheat Closei Surface Q © 42

" " Bottom 14 0 60

Corn " Surface 62 16 R0

" " Bottom o4 24 76

Wheat Open Surface 8 2 54

" " Bottom 10 4 42

Corn " Surface 2 2 50

" " Bottom 6 2 42

80-20 Wheat Closed Surface © 2 28

Mixture " " Bottom © 2 54

Corn " Surface 4 0 48

" " Bottom 4 4 38

Wheat Oren Surface 2 o) 44

" " Bottom 14 0 38

Corn " Surface 0 0 26

" " Bottom 2 4 14

Dowfume- Wheat Closed Surface 8 86 26

" " Bottom 26 2 30

Corn " Surface 2 15 30

" " Bottom 8 72 26

Wheat Open Surface 4 6 26

" " Bottom 2 © 26

Corn " Surface 9) 4 32

" " Bottom 9) J 16

hec W¥heat Closed Surface 6 o) 28

" " Bottonm 6 Q 26

Corn " Surface 12 0 3]

" " Bottom 4 0 ©

Wheat Open Surface 9] 0 14

" " Bottom 4 0 32

Corn " Surface 0 0 24

—_— " " __Bottom 2 4 20
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ent that the fumigants were retained for a longer time in
the closed storage conditions. There was no emergence of
adult confused flour beetles from the rearing of its eggs,
larvae and pupae in flour exposed to fumigants in the
firet and second sets of cages. The checks also showed
the same results.

The residual effect of the fumigants on the mortal-
ity of adult saw-toothed grain beetles, confused flour
beetles, confused flour beetlecs and granary weevils ex-
posed to the samrlees of fumigated wheat and corn are re-
corded in Tables 3 to 9. The first three tables present
the results of one week's exposure of the above three spe-
cies of insects. Little residual effect was observed in
the case of saw-toothed grain beetles during the one-week
exposure. The data in Table 3 indicate that the mortality
in the checks and treatments were comparable. This same
trend was present in the case of confused flour beetles
(Table 4) and granary weevils (Table 5). The data in
Tables 6 to 9 indicate that there was also no residual ef-
fect to these three insects when they were continuously
reared on the fumigated wheat and corn.

When adult cadelles were maintained on samples of
fumigated wheat, there was some indication of residual ac-
tion. The fumigants rankedi in the following order of de-
Creasing effectiveness: Dowfume-75, 80-20 Mixture, Dow-

fume EB-5 ani Serafume. ln the samples taken two days



FERCENT NORTALITY CF CA
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TABL= 3

no
(Nl

CTHED GRAIN BELETLiS BXEOSZID TO
FUMIGATED GRAIN FOR STVEN DAYS AT VARICUS INTERVALS
AFTER FULIGATION OF THE GRAIN

—
——————

—

—

———

———

—

Fercent of dead insects

Material Grain g{giagg pgg?gign Days after fumigation
9 1€ 23 30

Dowfume Wheat Closed Surface 2 10 0 2
EB-5 " " "Bottom 0 y 2 2

" Open Surface 4 2 0 2

" " Bottom 4 40 0 4

Corn Closed Surface 0 0 4 4

" " Bottom 0 2 0 2

" Open Surface 8 2 4 4

" " Bottom 0 8 ) 2

Serafume Wheat Closed Surface o) 2 2 &
" " Bottom 9] 2 0 4

" Open Surface 0 6 0 2

" " Bottom 0 76 2 8

Corn Closed Surface 0 6 0 4

" " Bottom 0 16 12 2

" Open Surface 0 8 4 4

" " Bottom 0 4 6 <

80=-20 Wheat Closed oSurface 0O 2 q 2
Mixture " " Bottom 0 0 2 2

" Cpen Surface 2 12 4 0

" " Bottom 2 12 4 0]

Corn Closed Surface 2 2 4 2

" " Bottom 0 8 0 0

" Open Surface J 2 6 2

" " Bottom 2 4 2 0

Dowfume- Wheat Closed Surface o 10 12 2
75 " " Bottom 2 0 0 6

" Open Surface 4 2 2 0

" " Bottom 0 8 4 2

Corn Closed  Surface O 2 6 0

" " Bottom 0 0 0 0

" Open Surface 0 0 0 2

" " Bottom 0 10 2 0

Check Wheat Closed Surface 2 2 D 2
" " Bottom 0 0 4 2

" Cpen Surface 2 6 0 0

" " Bottom 0 2 0 0

Corn Closed Surface 2 4 0 0

" " Bottom 2 4 4 2

" Open Surface 2 4 0 0

" " Bottom O 4 6 9)




TABLE &4

PEZRCENT NORITALITY CF CONIFUSED FLOUX BEZTLES EXIOSED TO
"UMIGATED GRAIN FOR CSpViN DAYS AT VARIOUS INTZERVALS
AFTER FUMIGATION OF THT GRAIN

Fercent of dead insects

Type of Sample

'z 3 a' . .
Katerial Grain storage position

Days after fumigation

9 16 23 30

Dowfume ‘Nheat Closed Surface 10 20 4 0
EB-5 " " Bottom z0 6 o] 0
" Cpen Surface D 2 ) 0

" " Bottom 2 4 6 9]

Corn Closed Surface 24 2 4 0

" " Bottom 20 0 0 0

" Open Surface 2 8 0 O

" " Bottom 0 4 o) 0

Serafume Wheat Closed Surface 40 18 0 0
" " Bottom 26 12 4 2

" Open Surface 2 4 0 0

" " Bottom 0 18 0 2

Corn Closed Surface 14 2 0 0

" " Bottom 26 18 0 0

" Cpen Surface 0 2 0 o)

" " Bottom 0 2 0 2

80-20 Wwheat Closed Surface 0 lo 2 0
Mixture " " Bottom 22 16 4 0
" Open Surface 4 8 o) 0

" " Bottom 0 24 4 0

Corn Closed Surface 22 14 0 0

" " Bottom 20 12 2 0

" Open Surface 0 2 0 0

" " Bottom 0 8 0 Q

Dowfume  Wheat Closed oSurface I L1 o} )
" " Bottom 36 28 2 0

" Open Surface 2 6 2 0

" " Bottom 0 6 0 2

Corn Closed Surface 22 18 2 0

" " Bottom 18 ) 0 0

" Open Surface 0 2 0 0

— " " Bottom 10 8 0 0
Check Wheat Closed oSurface 40 14 2 0
" " Bottom 24 8 0 0

" Open Surface 0 4 o) 9]

" " Bottom 0 12 2 0

Corn Closed Surface 26 0 2 0

" " Bottom 38 8 6 0

" Open Surface 0 10 0 0

" " Bottom 0 12 0 0
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TABLE 5

PERCTNT LORTALITY OF GRANARY WEEVILS EXFOSED TO FUMIGATED

GRAIN FOR SEVEN DAYS AT VARIOUS INTERVALS
AFTER FUMIGATION OF THZ GRAIN

Percent of dead insects

Material Grain 2{2?822 pszﬁgign Days after fumigation
9 16 23 320
Dowfume Wheat Closed Surface 10 o) 0 4
EB-5 " " Bottom 6 2 0 8
" Open Surface 14 2 0 4
" " Bottom 10 12 0 2
Corn Closed Surface 8 2 0 0
" " Bottom () 0 4 0
" Open Surface 0 0 0 8
" " Bottom 2 2 0 2
Serafume Wheat Closed Surface 8 0 0 2
" " Bottom 8 2 2 0
" Open Surface 16 2 ] 2
" " Bottom 8 0 0 4
Corn Closed Surface 4 0 0 6
" " Bottom 0 0 2 0
" Open Surface 2 0 0 2
" " Bottom 6 4 Q 2
80-20 Wheat Closed Surface 2 6 0 0
Mixture " " Bottom 2 2 0 0
" Open Surface 4 4 2 0]
" " Bottom 14 0 0 0
Corn Closed Surface 2 0 2 0
"o " Bottom 2 0 0 0
" Open Surface 6 2 2 2
" " Bottom 8 0 0 0
Dowfume- Wheat Closed oSurface 10 0 2 g
75 " " Bottom 10 2 2 0
" Open Surface 12 6 0 0
" " Bottom 14 6 2 0
Corn Closed Surface 12 2 2 2
" " Bottom 2 2 0 4
" Open Surface 4 4 0 0
" " Bottom 190 0 0 0
Check Wheat Closed oSurface %) o) ) 2
" " Bottom 4 4 0 0
" Open Surface 2 0 9] 2
" " Bottom 29 2 0 4
Corn Closed Surface 4 3) 2 0
" " Bottom 4 0 0 4
" Open Surface 2 0] 0 0
” " 6 O 2 o

Bottom

|

———
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[A®
after fumigation the total mortality ranced from £0 to 1720

percent anl 7D rercent in the checks(Teble 12). In sawrle

n

after 7 days(Tablell)iﬂ'wasfrom 20 to 17D percent with
the checks remaining constant. 1n the samrles l¢ days
after fumigation a mortality of 80 to 90 percent was re-
corded in the treatments and €0 percent in the checks
(Table 12). Table 13 shows that there were no noticeable
residual effects on Indian meal moth larvae reared on
samples of fumigated wheat and corn.

In the second experiment, when wheat was dipped in
emulsions of malathion and DOW-ET-14 at the concentrations
of ten and 209 ppm, approximately 256 cubic centimeters of
the emulsion was retained by the wheat. The actual amount
of malathion and DOW-ET-14 deposited on the grain was 1.5
prm (emulsion 10 ppm) and 30 ppm (emulsion 200 ppm). The
average amount of fumigants retained by the wheat, from
the dipping treatments, was 250 cubic centimeters.

The residual effects of various materials on adult
saw-toothed grain beetles, confused flour beetles, and
granary weevils reared on wheat dipped in the insecticides
are shown in Tables 14 to 25. The exposure of saw-toothed
grain beetles for one week to samples of wheat dipped in
DOW-ET-14 (200 ppm) gave a 100 percent mortality through
nine weeks after treatment (Table 14). In the tenth week
the kill dropped to 98 percent. No difference was ob-

served between the effects of samples drawn from the closed



TABLE 10

\N
~J

WEZKLY PEICENT MCRTALITY OF CADELLES FLACED ON
FUMIGATED WHEAT TWO DAYS AFTER FUMIGATION

AND CONTINUOUSLY REARED

Percent of dead cadelles

Total
Material Days after fumigation mortality
of cadelles
9 1l6 23 30 37 44
Dowfume-75 10 20 40 10 20 0 100
80-20 Mixture 10 10 10 30 20 10 20
Dowfume EB-5 0 10 20 20 20 10 89
Serafume 10 10 50 10 @) 0 20
Check 0 10 30 30 0 0 70




TABLE 11

WEZKLY FERCaNT MCORTALITY OF CADELLES FPLACED CN
FUMIGATED WHEAT NINE DAYS AFTER FUMIGATION

AND CONTINUOUSLY ZARED

m—

Fercent of dead cadelles

—

Total

Material Days after fumigation mortality

of cadelles

16 23 32 37 44 51

Dowfume-75 40 10 30 12 12 0 120
80-20 Mixture 10 30 10 20 30 0 100
Dowfume EB-5 10 20 20 30 10 0 20
Serafume 0 20 10 20 20 10 90
Check o) O 0 30 20 20 70



TABLE 12

NSEKLY F3IRCENT I'ORTALITY OF CADELLIZS FLACZID CX
FUIMIGATED ¥HZAT 16 DAYS AFTER FULIGATICN
AND CCNTINUOUSLY REARED

Fercent of dead cadelles
Total
Material : Days after fumigation mortality

of cadelles
23 30 37 44 51 58

Dowfume-75 20 20 10 22 10 0 90
80-20 WMixture 10 20 20 20 0O 10 20
Dowfume EB-5 20 40 0 10 0 10 20
Sera fume 0 20 30 20 10 0 80
Checlc 90 10 0 20 20 10 60

W




TABIE 13

FEICENT ZMERGZNCE OF INDIAN LEAL UCTH ADULTS FRIY
CULTURES OF LARVAE BXPCSsD TC FUMIGATZD WHEAT
FCR FTIVI JETKS

Total percentase
of adults emerged

. . Type of

Material Grain storage Days after fumigation

37 44 51

Dowfume- | Wheat Closed 40 30 &0

75 " Open 40 20 30

Corn Closed 20 30 69

" Open 10 90 49

80-20 VYheat Closed 20 90 20

Hixture " Open 20 2 50

Corn Closed 0 60 30

" Open 20 50 20

Dowfume Wheat Closed 40 70 90

EB-5 n Open 30 90 60

Corn Closed 50 60 20

" Open 10 e0 20

Serafume Wheat Closed 20 490 60

" Open 30 90 490

Corn Closed 20 50 50

" Open 20 40 60

Check Wheat Closed 40 30 80

" Open 52 20 490

Corn Closed 20 49 49

" Open 30 59 69




41

c t c C c C c Ct CT uadp "

2 2 o ¢ 2 g 9 tr = £8so1) ¥o8uD
- - - - A 2s CCT 06 CCt uadg u

- - - - 3 e 06 19 96 peso1d (wdd ¢1) uoTy3zelEy
- - - - 0 1 91 21 06 uadp u

- - - - 2 9 +1 2 31 Peso1D (udd Q1) #1-IE-A0U
- - - CCT €T ©ocl CCT CCT CCl uado "

- - - COT CCT CcCT CCT ©oC1 CCl PosoT)d (udd ¢oCcg) uotyjzers.q
gc ©OCT COT COT CCT OCt CCT CcCT CCt uedp "

8 CCT CCT COT (COT COT  CCT  CCT  CCT pesoTDd (udd ¢cg) +1-IE-k0Q
9 9 2l 89 86 16 GGT  OCT 48 uadg "

Ctl &tn 33 Cé cs8 6 16 cCl 28 pPaso1)d sunyeJass
C 2 o1 C 91 C 8t S 91 uadpo "

2 4 3 21 21 91 14 c3 3l peso1)d G-gE ewngmo(
C 2 2 0 t 4 1 c¢ 09 uadp "

C 2 7 21 3 2 9 8t 2h Peso1)d 8IN3XTY C2-C3
0 2 c 0 9 71 ce 8¢ 94 uadp M

g 17 o1 Cl 3 31 9 6 +9 PesSoID G¢-2ungmoq
04 €9 94 eh Zh 44 62 12 #T

juswileagy] Js3Je sfeq wwmwmmm T1etTassepn

S108SUT pPeOT JO 3U8dI8]

NIVED CHI £0 INIALVEEL BT L&V STYVASEINI SAOIXVYA LV SHEGIDIIOESNI NI QHJAIdA
LYHEHA O SAVQ NUAUS ¥O0d QHSOIXH SETLEIE NIVED QHHICCL-MVS 40 XIITVIEOA INADXHI

+1 HTdVL



41

c t c C g C c ct CT usdp "

2 4 c ¢ 4 g 9 1 3 T9so1) 108yD
- - - - 21 2s cCT 06 cCcl uadQ "

- - - - 3 2121 06 fl, 96 peso1D (wdd ¢T1) uotyzeiey
- - - - 0 +1 91 21 06 uadp "

- - - - 2 9 #1 2 81 PesoT1) (wdd 01) #1-IE-K0C
- - - CCT CCT ©C1 CCT CCT O©CT uadp "

- - - 00T C¢CT OCT COT ¢©Cc1 ¢col PosoTD (udd ©oz) uotyszersq
g6 COl 00Ol CCT CCT OCT CCI C¢Cl cCet uedp "

8% CCT CcCT COT €Ol COoTl  CCl  CCcl  OcCl PesoTD (udd ©c2) +1-IE-K0a
9 =y 2l 89 86 76 oGl  OCT  +8 uadg "

Cl &% 33 o 08 6 76 cct 28 pesoTD sunjyegag
C 2 o1 C 91 C 81 S 91 uadp "

2 2 3 21 21 91 &4 c3 8é peso1D G-g% PunymoC
c 2 g 0 t ¢ 1 c¢ 09 uadg M

C 2 17 21 3 2 9 8t A Tesor) 2an3xXIN C2-C3
0 2 Z C 9 71 ce 8¢ 96 uadp "

2 # Cl 01 3 81 9L 6 +#9 Peso1D G¢,~dungmoq
0L €9 oG 6t A 1 &2 12 LAt

838J09S

quawjleaay Jasjzje sfeq Tetasijep

Jo ad{]

$308SUT P8P JO 3U80I8J

NIVED EHI £0 INHAIVEEL ¥ELdV STVASEINI SAOCIXVA LV SHGIDILOESNI NI Q¥ddIdA
LVEHE Ol SAVQ NIAIS ¥O0d CQESOIXE SETIZIE NIVED QEHICOL-MVS 40 ALITVIHOW IRKIDEEI

T $TIdVL



42

xu; Jnunnn —
4 cT ¢ 4 ct ¢t ¥ AT uedy "

Z g < S C cc 31 Z 0 pesoty A08YQD
- - - - 9 2t 2s ca 8¢ uadp "

- - - - o Ctr 36 9 CeL peso1d (udd 1) uotyjzetrex
- - - - ce 2l t7 o1 c uadp "

- - - - g ct CT A 2t Peso1D (udd ¢c1) #1-IZ-Ar0C
- - - 49 CCT CCT CCT  CCT 00T usdp "

- - - a¢ CCT CCT CCT (¢CT  ©CT Teso1)d (udd ¢cz) uotusete)
CCT  OoCT  oOoCT ©6CT O0CT CCT CCT cCCT  cCl uadp "

COT CCT CCT CCT CCT CCT CCT CCT  oct peso1D (wdd ¢cC2) #1-IZ-MCC
4 S 9g 2s gl 7 CCT CCT oCt uadp M

9 96 cé c9 3C c9 CCT  CCT  8€ pesor) sunjeJsy
f o2 2l 9 cL ot gl 25 7 uadp "

2 82 4 5C 9. +2 C3 29 59 peso1d G-g7 aungmo(q
2 ce 2144 91 st 91 9 44 144 uadp "

C 8c 1 91 CS ce 2l 2¢ ct Paso1Dd 8aN3XT CZ-C8
CT ce 3% ce 44 3 (of} 44 ee uadp "

C 3T A 9 44 9 38 e 2t PesSoT) G/ -dungmeq
Cl ¢9 94 Oh AL 44 32 12 41

jusuwlesay] Jae3Je sfe(q wwmwmmw 1813238

$908SUT [89p JO 3U82J9]

NIYVYC THI 40 INTNIVEYI ¥ELAY STYAYHINT SOOTUVA LV SEUIDILOESNI KI
QIIIIA IYZHA CI SAYQ NZAES tO4 GESCIXE STITAZER XYVNVED 40 ALIT'IVIEON LNZOr&Ed

ST TILVL



43

2 7 c 3 ©1 0 9 C C uedo "

C 9 2] 3 2 C + C 0 POsS0TD ¥o8ysn
- - - - C 9 Ccl 42 A uedp "

- - - - o 2] 91 oe oc peso1Dd (wdd Qo1) uotyselej
- - - - C 9 1 o2 3 uadp "

- - - - C 2 41 91 1 peso1pd (wdd CT) +#1-Iz-rOQ
- - - ce COT CCT CCT OCT COoT uadp "

- - - c¢ CCT CCl ¢coTl cot oot pPesoTD (mdd cce) uotyzziex
G  #¢ CC1  CcCl  CCT 26 OCT COT 96 uadp u

3 9% 86 CCT CcCcT 94 CCT ©CT 95 Poso1D (wdd ccz2) +#1-TE-x0Q
C 9 91 Y ce 2 9 2 et uadgo u

2 9 At 91 o 9 ce t 82 pesoTD sunjyeJag
t Ct 3 9 cc ¢] 9 7 31 uadp "

0 cT  C1 ce 8¢ 0 #1 + 2144 peso1)d ¢-gd euwnjyroQ
¢ 1 t 4 52 g 22 + 8 uadp "

2 = 9 #T 82 2 91 2 3 pasoTd 9IN3IXTH 02-C3
o 9 3 #1 ce 9 9 ce t uadp "

C 2 8 1 ce 2 CT 4 4 poso1s Gl-sungmo(q
cL €9 95 Ch 2t 44 52 12 1

pcoauwmgp I93Je sfeq wwmwmmw 1etI938)

S309SUT PESP JO JUIIISJ

e e, s S S e e ees
e et e e e e S i e sttt

NIVED EHL &0 INEATIVEYL EELAY STYABEINI SACIEVA LV SHCIDILOESKNI NI gaddId
IVIZEN Od SAV(Q NTAGS ¥0a CGLIOIXE 3BILTEE EICTd QESNANDD A0 ALITVIkQ:x INECLE

91 HTIVL



4y

—_—

*1TA®99A AJeuedn = H $9T7389Q JNOTJ pesSnJuo) = H $¢3[399Qq UTRI3 PaY3003-MBS = G,

72 01 a2 . 7 9 8 22 v 2 % 9 2 © 2 ¢ o1 uado “
e 82 92 0T 912t % 2+ # 0l 2 9 0 0 c C 8 reso1) A09Y4D
CCT 8§ CCL O # C 0 90 0 0 © 2 % O 86 1t 0CT usdg (wdd c1)
8 %% CCU O % G ¥ 90 CT 3 ¢ #1 0T ¢ CL 92 96  Pesols  uotyszeIe(
e& O% 00T 912 ¢ oe ¢ 9 3 9 8 81 ¢ 2 8 06 usadg (wdd Q1)
9¢ HS  9% Ol % 9 2T 90T 8 +HI +#1 91 8 2l %1 81 DP38SOTD +I-IE-MOQ
00T €Ol COCT ©C O © 0O 00 O 6 O 0 C © COT 00T 00T uadp (wdd cce)
CCT CCT 00T © O © 0O 0C O ¢ O© cC 0 O OCT GCT CCT Pasol) uotryzelex
COT ©CT OCT O © C C oC¢C cC C © O % O 00T 9¢ OC1 uadp (wdd ©02)
CCT ©CT ¢cCT C © © C CcC C C O© C +1 0 00T 98 00T ©PesSol)  #T1-IE-M0d
cCT #6 CCT ©C 9 ¢ C 90 0O %1 © C +H2 #1 COT v +8 usdp "
CCT #8 COT O 38 C C S¢C 0O o2 ¢ g2 2291 36 82 28 PIsol)d sunJeIag
OCT OCT CCT C G 9 C ¥ 8 2 25 09 #5592 0Tl +#% 81 91 uadp G-43
CCT COT ¢C1 © 2 ¢ C 90 C 2¢ t 2¢ 92 3T 39 tHw¢ &L  PISOTD sunzmog
00T 9€¢ 94 O % C c % C g %§ C 9 92 9T +¢ 8 09 uadp aang
CCT #6419 cC 9 9 0 9¢ 0 g5 2 BS 222l eh 8 Sk DPISOTH -XIW C2-08
86 O% 48 0 9 © cC 82 g 381¢ Wt te 22 w96 uadp "
9% 99 06 0O ¢ 0 C % ¢C 9 8¢ O 8,8 92 21 4 49 ©pesold §s-dunymoq
9 ) S D O S 5 08 D 0 S 5 0 S D 4D +S

S}oom BATJF 2t 44 32 12 1
19338 S308SUT quamgeaay aajJe sheq wwmwmww (81338

Jo £Lat1ej3aou

Te30]

e ———————————————————— .
e e

S3098UT PBAD Jo quadIa]

GREYEYE XTSNOANIINOD
SEAIOIIoESNT NI QEJAIC IVEHA NO

A a—

4T FIdVL

ANV INEAIVEYL $ZLJdV SAVQ NEAIS
aQIOVId SIOASNI 40 XIITVILON INIEDEHI XTNEHA

————————— e ettt s
—— e e —————— 5



45

s {TA®8M LJeucIs = £ $987398Q JNOTJ PesSNIUo) = O f9[399Q UTEIS PaY3003-MES = G,

%

%

9¢ Cc2 Oh 92l +#2 3 21 % 9 8 + g2¢ 0 o1 uadp "
2T 21 8¢ ¥+l %O w1 O + 9 2 W ¢ g 0 % Teso1) ¥o8yH
vt 2¢ OC1 = = - #0 C # 2 0 9 9 CT 08 tH2 06 uadg (wdd c1)
3 82 06 - - 20 t 9 % 9 9T #+ 9 C9 02 4/ ©Ppesolp uotyzeIEN
8¢ 3¢ 2% - - - 22 B8 9 2 81 4T w1 ¥ 9T 02 =2t uadp (wdd 0T1)
9 2t th¢ - - - g8e I 9T % 8T 02 02 O el 91 ¢ Peso1d  #T1-IE-MOQ
OCT COT OCT ©00C 00 O 0O C © 0O 0 O COT 00T OCT usdp (wdd oce)
OCT 0CT 00T 0 0C Co © C C O cC 0 © COT OOT OCT P®sol) UOTU3IETBN
CCT 00T CCT 000 cCCc O O 0 O 0O 0 C COT COT 001 uadp (wdd 002)
OCT CCT OCT CCO 0cCc O 0O 0 O© 0O 0 © COT COT COT Pd8SOTD  +T1-I3-KOG
OCT %¢ ©OCT 020 Ct O 0 8 O C 8T C 00T 2 OCT uadp "
OCT GCT OCT ©CCO ce o O % © 0 250 00T 2 COT ©Pesol)d aungyeass
00T 9 & C+#e C#% O O 2¢ + gh 26 21 25 H %S uadp q-4a
00T 00T 86 cC0O0 co o 0O 8 + ¢ 88 ¥1 29 + CB PesOID aunymoq
COT 00T 06 ot 0838 9 2 029 99 #9 + 2¢ Hw  O¢ uado aanj
% 9% 89 cocze 08 ¢ g 9% ¢ 29 C9 + 2¢ 2 st PesSOlD -XTR 02-Cs
2L 9% 8§ 2+ 2 9 2 222 0¢ 8 8 2¢ 22 8¢ uadp "
86 €4 CCT O+%O 00T O 2 W12 29 8¢ + ¢ w6 Pesolp G/-sungmoq
D 0 S Do0Ss D0 S D 0 S D 0 S D 4D S

SYoeM 9ATJ et ch 44 82 12 0881018
J83Je 830988UT aUemWsBeas d937e seq Jo adfy Tetasjey

Jo L3t1ejaou
183041

———————
e e

S108SUT peap Jo queoxed
e S R

QNV INEWNIVEED ¥TLIV SIVQ +1
aEOVId SIOASNI 40 XIITVLYOM INIFDEHd XTHEHNM

asvdy ATSAOANIINOD

SEATOTIOASNI NI dF3IdId IVIHE NO

8T TTIVL



he

/

*Ttad9am Laeuean = H {913989Q anOTJ pesnjuc) = H ¢{9[399q uread peyjzooj-meg = g,

3 g2 82 029 09 0T ¢C 2 9 9 4 # 9 2 uadp "

9z 21 82 CO¥ 72 21 ¢ C ¢ 9 +t 9T % 9 £eso1)d Ll
¢9 21T cor - - - - - - # 0 © 9 2 0© 2¢ 01 00T uadp (wdd CT)
gl 22 9t - - - - - - 9 2 ¢ 8 ¥ 86 91 06 Pe8solp uotryjeley
e 9T 3 - - - - - - 8 C % 2t 2 3 7 w1 9T uadp (wdd o71)
¢ cz ¢ - - - - - - 3 2 9 2l # Ol C1 +#1 +1 ®osols  #1-Id-#0C
oOCT ¢Ccl 00T = - - cc o 0 0 © c ¢ 0 OCT OCT 00T usdo (wdd cce)
oCT ¢CT ¢oT - - - co ¢ cC C ¢ C C C CCT CCT CCT ©pesoln  uoTyzetlej
CCT CCT ¢C0T o0¢CC cc o C ¢ ¢ C 0 C COT OCT 001 uadpo (wdd cce)
(CT ©0T CCI C CC 0C 0 C 0 © C 0 C COT OCT OCT ©®®sold  #I-IE-AOC
cCT €2 0Tl <CccC¢C Co O C 0T ¢ 0O % O© COT 9 C©Ot uadg "
OCT 2, ¢l ¢ce2¢o Cc8 C C %2 O cC 919 CCT 22 %6  ©esold sunyexag
% 95 9k Co9oc C %1l # 2 Cg¢ 2 g2 0g 2 2, 9 8T usdg S-44
COT 26 2L cccC ce ¢ 3 the % 2l 2t 8 C3 #T 85 T8sol) aungmo(Q
OCT C¢ 3T cC3¢c C w1l ¥ 9 219 81 ¢ 2 9, 22 + usdp aanj
CCT C6 92 Owal C9 & 2 9¢ C 92 82 © 2L 9T 9 pesolos -XIN 02-08
c6 ¢S 52 C 30 2w ot #1 91 2 41 91 ¢ c9 9 c¢c2 usdg "

3¢ th 88 ccc Co © g8 22 Cl 2 2 ¢ 83 CT 94 P9solp g/-sumgmoq
) 0 S 508 50 S b 0 ¢ D 0 S D &0 S

SYoom dATJ 9g 6t ch 11 82

J93Je S3098SUT juaw3eaIy ae3Je sfe( wwmmmMM TetTaalen

Jo £L3tT1ej3a0u
1830

§309SUT prap Jo qusoasd

>

gy ATSNOANTINCO GNV INTAIVAUL BEZLAY SAVQ T
SEAIOTIOESNT zmmwwmmg IVEHM NO QEOVId SIOASNI 0 ALITVIXOA INIOLIJ XTIHTIM

6T ATdVL



47

*1TAdam LJeuednH = H 191399Q JINOTJ PpeSONJUO) = ) ¢9[399Qq UTBIZ PaYl003-mMET = G,

9%z 2 a3 otz 8 + w23 +t 228 8 % # Ol G O uedp ;
c9 82 2¢ 21 0 3 # 0T OT #1 21 3 8 9 + gz o0 2 PasoTd 109Yp
25 Ol 49 - - - - - - - - - Ol % 21 2% 9 2§ wedo (mdd c1)
2¢ 21 ot - - - - - - - - - 2T v 9 Ot 3 +H¢ PesSOTD uoTYjeIBY
02 21 e - - - - - - - - - 8 9 CTl 2l 9 1 uadp (mwdd 01)
8T ¥ 8 -.- - - - - - - - 8 2 ¢ ct 2 9 Teso1Dd  #T1-1E-MOQ
ocT oct cot - - - - - - ¢C 0 0 0O 0 0 COT 00T CCT usdo (wdd oce)
00T oCct octT - - - - - - C C O 0O 0 O© OOT COCT OCT ©P®sol) uotyszelen
00T OCT 00T O C C 0 0 O© 0O © © 0 8 O COT 26 COT uadp (wdd cce)
COT 00T CCT © C C 0O 0 © ¢ 0 C C te © 00T 94 GOT ©Pesold  #1-IZ-MOd
00T 99 o©CTl O 2 ¢ g #T C CT 8T 0O 8¢ C¢ 9 th 2 46 uedp "
CCT 9% COT O + © 7 % 2 v 2 % g¢ 0¢ 0 09 9 +6 Ppasord sunjeassg
oCT 26 1 0O 8 ¢ 2 810 % 222 83 +# OT OTl C ¢© uado G-gd
ocT C6 2§ C OTS3T O 812 r W 4 2L 82 41T %2 O 9T Pesol)d emnymoq
00T 98 +¢ O # 9T O %1 9 v +2 8 08 2v O 91T 2 + uadp eanjy
CCT1 23 C§ 0 9 2T O OT 9T =2 2uog 18,2350 ce 2 ¢ pPeso1d -XTi{ 02-08
oCT +S¢ 2¢ v Hh B 019 ¢ 9 2l t 2L R % 8 9 #1 uadp "
9% €9 29 O & 9 2 219 2 C2+ 93 81 ¢ 9 ¢ 81 Dpa8sold g/-2ungmo(q
9 ) S D 0 S D 0 S D 0 S 5 0 S D oD WS

S)ooM 9ATJ ¢9 94 ot ch 14 ,
19378 §309SUT quawmjesaJgy J93Je sfeq WMNMMMM 18103 ER

Jo £3T1e3a01

1830

&

§409SUT Pedp JO 3UedI9]

qEyvIE ATSNONNILNOD GNV ININILVIEL ¥HILVY SAVA 8C
SEAIOILOESNI KI QE3JILIC IVEHY NO QEOVId SILOESNI A0 XLITYLYOR INEOXEA ATANAN

Oc 31dVL



*1TA®9M LJBUBIY = nH ¢97386Q JINOTJ POSNIUO) = J $97389Qq UTBAZ PaY3003-MBS = G,

o¢ st 1 9% 9 212 9 0O 010 2 810 0T +#1 ¢ uado u
2¢ 05 91 8w e 219 ¥ 9 tH1l e 9 029 0o 9 2 péso1d ¥o8ys
9 C 2t -=-=- - - - - - - - - - 9 ¢ 2t uadp (wdd ©1)
0 0 8 --=- - - - - - - - - - 0O ¢ 38 P9S8O,  UOTU3BTER
0z © 0 --= - - - - - - - - - 02 0 O usadpo (wdd c1)
2 0 4 --=- - - - - - - - - - g 0 2 pPesold  +#1-IE-AOC
coT 00T 00T =--- = = = - - - 0O 0 0 00T 00T 001 usdp (wdd ocz)
00T o0l 00T =--- = = - - - - 0O 0 O OCT 00T CCT D8sSOT) UOTY3BIBW
00T 00T OOT 000 C O © O 0 O O 0 O COT 00T 001 uadp (wdd 002)
CCT CCT 00T ©0CO0O O O C C C C C 0 O 00T 00T OCT P3SOo1D  +T1-IE-AOQ
00T 26 OCT ©020 O #% O 2 8 © 0O 91 ¢ 86 22 86 uadp "
OCT ¢C9 00T €20 © + O 0O % 8 2 % 21 86 9% 08 PI8sol)d sunjyeag
86 9L  9¢ 089 2 2T %1l O©T 81O 91 91 0 04 22 91 uadop -4
0CT 388 ©9 228 ¢ 9 21 91210l # 0¢£ 81 9, 8¢ 2T tresolp sunymoq
¢ 94 81 2ee % % 9 o2 ce 2 cc 22 % 8t 82 +t uadp aanjy
26 B8 82 C9¢ 2 2L+ 9T 81 8 w2 2 9 0 82 s PeSOTD ~-XTW C2-05
28 %9  w¢ 20+% 9 2 2l 91ees 92 81 + 2¢ 22 9 uadp "
9% €L 9% Ot8 2 8 21 ¢cvceCeo9 Oz 8T 2T 2¢ 02 8 pPesoIp §L-dungmoq
h) ) S 508 5 0 S 5 0 S 5 0 S «D oD S

syeem BATJ cl ¢9 99 et et
30252 s300sity TeemeeaT 19779 54 S sdky TETIeIEA

1e30% 530985UT peBIpP JO 3JuU82asdg

CELVEY ATSNOANIINOD ANV INIWIVIYI ¥EIJAY SAVA S¢
EGIDILOHSNTI NI GZJJIA LVEHY NO QEODVII SIOESNI A0 AIITVIEON INIESYTI XTIHIN

T2 ETdVL



49

*1TA99M LJxeuean = H $97399q JINOTJ PaSnJuUo) = O {o[309Q UTRI3 peyzooj-aes = g,

e ——
—

gz ©o¢ ¢ 9% C 9 9 0 9 212 # 8 O uadp "

3z 31 91 #2 9 9 # Ol Ol # O© 8 8 O Posold HoouQ
g6 o0z c¢coT -- - - - - - - - 26 ©2 OCT uadg "
8 ¢ c¢cCc1 -- - = = - - - - 86 C¢ OCT vpesors (wdd cCg) uotuszeIBR
CCT CCT ¢CT C€CC ©0 O O ¢ C © O COT COT CCT uadg u
CCT CCT COT OC C O ¢ O© C 0 C CCT CCT CCT Ppesold (wdd cCZ) #1-IE-AOC
CCT %% 46 CCcC % C© 0 9 8 02 91T 2 v B9 uadp “
et %5 2l cezg % 2 % 9 8¢ 2¢ 21 €9 91 C4  Ppesold sunJeJog
83 9% @ 90T C 9T w1l 2 c9 92 0 9 9 0 uadQ u
00T 24 &2 Cs3 2 O© 91+ g/ 82 01T 82 C2 21 ©esold G¢-g@ ewngmoq
98 2. 8 # 0l 2 9 919 09 2% C 9T % © usdp "
w6 99 82 2Hl vt 513 AR TAR 9T #1 <21 1P8sol)d aN3XTIA 02-08
8, 8% 9 8t 2 B8l 9 ¢ 2¢ e ¢ ceg %1 © uadg u
8 9% (¢ 2% v ¥ + 9 98 #¢ 0T 9 +#1 C1  Pesold G(-eungmo(q
) 0 S 50 8§ 9 O S 5 0 S «D &0 S

of2 €9 9 6 g
zea3e 8300803 ETrrrraeTT Y bty o tetasaey

Jo Lat1ejaou

qIIvay XTSAOANIINOD ANV INIWMIVELL ¥HELAY SIVA ch
SHATIDILIOASNI NI CQEJJIA LVEHA NO AEOVIL SIOESNI 40 XLITVIMON INIZZLZI XTAHEM

2c dT1dVdL






50

Lxeuears = H pue '87329q aNOTJ POSNIUO) = ) ¢9[399q UTeal peyl003-Meg = g, rrases
ol 8 9 v ¢ 2 9 + 2 C 2 2 uadp "
17 1 ¢c 2 z e % e 2 8 o) pPesol)d 109YD
CCT CoTl €1 ¢ O ¢ c 0 ¢ COT CO0T GOt uadp "
COT ¢CT ¢t ¢ C ¢ c 2 o0 CCT 86 CCT pesorp (wdd ¢ccz2) +#1-Id-rOC
% C¢ Ct 2 9 o9 8 3 ¢l 93 91 2t usadp "
9% 9T 96 c e 2 ¥ 2 9 06 21 83 Ppesol) aWNFBISG
g6 85 2t 8 #T O 21 9¢ ¢ 2L 8 01 uadg u
98 OW 91 9 21 +* 8 31 w g, 01l 8 pasoT1)d ¢-gT eungmoQ
o, te2 3 1 3 ¢ ge 21 % ¢ % 2 uadp "
99 (02 = e 2 82 3 2 #T 9 t pesol)d 8an3IXTR C2-C3
9, 22 9 9T 9 ¢ cz & 2 3¢ 8 2 uadp "
ol 22 il 2t 9 ¢ cg & ¢ 3 01  E®8SoID G/ -sungmoq

) o) S D 0 8 5 0 S «D  «D WS
~ )

20938 8350501 = = R L e

10 A3TTB3a0U
18301

quaumgBaadq J933e sfe(q

aEYvEY XTISNOMNTIINCD CQKV INIANLYHEL

¢2 dT14VL

S109SUT [BAOT JO qU80JId]

LEILY SAVQ 6t
SHUIOILIOTSNI NI Q¥JIIC IVIHA NO (ICVId SLCUSNI A0 ALITVIEON INHDUEI XATATIN







*TtTASaM
Lxeuedr = » pue {91399q JINOTJ posSnJuo) = H ¢©1399q uUTEId pPOYjl003-MBg = g,

9T 8 9 9 4 2 o1 % % uadg "

¥ o1 ¢ g 4 0 2 9 2 paso1)d H08YD
CCT ©CT OCT C 9 ¢ CCT +6 ©OT uadp “
00T C€OT cCTI cC # C OCT 96 COT pPasoT) (udd 002) w1-IEa3-mod
89 8 oG %1 2 01 S 9 9% uado u

2, Ol 9 91 +# 21 9¢ 9 8% pasoTD sunjyegsg
g 91 ¢ cg 9 © 8¢ 01 ¢ uadp "

26 81 ¥ w2 3 2 g2 o1l 2 pPesoTd G-gH aunymoq
o 9 t 8l 2 2 g2 w2 uado “

th 91 2 9T 3 © 82 8 2 peso1D 8JINIXTR 02-C3
9¢ 0T @ 9T + © ce 9 ¢ uadp "

9¢ 2 9 8T O ¢ 81 ¢ t peso1p G(-dungmoq
5 ) S 5 0 S «D D S

sSHoom omj o2 €9 838J01S

Js3Je S3088UT 1eTde3en

Jo LatTejaow
18390g

quawmj3eagy asjje sfeQ Jo 8dfy

87098UT peep JO 3U8dId]

Q2¥YEE XATSNONNIINOD CNY INIAIVIEL EEILY SAVG 96
SEQIOILOTSNI NI QEI4IQ IVEHE NO QEOVId SIOESNI d0 ALITVISOA INIOSAI XTHGAY

¢ BTHVL



52
TABLE 25

N

(]

ZKLY F5CENT MORTALITY OF INSECTS PLACED ON WHEAT
DIFTED IN INS®ECTICIDES 63 DAYS AFTER TXIEATMENT
AND CONTINUCUSLY REARED

Fercent of dead insects

Days after treatment

Material 2{5?822 —

S* c* G r
Dowfume-75 Closed 2 0 0
" Cpen 9 0 10
80-20 Mixture Closed 0 2 0

" Open 0 0 2 —
Dowfume EB-5 Closed 2 0 2
" Open 0 4 4
Serafume Closed 10 2 6
" Open 6 0 4
DOW-ET-14 Closed 98 g4 100
" Open o8 4 100
Check Closed 2 0 2
" Open 2 2 2

b — ———

*S = Saw-toothed grain beetle; C = Confused flour
beetle; and G = Granary weevil.
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and open type of storage. DOW-ET-14 at a ccncentration of
ten ppm accounted for 90 percent mortelity in the first
samples from open storage, after which the mortality
dropped rapidly. In the first sarples taken from the
closed storage the kill of saw-toothed grain beetles was
only 18 percent. This drorred gradually as the interval
after treatment increased.

There was a 100 percent mortality of all incects
exposed to malathion (220 prm) dipped wheat for seven
weeks after treatment. Therec was no indication of a de-
cline in effectiveness at the end of this reriod. A ten
rpm concentretion of malathion was resronsible for 100 per-
cent mortality in the first samples from open storage.
Consistently high residusl activity was maintained for
four weeks, after which it declined. In the samples from
closed storage the mortality was 96 rercent for the first
sanples, but this also declined after being maintained
close to this level for four weeks.

Among the fumigants the highest mortality of saw-
toothed grain beetles resulted from the Serafume dippings.
The mortality ranzed from 79 to 120 percent, gradually de-
clininz during the eicht weeks. This was followed by a
sharp drop after the eighth week. No noticeable differ-
ence was observed between the oren anil closel storage
camples. Dowfume-75, DJowfume EB-5 and £0-20 l'ixture were

slightly less effective thean the Serafume trestments. 1In
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all cases the mortality gradually declined as the interval
between the treatment anl exposure increacsed. There was
no aprpreciabls difference between the samrles drawn from
open and closed storaves. Yortality in the checks varied
from zero to ten rercent.

In case of gransrv weevils the DCW-ET-14 (22D prw)
dipping treatment provided 100 percent mortality for ten
weeks without any si-ncs of decline at the end of this
period (Table 15). The maximum kill &ith DOW-ET-14 at ten
ppr was 20 percent.

Granary weevile exposed to malathica (270 ppm)
dirped wheat showed 12D rercent mortality for six weeks
after treatment. This was followed by a decline. Mala-
thion at ten ppm accounted for 28 percent kill in the first
samples from open storage, and 70 percent in samples from
closed storage. The effectiveness gradually declined
after the second week. Cther materials arranged in order
of their decreasing effectiveness are: Serafume, Dowfume
EB-5, Dowfume-75 and finally 80-20 Nixture. The mortality
inbthe checks varied from zero to 32 prercent.

The mortality of confurel flour beetles reared on
grain iipped in DCOW-TT-14 (2)) ppm) varied fro= 76 to 100
percent over a period of ten weeks (Tsble 1¢). This wes
true in samples both from cloced snl open storage.
D0¥-ZT-14 {ton prm) killed none to 2) percent of the con-

fused flour beetles with the efficiency decreasingz with




\ "
N

the passage of time. Malathion (2)0 ppm) accounted for

]

100 rercent wortzlity for cix weeks after trestrent, fol-
lowed by & sharp dror in rmortelity. !Malathion 2t a con-
centration of ten ppr killed 44 percent of the beetles in
the ceconi week in the open ctorage camrles. <The mortali-
ty crailually diminished durinz six weeks. Oerafure, Dow-
fume EB-5, 20-20 !lixture 2anl Dowfume-75 alco showed a
slight residual effect on the confucedi flour beetles.
Serafume accountel for the greatest kill, while Dowfume-75
was the least effective. The mortality in the checks
ranged from zero to 14 rercent.

’ ihen the insects were continuously reared on the
wheat dipped in the insecticides, it was observel that the
highest mortality occurred in the first week of exyposure,
and it erajually declined until the stuly was terrinated.
When the total kill in the samples of each week is con-
sidered (Tables 17 to 25) it was apparent that the mortal-
ity was highest in the firct sartples followed by a gradual
decline. In the last samples there was an almost necli-
gible mortality except in cases of DOW-ET-14 and malathion
at a concentration of 200 ppm, which £till killed as high
as 10) percent of the incects.

Tables 26 and 27 present the emergence c¢f Indian
meal moth adults from sarples in which the larvae were
rearel on wheat 31irred in insecticides. When the total

number of moths emercings from each week's sarples was con-




TABLE 26

FEXCENT EMERGENCE OF INDIAN MEAL MOTH ADULTS FROM

CULTURES OF LARVAE EXPOSED FCR FIVE WEIKS TO
WAEAT DIPFED 1IN INSECTICIDES

Total percent of adults emerged

Material zzgiagg Days after treatment

42 49 56 63 70 79 86 93

Dowfume-75 Closed 60 90 70 60 60 O O O
" Cpen 70 80 90 89 60 30 O O
80-20 Mixture Closed 70 50 90 100 60 10 O O
" Open 70 72 40 100 60 O O O
Dowfume EB-5 Closed 40 0 80 90 70 O O O
n Open 70 40 50 70 50 O 0O O

Se rafume Closed 50 & &80 60 S0 O O O
" Open 70 70 30 60 40 10 O O
DOW-ET-14 (200 ppm) Closed O O 20 60 50 10 O O
" Open 20 10 30 50 30 O 0 O
Ma1l gthion (200 ppm) Closed 60 S50 10 O O =~ = =
" | Open 20 10 0 0 O - - =
DOW_gr-14 (10 ppm) Closed 40 O O O = = - =
" Open 50 0 2 0 - - - -
Malathion (10 ppm) Closed 50 0 O O - - - -
" Open 490 0 0 D - - - -
Check Closed 40 90 70 100 100 O O O
" Open 50 79 80 S50 O 0 O

70

{
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TABLE 27

FEZRCENT ZIMERGENCE OF INDIAN MEAL MOTH ADULTS
AFTER THREE WEEK EXFOSURE OF LARVAE
TO WHEAT DIFFED IN INSECTICIDES

n—————

Percent of adults emerged

Material Zzgiagg Days after treatment .
28 35 42 49 56 63 70
Dowfume-75 Closed 40 80 30 0 20 0 0
" Open 20 40 20 10 20 20 0
80-20 Mixture Closed 60 10 10 50 20 10 0
" Open 20 40 20 20 20 0 0
Dowfume EB-5 Closed 30 0 60 10 30 0 0
" Open 50 10 40 20 10 0 0o
Serafume Closed 30 60 30 30 0 0 0
" Open 20 50 10 20 10 10 0
DOW-ET-14 (200 ppm) Closed O O 20 40 20 10 O
" Open 10 10 30 10 0 0 0
Malathion (200 ppm) Closed 20 0O 10 0 - - -
i Open 10 10 o) 0 - - -
DOW—gE7-14 (10 ppm) Closed 20 O O = - = =
' Open 20 0 0 - - - -
Malathion (10 ppm) Closed 10 0 0 - - - -
" Open 10 o 0 - - - -
Check Closed 20 50 40 40 10 0 O
" Open 30 40 10 30 20 O O

—_—
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sidered, it was observed that the least number emerzed
from the wheat samples treated with DOW-ET-14 (2230 ppm).
In the first samples from open storage, only 20 percent of
the moths emerged and none emerged from the first two
samples from closed storage. The total number of moths
that emerged gradually increased, followed by a sudden
drop in the samples taken dufing the seventh week. None
of the adults emerged in the later weeks. The data in
Table 26 indicate that DOW-ET-14 (22D ppm) was the only
material that causel any arrreciable reduction in the

emergence of the moth adults.

Results of the tests conducted to ascertain the
effect of fumnigants on the germination of oats, barley,
corn, kidney beans, wheat and rye seeds are recorded in
Tatle 28. The fumigation had no deleterious effect on the
germination of the above seeds. 1t required five weeks to
comrlete the germination tests. In the case of rye and
Xidney beans, the germination of the seeds continuously
decreased during the five-week period. Rye germination
Was reduced more than half during this period. This trend

Was glso evident with the seeds of kidney beans.
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TABLE 28
FERCENT GERMINATICN OF SELZDS BEFORE AND AFTER GERMINATION

Type of storsage

Percent germination

Material ‘ Expo Kidney
Grain sure AFheat Corn Iye Barley Oats Beans
Before
fumigation 83 99 54 92 29 95
Dowfume-75 HNheat Closed 77 29 46 99 29 4
" Open 72 9. 41 98 100 93
Corn Closed 68 97 40 I8 99 £5
" Open 68 120 27 Bls 100 87
20-20 Mix- Wheat Closed 72 120 33 95 129 21
ture " Cpen 79 a7 31 29 2 e5
o Corn Closed 7% 150 32 25 99 97
S " Open 72 120 33 27 Pl 20
E;f dowfume ¥heat Closed 73 3 43 99 120 84
'g‘ 3B-5 " Open 62 99 36 972 100 87
~ Corn Closed 65 100 30 97 100 86
s " Open 70 97 37 97 100 9%
:3 Serafume Wheat Closed 74 100 35 26 100 90
"  Open 790 95 28 98 120 921
Corn Closed 54 100 17 97 100 76
- " Open 66 97 20 96 100 79
Check Wheat Closed 66 98 15 99 99 77
"  Open 72 22 23 99 100 78
Corn Closed 72 100 23 24 100 £3

" Cpen 70 72 20 95 100 76



DISCUGSICN OF RESULTS

Results from the fumigation of wheat and corn by
Dowfume-75, 80-20 Wixture, Dowfume EB-5 and Serafume indi-
cated that these materials are effective grain fumigants
for the control of saw-toothed grain beetles, granary wee-
vils ani confuced flour beetles. The lack of complete kill
of rsranary weevils and saw-toothed grain Beetles in one
drum of wheat furigatel with Dowfume-75, as rointed ocut in
the rrevious section, wasc rrobsbly due to the lack of ren-
etration of the fumizent in sufficient quantities to kill
all of the tect incects. Tith the exception of this one
rerlication th2 mortality was oune hundred vercent. Cther
investig=tors have raported similar results. Cotton ani
Roark (1227) noted the efficiency of ethylene dichloride -
and carbon tetrachloriie mixture for the fumigation of
Stored products. lLater, similar obcervations were made by
Cotton anl Warner (1941), Farrsr anil Flint (1942), and
¥21%den and dchwitzgebel (1751), when they used a 3:1 mix-
ture of ethylene dichloride and carbon tetrachloride.
¥alkden and cchwitzgebel (1951) also reported that the 4:1
Mixtyure of carbon tetrachloride ani carbon disulfide,
Which is comparable with P0-20 mixture, was a satisfactory

fumigant ucsed at the rate of two gallons per 10020 bushels.

\
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The mortality resulting from the exposure of the

second set of insects to the fumigatel whesat anl corn in-
dicated that some of the vapors of the fumizants were re-
tained in the grain, though not in high concentration. In
the drums which were left open the retention of the fumi-
zant varors were less than in the closed irums. Dowfume
iB~5 was retained in the highest concentration, while Dow-
fume-75 and £0-20 Nixture dissipated most rapidly.

This retention of fumigant vapors in the fumigated
grains was also noticed by JValkden and Schwitzsebel (1951).
They observed that the 1l:4 mixture of carbon disulfilde and
carbon tetrachloride (similar to ©£)-20 Nixture) was re-
tained in lethal concentrations for two to four weeks in
1000 bushels of wheat. ©Similar results were obtained when
a 3:1 mixture of ethylene dichloride and carbon tetra-
chloride was used. The time of retention increased with
the increase in the amount of wheat. The short period of
retention in this study was possibly due té the small quan-
tity of grain fumigated.

The reason for the total absence of the emergence of
adult confused flour beetles from the wheat flour contain-
ing its eggs, larvae and pupae, could not be ascertained.
The conditions to which these insects were exposed were
the same as those of the stock cultures ani there was no
sign of a mass mortality of the immature or adult stages.
No parasites were found and no exposure of checke to any

harmful vapors was recoriled.
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When saw-toothed grzin beetles, confused flour
beetles 2nd granary weevile were fed on fumigated whesat
and corn, little mortality occurred. Results were similar
when Indian meal moth larvae wer> resred on the fumigated
grains. Slight residual action was indicated in the case
of ajult cadelles which were exposel to grain fumigsted
with Dowfume-75.

Vhen 1arge‘quantities of grain are fumigated, the
grain at the exvosed surface becomes saturated with the
fumigant. 1t ie in this cgrain that the greatest concentra-
tion of insects occur. Ian this exreriment only two bushels
of wheat and corn were uced in each drum and the amount of
fumigant used was not sufficient to wet the surface layer
of grain as in the normal fumigstions. To overcome this
difference a second series of experiments was set up, in
which wheat was dipped in the fumisants. This time,
DO¥-LET-14 and malathion were also ucsed at the concentra-
tions of ten and 200 prm.

When saw-toothed grain beectle, .confused flour
beetle and granary weevil adults were reared on the wheat
treated in this manner, residues of the insecticides were
noted in the wheat. Lethal concentrations of DOW-3T-14
(200 ppm, actual DOW-ET-14 deposited on the wheat was 30
ppm) were retained for ten weeks after treatment. At the

concentration of ten ppm (actual DCWN-ET-14 retained by the
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wheat was 1.5 ppm) it 4id nct leave enough residues to be
of any practical value.

¥alathion (200 ppm, actual amount of malathion de-
posited on the wheat was 22 ppm) reciduec were recsponsible
for 100 percent mortality of saw-toothed grain beetles for
se;en weeks after the treatment, at which time the study
was terminated. Malathion residues 1id not show any signs
of decline at the end of this same period. Resilues left
from the ten prm (actual malathion deposited on the wheat
was 1.5 ppm) treatments were effective against saw-toothed
grain beetles for the first three weeks, with the mortality
sradually declining.

Gerafume dipping treatments gave the highest resid-
ual effects among the fumigants used, when evaluated for
the control of the saw-toothed grain beetle. This material
provided a high mortality for the first three weeks. Dow-
fume-75 and Dowfume EB-5 provided residual activity to a
lesser degree.

In the case of granary weevils, malathion and
DOW-ET-14 (200 ppm) treatments were effective for a period
of six and ten weeks, respectively. DOW-ET-14 at the con-
centration of ten ppm was not satisfactory, while malathi-
on at the same concentration was effective for at least
two weeks. Lindgren, Krohne ani Vincent (1954) also ob-
tained residual effects from the malathion treatments at

concentrations acs low as two rpm. They reported that this
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residual activity lasted for about three months. They also
observed that there was no reproduction of rice weevils,
granary weevils and the lesser grain borer in the treat-
ments. These treatments killed all of the adults for a
periol of four months. In this investigation no reproduc-
tion of saw-toothed grain beetles, confused flour beetles
anl granary weevils was noted. Serafume ani Dowfume EB-5
were effective against the granary weevils for about three
weeks.

Malathion and DOW-ET-14 (200 ppm), when evaluated
against the confused flour beetles, were retained in
lethal concentrations for six and nine weeks respectively.
The same chemicals at the concentration of ten ppm were
not effective in their residual action. Serafume, Dowfume-
75, Dowfume EB-5 and 80-20 Mixture provided little residual
activity in the case of confused flour beetles. It was
observed that as the time passed the éffectiveness of the
various insecticide residues gradually declined and van-
ished comrletely after a certain period of time.

Emergence of the Indian meal moth adults from larvae
reared on the wheat treated with DOW-ET-14 (200 ppm) in-
dicated a residual activity for three weeks from this
treatment. None of the other materials showed residual
action of practical importance against this‘pest.

Certain irregulerities in the data may be due to

exprerimantal errors. In Table 15, which gives the rortal-
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ity of granary weevils expoced to dippedl wheat for seven
days, it ics seen that the mortality of the weevils leclined
gradually with the passaze of time. However, in the
samples taken %5 lays after dirping and counted 42 days
after the treatment, a sudden rise in the mortality was
noted. In the next week's samples the mortality declined
as usual. OSimilar observations were maile in Table 16 in
the samples taken 35 days after dipring; here the checks
alsc showed an upwarl trend in wmortzlity. In Table 14
thies rise of mortality occurred in the samnrlecs tazken 47
days after dirping and mortality recordel 56 days after
the treatment. Agein it was noted that the emergence of
Indian meal moth adults, from samples taken 35 days after
dirring anl later, started declinins and finally no adults
emerged.

Various possibilities were consilered, in order to
1iscovar the reasons lor thisc irreularity. One rossibil-
ity which may have caused this irre-ularity aprezared to be
an Aramite treatment male six weeks after dipring treat-
ment to clean up a mite infestation ia the rearing room.
Care was tzven to air the room thoroushly before the cul-
tures wer2 returned to the roocm, but arrsrently toxic va-
pors were still ret=ined in sufficient quantities to af-
fect the mortality of the insects. Saw-toothed prain
beetles were the least affected, while the granary weevils

were most suscertible., 1t also ha2d an zdverse effect on
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the Indian meal moth larvae. A s=cond Ararite treatment
in the beginning of the thirl week of September ( two
weeks later than the first) likewise accounted for the
second rice in the mortnolity of insects. The Indian meal
moth was ecspecially susceptible, as all of the iarvae were
killed. .

From the germinastion stulies of wheat, corn, rye,
barley, oats, anli kidney beans, before anl after the fumi-
Zation, no harmful effects were observel on the ceed ger-
rination from the treatments. Rosrk end Cotton (1728) also
presented the same results when they tected various ali-
phatic chlorides. Cotton (1944) observel that a %:1 mix-
ture of ethylene dichloride and carbon tetrachloride 3did
not affect germination of grain, regardless of its dosage,

period of exposure and the moisture content of the seeds.

)



SUMMARY AND CCNCIUGICNS

This study was estéblishei to investigate the re-
sidual activity of some of the common commercial fumigant
mixtures., Two buchel ssmrles of wheat and corn weré fami-
gated anl storei under conditions cormparable with those in
oren anl closed farm storages. £Saw-toothel grain beetles,
confused flour beetles, sranary weevile and cadelle aiults,
as well as Indian meal moth larvee were exposed to samples
of fumicated grain weekly and the resulting mortality ob-
served. The initial resultes indicated that, when small
samples were fumigated, the results were not comparable
with those that exist on the surface of large quantities
of fumigated grain. In order to simulate these conditions
as closely as poscible, samples of wheat were dipped di-
rectly in fumigants, as well as in emulsions of malathion
and DOW-ET-14. Again, adult saw-toothed grain beetles,
confused flour beetles anl granary weevils, and Indian
meal moth larvae were exposed to the samples of the wheat.

The results from thece stulies are outlined as fol-
lows:

1. Dowfume-75, ©0-20 Mixture, Dowfume EB-5 and
Cerafume proved to be highly efficient fumigante for con-
trol of saw-toothed srain beetles, ccnfuced flour beetles

anil granary weevils.
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2. Little residual activity was apparent when
these fumirants were ucsed tc fumigate two bushel samples
of wheat anl corn at recommended rates.

3. Wdhen wheat was dipped directly into the emul-
sions of malathion and DON-TT-14 at a concentration of 200
ppm (30 ppm actual residue on the grein), effective resid-
ual action was evident for seven to ten weeks against saw-
toothel crain beetlec, confused flour beetles and granary
weevils. DCW-ZT-14 was also effective against Indian meal
moth larvae.

4, MNalathion at ten ppm (1.5 prm actual residue on
the grain) had an effective residual period of three weeks
against saw-toothel grain beetles and granary weevils, but
provided little control of the confused flour beetles.
DOW-ET-14 at ten prm was not effective against these same
pests.

5. WNhen wheat was dipped directly in the commercial
formulation of Serafume, its residues were effective for
the control of scaw-toothel grain bestles and granary wee-
vils for three to five weeks, but had very little effect
on confused flour beetles.

6. Dowfume ©TB-5 wacs slichtly less éffective than
Serafume in ite residual action on the above insects.

7. Dowfume-75 ani 80-20 Lixture hal little resid-

ual activity against the insects tested.
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€. NWone of the materialec uced in this study, with
the exception of DCOW-ET-14 (229 ppm), proviled significant
residual action against Indian meal moth larvae.
9. Germination of wheat, corn, barley, oats, rye
and kidney beans was not affected by the fumigation with
the recommended dosages of Dowfume-75, 80-20 Kixture, Dow-

fume EB-5 and Serafume.
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