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STATUS OF TOLERANCES FOR METHOXYCHLOR
RESIDUES ON STORED WHEAT AND

SHELLED CORN

At the present time the tolerance for
methoxychlor residues on stored wheat and
shelled corn is 2 p.p.m. This level of tol-

erance was established to cover any residues
that might result from spraying empty grain
bins with a residual type methoxychlor spray,

The reader is cautioned that no toler-
ance has been established as yet at levels
to permit the use of methoxychlor dusts as

discussed in this publication. Until such
tolerance is announced, methoxychlor protec-
tive treatments should not be used.

This report is the first of a series
presenting results of tests with various
insecticidal dusts and sprays applied to
stored grain for protection against insect
attack. These reports are a part of a broad
program of research to reduce the cost of
marketing farm products, including the cost
of preventing insect infestation in stored
grain.
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SUMMARY

This report presents results of tests with various insecticicial dusts

and sprays applied to stored grain for protection against insect attack. It

summarizes the tests with methoxychlor made in the period August 1953 through

December 1956, Because of the interest in protective dusts and sprays for

stored grain, results to date are published even though the studies are being

continued.

The studies were conducted on wheat and shelled corn stored in the stand-

ard circular 3,250-bushel metal bins of the Commodity Credit Corporation,

U. S. Department of Agriculture. After the protective treatments were applied;

the grain was sampled monthly to determine the levels of insect population and

moisture content, and quarterly for chemical residue analysis, bioassay tests,

and commercial grade. In tests with wheat, the level of residue was also

traced through the milling and baking processes.

Dusts applied to wheat in September and October 1955 at rates to give
deposits of $, 10, and 15 p.p.m. of methoxychlor practically eliminated the
insect populations present, and kept the wheat almost insect-free through the
following season until December 1956. However, when the results were tested
for significance by the method of analysis of variance, the difference between
the treated and check bins was not significant. The lack of significance was
attributed to too short a period of comparison, and the decision was made to
continue the observations of these bins until the treatments ceased to give

protection or significant differences were obtained.

The amount of methoxychlor recovered from the wheat in December 1955 "was

80, 6hf and h$ percent, respectively, of the amount applied to the 5* 10, and

15 p.p.m. treatments. In October 1956, at the end of the first year, hO t h$,

and 35 percent respectively remained.

The residues on other lots of wheat when received at the mill were less

than one-half of the applied amount of 13.6 p.p.m. By the time the wheat had
passed through the cleaning and tempering processes, the residues had been re-

duced to between l.itf and 2.09 p.p.m. The largest portion of this remainder
occurred in the feed fractions (bran and shorts) with small amounts in the

second and first clear flours, and less than 0.5 p.p.m. in the patent flour.

The baking process did not destroy residues of methoxychlor but it re-

duced them by 21 to hh percent.

There was little change in the overall moisture content of the wheat,
and there was no apparent effect on the behavior of the protective dusts.
There were no changes in the commercial grade of the wheat during the period
of the test.



Dusts applied to shelled corn in August 1953 at rates to give deposits

of 5U and 108 p.p.m. gave excellent protection through 195U and 1955e The

differences between the treated lots and checks were highly significant.

These differences demonstrated that dosage levels of 5U p.p.m. and above were

greater than needed for effective protection over the 30-month observation

period.

Dusts applied to shelled corn in August 195U at rates to give deposits
of 36 and 5U p.p.m. gave excellent protection through the following year and
until February 1956. The differences between the treated lots and checks

were significant. These differences demonstrated that dosage levels of

36 p.o.m. and above were greater than needed for effective protection over
the 19-month observation period.

Dusts applied to other lots of shelled corn in August 195U* in which
the concentration of methoxychlor was varied but the amount was constant at

h$ poO.m. , gave uniformly excellent protection against infestation through
the following year and until February 1956. The differences between the
treated lots of grain and the checks were not significant. The lack of
significance was attributed to too short a period of comparison. It was

necessary to terminate the tests so no further observations were made.

When test insects were confined on samples from the treated bins at
quarterly intervals, the mortality produced gradually declined from quarter
to quarter at about the same rate that the amount of residue, as indicated
by chemical analysis, declined.

Analysis of the residues from 16 points in 1 bin of shelled corn re-
vealed a high concentration in the center of the bin beneath the spout of
the conveyor.

The moisture content of the samples indicated a continual transfer of
moisture within the grain mass, but little change in the average for the bin.
There was no apparent effect on the behavior of the protective treatment.
There was an effect on the commercial grade in that 25 of the h3 bins under
observation were downgraded from 1 to 5 grades because of increases in the
amount of total damage which were attributed to moisture accumulation in the
surface layer of corn. No downgrading was attributed to the protective
treatments

•

Five species of stored-grain insects were found in the wheat, the most
abundant being the flat grain beetle However, in corn 17 species were found.
The rice weevil was the most abundant species in the bins receiving protec-
tive treatments but was insignificant in the check bins, a situation that
could not be explained.
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EVALUATION OF METHQXYCHLOR FOR THE PROTECTION OF STORED
WHEAT AND SHELLED CORN FROM INSECT ATTACK

By H, H. Walkden and Howard D. Nelson
Stored-Grain Insects Laboratory

Manhattan, Kans • 1/

INTRODUCTION

Changes in grain handling and storage practices in the past few years
have lengethened the periods of time grain may be stored, sometimes up to 5>

years. The reserves of grain accumulated as a result of increased yields and
the price-support loan program have required new and improved methods of in-
sect control. Emphasis now is being placed on preventive rather than curative

measures of preserving grain from insect attack.

In line with this trend, intensive studies were initiated in the fall of

1952 to explore the possibility of applying insecticides directly to stored
wheat and shelled corn to prevent the development of insect infestation. The
use of insecticides for this purpose introduces numerous problems. The resi-
dues of insecticide on the grain must be studied to determine whether they
are within safe limits for the ultimate consumer—human beings or livestock

—

and whether the grade of the grain is affected by the treatments.

This report is the first of a series, presenting the results of the tests
with various protective treatments. In the tests described here, methoxychlor
dusts were used as the protective treatment. Other studies with methoxychlor
are still underway, but owing to the immediate interest in protective treat-
ments, the results through December 1956 are presented now. The data are
divided into two groups for presentation, one group covering the tests on
protection of wheat, the other on shelled corn.

TECHNIQUE

The tests were conducted in USDA circular metal bins, 16 feet in height
and 18 feet in diameter, with a capacity of 3>250 bushels. The dust applica-
tions were made either by hand as the grain was run from the auger, or by a
mechanical applicator attached to the tube of the auger.

1/ This laboratory is a field station of the Stored-Product Insects

Section, Biological Sciences Branch, Marketing Research Division, Agricul-

tural Marketing Service, U. S. Department of Agriculture.
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Three series of tests were made, 1 with wheat and 2 with shelled corn.

The tests with wheat were begun in September 1955* at a CCC bin site in

Morris County, Kans., and involved 2U bins. The first series with shelled

corn was begun in August 1953 at a CCC bin site in Saline County, Mo,, and

involved 19 bins. The second series with shelled corn was begun a year later

in August 195U, also in Saline County, and it involved 28 bins,

Sampling Methods

Samples were drawn monthly from 8 places in the grain mass for determina-

tions of the insect population and moisture content of the grain. The samples

were drawn with a 5-foot, or 10- or 11-celled, trier equipped with extension
handles. Each sample amounted to about 500 grams of grain. The samples were
taken vertically in the center of the bin from the top, middle, and bottom 5

feet, from the top 5 feet in each quadrant at a location 3 feet from the wall,

and horizontally 2 to 3 inches from the top at the center. Each sample was
taken to the laboratory, screened to remove any insects, and the number and
species of insects recorded. The moisture content of each sample was then
determined with a dielectric type moisture meter, Wnen a bin of grain
reached a level of insect population which would cause it to be designated as

"weevily" under U, S, grain standards, it was dropped from the series and
fumigated.

The sampling pattern in April, July, October, and December was extended
to include vertical samples from the middle and bottom 5 feet in each quad-

rant. These were composited with the other samples from each bin after the
insect and moisture records were taken. The composited sample was then sepa-
rated with a grain divider into two or more subsamples in accordance with the
sampling schedule. One subsample was analyzed for methoxychlor residue, A
second subsample was cut from the composite sample from each bin at the
beginning of the test and annually thereafter or at the termination of the
test to establish commercial grade. A third subsample was used in the bio-
assay tests.

Statistical Analyses

The performance of the insecticide was evaluated by comparing the treat-
ed lots with the untreated controls and with each other on the basis of the
number of "bin-months" of protection. The number of "bin-months" of pro-
tection was computed by dividing the total number of months of protection for
a series of bins having the same treatment by the number of bins in that
series. The treatment was considered to give protection until the insect
population reached the level at which it would be designated as "weevily"
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under the provisions of the U. S. Grain Standards. The grain was designated

as "weevily" if a 1,000-gram sample contained living stored-grain insects as

follows: Wheat : 2 or more weevils, or 1 weevil and 3 or more bran beetles,

or 5 or more bran beetles* Corn : 2 or more weevils, or 1 weevil and 5 or

more bran beetles, or 25 or more bran beetles.

The data thus obtained were tested statistically for reliability by the

analysis of variance method. This method of statistical analysis establishes

the significance of mean differences between treated lots or between treated
lots and the untreated controls.

Chemical Analyses

The analyses of the grain samples for residues of methoxychlor and the
lyses of bread were done by a modified Claborn and Beckman method. 2/

The samples from the milling tests were analyzed by the Fairing and
Warrington method. 3/

TESTS WITH WHEAT

The wheat used in this work was of the 1952 crop. It was delivered
from farm storage and placed in CCC storage in the spring of 1953.

These studies were made to determine the degree of protection afforded
by the methoxychlor treatments, and the level of insecticidal residues in the
wheat, in the milling fractions, and in the bread.

To attain these objectives three types of tests were conducted:
1. Wheat was treated with methoxychlor, and the degree of protection deter-
mined by observation of the insect population trends; the amount of residue
in the wheat and its persistence during the storage period was determined by
chemical analyses of samples drawn periodically from the bins. 2 Wheat
with a known amount of residue was milled and the amount of methoxychlor in
the screenings, aspirations, and milling fractions was determined by chemical
analyses. 3» Bread was baked from flour containing known amounts of meth-
oxychlor and the residue was determined by chemical analyses.

2/ Claborn, H V., and Beckman, H. F. Determination of 1, 1, 1-trichloro-

2, 2-bis(£-methoxyphenyl) ethane in milk and fatty materials. Anal. Chem, 2U:
220-222 o 1952.

3/ Fairing, J. D., and Warrington, H. P. Colorimetric determination of
small quantities of l,l,l-trichloro-2,2-bis(£-methoxphenyl)-ethane. Adv.
Chem. Ser. No. 1: 260. 1950.
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Experimental Pattern

Performance Tests

Methoxychlor dusts were applied in September and October 1955 to wheat
stored at the Morris County, Kans., bin site. Five bins were treated at the
rate of 5 p.p.m. of methoxychlor, 5 bins at 10 p.p.m., and 5 at 15 p.p.m.
Nine untreated bins xvere used as checks. The dusts were formulated with
concentrations of 1, 2, and 3 percent methoxychlor and were applied at the
rate of 30 pounds per 1,000 bushels of wheat. Wheat flour was used as a
carrier since previous experience had shown that an inorganic carrier would
impart a gritty feel to wheat and cause it to be downgraded. The wheat was
screened as it was turned from one bin to another in order to apply the dusts
(fig. 1). The dust was applied with a mechanical applicator attached to the
auger tube. The untreated controls were also turned and screened. Each bin
was sampled monthly beginning in December 1955 through December 1956, to
determine the insect population trends and the moisture content of the wheat.
Quarterly and terminal samples for residue analyses and commercial grade were
taken as described previously.

Milling Tests

Approximately 120 bushels of wheat were treated uniformly with 1 percent
of methoxychlor formulated on wheat flour at an application rate of 13©6
p„Pom. The treated wheat was divided into h lots of 30 bushels each, 2 of

which were milled in September 195U at the Kansas State College pilot mill
and the other 2 at the commercial pilot mill at Minneapolis, Minn. The daily
capacity of the mills was: College mill 180 cwt.j commercial mill 105 cwt.

Two cleaning processes were employed at each mill, designated as the minimum
and maximum. These differed in that the maximum cleaning involved washing
the wheat prior to tempering. In addition a 30-bushel lot of untreated wheat
was milled at each mill to serve as standards.

During the milling process, samples for determination of methoxychlor
residues were taken from 2\\ points as follows: 8 from the wheat before and
during cleaning and tempering process; 6 from different types of screenings;

5 from the different aspirators; 5 from the finals—-bran, shorts, second
clear flour, first clear flour, and patent flour.

At the Kansas State College mill, all of the screenings, aspirations,
and milling fractions were collected and weighed to establish the proportions
of eacho
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Neg. 51B2 (B)

Figure 1.

—

Above , Method
of turning grain from one
bin to another using two
augers and a cleaning
screen. At right , Close-
up of simpTe mechanical
dust applicator.

I

i/-

Kt &P
Neg. 5182 (C)
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Baking Tests

Bread was baked from flour to which methoxychlor had been added at rates

of 3.75> 7.5* 15*0, and 30.0 p.p.m. Two bakings were made 1 week apart durirg

the winter of 1953-5U* and 2 loaves with each concentration were prepared at

each bakingo Samples from each loaf were analyzed for methoxychlor content

to determine the degree to which residues were reduced by the baking process.

Insect Population Trends

The insect populations in the treated and check bins are shown in table
1. It will be noted that at all 3 levels of treatment the insect populations
practically were eliminated following treatment, and the bins remained
practically insect free during the 1956 season. It should be recognized that
a part of the free-living insect population present before treatment was re-
moved when the wheat was turned and screened. The insect populations in 3
bins of untreated controls increased to the "weevily" level, 1 by March 1956,
1 by August, and 1 by October. At this stage they were fumigated.

Statistical Analyses of Performance

As previously stated, the criterion for elimination of a bin of grain
from a series was whether the insect population had reached a level that
would be "weevily" according to United States grain standards. The mean
number of months of protection for a series of bins was designated as the
number of "bin-months"of protection. The bin-months of protection for the
treated series compared with those of the controls are given below:

Treatment

No treatment - controls

5 p p.m.
10 p.p.m
15 p.p.m.

Bin-months of protection

8.3
12.2
13.0
13.0

The differences between the treated lots and the controls or between
treated lots were tested for significance by the method of analysis of
variance. The analyses showed that the differences were not significant,,
The variation ratio "F" of 2. 21; was less than the significant "F" value for
this series of 3.10 at the 5-percent level.
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The lack of significance, even though the treated bins were kept practi-

cally insect free throughout the period of the tests, was due to the fact

that insect infestation did not develop rapidly in the check bins. Therefore,

a longer period of comparison was needed. The decision was made to continue
the observations of these bins until the treatments ceased to give protection
or significant differences are obtained.

Insecticidal Residues

In the Wheat

The residues found in the composite samples (prepared by combining
samples from 16 locations) at quarterly intervals are given in table 2.

The amount of methoxychlor recovered in the first analysis in December
1955 was 80, 6U, and U5 percent Respectively, from the 5>, 10, and 15 p.p.m.

applications e In October 1956, at the end of the first year, UO, U5, and

35 percent respectively of the $, 10, and 15 p.p.m. applications remained.

In the Screenings, Aspirations, and Milling Fractions

The residues found in the milling products are given in table 3» The
results showed that about half of the freshly applied methoxychlor was re-
covered from the wheat as received for milling. By the time the wheat had
passed through the cleaning and tempering processes the residues had been
reduced to a range of 1.U7 to 2.09 p.p.m. The largest portion of the resi-
dues were found in the feed fractions (bran and shorts), with small amounts
in the second and first clear flour, and less than 0»5 p.p.m. in the patent
flour.

In the Bread

The residues found in bread made from flour to which methoxychlor had
been added are given in table h. These results demonstrated that baking did
not destroy residues of methoxychlor, although the amounts were reduced 21 to
Ui percent as shown in table 5.
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Table )j.—Residues in bread baked from flour containing known amounts of methoxychlor,
November 1953 - March 195U

Concentration of
methoxychlor
in flourl/

Amount of methoxychlor present in bread from

—

First baking Second baking
U-loaf
mean

Loaf
No.l

Loaf
No. 2

Mean
Loaf
No.l

Loaf
No.

2

Mean

P. p.m.

1.53
2.86

h.92
7.60

P. p.m.

1.1*8

P. p.m. P. p.m.

1.28
2.70

5. U8
9.76

P. p.m.

1.30

P.p.m. P. p.m.

P. p.m.

—

3.7^ i.«a 1.29 1.1*0

7.5 2.31* 2.60
5.00 U.96
8.20 7.90

2.82 2.79
5.1*0 5.1*1*

0.76 Q-76

2.68
15.0 5.20
30.0 8.83

1/ The amounts found by chemical analysis were respectively: 2.73* 6.28, 13.1*0, and
2U.32 p. p.m.

Table 5.—Reduction of residues during the baking process of bread made from flour con-

taining known amounts of methoxychlor

Amount of
methoxychlor

in flour

Mean weight

Flour

Grams

315
315

315
315

Loaves

Grams

Mean amount of
methoxychlor

in bread

Reduction of
residuel/

Percent

21

31*

1*0

U*

P.p.m.

—

2.73 .

6.28 .

13.1*0 .

21.32 .

1*81;. 5
U86.8
1*88.0

1*87.8

.p.m.

1.1*0

2.68
5.20
8.83

1/ Reduction of residue= (Weight of flour . _ ) .-
(Weight of loaf ' x res 1*16 in flour) - residue in bread

Weight of flour , , , _
Weight of" loaf x resldue m nour

xlOO
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Moisture Content Changes in the Wheat

The wheat used in these tests was of low moisture content, most of it

being within the range of 10. $ to 11.5 percent. The moisture content of the

samples taken from 16 locations in the bin showed tnat there was a continual

transfer of moisture within the grain mass, but there was little change in the

overall content. There was no apparent effect on the behavior of the pro-

tective treatments attributable to variations in moisture content, nor was

there any evidence that the protective treatments influenced the transfer of

moisture or the amount of the moisture content.

Changes in the Commercial Grade

There were no changes in the commercial grade of any bin during the

period of the test.

TESTS WITH SHELLED CORN

The tests with shelled corn were directed toward determining the degree

of protection against insect infestation afforded by the methoxychlor treat-

ments, the level of insecticidal residues, the distribution of the insecti-

cide, changes in the moisture content, and changes in commercial grade during

the storage period.

Experimental Pattern

In the first series of tests, the dust was applied in August 1953. Six
bins were treated with 10 percent methoxychlor in corncob flour at the rate
of 5U p.p.m. of methoxychlor, and 6 at the rate of 108 p.p.m. In the first
group the dust formulation was applied at the rate of 30 pounds per 1,000
bushels and in the second group at 60 pounds per 1,000 bushels. The corn was
shelled on the farm and delivered directly to the bin site. As the corn from
each truck was emptied into the hopper of the auger, aliquots of the dust were
applied by hand. The dust tended to be sticky and did not flow well, but it

was expected to become well distributed as the corn passed through the auger
and cascaded into the bins.

In the second series, started in August 19S>U, treatment was delayed until
all the corn had been loaded into the bins, and then the dust was applied as
the corn was turned from one bin to another The dust was applied by hand
in aliquots as the grain dropped from the spout of the unloading auger to the
hopper of the elevating auger. Two groups of tests were made, one to compare
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two application rates of a selected concentration. Five bins each were

treated with a 5-percent concentration at amounts to give 36 and 5U p.p.m. of

methoxychlor. The other group of tests was to study the effect of varying

the concentrations of methoxychlor in the protectant material while holding

the total amount constant Three bins each were treated with 2.5, 3<>33, 5>

and 10 percent concentration of methoxychlor in corncob flour at amounts to
give an application rate of U5 p.p.m. of methoxychlor. Six untreated bins
served as controls

Each bin in both groups was sampled at monthly intervals following
treatment until January or February 1956 to determine insect population trends

and moisture content,, A 5-foot grain trier or probe was used as in the wheat.

The same pattern of sampling was used as for wheat, consisting of 8 probings, 1

in the top 5 feet in each quadrant, in tne top, middle, and bottom 5 feet in
the center, and 1 horizontally in the surface layer,, This pattern was ex-

tended at each quarter to 16 probe samples consisting of the top, middle, and
bottom 5 feet in each quadrant and the center, and 1 horizontal in the sur-

face grain. After the insect population and moisture content of the corn had
been determined, these samples were composited and samples were cut with a

grain divider for residue analyses, commercial grade, and bioassay tests.

Bioassay tests were conducted for the purpose of observing any changes
in the potency of the insecticide during the storage period. In these tests,

25 adults each of rice weevils and flour beetles were confined on 3 ounces
of corn from both the treated and untreated bins and the resulting mortality
recorded after 1 and 3 weeks.

In 1 bin all 16 of the samples were analyzed separately to obtain infor-
mation on the distribution pattern of the insecticide.

Insect Population Trends

The trends of the insect populations in both the treated and control bins
of the series started in August 1953 are presented in table 6 In general
the insect populations remained very low throughout the remainder of the 1953
season, as well as through 195U and 1955* One bin treated with 5U p.p.m.
became weevily by November 195U. At 108 p.p.m., one bin reached this stage
of infestation in the winter of 195h-55> and a second bin by July 1955 • All
of the controls for the 1953 season developed large populations by September
or October; for the 195U season by summer or fall; and for the 1955 season by
August or September*
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The insect populations in the series started in August 195U are pre-

sented in table 7« An application rate of 36 p.p.m. gave excellent protec-

tion through the remainder of 195U and all of 1955 as compared with the check

bins, except in one bin that developed some infestation in October 1955 • The

rate of $h p.p.m. gave excellent protection throughout. Varying the amount

of diluent with a constant amount of methoxychlor equal to U5 p.p.m. did not

vary the effectiveness of the protection since all applications gave excellent

results except one bin which became "weevily" in September 1955« All controls

began to develop infestation during the fall of 195U, and were seriously in-

fested by September 1955*

Statistical Analyses of Performance

The data on the performance of the insecticide as applied to corn were
handled in the same manner as for wheat. Bins were eliminated from a series

if they became weevily, and the number of bin-months of protection was com-

puted as for wheat.

The bin-months of protection for the series of tests begun in August 1953
are given below:

Treatment

No treatment - controls

5U poP»m»
108 p.p #m

Bin-months of protection

5o3
26.2

26.8

When tested for significance by the method of the analysis of variance,
the mean difference between the treated series was not significantly differ-
ent, but the difference between the lots treated and the untreated controls
was highly significant. The variation ratio "F" was 33*38, a much greater
value than the 3»63 required for significance for this group

The highly significant difference between the treated and the control
lots demonstrated that dosage levels of Sh p.p.m. and higher were greater
than needed for effective protection over the 30-month observation period.

The bin-months of protection for the first group of the tests begun in
August 195k are given below:

Treatment

No treatment - controls
36 p.p.m.

5U p.p.m.

Bin-months of protection

15.8
19.0
19.0
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When tested for significance by the method of the analysis of variance,

the differences between the treated series were not significantly different,

but the differences between the treated lots and the untreated controls were

significant. The variation ratio "F" of 5.76 was greater than the value of

3.68 required for significance for this series.

The significant differences between the treated lots and the controls
demonstrate that dosage levels of 36 p.p.m. and above were greater than
needed for effective protection over the 19-month period of observation.

The bin months of protection for the second group of the tests begun in
August 195>U, in which the concentration of methoxychlor in the dust was varied

but the total amount held constant at kS p.p.m. are given below:

Concentration in dust and dosage

No treatment - controls
25> pounds of 10 percent dust
3>0 pounds of 5 percent dust

75 pounds of 3,33 percent dust

100 pounds of 2 #£ percent dust

Bin-months of protection

15.8
19.0
17.0
19.0
19.0

When tested for significance by the method of the analysis of variance,
the differences between the treated lots, or between the treated lots and
the controls were not significant* The variation ratio "F" of 1.67 was less
than the significant value of 3ol8.

The situation here parallels that in the wheat tests, in that a longer
period of comparison was needed to permit differentiation. It was also
necessary to terminate this group of tests so no further observations were
made«

Insecticidal Residues

The residues found in the composited samples taken quarterly are given
in tables 8 and 9o Consecutive analyses from a given test were often vari-
able. This may have been due to a combination of uneven distribution of the
methoxychlor in the grain (see discussion, p.12) and sampling error.

Two facts were demonstrated by these data, the first that the residue
in the corn at the first analysis was in the order of one-naif of the appli-
cation rate; the second that the depletion of the methoxychlor with age was
very gradual.
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Table 9.—Residues in shelled corn at intervals during storage following applications

of methoxychlor at 36 and Sh o.p.m., and at a constant rate of U5 p. p.m., in August

195U

Application rate and
test number^/

Amount of methoxychlor oresent in shelled corn on --

November

iask

January

12S
Anril July

12SS

October

lag

36 p. p.m. (UO lbs.A>000 bu. of
5-percent concentration)

1

2

3

h

5
Mean

Sk p.p.m. (60 lbs. /l,000 bu. of
5-percent concentration)

6

7

8

9

10
Mean .............

IS p.p.m. (25 lbs. /1,000 bu. of
10-percent concentration)
11
12
13
Mean .............

hB p.p.m. (50 lbs.A,000 bu. of
5-percent concentration)

111

15
16
Mean

U5 p.p.m. (75 lbs.AjOOO bu. of

3.33"PeI*cent concentration)
17
18

19
Mean , »

U5 p.p.m. (100 lbs.AjOOO bu. of
2.5-percent concentration)

20
21
22

Mean ........

P.p.m.

35.0
31.0
15.0
19.0
17.0

23.U

P.p.m. P.p.m. P.p.m.

35.0
36.0
22.0
31.0

38.0
39.0
17.0
31.3

38.0
32.0
36.0

35.3

liO.O

32.0
1U.0
28.7

22.0

15.5
28.0
20.0
20.0
21.1

27.0
28.0
32.0
29.0

25.0
30.0
lli.O

23.0

3U.2
22.0
21.0

25.7

19.0
19.0
35.0
2U.3

7.6

3.9
12. k
18.0
lli.O

11.2

16.7
16.7
18.1
17.2

11.0
15.2
20.0

15.U

13.0
16.9
7.2

12. U

10.2
17.1
13.8
13.7

19.1
11.2
12.9
18.6
15.6
15.5

19.1
12,8
16.2
16.0

lh.8
18.1
16.7
16.5

10.5
15.7
11.2
12.5

17.1
13.3
16.2
15.5

P.p.m.

21.1

15. U
20. U

2U.0
26.U
21.5

39.0 13.3 9.0 22. h 26.U
39.0 27.0 18.6 20.9 30.0
21.0 37.0 10.8 21.6 36.0
21.0 28.0 11.9 1U.8 33.6
22.0 U2.0 19.2 16.8 28.8
28. k 29.5 13.9 19.3 31.0

2U.0
37.2
28.8

30.0

21.0
28.0
31.2
26.7

23.3
26.U
20. k
23. h

21.6
18.0

3U.8

1/ Test numbers correspond with those given in table 7.
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Distribution of the Insecticide

The distribution of methoxychlor in 1 bin at the 16 sampling points is

presented in table 10. It was evident that much of the insecticide collected

in the center of the bin beneath the spout of the conveyor.

Bioassay Tests

The results of the bioassay tests are presented in table 11 and corrob-

orate the data obtained in residue analyses (tables 8 and 9) that the deple-
tion of the methoxychlor with age was very gradual.

Changes in Moisture Content

The corn used in these tests was dry enough to store well, the moisture
ranging from 13 .U percent downwards „ The moisture determinations of the
samples drawn at monthly intervals during the observation period showed that
there was a continual transfer of moisture within the grain mass. The sub-

ject of moisture transfer has been discussed by Holman et al.Ji/ and Schmidt
5/. In this series of tests there was but little change in the overall mois-
ture content, the usual moisture accumulation being noted in the surface
grain during the winter months, followed by a disappearance and redistribution
of it during the warmer months of the year. There was no apparent effect on
the behavior of the protective treatment.

Changes in the Commercial Grade

The commercial grades of the different bins of corn, taken at the
beginning of the study and at quarterly intervals thereafter, showed that
there was no downgrading due to treatment. However, the corn in 2$ of the I4.3

bins under observation was downgraded from 1 to $ grades because of the in-

crease in the amount of total damage. The increase in the grade factor
"Total Damage" during the storage period was due largely to- moisture accumu-
lation in the surface grain resulting in varying amounts of spoilage, chiefly
in the surface corn in the center of the bin.

h/ Holman, L. E # , Barre, H„ J., Cotton, R. T., and Walkden, H. H.
Storage of Dry Shelled Corn in Farm-type Bins. U. S. Dept. Agr. Cir 826,

pp. 17-19, illus. 19k9.

5/ Schmidt, J, L. Wheat Storage Research at Hutchinson, Kans,, and
Jamestown, N. Dak, U. S. Dept. Agr. Tech. Bull. 1113, pp. 13-16, 195£o
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Table ID .—Distribution of methoxychlor in a 3,250-bushelbin of
shelled corn receiving an application in August of 60 lb. /l,000 bu,

of 10-percent dust (108 p.p.m. ), and sampled in October 1953

Level in grain

Surface • • •

Top 5 feet . <

Middle 5 feet
Bottom 5 feet
Mean . . . . ,

Amount of methoxychlor present on shelled corn in

Center I North
of bin

J
quadrant

P. p.m.

2

318

U95
77

223

TVp.m.

13
11

73
32.3

East
quadrant
P. p.m.

8

28

Ui
26.6

South
quadrant
P. p.m.

9

56
85
50

West
quadrant
P. p.m.

13
10
58
27

Mean

P.p.m.

72

120

/
67

1/87

1/ Mean including surface sample—81 p.p.m.

COMPARATIVE ABUNDANCE OF THE SPECIES OF INSECTS

The monthly samples drawn from the bins were examined in the laboratory
and the number and species of stored-grain insects were recorded. The com-

Darative abundance of the different species is given in tables 12 and 13,
expressed as percentages of the total number of insects found during 3-£ioi1th
oeriods.

In wheat, only five species of stored-grain insects were found, the
most abundant species being the flat grain beetle, followed by the saw-toothed
grain beetle and the lesser grain borer (table 12

)

e

The rice weevil was the most abundant species found in the series of
bins of shelled corn treated with methoxychlor (1;5 percent of the total
insects observed), whereas in the control series rice weevils comprised only
a little more than 1 percent of the total. The reasons for this situation
are not clear. In the control series, the most abundant species in corn was
the red flour beetle, followed by the flat grain beetle and the saw-toothed
grain beetle. These 3 species constituted nearly 90 percent of the total
insects observed in the controls. A total of 17 species of stored-grain in-
sects were found in corn during the observation period, August 1953 to
February 1956 (table 13)
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FINDINGS

Although the studies with methoxychlor as a protective treatment have

not been concluded, the following points were evident in the tests reported
herein:

1. Methorychlor dusts protected stored wheat and shelled corn
from insect infestation over long periods of storage.

2. Application rates of $k p.p.m. and above were highly effec-
tive on shelled corn for 2 full summer seasons after the
year in which they were applied; rates of 36 p.p.m. and
above were highly effective on shelled corn for 1 full sum-

mer season; and rates of 5 p.p.m. and above were apparently
effective on wheat for 1 full summer season.

3. Uneven distribution of the protective dust in shelled corn
resulted when distribution was dependent upon the action of the
elevator auger and the cascading of the corn into the bin.

U. The actual residues on wheat following the application of dusts
ranged from h$ to 80 percent, and those on shelled corn were
about half the intended rate.

5. The depletion of the residues in the test grain was very
gradual over the periods of observation.

6. The residues on shelled corn apparently lost none of their
insecticidal effectiveness with age.

7. The residues in milling products occurred largely in the
feed fractions with relatively small amounts in the flours.

8. Residues in flour were not destroyed by being baked in bread,
although some reduction occurred.

9» A moisture content of 11.5 percent or less in wheat, or of
13. h percent or lower in shelled corn, did not affect the
performance of the protective dusts.

10. The commercial grade of wheat or shelled corn was not affected
by application of protective dusts.
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