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INTRODUCTION

Agricultural products in storage are often subject te
serious attacks by insects. Insect damage to various stored
materials constitutes an old problem and a considerable amount
of research has been devoted to it. As Herford (1952) points
out, reliable figures of world losses are difficult to ob-
tain. According to conservative estimates five per cent of
the cereal production of the world is destroyed in storage
each yesr as a result of insect infestation; Cotton (1956)
believes that ten per cent is a more realistic percentage,
Cotton et al. (1945a) estimated the annual losses caused by
insects to stored grain and milled products in the United
States alone as 300 million dollars; ether authors cited by Parkin
(1956) set the current annual damage at 600 million dollars.

At the present time international attention is focused
upon food preduction. The rapid increase of populations,
the political crises in many parts of the world inducing a
significant reduction in the production of cereals, and the
change from the agrarian economy in various countries to the
industrial type, contributes greatly to the above effect.
However, more value must be placed upon food preservation.

As Parkin (1956) states: "The importance of stored product

entomology has not been appreciated largely because the
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damage done 1s of an insidious nature and is often not de-
tected until the commodity is about to be sold or consumed."
As in the case of medicine, the application of preventive
measures is a much more desirable and much less expensive
way to avoid the damage. Consequently, great savings of
stored products can be made by using relatively simple and
cheap procedures of hygiene and insecticidal treatment.

The work reported in this paper is an attempt to fimd
better ways to fight back the insects, as dramatically has

been put by Despaul (1957), in their ceaseless struggle

with menkind for a greater share of the earth's foods,.




CHAPTER I

THE PROBLEM AND GENERAL ASPECTS
OF INSECT PENETRATION AND INFESTATION

According to Cottom (1956), there are over forty specles
of insects infesting stored products. These species differ
considerably in environmental requirements and general be-
havior from those attacking the crops in the field. Herford
(1952) reports that although there are some groups, which are
confined to certain categories of food, the majority are able
to attack a very wide selection of products. This abllity
to develop satisfactorily in s vast range of different mater-
ials increases greatly their survival and distribution.

These insects have adapted themselves to a diet of dried
vegetable material (Cotton et al., 1945a) and some species
really thrive in the absence of appreciable amounts of mols=
ture. They are generally hardy and very prolific. Adult
beetles can survive more thzan two years in unheated buildings
(Despaul, 1957); im addition, they withstand long periods
without food (Essig, 1945), a factor which favors their

aceidental distribution through medern transportation. The

females produce a multitude of eggs and several generatlions
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occur annually. As a rule they are protected from temperae
ture fluctuations by the insulating properties of the pre-
ducts in which they live (Herford, 1952) and development
without a resting period is insured., Due to their small
size they are overlooked and their presence remains unde-
tected until large populations have developed (Essig, 1945).
Therefore, the sudden appearance and rapid spread of stored
grain insect infestations is not surprising.

It is generally accepted that, once the infestation is
under way, the stored product has already lost a part of its
value. Various types of equipment have been used for
storage, in order to prohibit any access by insects. Only
metal and glass containers have provided complete protection;
nevertheless, they are neither economical nor convenient
for extensive use. The failure of cardboard, paper, syne
thetic and fabric containers to secure adequate prevention
of insect penetration called for another approach to the
problem. The incorporation of repellents or insecticides
into the container seemed to be the most promising idea. Howe
ever, the new aspect presented a serious drawback; the pose
81bility of contamination eof the stored product by some of
the powerful chemicals used. Paper and cloth containers
treated with various compounds have been tested for insecte

proofness; none of the chemicals succeeded in satisfying all

the requirements, with the possible exception of synergized
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pyrethrins.

I. THE PROBLEM

Statement of the problem. It was the purpose of this
study (1) to investigate the control of stored-preduct ine
sects with insecticide-treated paper and cotton bags; (2)
to compare the effectiveness of different formulations ef
pyrethrins; (3) to test the relative toxicity and length of
efficisncy of various insecticides; (4) to determine the
effectiveness of three botanical insecticides; (5) to
evaluate the resistance to insect penetration of three types
of cotton bags,

No attempt has been made to determine any contamination
of the stored materials deriving from the insecticides used

for lmpregnation of the bags.

Importance of the study. Agricultural products may be

attacked by insects while in farm or commercial storage,
during transportation and during the final shelving. Pre-
vention of insect infestation will result in considerable
reduction in damage. More extensive use of plant derivatives
as insecticides will eliminate the hazards to man and warm-
blocded animals derived from the utilization of powerful
chemicals. The problem is of economic importance to the

farmers, the storage enterprises, the manufacturers, the

retailerse and the consumers,
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II.. GENERAL ASPECTS OF INSECT
PENETRATION AND INFESTATION

Origin of infestation in farm storage. Infestation of
grain on the farm may originate either in the field or in
the storehouse. According to Herford (1952), in temperate
regions the greain is relatively free from insect presence
at the time of harvest. In tropical and sub-tropical coun=
tries, however, many storage pests fly from grain stores
into the surrounding fields, with the result that the grain
may be expected to be seriously affected when it is harvest-
ed. Infestation is due many times to the storing in places
that were already infested. Cotton (1956) states that thore
cugh cleaning of the storehouse before harvest is of utmost
importance, since insects harbor in cracks and crevices
filled with dust and old broken grain. Besides, insectes
migrate from thelir breeding places in barns and, subsequently,

the near granaries become infested.

Abilities of penetration. All stored-product insects

are cocnsidered as being good penetrators. There are, however,
significant differences between the particular species. The

ability of some species to penetrate packaging materials de-

pends even upon the stage of development, as reported by
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Gerhardt and Lindgren (1954a). Thie subject will be treate

ed in more detall in the review of the literature.

Purpose of insect penetration. It is somewhat astonish-

ing, perhaps, that insects do not penetrate for the sole
reason of obtaining food. According to Despaul (1957), it
is well established that insectes attack packages which do
not contain food; it has been demcnstrated experimentally
that they attack packages left in a room even though unpacke
aged and unprotected food is available to them. Search for
food still remains their primary purpose of penetraticn; as
secondary reasons, the search for dark areas as well as for

protected places for oviposition are cited.

Damage to stored grain by insects. In & study by Cotton

et al. (1953) the results of the destructive activities of
stored-grain insects are presented. The Quality and grade
of the grain is reduced by the very presence of insects,

cast skins, webbing and excreta. The weight 18 also re-
duced due to the remarkable feeding abllity of the immature
stages; therefore, the nutritional value of the grain 1is
lowered. Infested grain may be declared unfit for human cone
sumption. Many larvae feed almoet exclusively on the germ;

this feeding subsequently cauces poor germination and re-

sults in higher requirements of seed supplies. The heat and
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moisture produced by the metabollic processes causes the
grain to rot, mold and develop disagreeable odors. Finally,

insect infestation by primary feeders opens the gnates to

the invasion of other insects and microorganisms.




CHAPTER II
REVIEW OF THE LITERATURE

Infestation of stored agricultural producte by insects
is an old phenomenon, probably as old as man himeelf. Man
has always been conscious of the dawmage and has tried many
ways to avoid the losses. Undoubtedly, it would be desire
able to be able to rely on sanitation only. Cotton (1944)
stresses sanitation as an imperative measure, by which pre-
vention of infestation can be obtained. The fact that
Gunderson (1956) kept untreated corn in good condition for
one year by cleaning of the bins alone, illustrates that
poseiblility. In practice, however, sanitation alone 1s very
seldom sufficient and the use of protective measures is
necessary.

Many types of packages have been used in order both teo
facilitate storage and to provide protection to cereal pro-
ducts. As Essig et al. (1943) point out, insect penetra-
tion of packaged foode is not a new problem but has been
previously investigated by several workers. Parker (1913%)
observed that insects find their way in at the small holes
present at the corners of unsealed packages and urged the

use of a sealed paper carton. Most of the research, however,

has been devoted to the subject since 1943, mainly due to
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the increassed transportation and distribution demands during
World War II.

In an extensive study Essig et al. (1943) have inves-
tigated the resistance of various packaging materials., They
have found that numerous factors influence the readiness of
penetration: (1) the nature of the material, e.g whether
it is metallic, wooden, paper or synthetic; (2) the thick=-
ness of the package; (3) the presence of creases, folds,
corners and scratches; (4) the treatment of the material
with mechanical or chemical egents. Thelr interesting con=-
clusions are preesented as tentative:

(1) the penetration is favored by the presence of

food; (2? insects with propensity for boring are

the best penetrators; (3) at least one stage of the

common pests was able to penetrate some materials,
with the exception of the Saw-toothed gralnbeetle,

Orizaephilus surinamensis (L.); (4) none of the
connorciaify used packaging materials tested 18 in-
sect-proof.
Their resulte and conclusions have been supported by con=
siderable experimental evidence.

Glass, wood and cellulose products including paper,
fiberboard, cardboard and cellophanes have been tested by
Lineley (1944). Waxed papers were readily penetrated and
the results have been confirmed by Eesig (1945). Waxed

cartons have proved most satisfactory; abrasive papers have

also been resistant and were penetrated only by the Cadelle,

Tenebroides mauritanicus (L.), after nine wmonthes of exe
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posure. Among the mest important requirements for an insect-
proof package are noted the surface hardness, a minimum of
folde and creasese, thick walle and the absence of holes;
Essig (1945) agrees completely. An asphalt-laminated paper
tested has offered considerable resistance to penetration
as reported both by Sweetman and Bourne (1944) and Eseig
(1945).

As mentioned before, the penetrating ablility of an ine-
sect varies with the species. For one thing, the capacity
depends upon the particular type of mouth parts. Insects
having strong chewing mouth parts can cut through substan-
tisl wrappers. The Cadelle has been found by Cotton (1944)
capable of cutting through a metal-foll-wrapped carton.
Against less efficient insects the same author suggests a
carton sealed and covered with a wet wrap. W¥With the exception
of the Cadelle and the Lesser grain borer, Rhyzopertha dom-
inica (Fab.), mest flour-infesting insects are not strong
paper penetrators. They do enter, though, paper bags, as
Cotton et al. (1945a) reported, through minute openings where
the seals are not perfect or through the needle holes where
the bags are sewed. Because of these reasons they suggest
that all seams of paper bags should be cemented and sewed
tope should be protected by strips of gummed tape. Fabric

bags afford even less protection. Observations by the same
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group of workers reveal that adult insects thrust thelr ovi-
positors through the meshes and lay their eggs directly in
the products within the bags; besides, small-size adults
and most larvae can crawl through the meshes and through
needle holes along the seams and at the top or bottom where
the bage are sewed.

The presence of food and e heavy insect population ine
creaces penetration, as concluded by Essig (1945). From
the environmental factors the role of temperature is empha=-
sized, since the stored-product insects are more or less
adapted to extremes of humidity. Insect activity 1s corre-
lated with changes in temperature between minimum and maxi-
mum, the maximum penetration occuring at seventy-five to
eighty-five degrees F. In the same paper Essig also stated
that optimum conditione for general activity of the insects
are the optimum conditions for penetration and Cotton (1949)
agrees with this conclusion.

During an experiment conducted by Gerhardt and Lindgren
(1954b) various synthetic packaging films have been made up
into bags and tested. Only a film containing aluminum foil
has been relatively resistant, but not insect-proof. The
Cadelle and the Lesser grain borer have been the best pene-

trators; the Saw-toothed grain beetle the least able.

In order to obtain complete exclusion of the insects
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Laudani and Davis (1955) had to tape over all the needle
punctures of the bags used for storage.

Some protection can be obtained by the use of multiple
layers of paper and Arnold (1955) found that regular un-
treated multiwall bags are fairly resistant under normal
conditions.

The remarkable ability of stored grain insecte to in-
duce infestation 1s depicted once more in the findings of
Despaul (1957), who was working with cereal ration bars.
The Confused flour beetle, Tribolium confusum Duv., was un-
able to penetrate the cellophane wrapping of the bars by
boring through it; however, the beetles could flatten them-
selves sufficiently to slip under the folded ends of the
wrapper and lay thelir egge inside, thus establishing in-
festation.

The inadequacy of the commercially used containers to
prohibit insect infestation led to another line of attack.
Cotton et al. (1944) pointed out that the impregnation of
the paper with suitable insect-proofing chemicals offers a
means of preventing insects from boring into them. Almost
simultaneously, Linsley (1944) suggested the incorporation
of toxlc chemicals into the paper as offering one of the

most promising approaches to the problem.

Soft towel paper and Kraft paper were lmpregnated by
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Cotton et al. (1944) with ten per cent D.D.T. solution in
acetone., After exposure for two months to the attack of
the Cadelle and the Lesser grain borer, the paper suffered
no damage. The authors believe that D.D.T. may be found
suitable for the impregnation of one of the plies of multi-
wall paper bags or for incorporation into the coating liquer
used in the preparation of coated Kraft paper for making
single-wall bags,

Sabadilla used by Clark and Hoveland (1944) on paper
cartons provided resistance for seventy-two days against
penetration by cockroaches.

Kraft paper bags treated with five per cent D.D.T. in
carbon tetrachloride offered greater resistance than cotton
bags treated in like manner, as reported by Cotton et al.
(1945b). Essig (1945) found that five per cent D.D.T. on
fifty-pound Kraft paper gave protection for nine months;
however, under 190° F. the effectiveness of the treatment
was seriously reduced in six hours and mostly destroyed
in twelve hours. Annand (1946) claimed that wrappings
impregnated with D.D.T. were highly effective in prevent-
ing insect entrance into packages of cereals.,

Bags made from fabric have also been tried extensively,

Cotton bags impregnated with two and five tenths, five, and

ten per cent D.D.T. solutions in carbon tetrachloride were
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used by Cooper (1947) for an experiment. Impregnation was
performed either by dipping or spraying. The treated bags
were filled with corn and placed in contact with infested
grain. Adequate protection was obtained for three months
while all checks were infested. Further investigations
carried on during subsequent yeare by the same author (1948,
1949, 1950) revealed that the ten per cent treatment had one
and nine tenths per cent of the enclosed grain damaged after
thirteen months and three and nine tenths per cent after
elighteen months; the lighter treatments presented respect-
ively higher precentages of infested grain. The infes-
tation in the checks at the end of eighteen months attained
eighty-nine and seven tenths per cent.

In a study by Butterfield et al. (1949) whole seeds
were stored safely for one year in bags treated with one per
cent D.D.T. while oily and broken seeds were not safe even
for four months.

A great deal of research has been devoted to the con-
trol of insects by treated bags cooperatively by the Bur-
eau of Entomology and Plant Quarantine and the Bureau of
Agricultural and Industrial Chemistry of the U.S. Depart-
ment of Agriculture.

Discussing the necessary properties of a good insect-

reeistant treatment for bags, Hilbert (1949) states that
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such a treatment should be effective over several months of
use, and should not contaminate the stored product nor be
objectionable from the public-health standpoint.

Cotton et al. (1949) presented the resulte of a ser-
ies of experiments with cotton bags impregnated with water
diepersions of & one to ten pyrethrins-piperonyl butoxide
mixture of such strengths that the cloth contained five,
seven and five tenths, or ten mgs. of pyrethrins per square
foot. The bags were filled with insect-free flour and ex-
posed for seven months to continuous infestation. Satlis-
factory protection was afforded at all the above dosages
tested. On the assumption that the pyrethrins deteriorate
rapidly when exposed to light, an experiment wae conducted
with cloth bags containing ten mg. of pyrethrins per square
foot, which were filled with flour and exposed to insect
infestation in darkness, in indirect light and in direct
sunlight. It was found that the insect repellency was re-
tained under all conditions for eseven months. In addi-
tion, 1t was demonstrated that treated bags, when stored
for five months before they were used, were still effective.

Similar experiments established the value of the pyre=-
thrins in keeping insecte out of flour or other cereals

packed in treated bsgs. Accord!ng to Annand (1950), the

treatment can also be applied to the cloth before the bags
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are made or even to the warp yarn before the cloth is woven.
The pyrethrins are of low order of toxicity to warm-blooded
animals and the slight oder they give off 1s not objection-
able. Baking tests conducted indicated that the quality of
the stored flour was not affected (Brannan, 1950).

Work on the same line has also been done in Canade,
Gardiner (1949) reported that cotton sacks treated with
pyrethrum-piperonyl butoxide mixture at the rate of seventy-
five mg. per square foot completely resisted insect entry
for a period of eight months. Further teets (Gardiner,
1950) proved that the treatment was effective for over
fifteen months.

Burlap bags impregnated with D.D.T. have been used for
the storage of potatoes against the Potato tuberworm, Gnori-
meschema operculella (Zeller). Hofmaster and Anderson
(1948) obtained good results for ten months with five per
cent D.D.T. Lloyd (1951) claimed complete protection with
even five tenths of one per cent D.D.T. Hofmaster (1949) cone
ducted large scale tests with burlap bags dipped in one,
three, and five per cent D.D.T. solutions in xylene. The
bags were filled with potatoes, placed in a large chamber
and moths were released. All treatments gave a highly sig-

nificant reduction in injury. The one per cent treatment

gave poorer control and there was evidence of tunnels in the
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potatoes; however, none of the larvae reached maturity.
If pupae were introduced into the bags, eggs were not depesi-
ted by the emerged adults. Dudley et al. (1952) observed
that if potatoes already infested with larvae were stored
in treated bage, the adult moths were killed soon after
they emerged.

The attention of sorghum breeders was 2liso attracted to
the use of treated bags in their breeding work. A small
bag 18 regularly placed over the sorghum head in order to
prevent cross pollination. This fact presents the disad-
vantage of increased insect activity within the bag due
both to high humidity and the protection of the pests from
parasites and predators. Dahms et al. (1951) found that by
the use of sacks treated with Aldrin the Corn earvorm, Helio-
this zea (Boddie), was completely controlled. The same
treatment proved to be effective against the Corn leaf aphid,
Rhopalosiphum maidis (Fitch), as concluded by Hoyt (1954).
D.D.T. when used for impregnation at the rate of 133 mg. per
bag gave control of the Corn earworm, but increased Corn
leaf aphid injury. There was little leoes in toxlelity if
the bags were used six months after impregnation (Dahms et
al., 1955).

Impregnated cotton bags filled with corn were tested

by Jewett and Price (1951). While two and five tenths per
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cent D.D.T. afforded little protection, ten per cent D.D.T.

gave very good control against many stored-graln insecte
for twelve months and excellent protection from the Angou-

mole grain moth, Sitotroga cerealella (Cliv.), for six

months.

Further work revealed that cotton and burlap bags treate
ed with a mixture of pyrethrins and piperonyl butoxide give
protection to stored grain for fourteen months (Hoyt, 1952),.
Fiberboard cartons sealed with an adhesive containing the
same chemicals repelled insects for nine months. In order
to evaluate the influence of formulations, Incho et al.
(1953) applied three formulatione of pyrethrins to Kraft
paper: Wettable powder, oll solution and water emulsion,

The wettable powder was effective and resisted penetration
for one year; the other two showed a loss of activity at
8ix months.

At the same time the newer insecticides were also
tested. Lindane, Chlordane and Dieldrin gave long-time pro-
tection (Hoyt, 1954). According to Laudani and Davis (1955),
Methoxychlor showed great promise as protective coating on
bags. It exhibited a longer-lasting toxicity than the pyre-
thrins, but insects went through the needle holes of the
treated sewn ends (Arnold, 1955).

Although the majority of the workers have expreesed

R
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their enthusiasm about the pyrethrine, some investigators
were rather moderate in their statements. Kulash (1954)
admites only some protection by storing grain in bage treat-
ed with five tenths of one per cent synergized pyrethrum.

Davie and Laudani (1955) placed in heavily infested
rooms paper and cloth bage treated with eynergized pyrethrum
and filled with flour. The number of insect penetrations
and the number of insects in the flour inside the bags were
determined. Compariscons of effectivenese were bused on these
criteria. The paper bags provided protection for nine to
twelve months; the cloth bags were effective for three to
8ix monthe.

As & multiple insurance against insect penetration,
bags with several walls have been also used. Arnold (1955)
found out that multiwall paper bags having the outer ply
coated with Pyrenone were comvletely resistant to all ine
sects tested. Nine to twelve month protection can be exe-
pected with similar bags, as reported by Laudani and Davis
(1955). The same authors observed that the pyrethrum depos=-
its deteriorate rapidly and they bellieve that the great
part of the protection provided by the pyrethrum treatment
can be explained on the basis of repellency rather than
toxicity. This belief based on experimental evidence had
already been expressed by Laudani and Swank (1954), whe
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reported that the usual application ratee of pyrethrum are
too low to cause mortality after the firet few days, but
that there ig a definite and long-lasting repellency.

Sivik and Kulash (1956) summarize the most important
advantages that the use of treated bags for the protection
of stored seed presente over other methods of control: (1)
small amount of insecticide is applied; (2) 2il the seeds
do not come in contact with the treated surface and in
this way the possibility of undesirable odor and the dele-
terious effect on seed germination is leesened; (3) long
period of protection is afforded without the neceseity of
retreating the seed.

Of course all bags will not be equally effective. As
Cotton (1952) pointed out, the efficacy depends on the
type of bag used. In a coarse bag 1t is rather éifficult
to impart any protective action, because the insects can
get in without coming in contact very much with the treated
fabric. If a closely woven material i1s avallable, the weave
is 80 close that the insect has to make quite an effort to
get into & bag of that type, and so it comes in contact with
more of the chemical,

The efficlency of bags and packages has been questionned
by various investigators. Paper and cloth bags were treated

by Davis and Laudani (1955) with pyrethrum and Methoxychlor;

_
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subsequent analyses indicated that the bage falled to have
present the desired depoeite of insecticide. Thomeon (1950)
expressed the possibility that the insect making the first
penetration might pick up enough insecticide to be killed,
but others could then safely pase through the hole,

By far the most important disadvantage in using treated
bage for storage 18 the probability of contaminating the
contents with the chemical utilized for the treatment.

Large amounts of insecticide were absorbed by the foods,
especially when fatty materials were packed in heavily im-
pregnated bags and stored for long periods (Butterfield et
al., 1949)., After three months of storage of pyrethrins-
treated bage filled with flour the piperonyl butoxide mi-
grated into the contents (Hilbert, 1951). If in that case
the contamination ie considered harmless, in another case 1t
may be extremely hazardous.

In several instances the insecticide present in the
stored product exceeded the tolerance set by the Food and
Drug Administration. Particularly in our time, when insecte
icides of high efficiency and persistence are available,

we should be very careful. As Atkins and Greer (1953) said:

The extent to which the insecticides are transferred
from the bage to their ccntents 1s of utmost import-
ance, since, no matter how effective any treatment might
be in preventing infestation, it can scarcely be loocked
upon as practical 1f it were obtained only at the cost
of contaminating the stored product.
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According to the same suthors, the use of double layers of
fabric with the insecticide impregnation limited to the
outer layer would possibly prove useful both in limiting
insect penetration and product contamination.

In practical application, taste repellents may be re-
commended where the use of insecticides is impractical or
undesirable. It doee not seem very probable to ever achleve
the ideal repellent, which should be effective in low concen-
trations, stable and nonvolatile, colorlese and odorless,
low in toxicity to humans, nonreactive with machinery end
economical (Block, 1951). However, it may be possible to

subetitute effective repellents for the insecticides in

current use in order to accomplish our initial goal.




CHAPTER III

MATERIALS AND METHODS

Experiment with paper bags. Number 20 Kraft paper
bags were treated with six concentrations ef pyrethrins.

Pyrenone O.F. 60«6 emulsifiable concentrate was provided

by Fairfield Chemicals. One part ef this concentrate

mixed with twenty-nine parts of water gave an emulsion
containing two tenths of one per cent pyrethrins. Both the
amount of concentrate and the amount of water was variled
accordingly to provide concentrations containing one tenth,
two tenths, four tenths, six tenths, eight tenths and one
per cent pyrethrins. The paper bags were treated by dipping
in the different percentages of the insecticide and were
subsequently dried at room temperature. Every treatment
was replicated four times; untreated check bags were also
used,

Shelled corn was used for this test. The corn was
screened thoroughly, fumigated with carbon tetrachloride
for twenty four hourse and then well aired before being
stored in the bagse. Each bag was filled with one gallon ef

grain and the tope of the bags were folded down three times

and then stapled tightly. The bags were placed at random




25
on infested corn. Several species of grain insects were found
in the infested corn. These were the Saw-toothed grain
beetle, the Confused flour beetle, the Cadelle, the Angou=-

mois grain moth and the Indian meal moth, Plodia inter-

punctella (Hubner). The experiment was performed in a room
where the temperature was recorded by a Friez Hygrothermo-
graph and fluctuated between seventy and eignhty degrees F,
At the end of two, four, six, eight and ten monthe the bags
were opened, the contents sifted and the number of insects
present inside recorded by species. The number of holes

on the bags was aleo recorded.

Experiments with cotton bags. Two types of bagse were

used: raw hem top, two and thirty-five hundredthe of a
yard osnaburg (closely woven) bags and raw hem top, two
and eighty hundredtha of a yard osnaburg (loosely woven)
bags, purchased from Fulton Bag and Cotton Mills, Kansas
City, Kansas. The bags were too large for experimental
purposes. Consequently, they were cut in half lengthwise
and resewed. The measurements of the bags after resewing
were fifteen by six and one=half inches. Five treatments
were applied to the bags, namely, five per cent D.D.T.,

two tenths of one per cent pyrethrins, approximately three

per cent Ryania, five per cent Methoxychlor and twentye
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five hundredths of one per cent Rotenone.

In order to obtain the D.D.T. suspension, 378 gr. of
Genitox S8-50 (Allied Chemical and Dye Corporation, New
York, New York) were mixed with one gallon of water.

The pyrethrins emulsion was obtained by mixing 130.3
ml. of SBpecial Emuleifiable Pyrenone Concentrate T-647
(Feirfield Chemicals, Baltimore, Maryland) with one gallon
of water,

Ninety-four and four tenthe gr. of Ryanicide 100 per
cent (S.B. Penick and Company, New York 8, New York) were
used in a gallon of water. The quantity of Ryanicide was
calculated on the basis of the material stored in each bag,
the number of ml. of water absorbed by each bag and the
rate of one 1lb. of insecticide per 1000 lbs. of seed recome
wended by the manufacturers. The quantity used would give
te the bag the necessary coating to protect the 600 gr. of
stored material.

378 gr. of Marlate (E. I. Du Pont de Nemoure and Com-
pany Inc., Wilmington, Delaware) were mixed with one gallon
of water to provide five per cent Methoxychlor suspension.

By mixing 189 gr. of Powderad Cube' Root (8.B. Penick
end Company, New York) with one gallon of water, a suspen=-

elon containing twenty-five hundredths of one per cent

Rotenone was obtained,
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A ten-quart bucket was used for the preparation of the
various suspensions. The bags were dipped in the bucket
and left for about ten minutes to be soaked. Subsequently
the bagse were hung on strings to be dried.

There were six replications of every trestment and type
of bag including the control bages soaked only with water,

Each bag was filled with 600 gr. of shelled corn thore
oughly sifted, fumigated with carbon tetrachloride and
asrated for the removal of the fumigant vapor. The top of
the bage was folded once and tied with string.

The bags were placed in the same infeetation room used
for the previoue experiment. In order to obtain randomi-
zation, the pattern of a Latin Square six by six was followed
for the placement of each type of bags on the infested
corn. The infestation was increased this time by the
presence of the Rice weevil, Sitophilue oryza (L.). The
temperature wae kept around eighty degrees F. by the use
of a trhermostat,

At the end of three and six monthe the bags were re-
moved, the contente sifted and the number of insects inside
each bag recorded,

A similar experiment was repeated using the same two

types of bags and the same treatment, Each bag was filled

with 500 gr. of shelled corn and 100 gr. of whole wheat
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flour. The corn used was not fumigated but only thoroughly
sifted. Each bag was placed in a separate gallon Jjar,
Thirty Saw-toothed grain beetles, twenty Confused flour
beetles and thirty Rice weevils were introduced into every
Jar.

Together with the two types of cotton bage, a third
type, commercial flour sample bage, were also included in
this test, These bags were treated with the same insecti-
cides at half the previous concentrations. These treat-
ments were also replicated five times., The flour bags were
filled with 400 gr. of non-fumigated shelled corn plus
seventy-five gr. of whole wheat flour. Each bag was placed
in a gallon jar and thirty Saw-toothed grain beetles, twenty
Confuesed flour beetles and thirty Rice weevils were aleo
introduced in every Jjar.

The tops of the jar 1lids were partly replaced by a
sixty-mesh screen to insure seration. All jare were instal-
led on shelves in the insect rearing room.

At the end of five months the bags were removed from
the jares and their contents sifted. The number of insects
in the jars and inside the bags was counted. Living and

dead specimens were recorded separately.

Test of the residual activity. Upon the completion of

the experiment in glass jars, the treated bags were used
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in another test. The cotton bags were filled with 500 gr,
of shelled corn and 100 gr. of whole wheat flour; the
commercial flour bage were filled with 400 gr. of shelled
corn and seventy-five gr. of whole wheat flour. Each bag
was placed in a gallon Jar. The treatments were replicated
four times for each type of bag. Fifty Saw-toothed grain
beetles, thirty Confused flour beetles and fifty Rice
weevils were introduced in every Jjar. The jars were then
placed in the insect rearing room.

One week after the insects were introduced in the jars,
two replications of each type of bags were removed and the
nueber of living insects in the jars and ineide the bags
counted. The remaining set of replications wae examined

in a like manner three weeks after the infestation wsas

made,




CHAPTER IV

RESULTS

Experiment with peper bags. The results obtained

after an exposure of two, four, six and eight months te
stored-grain peets are presented respectively in Tables
I, II, III, and IV. Table V shows the total infestation
after ten months of exposure. A Chi Square analysis of
the total infestation indicated no significant difference
between treatments, but all treatments were eignificantly

better than the control at the five per cent level.

Experiments with cotton bags. With the exception of
the pyrethrines, the insecticides used for treating the bags

were in the form of wettable powders. Both D.D.T. and Methe
oxychlor gave nice suspensions with water. The suspension
needed to be agitated while the begs were soaking., The
coating on the begs was heavy and uneven. When the bags
were handled, the powder depcoeits epread around. Ryania

and Rotenone did not give a good suspension. The coating
on the bage was not even and there were spots with thick

coating. The impregnation with Pyrenocne was most satis-

factory.




TABLE I

NUMBER OF INSECTS PRESENT IN
PAPEFR BAGS AFTER TWO MONTHS OF EXPOSURE

—m -

Baw-toothed Confused Angoumols Indlan

Treatmente grain beetle flour beetle Cadelle grain moth meal moth
«1% Pyrethring 4 0 0 0 0
«2% Pyrethring 0 0 0 0 0
.4% Pyrethring 0 0 0 0 0
«6% Pyrethring 0 0 0 0 0
.8% Pyrethrins 0 0 0 0 0
1.0% Pyrethring 0 0 0 0 0
Control 3 38 0 3 0




TABLE II

NUMBER OF INSECTS PRESENT IN
PAPER BAGS AFTER FOUR MONTEE OF EXPOSUFRE

pE—————— S S S - e ————— — e —  — — —— — — ———— — — — ——— ———  — ———

SBaw-toothed Confused Angoumols Indian

Treatments grain beetle flour beetle Cadelle grain moth meal moth
.1% Pyrethrins 0 1 0 0 0
«2% Pyrethring 0 0 0 0 0
4% Pyrethrins 0 0 0 0 0
.6% Pyrethring ] 2 0 0 0
.8% Pyrethrine 0 2 0 0 0
1.0% Pyrethring 0 2 0 0 0
Control 69 18 0 0 2

*2¢



TABLE III

NUMBER OF INBECTS PRESENT IN PAPER
BAGS AFTER SIX MONTHS OF EXPOSURE

SBaw-toothed Comfused Angoumols Indian

Treatments grain beetle flour beetle Cadelle grain moth meal moth
.1% Pyrethrins 3 3 0 0 0
.2% Pyrethrings 0 1 0 0 0
.4% Pyrethrins 0 0 0 0 3
.6% Pyrethrine 0 0 0 0 2
.8% Pyrethrine 0 8 0 0 1
1.0% Pyrethrins 0 0 0 1
Control 323 16 0 0 3

*ce




TABLE IV

NUMBER OF INSECTS PRESENT IN
PAPER BAGS AFTER EIGHT MONTHS8 OF EXPOSURE

Saw-toothed Confuged Angoumoie Indian

Treatments graln beetle flour beetle Cadelle grain moth meal moth
.1% Pyrethrins 0 0 0 1 0
.2% Pyrethring 1 0 0 0 0
4% Pyrethrings 0 0 0 0 0
.6% Pyrethrine 0 0 0 2 0
.8% Pyrethrine 1 0 0 1 0
1,0% Pyrethring 0 1 0 0 0
Control 14 11 2 62 16

* ¢




TABLE V

TOTAL INFESTATION AFTER TEN MONTHS OF EXPOSUERE

Treatments

Total Number
S8aw-toothed Confused Angoumols Indlan number of holes
grain beetle flour beetle Cadelle grain moth meal moth of insects on bage

.1% Pyrethrins

.2% Pyrethrins

4% Pyrethring

.6% Pyrethrine

.84 Pyrethrine
1,0% Pyrethrins
Control

? L 0 1 0 12 10
1 1 0 0 0 2 2
0 0 0 0 3 3 3
0 2 0 2 2 6 1
1 2 0 L 1 8 0
0 3 0 0 2 5 1
418 101 ? 6% 46 637 167

- ——— — - T

*G¢
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The results obtained in the first part of this experi-
ment are presented in Tables VI, VII, VIII, and IX. Due
to the low numbers and zeros in many of the replications
the data in Tables VI and VIII were not analyzed statisti-
cally. The analysis of variance for Confused flour beetles,
Saw-toothed grain beetles and Angoumolis gralin moths was
carried out for the data summarized in Tables VII and IX.
In Table VII the Confused flour beetle populations in
Methoxyatlor and D.D.T. were significantly higher than in
the other treatments or the control. There were signifi-
cantly more Angoumols grain moths in the controls of the
closely woven bags, but there was no difference between
treatments. In Table IX the significant differences in
the Saw=toothed grain beetle and Angoumois grain moth
populations were due only to the high numbers in the cone-
trols. The Confused flour beetle populations in loosely
woven bags were significantly higher in the Methoxychlor-
treated bags than in any of the other treatments. Only
Rotenone and Pyrenone reduced the Confused flour beetles
to a statistically significant degree below the checks.

When the experiment with the treated bags was repeated
using infestations in individual jars the results in
Table X. were obtained. There were holes on the commercial

flour bags which were treated with Ryania and Rotenone and

_




TABLE VI

NUMBER CF INSECTS PRESENT IN CLOSELY WOVEN
BAGS8 AFTER THREE MONTHS OF EXPOSURE TO INFESTATION

Rice Confused Saw-toothed Angoumoisg Indlan
Treatments weevil flour beetle graln veetle Cadelle grain moth  meal moth
D.D.T. 2 12 0 2 2 1
Pyrenone 3 12 5 0 3 0
Ryania 2 L 6 0 2 1
Methoxychlor 1 11 2 0 0 1
Rotenone 0 5 5 1 9 0
Control 3 2 0 0 14 3

*Lg




BAGS AFTER TWO, THREE-MONTH PERIODS OF EXPOSURE TO INFESTATION

TABLE VII

TOTAL NUMBER OF INSECTS8 PRESENT IN CLOSBELY WOVEN

Confugsed Saw-toothed Angoumois Indian Total
Rice flour gralin grain meal number
Treatments weevil beetle beetle Cadelle moth moth of insects

D.D.T. 2 28 2 2 13 1 67
Pyrenone 3 14 15 C i 1 37
Ryania 2 5 19 0 12 3 K1
Methoxychlor 2 25 10 0 2 1 4o
Rotenone 0 9 11 2 15 2 39
COntrol 3 2 7 0 189 32 233

09{




TABLE VIII

NUMBER OF INSECTS8 PRESENT IN LOOSELY WOVEN
BAGS AFTER THREE MONTHS OF EXPOSURE TO INFESTATION

Rice Confused Saw-toothed Angoumolgs Indian

Treatments weevlil flour beetle grain beetle Cadelle graln moth meal moth
D.D,T. 2 b 3 0 1 1
Pyrenone L 1 1 1 6 1
Ryania 1 6 0 0 9 L
Methoxychlor 6 20 é 3 1 5
Rotenone 2 2 8 0 10 1
Control 2 L 24 0 22 2

*6¢




TABLE IX

TOTAL NUMBER OF INSECTS PRESENT IN LOOSELY WOVEN
BAGS AFTER TWO, THREE-MONTH PERIODS OF EXPOSURE TO INFESTATION

Confused Saw-toothed Angoumols Indlan Total
Rice flour grain grain meal number
Treatments weevil beetle beetle Cadelle moth moth of insects

D.D.T. 3 9 10 ¢ 8 1l 31
Pyrenone L 3 5 1 9 1 23
Ryania 1 7 11 0 60 11 90
Methoxychlor 6 31 16 3 2 5 63
Rotenone 2 3 17 0 43 26 1
Control 2 13 145 3 897 17 1077

.07
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in the controls. The same treatments contained a large
number of larvae of the Confused flour beetle. No statise
tical analysis was carried out on these data because of
the large degree of variability between replications and
the number of zeros. However, the biological significance
of the control afforded by all the treatments except Ryania

and Rotenone may be assumed as valid.

Test of the residual activity. Three weeks after the
infestation was made, all insects were dead in the jars
containing the closely woven and the loosely woven cotton
bags. The number of living insects in the jars containing
the commercial flour bags are reported in Table XI. The
results of the one-week counts are presented in Tables
XII, XIII and XIV. The number of zeros and the pronouneed
variablility between replications made the application of

a statistical analysis ineffectual. Nevertheless, the

value of the results obtained must not be overlooked.




TABLE X

NUMBER OF INSECTS PRESENT INSIDE
TREATED BAGS FIVE MONTHS AFTER INFESTATION

Baw-toothed graln beetle Confused flour beetle Rice weevil

Closely Loosely Commercial Closely Loosely CommercialClosely Loosely Commercial

woven woven flour woven WOVeL flour woven woven flour
Treatments bags bags bags bags bags bags bags bags bags
D.D.T, 0 0 0 0 0 0 0 0 0
Pyrenone 0 0 0 0 0 0 0 1 0
Ryania 1 0 117 2 0 114 1 0 62
Methoxychlor 0 0 0 0 0 0 0 0 27
Rotenone 0 1 2 0 1 624 0 0 268
Control 0 42 67 2 212 31 0 1 118

.3’7




TABLE XI

NUMBER OF LIVING INSECTS PRESENT OUTSIDE
AND INSIDE THE COMMERCIAL FLOUR BAGS
THREE WEEKS AFTER THE INSECTS WERE INTRODUCED!

b

Saw-toothed Confuesed Rice

rain b flo etl __weevil

Outside Inslde OCutgelde Ingide Cutsglde Inslde

Treatments the bag the bag the bag the bag the bag the bag
D.D.T. 0 0 0 0 0 0
Pyrenone 0 0 0 0 0 0
Ryania 0 0 0 0 0 0
Methoxychlor 0 0 0 0 0 0
Rotenone 0 0 1 8 0 0
Control 3 37 5 26 L 32

1, Fifty Saw-toothed grain beetles, thirty Confused flour beetles and fifty Réce
weevils were introduced,

Oiv




TABLE XII

NUMBER OF LIVING INSECT8 PRESENT OUTSIDE

AND INSIDE CLO

SELY WOVEN BAGS ONE EK

AFTER THE INSECTS WERE INTRODUCED

Saw-toothed
gralin beetle

Confused
flour beetle

Rice
weevil

Qutside Ingide
Treatments the bag the bag

Outelde Inside

the bag the bag

Outgilde Ingide
the bag

the bag

D.D.T.

Pyrenone

Ryania

Methoxychlor

Rotenone

Control L

\V.YeXeNoNeXe
00000

\n
WHEFrOoOWwWwHrHo

OO0OO0OO0O0O0

&

WNnWHEOOOO

0OO0O0OO0O0O0

1. Fifty Saw-toothed graln beetles, thirty Confused flour beetlee and fifty Rlce

weevile were introduced,

*H




TABLE XIII

NUMBER OF LIVING INSECT8 PRESENT OUTSIDE
AND INSIDE LOOSELY WOVEN BAGS ONE Hgfl
AFTER THE INSECTS WERE INTRODUCE

Baw-toothed Confuged Rice
grain beetle flour beetle weevil
Outslide Inside Outsglde Inglde Outside Inglde

Treatments the beg the bag the bag the bag the bag the bag
D.D.T. 0 0 0 0 0 0
Pyrenone 0 0 1 0 0 0
Ryania 2 0 27 0 11 0
Methoxychlor 0 0 0 0 0 0
Rotenone 7 0 L8 0 8 0
Control L2 0 51 0 61 0

1. Fifty Saw-toothed grain beetles, thirty Confused flour beetles and fifty Rice
weevils were introduced,

Gy



TABLE XIV

NUMBER OF LIVING INSECTS PRESENT OUTSIDE
AND INSIDE COMMERCIAL FLOUR BAGS ONE WEEK
AFTER THE INSECTS WERE INTRODUCED 1

Baw-toothed Confuged Rice
_grain beetle flour beetle weevll
Outside Inglde Outside Inside Outsgide Ingide
Treatments the bag the bag the bag the bag the bag the bag
D.D.T, 0 0 0 1 0
Pyrenone 0 0 7 0 0 0
Ryania 8 0 33 0 1 0
Methoxychlor 0] 0 1l 0 1 0
Rotenone 1 0 Ly 1 16 0
Control 19 L 22 21 6 15
1, Fifty Baw-toothed grain beetles, thirty Confused flour beetles and fifty Rice

weevils were introduced,

‘9%




CHAPTER V
DISCUSSION AND CONCLUSIONS

Successful results have been obtained with the paper bags
treated with various concentrations of pyrethrins. It is
interesting to notice that the Sew-toothed grain beetle
was the first pest to enter the treatments. Although its
penetrating ability 1s among the lowest for stored-product
pests, 1ts presence inside the bags can be explained on
the assumption that the beetle found its way in through
places where the seals of the bags were not perfect. The
Confused flour beetles accomplished infestation at four
months and the Indian meal moths at six months. The abe
sence of the Cadelle in any treatment was probably due to
the low number of beetlee present in the infested corn.
There was no significant difference between the protection
afforded by the various concentrations of pyrethrins. The
results showed that paper bags treated even with a very
low percentage of pyrethrins offer significant protection
from stored grain insects for at least ten months.,

Most of the research done with treated cotton bags

has been performed by using impregnated bags. The inves=-

tigators used the pure form of the insecticides and a
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solvent, such as acetone, carbon tetrachloride or xylene.
In this way, solutions were obtained by which the bags
were impregnated. The purpose of the work reported herein
was to find a method of insect control, which would be con=-
venient and simple enough to be used by the average farmer.
This i1s the reason why wettable powders were chosen for the
treatment of the bags.

Nevertheless, the wettable powdere were somewhat 1n-
convenient. The suspensions needed continuous agitation,
or a thick precipitate would accumulate at the bottom of
the can. The coating on the bags was uneven and heavy in
many places. Handling of the bags would easily contaminate
the surroundings with insecticide. To avold as much as pos-
sible the above effect, half the concentrations were used
with the commercial flour bags.

The first results obtained with the treated cotton
bags were rather disappointing. Many treatments were more
heavily infested than the controls. The bags treated with
chlorinated hydrocarbons had surprisingly high numbers of
Confused flour beetles. This was particularly true for
Methoxychlor. It would almoet appear to indicate attrac-
tant properties for Confused flour beetles at low dosages

of Methoxychlor. The high numbers of the Angoumois grain

moth present in the controls are not conclusive, since the
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moths did not have to bore through the bags but could pos=-
8ibly accomplish infestation by ovipositing through the
meehes of the fabric.

The possibility of uneven distribution of the insect
populations in the layer of corn used as source of infes-
tation was also encountered. In order to provide identical
initial infestations to all replications, the experiment
was repeated using infestations in individual Jjars. The
two chlorinated hydrocarbons and the Pyrenone provided
almost complete protection for five months. One replica-
tion of Methoxychlor contained all twenty-seven Rice weevils
reported in Table X. The Terty-two Saw-toothed grain
beetles found in the control were from two replications
and the other three replications were not infested; the same
two replications contained all but one of the 212 Confused
flour beetles. The commercial flour bags when treated with
Rotenone or Ryania were not effective at all. It should
not be forgotten, though, that these bags were treated
with half the concentrations used for the treatment of the
other two types of bags. All the replications of the com=-
mercial flour bags treated with Rotenone were highly in-
fested. The populations of insects were well established

inside these replicationa; the abundance of larvae and

the holes present on the bags support this conclusion.




50.
The same held true too for the replications treated with
Ryania, but to a lesser extent; it should be taken into
consideration that all 621 Rice weevils reported in Table
X were found in one replication. The results suggest that
the closely woven bags tested provide good protection
even in the absence of insecticides; the loosely woven
bags are somewhat resistant to penetration and the commer-
cial flour bags are easily penetrated,

The third experiment was conducted in order to secure
information on the length of effectiveness of the insecti-
cides tested. The commercial flour bags were the only
replications containing living insects inside. As these
bags are easlly penetrated, this was to be expected since
the insects could not survive unless they obtained food
and water wihilch were present only inside the bags. Seven
months after they were applied to cotton bags, the D.D.T.,
Pyrenone and Methoxychlor deposits exhibited an excellent
residual activity against the species tested. Both Ryania
and Rotenone produced little effect if any at all.

Lindgren et al. (1954) reporting on a similar experi-
ment claimed that they obtained the maximum effect on
mortality within ten days. In our experiments the best

results were obtained at seven days.

The investigation of the insecticidal efficiency of
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a chemical is a delicate task and may easily lead to errone-

ous conclusions, especially when the lnsecticide is studied
in connection with groups of biological entities. Concluding
the present work I would like to Quote Parkin (1951), who
calls attention on that point:

The insecticidal value of a chemical is a property
which cannot be measured apart from a complex of
modifying and interacting factors. It can be deter-
mined only in relation to a particular specles. The
larvae are sometimes more resistant than the corres-
ponding adults. Even each stage exhibits consider-
able changes in resistance during its life. We cannot,
then, generalize even to the extent of saylng that

a particular insecticide 1s effective against a par-
ticular species of insects. In addition, the concen-
tration of the insecticide, the method of applica-
tion, the period of exposure and the environmental
conditions to which the insects are submitted before,
during and after the application, must be taken inte
account. Finally, it should not be forgotten that
practical conditions can rarely be adequately repro-
duced in the laboratory.




CHAPTER VI

SUMMARY

Number 20 Kraft paper bags were treated by dipping
with one tenth, two tenths, four tenths, eix tenths, elght
tenths, and one per cent pyrethrin concentrations replica-
ted four times; the bagse were subsequently dried at room
temperature. Each bag was filled with one gallon of insect-
free corn, stapled tightly and placed at random on infested
corn. The Saw=toothed grain beetle, the Confused flour
beetle, the Cadelle, the Angoumois grain moth and the
Indian meal moth were present in the infested corn. The
number of insects inside the bags was recorded at two, four,
six, eight, and ten months. The bags treated even with the
lowest percentage of pyrethrins offered satisfactory pro=-
tection from the species tested for ten months.

Two typee of cotton bags, closely woven and loosely
woven osnaburg bags were treated by dipping in concentre=-
tions containing five per cent D.D.T., two tenths of one
per cent pyrethrins, three per cent Ryania, five per cent
Methoxychlor and twenty-five hundredths of one per cent

Rotenone. The bags were dried at room temperature. A

third type of bag, commercisal flour sample bags, were also
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treated in llke manner at half the previoue concentrations.
There were five replications of every treatment including
the control bags soaked only with water., The osnaburg
bags were fllled with 500 gr. of thoroughly screened corn
and 100 gr. of whole wheat flour. The commercial flour
bags were filled with 400 gr. of thoroughly screened corn
and seventy-five gr. of whole wheat flour. Each bag was
placed in a separate gallon jar. Thirty Saw-toothed grain
beetles, twenty Confused flour beetles and thirty Rice
Weevils were introduced in every Jar. The tops of the jar
lids were partly replaced by a 60-mesh ecreen to insure
aeration. The number of insecte in the jJars and inside
the bags were counted at the enq of five months. The D.D.T.,
Pyrenone and Methoxychlor provided almost complete protec-
tion for five monthe. The commercial flour bags treated
with Ryenia and Rotenone did not offer any protection.
The closely woven bags as such provide good protection
against insect penetration; the commercial flour bags are
easlly penetrated.

The same bags, which were used in the previous experi-
ment, were prepared for infestation in the same way.
Fifty Saw-toothed grain beetles, thirty Confused flour

beetles and fifty Rice weevils were introduced in every

Jar. Counts of 1living insects in the jares and inside the
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bags were made at one and three weeke after infestation.
D.D.T., Pyrenone and Methoxychlor exhibited an excellent
residual activity seven months after they were applied to

the cotton bags. Ryania and Rotenone produced little

effect if any at all,
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