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Mineral Oils, Alone or Combined With In-
secticides, for Control of Earworms in
Sweet Corn'
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Investigations of the msectidal contvol of the corn earworm (Fleli-
othas armgera (LIbn.)) in sweel-corn cars, performed {rom 1035 to
1941, inclusive, ave discussed in this bulletin,
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The resulis of exploratory studies in 1936 showed that a medicinal
mineral oil was a promising insecticide for use against this insect in
sweet corn, and by the summier of 1937 it was found thst oils of this
type when applicd to the interior silks alforded protection against
injury by earworms (o a larger percontuge of the cars than was
obtained by use of any other class of materials,

Although the carliest injections of ot} into the interiorsitks of ears
were made by thrusting o specially adapted hypodermic needle
through the husk, it was lound later that when applied to the silk
at the 1ip of the husk with an ordinary oil can, the oil seeped into the
ear almost instantly and dispersed through the entire mass of interior
silk.  Pump oilers, fitted with an attachment to reguluie the dosage
delivered per ear, were gonerally used in the field experiments, and
when these are connected with a reservoir of oil, the work of treating
the cars on a large seale is earvied on more rupidly. A dosage of
0.75 ml. of oil inserted one-hall inch into the silk mass is recom-
mended.

Various vegetable oils were nsed in the early experiments, but it
was found that s white mineral ol was as good as the best of the
vegetable oils, even wien insecticides were added to the vegetable oil,

Use of oils alone showed considerable variation in effectiveness,
which was correlated with the husk charscters of the cars. . When
applied to loose interfor silks, the oil tended to run through them,
but in tighter packed sillss it remained as u ilm sbout the silk strands,
forming a saturated harsier in which small and sometimes larger
larvae were killed by being smothiered, and through which others
could not pass readily to veach the kernels.  Binee most ears of sweet
corn were characterized by rather loose silks, however, a desirably
high vate of protection was not usunlly afforded by the oils alone.

An investigation made Tor the purpose of finding insecticides that
might be combined with mineral oil to incrense its effectivenecss showed
that pyrethrum was useful and that, lrom the standpoints of offec-
fiveness and costs, 0.2 percent of pyrethrins was the most practieable
concentration [or commercial use,

Further study of insecticides in oil showed that dickloroethyl ether,
at o concentration of 2 percent, was us effective as oil-pyrethrins and
was mueh less expensive,

Although oil-pyrethring was strictly » contact insceticide, oil-
dichloroethyt ether was a lumigant as well.  Qil-pyrethrins was
found to be more effective when applied to ears having short, loose
husks; oil-dichloroethyl ether was more effective in enrs lm\fmu‘
fonger, lighter husks.  Qils ranging in viseosity (Savholt) from 125—
210 seconds appenred {0 give th(= bos( results,

A number of other insceticidal chemicals were tested us additions
to mineral oil, but none offered the advantages of pyrethrum or
dichloroethyl other.  Oil-treated cars were aamplocl by al least 372
persons, who ate the roasting ears and reported on the flavor, Ne
reports were received of resicues of ofl- pyrefhring, but residues were
detected on the kernels of a few ears (o which oil-dichloroethyl ether
had been applied, Aost of the residues were detected by persons
having a particularly acute sense of taste, and, in any cvent, these
slight residues were present only on the tip kernels. Observation of
commercial applications of oil-dichloroethy] ether indieated thag
when the treatment was made as recommended, residues were rarely
found on the kernels of roasting cars.
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When applied to unpollinated silks, mineral oil was found to
interfere with fertilization, but since the silks of sweet-corn ears
under usual conditions were pollinated during the first few days after
silk exposure, applying the oil after pollination had been completed
usually overcame this difficulty. Germination of sweet-corn kernels
was not appreciably affected by oil treatment,

The mineral oil treatment of sweet-corn cars is commercially
practical and profitable. In tests under average growing conditions,
usually over 75 percent of the ears were protected by application of
oil-pyrothrins to the sitks. At the rmte of about an acre per day, one
man could make the single application needed. No waste of oil
through run-off occurred when applieations were properly made, and
2 gallons of oil or oil containing an insecticide sufficed to treat the
average number of ears on an acre.  The equipment developed for
treatment was inexpensive, could he assembled by growers, and was
not fatiguing to use,

INTRODUCTION

Investigations of the iwuscelicidal control of the corn carworm
(Heliothis armigera (Hbn.}) in green corn were begun in the summer of
1935 at New Haven, Conn.  Eacl succceding year field work was con-
tinued in Dade or Saninole Countics, Fla., during Mareh, April, and
Muay, and in New Haven County, Conn., or By vlington County, N, J.,
durmg July, August, and Seplember.  In this bulletin a sumiary is
given of investigations made during the period from 1935 to 1941,
inclusive,

The Rrst exploratory studies were planned to find the malerials

and methods of application that showed the greatest promise of use-
fulness in protecting corn from the carworm. From the outset the
choice of materials was restricted necessarily to insecticides that
would not be dangerous to consumers and would not injure the ears
in any way or cause changes in their appearance or in the develop-,
ment or flavor of the kernels.  Many malerials were tried and elimi-
nated.  Vegolable oils were frst tosted in the spring of 1936, and
mineral oil was first studied during the summer of that vear. By the
summer of 1937 1t was found thal highly refined mineral oils were
the most promising of all the materinls studied, and since then study
of thesc oils has formed an important part of the investigations,
Being colorless, odorless, harmless, and tasteless, mineral oils meet
all the requirements of & malerial for use In carworm control except
that they interfore with fertilization of (he keenels if applied Lo
unpollinated silks.  H was found, however, that this difficulty could
be overcome by delaying applications until aflter fertilization had
occurred.  Briel deseriptions of the results of oiling have been pub-
lished by the author (2, 3, 41,* and an unpublished bibliography pre-
pared by J. 8. Wade on the use of oil on the silk of sweet corn, up to
and includine 1941, contains 2 hst of 42 titles.
Pyrethrun. was first used with o1l during the spring of 1937, and
by the suminer of 1939 the resulls had shown that the addition of a
small quantity of pyrethrum extract to mineral oil (5, 6) increased its
efleetiveness considerably.

In 1939 dichioroethy! ether was found to be an incxpensive sub-
stitute for the more costly pyrethrum (7, 78).

* Halie nunrbers in purenthesss refor wo Literotere Cited, j, 82
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In 1938 Pepper began o investigate the oiling method of earworm
control in New Jersey (16, 17}, and in 1939 Carruth began to study
this method in New York (9, 10) and Michelbacher (15) in California.
A few tests were made clsewhere by Bailey (7), Cartwright (11),
Ditman et al. (Z8), Fisher and Shull (14), the Delaware Agricultural
Extension Service (£2), and Webster and Eichmann (15). By 1941
a considerable number of investigators were testing the method in
many sections of the country. -

The first commercial oil-pyrethrum mixture prepared especially for
eurworm control was offered 1n 1940, and in 1941 several such prepara-
tions and also commereinl preparations of oil-dichloroethyl ether were
available to growers ol sweet corn.  Special applicators were available
commercially in 1940,

The minernl-oil treatment was used commercially beginning in
1940, and by 1941 it had become a standard practice with progressive
growers ol large acreages of swoeet corn.  This was particularly true
i the Coachella Valley, Calil,, as reported by Wileox (20).

FACTORS AFFLECTING LEARWORM CONTROL

Prelimingry investigations gave no encouragement to a belief that
corn eurs could be protecled against earworms oy applications of
dusts or sprays to the exterior silk mass.  The writer (8} showed that
the newly hatched larvae fed very little exteriorly, that many had
already gained access to cars by the time dusts or sprays were applied,
and that the structure ol the corn cars was such that dusts and sprays
would not penetrate readily into the interior silk of most ears, where
the larvae Degin to feed.  Corn silks ave provided with a waxy coating
and with innumerable short hairs, and, except in the cvase of cars
having loose husks, the silk strands usually are pressed togethier ab
the Lip of the ear where they emerge and for some distance within the
car. ‘The result is that the short habrs interfock to form o sieve, and
this and the waxy coating sevve o repel rain and form a barrier against
penctration by dusts and sprays.  Since a knowledge ol the habits of
earworms after they have entered the ears was needed in order that
the problem might be attacked infelligently, many series of cars were
examined, and the results of some ol these examinations are given
under subsequent lisadings.

INCREASE AND DECHEASE oF LARVAL 1IN INAUS

Ears of the variety Snowflake grown in Dade County, Fla, in
Maxrch 1936 were tagged before the silks were cxposed.  Series of
these ears were examnmed cach day from the fourth to the twenby-
first day after silk exposure, and the findings are summarvized in table 1.
AMost of the larvac had entered the ears during the first 8 or 9 days
after silking.

Txaminations of ears of Golden Cross Bantam swect corn and loeal,
white sweet corn at Masonville, N. (I, in August 1938 (tablc 2) showed
that carworm pepulations remained rather constant in the ears of the
first variety during the first 10 days after silking, but that in ears of
the second varicty the numbers rose unti! the sixth day and began to
fall by the eighth day after silk exposure.
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TasLe }.—Localion of earworms tn cars of the corn variely Snowflake from the fourlh
to the twenty-first doy after 5ilk cxposure, Dade Counly, Fla., 1936
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Tanng Z—Occitrrence of earworis in cars of 2 varielies of sweel corn on the fourth,
stzth, edghth, and tenth days ofter cors exposee silks, Masonvitle, N. J., August
1938
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An examination of ears of Golden Cross Bantam in three stages of
development in Dade County, IFla., in 1939 showed an inercase of
larvae Irom 3.1 per ear hiving fresh silks (o 6.1 per car having wilted
silks, and 9.7 per ear having partly browned silks.  These three stages
of growth {table 3) represented roughly the sceond, lourth, and eighth
days after silk exposure.  The generad results of these and other oxam-
inations showed that carworms entered the ears continnously during
the first weele or more following silk exposure, and indicated that a
control measure directed against the larvae while they were feeding in
the interior sitk would affect the greatest numbers if applied not earlier
than 1 week after silk exposure.
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TaBLE 8.—Penetration of earworms of different tustars intn cars of Golden Cross
Banlem sweel corn al 3 stages of grawth, Pade County, Fia,, 1936
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Sraves oF Gruowth or Larvak v Ears

The normal development of a larva that hatelies from an eg,
deposited on the [resh sillk of an ear, enters the tip immediately, and
feeds continuously within the car first entered, covers a period of
about 2 weeks in midsummer.  As shown in tables 1, 2, and 3, newly
hatched Jarvac may continue Lo enter the ear for 1 or 2 weeks after
the sills have appeared, and several or il six instars may be found
in emrs by the tume the silks have begun to turn brown.  The data
in table 1 show that thivd instars were present in the ears beginning
on the fifth day alter silking, that fourth instars first appeared on the
sixth day, fifth instars on the ninth day, and sixth instars on the tenth
day after silking. The data of table 2, however, show that sixth
instars were present in ears of Golden Cross Bantam 4 days after
silking, and in local white sweet corn on the sixth day after silking.
Evidently not all lavvace that enter the ears have halched on the silks.
Particularly when the insect is abundant, eggs are laid elsewhere than
on the silks during o period of several weeks belore sitk exposure, and
arvae of all stages of development may migrate to and enter the ears
as soon as the silks are exposed. Thus a control measure directed
against the larvae after they have enteved the ears must be offeclive
against all instars if a hight percentage of the cars are to be protected.
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RATE oF PENETRATION OF LARVAE INTO FARS

The newly hatehed earworms settle to feed in the interior silkk mass,
usually near the tip of the husk, penetrate toward the cob, and usually
reach the kernels by the time they are in the fifth or sixth stadium.
It is while the larvace are of these two instars that/they consume the
greatest amount of lfood and cause most of the damage to the ears,
The rate of penetration of the larvae into the cars and the stage of
growth they attain belfove reaching the keenels depend largely on
certain chavacters of the cars. Since some of these chavacters axe
very important in relation to the degrec ol control obtained in different
fields and varicties of sweet corn by use of oil insecticides, they will
be discussed briefly.

BEEFECT U1 HUSK TIGERTNESS

The vate of penctealion by enrwerms into corn ears depends in part
on whether they ean crawl hetween the silk strands,  If these strands
are pressed together firmly by the husks the progress of the larvae is
slow, sometimes being limited by their ability to cat their way inward;
whereas if the silks are held Joosely the larvae may penctrate the sitk
more rapilly by crawhng between the strands,  Since {eeding and
penelration toward the kernels ave concurreni, the larger insters
usually are found to have penetrated progressively farther into the
cars. This and the average penctration are shown m table 3 for
Golden Cross Bantam, a variety with loose husks.

Lutvae of various instars peneirale mueh less rapidly into ears of
Snowflake, in which the husks press the silk strands fiemly together.
Tn ears of Suowfiake only 6.7 percent of the. larvac had penetrated
from 1% to 2 inches below the husk tip, whereas in ears of Golden
Cross Bantam at about the same stage of growth (cars with partly
browned silks) 50.3 percent of the larval population had penetraied
for 2 inches or more. I ears having tight husks the larval population
is concentrated for a longer Lime relatively near the husk tip than in
cars having loose husks, and can be reached much more easily by
inseeticides that are applied to the tip of the car.

EFFECT OF NUSK LENGTH

In ears of different varieties, and in different cars of any one varieby
of sweet corn or ronsting-ear corn, the husks extend for diffsvent
distances beyond the cobs.  Nol only the tightness but also the length
of the husk is important. Tt often happens that the Iong husks are also
relatively tight and that the short husks ave unusually loose. In two
varieties having husks ol approximately ecqual tightness, larvae
reached the kernels in 2L.5 percent mare ears of the variety having
shorter husks and had enused serious injury in 18.8 percent more
cars than i the longer husked variety.

In a variety baving tight husks of medium length, one with long,
loose husks, and one having short snd compaentively loose lwusks,
46.4 percent of the lurvae reached the kernels in ears having tight
husks of medium length (Tuxpan); 62.9 percent reached the kernels
in cars having long, loose husks {(Kancross); and 69.2 percent reached
the kernels in enrs having short, loose husks (Golden Cross Bantam},
by roasting-car harvest. It is thus apparent that swhen larvae can
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crawl among the interior silk strands rather frecty because the strands
are looscly pressed by the husks, they may reach the kernels in almost
the same numbers and nearly as soon in long-husked cats as in shorter
husked ones, especially if the husks of the Intter ave somewhat tighter;
and if the husks are tight, extremely long husk development is some-
what of a hindrance in reaching the larvae effectively with insecticides.

On the other hand, husks that extend from 2 to 3 inches beyond the
cob at time of roasting-cur havvest are very desivable, particulacly if
rather tight, for comparatively thorough distribution ol au inseeticide
can be obtained in the modeeate-sized mass of interior silk of such cars,
and the larvae, which penetrate more slowly, ean be reached by the
inseeticide and destroyed before they reach the kernels.

TIME WHEN LARVAE HEACH KERNELS

Although larvae were Tound on the kernels of Snowliake corn
heginning on the Lenth day alter silking (table 1), they did nol hegin
to reach them in important numbers vadil the fitteenth day, and even
on the twenty-ficst duy only 40 perecent had peached the kernels.
Only 5.1 pereent of the larvae in a local white variety, as compared
with 25 percent of the larvae in Golden Cross Dantam ears, had rexelied
the kernels by the fonrth day after sitking (table 23, and only 78.1
pereent m the loenl white, as compured with 81.6 pereent in Golden
Cross Bantam, had réached the kernels by the tenth day, Tt appears,
therelfore, that the stage of growth of corn ears when [arvae veach
the kernels is extremely variable as belween different varicties of corn,
and 13 governed by the rapidity ol penetention, whieh in tuen is in-
fluenced by the tighiness ol the Twsks about the silks and cobs.  The
husgls of most sweet-eorn varioties are comparatively loose, larvac
disperse rapidiy within them, and if control menstures are to be highly
effective in these varictios they must be applied relatively soon after
silk exposure.

BFEECT OF DROUGHT

Those parts of the planis that develop during dry periods ave
stunted, and moistnre conditions during the time the ears are develop-
ing have an important relationship to the rapidity with which larvae
reach the kernels, the wmount of injury they eause, and the effective-
ness of control measuves.  This effoet is particularly noticeable in the
case ol the husks, which during dry periods often are found to be
shorler, looser, and more flaceid than usual. Under these conditions
the larvae disperse more rapidly and reach the kernels sooner than in
normal ears, and small Inrvae sometimes even pencirate to the kernels
on the middle of the cobs.  Owing Lo their more rapid dispersion the
larvae are less likely to compete, and mortality by eannibalism may be
reduced, resulting in a higher vate of survival.  The wider and more
rapid dispersion of the larvae makes it more diflicult to reach many of
them with insccticides npplicd Lo the tips of the ears, and fewer cars
can he protected against injury when this methoed is used.

Tvsunry ©o Kars oF Dovrerenrr Varieries oF Sweet Cony
The previous discussion s indiealed that ears of sweet corn having

different characters, especially in regard to the husks, wouki ]J('_infesteg
differently by earwornis when grown under the same conditions and
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exposed lo similar populations of the insect. That this is true is
shown in the data given in table 4, in which the rates of infestalion
and injury to the kernels of 10 vasrietios of sweek corn, as compared
with ears of & variety of rossting-enr corn, are summiarized.  Under
the conditions of Dade County, Fla., where thjury to the kernels securs
in nearly all cars of sweet corn, the percentage of ears injured for over
1 inch ranged from 64 i Stowell’s Topeross to 100 in Sences GO,

Tanng d—Location of curworm injury in siceol-corn cars in relalion v the vharacler
of the husks; check (untreatedy ears used in oiling experiments, ceamined al Lime
of roasting-cur harvest; Dude County, Fla., Maveh 1935
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2 A feld corn grown for rogsling oors, Bavive very Dghe, med itan-tone sk,

INFESTATION oF Ears a1 Tiug oF Hany sy

Green cars usually are harvested about 3 weeks after silking, at.
which time the larvae that entered them as newly hatehed individuals
during the fiest week afler silk exposire are begining to become [uil
grown and to feave them,  Not alt the larvae in the enes have ronched
the kernels, and ouly part of hes have become Inrge enough Lo cause
serious damage.  Since karvae of the sixth, or Jast, instar devour
several kernels daily, one large mdividual may cause objectionable
domage to un ear. Depending on populations of Jarvae and on the
bype of ears, parlicularly with regard to busk type, the damage to
sweetcorn ears il time of roasting-ear harvest moges from no injury
to the kernels Lo practically complete destruetion of an enr.

Figure 1, 2, shows an car that received carworm njury to kemnels
less than 2 mehies helow the cob tip by the time of roasting-car harvest;
figiire 1, B, an ear that recoived mjury extending more than 2 inches
below the cob tip; and fgure 2, an car that was complelely destroyed
by earwarms. '

BOTHTH -2
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InveEsTATION 1IN EARS OF DMFFERENT AcES ¥ ONE YIELD

In general, carworm infestation is rather uniform i any ficld of corn
irrespective of the acreage, ns the moths deposit their cggs singly on
the silks at random through the ficld. The average number of

e IS e

Frounre 1.—Lars of sweet corn in which carworms have injured the kernels: o
Less than 2 inches below the eob Up; H, more than 2 inches below the eob tip.
New Joersey, 104].

cggs laid per female is about 3,000, and individual moths may deposit
a8 many us 500 per night; hence as few as 3 or 4 females may oviposit
on as many cars as are ordinarily produeed on an acre of corn. . When
the moths arc numerous, us is often the case in the Southern States,
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only an occasional ear escapes, regardless of whon the silk is gxposed,
In the Northern States this is truoe usually only in the Iall, when an
inereasing population of the inseet ecncentraloes in a decroasing acreage

" - . ]
i~ . .

Fioune 2. Bar of sweel corn in which earworms have almost whully devoured
Lhe kernels, Dade Couuty, Fia., 1938,
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of corn in the silking stage. At other times o varinble but often small
percentnge of cars is attacked, and the rate of infestation may be
quite different in enrs of different ages in. one field, depending on the
numbers of moths that were depositing cggs when the silks were being
exposed,  TFor example, in a field of Jocal white sweet corn ab Beverly,
N. J., cxumined on July 4, 1938, the infestation in cars past, at, or
younger than ronsting car stage was 84, 54, and 20 percent, re-
spectively, indicating that the moths were plentiful when the earliest
silks appeared but had become searce by the time the Iatest silks were
being exposed. A knowledge of this factor helped to determine the
experimental methods cmployed in Lesting insecticide effectiveness.

METHODS OF STUDY

The methods of study used throughout these investigntions were
adopted because they seemed best suited Lo the particular problem
involved. Commercinl plantings of corn on larms were used through-
out, thus allowing a sclection of ficlds carrying suilable infestation,
which would have been lacking in rigid plot sct-ups where suitable
infestations might not occur. Tn the seven seasous when studies
were ninde in the Northeast, and in the six seasons in Florida, infesta-
tions approaching 100 pereent woere usualy present, except for the
summer of 1940, when infestations were al a much lower rate.

The experiments were repeated in fields of different varieties grown
in diffevent seasons of the vear, in several vears, in dillerent geographi-
cal areas under widely different environmental conditions, and under
different lovels of carworm population. Materials or mothods that
vave favorable results under all these conditions were believed to
be worthy of commercial {rinls.  Oceasionally, treatments that gave
good results under conditions of lower population levels in the North-
cast failed under conditions of higher population levels in Florida,
or fhe reverse was true.

Tn any series of cxperiments in & given field, ears of uniform age,
ustally judged by the condition of the silks, were selected, treated,
and tagged. This sclection made it probable that the ears would
be rather uniformly inlested and that the period from treatment to
roasting-car harvest would be about the same. A given treatment
was usually given by one application only, to seties of eats in ong row,
replications sometimes being made in the same ficld.  Although
treated cars were thus exposed to subsequent sttack by Iarvae that
migrated to them from unireated ears, this delect was of minor
consequence and tended to minimize rather than exaggerate the
cffecks of the treatment.

Examination of the ears usually was made when the growers began
to harvest the cars as green corn.” The husks were opened sufliciently
to expose the kernels for o distance of 2 or 3 inches from the tip of
the cob. The records made consisted not only of the effect of the
insecticide on the cars, such as discoloration, burning, rotting, or
objcetionable residues, and the degree of freedom of the cars from
kernel injory; but alse often included the husk extension, the degree
of infertility of the kernels at the tip of the cob, the instar, location,
and fate of each lnrva found in the ear, and whether the flavor of
the kernels bad been altered in any way.
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Eqguirsent Usep ror ArpLyine O

The equipment used consisted of apparatus that is readily avail-
able and assemblies that can be made inexpensively by growets.

In the carliest work, oil was applied by a “needle nozzle,” which
was thrust through the husk {o reach the lnrvae where they were
feeding in the intevior sitk. After it was found that oil dispersed
almost instantly through the interior silks of corn cars when it wos
dropped on the exterior silks at the tip of the husk, ordinary oil caus
were used, the oil being ejected by pressure on the bottom, In the
spring of 1938 lorce oilers, of which many kinds were avaitable,
were found o be satisfactory applicalors because the dosage ojected
per trigger squeeze could be controlled mechanically, and Iater a
“kuapsack’ assetnbly was used,

FORCE OR PUMIP QOLLERS

Oilers provided with internal loree pumps, that cject a dosage of oil
by pressure on a trigger and are handled like a pistel, have been found
most satisfnelory for use in applying oil to sweet-corn ears.  Such
oilers have been available in & variety of bypes aud size. Some are
provided with deviees that mensure the ejection per trigger squeeze,
but if not equipped with sueh n deviee they can usunlly be provided
with attachments that enable rough measurements of the ojeciions to
be made. A number of those that have heen tried are shown in
figure 3. -

Ficrre 3.—Types of foree or pump oflers that have been nsed for applying
mineral ¢! to sweet-corn cars,

The writer bas used the oiler shown ab the extreme left during 4

years, and 1t gave rensonably accurate ojections per lrigger squecze
during the entire time. This type of oil]cr can be handled for long
perieds without tiring or blistering the hands, and practieal growers
have found it satisfactory for treating large acrenges.

In actual practice the oil was appliecd by farm workers at different
points on or in the cars, sometimes in such o way that most of the
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dosage ran off outside. At other times the spout of the oiler was
nserted into the Interior silk mass for various distances before the
oil was released, occasionally so deep within the silk that the larvac
feeding nearer the tip of the husk were unaffected. To regulate this
a metal disk, such as a washer, of suitable diameter, soldered on the
spout of the oiler about one-hslf inch from its tip as shown in figure 5,
stopped the spout at the proper distance.

SPECIAL OILER NOZZLES

When foree oilers were used, the oil was delivered at only one spot,
either at the tip or within the interior silk of the ear. It was thought
possible that distribution of the oil within the interior silk might be
more coffective.  Interchangeable nouzles, therefore, as shown

Figure 4 —Perforated oiler nozsles used in experimental apphication of mincral
¢il to swoeel-corn ears for earworm control.

figure 4, were prepared for use on the oiler shown al the extreme lett
in figare 3, Lhe tip of the spout of which has been slightly loosened to
show the point of connection.  The experimental nozzies mentioned
were made of brass tubing of suitable diameter, and 1, 2, or 3 inches
long. Their tips were closed and they were provided with 4, 6, or 8
openings, respeetively, arrsnged in a spival as shown, through which
the liquiti was foreed In all directions. Series of cars of Kancross
sweeb corn, o variety having husks that extend beyond the cobs for
unusually long distances, were treafed with white o1l of 125-135
seconds viscosity, used alone or cgntaining 0.1 percent of pyrethrins,
the nozzles being inserted for their full lengths into the interior silks *
of the ears before the dosage of 0.7 mL per car was discharged.  These
experiments seem (o shiow that the use of the special perforated nozzles
resulted in no more sutisfactory protection against injury by earworms
than that obtained by use of the ordinary oiler spout. In n second
trial, in which applications were made to Golden Cross Bantam ears
at dosages of 0.7 or 1 ml. per car, similar results were obtained.
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Openings werc then made in the extremity of the 1- and 2-inch
nozzies, and in addition they were provided with 8 or 12 openings,
respectively, arranged in s spiral, or double the number of openings
that had been provided during the firsl tests. White oil of 125-135
seconds viscosity contnining 3 percent of dichlorocthyl cther was
applied by thrusting the nozzles into the interior silks of Golden Cross
Bantam cars before injecting a dosage of 8.75 ml. per ear. No more
effeetive earworm control was obtained than when oil was delivered
at one spot in the silk mass, It appeared from the results of these
tests that oil distributes itself just as thoroughly within the interior
silk of treated ears of sweet corn when injected at one spot in the silk
mass at or near the tip of the husks as when delivered at several points
within the sill, and kills an equal percentage of the larvae.

KNAPSACK ASSEMBLY

The capacity of the foree oilers shown in figure 3 was usually not
more than half & pint, and it was necessary to refill them frequently.
Oilers of greater capacity were not practical, as they proved much
too tiring to handie; henee the half-pint or smaller oilors were attached
to supply tanks of at least t-gallon capacity, holding a half-day’s

FiGrre b~ Knapsuek assembly of force oilor atiachod by hose Lo o srorage tank
designed Lo be slung aver one shoulder, or worn on the back, 05 feeds from
the tank to the oiler by gravity.  The ailer is provided with n set serew mounted
under the frigger, the adjustument of which regulates fhe dusage delivered per
rigger squecze.  An iron washer has boen mounted on the spout of the ciler
to regulale rhe distance Hhe tip can be inserted into 2o oar.,

supply of oil.  This was done, as shown in figure 3, by connecting
the oiler to a I-gallon cil can by means of a section of hose about 2%
feet long clamped over short seetions of brass or jron pipe that had
been soldered into the hottom of the supply can and into the oiler
as shown.  When the supply tank was slung over one shoulder by
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means of a strap, or worn on the back like a knapsack, oil flowed by
gravity from it into the oiler, which was kept full. The two oilers
shown to the right in figure 3 proved mare practical for this assembly
than the ofhers, sinee there was no leakage of oil from thens,

A modifieation ol this cquipment, and one that sometimes may be
more convenient, is the belt carriage, or sling, shown in figure 6.
It was first suggested by . A Whitwood, of Hall, N. Y. This equip-

Frauvar H.—Hell =limg of knapstek ascmbiv designed Tor convenienee of earringe,
expecially when sweet-corn cars are low on the planis.

mett 13 especlatly ndapled for treatment of sweel-corn ears that are
knoe ngh, suel as oceur when the corn plants have been stunted by
drv weather or mdversely affected by othier fnetors,

Mangive or TRearen Kars

When more than one trip through a field of sweet com s required
in order to treat a suitably large percentage of the cars, it becomes
necessary to be nble (o vecognize those that have been treatoed pre-
viously so that a further dosaze will not be applied {0 them, This is
particularty true when oil-dichloreethy] cther i used, bheeause, i
applied when the ear s well advanced, the chemical may not entively
evaporate from the cars before the time of rvoasting-car harvest,
leaving undesirable residues that may be detected by conzumers,

Several methods ol marking freated cars have been suggested and
tried by growers.  Sometimes the tassels of plants whose ears have
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Fisvne 7.—Method of warking ears’ (o which oil has been applied. .\ hole
{indicated by arrow) i< ponehed in the leaf (har springs from the same node
ns does the ear, so Thal sueh ears can be recognized aml will not he viled o
seeond time when laier developing ears are treated.

HG767T5—dd——3
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been treated have been broken over so as to be recognized on subse-
quent trips through the field, but this Is not practical when the plants
bear two cars of different acres that need treatment at different times,
Another method consists of punching a hole ol easily recognizable
size in the large Teal that springs from the same node as does Tho car,
and which covers its shank, as shown in figure 7. When the (-qmp—
ment shown m figures 5 and 6 1s used Tor :Lpphfm" otl, the otler may be
carried in the Nht hand, the left being free to carry s suitable punch:
with which the treated plant can be macked with Tietle loss of time.

Probably the most satislaclory method of marking troated ears is
to use pamt or crayon.  The use of painl was developed by practical
growers in California, where this method of marking s followed
rather extensively. A small paint ean s cquipped with ]unpn 50 thai
it ean e worn on the belt. A elath pad is placed in the bottom of
the eats and sufficient thin, ved paint to wet fhe pad is added. The
worker wels the thumb of the feft hand with paint and grasps the
car to he oiled with that hand te steady it as the oit dosage is dolivered.
The thumb mark of red paint left on the husk not Glll\' serves to
mark the treated ear conspicuousiy, but it enables the purchaser of
green corn fo recognize cars that have been treated and protected
against carworms.  In some markets protected ears are recognized
as the highest geade of green corn pd are identified by these. puing
marks by the pnrehasers.

VEGETARLE OLLS USED AiONE

Tu the spring of 1836 a sertes of materials were injected into the
interior sillis of cars of Buowflake vorn in a field at Homestead, Fla.
by use of a graduated syringe, to deteemine whether a havrier could
be established in the sitks that ‘would prevent larvae from penetealing
to the kernels.  Among the materials studied were three \w(,ldblo
oils. This was the first test of oil a5 w aweans of protecting corn cars
against injury by carworms.

In these ficst expeviments 2 inl. ol castor oil, cocoannt oil, or
refined cotlonsced oil were injeeted into cars L}uoutrh the side of the
husk and about 2 inches below the tip, about week after silk ex-
posure, when the siliks were beginning to turn brown,  Examinalion
of 10-car samples at lime of harvesl aboul 2 weeks later showed that
the nverage larval pepulation of untreated ears was 4.9 per ear. In
ears treated with castor oil it was 3.7 75 with cocoanut oil, 1.7; and
with cotlonsced oil, 1.6 per ear. ‘I ho resulls i ears tloanl with
cocoanul and eotlonsved eils compared Tavorabiy with the resulils of
tresbment with any other class of malerials studied,

During August 1936 evalualion of eils was conlinued under con-
trolled labor ‘nmy conditions.  Sweet-corn cars bearing fresh silks
were taken from a cornficld in which na carworm infostation, aveurred,
These ears, in lots of 25, were impaled. cach on a nail deiven through
o board about 3 foot kmrr by & ncites wide, so that the ears stood
upright, as on the [)}mlls. and did not come i coulnet with anc
another.  On August 7 two newly bhalehod earworms were liberatedd
on the sills of ench ear. These Jarvae crawded itnmediately into the
interlor silk, where they began to feed. On Mugust 14, oils were
injected nto the interior sitks of cueh ear by linuqimu a heedle
nozzle through the husk about 1 inch below its tip. The nozzle
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(U. 8. Patent 2116591, May 10, 1938) cousisied of a hypodermic
needle soldered to a seetion of brass pipe bearing a shut-oft valve
al the opposite end and was conneeted to a pressure tank. The oils
used {table 3) consisted of § vegetabie oils and 1 medicinal mineral oil.

TaBLiz d—Effect on the corn eurworn: of injeclions of eils Tnle ovtificiully infested
sweel-corn cars by use of o needle nozzle; cars infested Awg. 7, oil applivd Aug.
14, ears cxamined Aug. 21; New Haven, Conn., 1956
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On examination of the ears on August 21, a total of 350 larvae
wore found in the 270 cars used, or an average of 1.3 per car. Of
these larvae 231 were alive; the survival, therefore, was at the rate
of 42.8 pereent, and at the time of exmmination 70.6 percent of the
survivors were fifth or sixth instars.  In {he various treatments from
11.4 to 77.1 percent of the larvae had died, and from 3.8 to 66.7
pereent of the trealed ears were without live larvac. The results
showed that the mineral oil had killed 20.4 percent more larvac and
had proteeted 26.7 percent more ears than had pennul eoil, which
gave the besl residts among the § vegelable oils used.  This was the
eartiest use of mineral oil for carworm control, and the vesults imme-
diately suggested its superiority to vegetable oils for this purpose.

Tn Mureh 1937, oils were applicd Lo oars of Snowflake corn at Home-
“stead, Fla., as soon as the silks had wilted, by use of a needle nozzle.
In this case (he tip of the nozzle was inserted Tor about § inch into the
ears through the sitk.  LBach lind of oil was applied to 23 ears, and
a similar number of unlreated cars were used as checks. The cars
were abtacked by larvae of Laphygme frugiperda as well as by those of
Heliothis armigera, and at the tune of roasting-ear harvest the larval
pepulation of trealed and chieek ears combined consisted of 68.1 per-
cent Heliothic and 31.9 percent Laphygma.  The average number of
living lavvae tn cars that reeeived different treatments ranged from
0.4 to 1 per enr as compared wilth 2.4 per check ear, and the proportion
of ireated enrs without biving larvae manged from 28 to 64 pereent,
as compired with none in the cheeks.  The percentages of larvae that
hatd been killed or had left the treated cars vanged from 58.3 Lo 83.3 as
compared with the larval population of {he cheeks.  Inthese tests the
minerat oil and {he peanut ol gave almost dentieal results, and the
tests indicaled that these materials probably could be used in pro-
tecling corn cars against carworms,
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During the summer of 1937, at New Haven, Conn., oils were applied
to cars of sweet corn containing a comparatively light carworm infesta-
tion. The oils used and the methods of application ave given in
table 6. Whether applicd with a necdle nozzle, or by an oil can, or

TaBLE 6—Resulls of applying 6ils io ihe tips of sweel-corn_ears by 3 wmelhods, for
the conirol af the corn garwerm, New [Haven, Conn., 1937

1 =. o o
Coaelition of ears al time of :
ronstifig-enr linevest !
b Ears ; .
Method of application, date, and O usod trenkad i g ! L;:;—l:_nc
varicey of eorst s N or used e ains Averaee " slroved *
1% Ch"ﬂ‘s' g larvan | Earspro-;
E [ YT T foaurngd 0 qeetedd ]
! olnevae JrE N 4

| . ' :
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ek b’
. E:uslur - 85 1(1*:;
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Yellew oo ooaal JR N DL Lc S
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| Difference io percent hetween the mnber of treated and choek oars in whieli living larvie occpreed.
7 Bifference in poreent between the nuinber of ving larvee found in trenled onrs aned in the checks,
A 'fléc needle nozzie was thrust throteh the sitk al the Lip of the ear for ahioul ©ingh before the dosnge was

ejected.

¢ For n deseription of this ofl See teble 5, fooirneic 2.

s Ordinary oil caps wore nsed in which ejection was oirtained by pressing on thie bottor. Uhe Lip of the
spout was Inserted abaut 1 inch inlo the silic at Lha Lip of an enr, aend ghont 1l of ofl was ejeeted.,

& A patnt spray gun wWas ised, aud the oil was applicd to the extedior sitks ol cars. Alr progsure was -
vided by aa alr conpresser gperaled by o gaseling engine wonnted on a wheelbarrow-Ly te ¢hinsgis.

atomized from a paint gun, Uie mineral oil gave resnlis superior to
those of any of the vegetable oils.  The decidedly superior results eb-
tained from atomizalion of the oils onto the exterior siltks of ears is
belicved to be due to the faet that o much greater volume of oil can
be discharged onto the cars hy this method of application than by
the needle nozzle or oil can methods.

Vegetable oils and the mineral oil were applied Lo series of sweet-
corn ears in Dade County, Fla., in 1839, at o time when they bore
fresh silks. Here again peanul oil proved to he more cffeclive than
oitlher vegetable oils, and mineral oil proved to be superior to peanut
o

VEGETABLLE OLILS USED WITH INSECTICHES

Since vegetable oils used alone had shown some promise of usefulness
in earworm control, vavious inscelicides were used with them, usually
as suspensions, and for comparison mincral oil alone was also used.
The first series ol these sprays studied was apphied in August 1936 to
artificially infested sweet-corn cars at New Haven, Conn. The
method of procedure was the same as has been explained Tor the use of
vegetable oils slone during the same period.  The materials used, the
methods of application, and the results are given in table 7. Further
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study ol insecticides used with a vegetable oil was made in Homestead,
Fla., during March 1837, when applications were made to cars of
Snowflake corn in the fictd. Applications were made in the manner
deseribed for the use of eils alone at this location during the same
period.  The materials nsed and the results obtained sre given in
table 8. These materials were tested further in a field of Long Tstand
Beauly sweet corn at New Haven, Conn., during the summer of 1937.
The materials used, the methiods of application, and the resuits ob-
tained are given v {able 0.

Tanne T—Effeel on the corn cartworm of miziures conlaining castor oil and fnsecti-
cides injected Tiln artificinlly infested sweet-corn cars by use of a needle nozzle,
New faven, Conn., 10306

[Ears infested on Aug, 12; injeclions made on Aug, 1S; eors exaimined on Aug. Hj
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! This misture consisted of 200 nl. of cestor oil, 81 il of water, i0 gm. of acelicide, 1 gm. of sudivm
Inuryl suliate, ad § . of sodian plenio.

2 Spray mixture was shailee to Ohat desereipmd in folnole 1 oveept thal drops of 40-pereenst nigtine
AuElfale was ased instead of W g, of n dry insentivide.

2 Dpig Iron table 5.

TasLe 8.—Results of applying spray meierials containing soybean oil and tnsec-
licides o cars of Snouwflake roasting-cor corn by wmeans of @ neecdle nozzle thrust
iitlo the sith for about tinch before delivery of the dosuge, Homestead, Fla., 1887

[Sprups applied Mar, 173 ears pxatrined M 30; 25 eurs used per treatient])
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TABLE 9.—Resulls of applying soybean oil contwining insectivides lo the Ups of
Long Tsland Beauty sweet-corn curs by Lws methods, New Haven, Conn., 1937

{Furs treated Ay, 26; exembied Sept. 7-&

- Camditlon ol cars
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Mpwer Percenl Nuwwder o Peeeest Percend
H 5 8] i 3 i

i

BN B B4
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A prrethran prepamtion consisting of 40 percept petretenm extract of pyretheitm and & pereent tia-
LoIneeuts earti,

1 Dpseription is glven in babie 5, footnolve 2,

Although the results given in {ables 7 nud 8 showed that vegelable
oils containing insecticides wore more effective in proteeting corn cars
than were the same oils when used alone, they were on the whole
fittle if any better than mineral il used ndone. Most of the inseeti-
cides were objectionable i one way or another.  Thus nuphthalenc
eansed rotling of the interior 81k, while phenolhiazine, powdered
pyrethrum, powdered derris, nicoline peat, pyrethram i dialo-
maceous earth, amd hexachlorethane all teft objeelionable residues
in the interior sillss or on the kernels of treated ears.  Colloidal lead
arsenale had also heen used for purposes of comparison bul could not
be used conumercinlly.  The genernl resulls indicated that from the
slandpoint of simplicily of handling, consistent effectiveness, avail-

“ability, and freedom from residue that could be detected by appearanee,
odor or taste, mineral ol was much superior (o any combination of
vegetable oils with insceticides. A much more comprehensive evalua-
tion of minernt oifs, therefore, was begun.

MINERAL OILS USLED ALONE

The very highly relined petrolewn: distillales known as white oils
were available in commercind grades ranging in Sayvholt viscosity {rom
50-350 seconds.  These oils were colorless, odorless, tasteless, and of
U. 8. P. standard grade,  lmpurities hat eould not be filtered out
had been burned out with fuming sulfuric acid.  They could he used
medicinally and in eerlain food preparations. There seemed Lo be
no likelihood, therefore, that small guantities injeeted into the silk
mass or that might spread onlo Lhe kernels, would be injurious to
consumers ol green corn.
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AINERAL OILS AND INSECTICIDES FOR EARWORMS
ReLamioy oF Viscosiry 7o FrFECTIVEN ESS

It was desivable at the outset L0 determine the comparatiive efficiency
of minersl oils of different viscosities in proteeting sweet-corn cars.
L the Arst stwedies, oils ranging in viseosity from approximately 50-210
seeonds, Bavbolt, as lsted m table 10, were obtained frem two manu-
facturers, referred (0 as A and B, Tle oils were applied to replicated
series of cars in a field of Golklen (lant sweet corn grown in Dade
County, Fla., during February and Mareh 1938, when the silks had
wilted wnd were beginning to turn hrown.  An ordinary oil can was
used from which a dosage of approximately 1 ml. was injected into
the sillk mass of each ear by pressure on the botcom of the can.  For
purpose of comparizen the medicinal mineral oil (224 seconds Savbolt)
first studied, was also used.  The results are given in table 10.

TARLE 10— Effrelivencss of while oils applicd o ears uf Golden Clanl sweel parn in
profeeting them agrinst injury by carwoarms, Diede Cownly, Fla., 1938
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treated ears were free from infestalion as con
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farvac Irnd been killed or had migrated. Control by the use of oils
alone in these tests was better than usually was obtained in subserquent
trials. The probable reason loy in the husk character of the ears, s
herveinalter discussed.

'l‘;\n_m»: Vie—Qcenrrence of live ewrworms af rousting-var harvest in ears of Qolden
Giant sweet cort lo which white ails had been applied when silks were wilted,
Dade Caunty, Fia., 1938
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These studies were continued in Now Jersey duving the sunimers of
1938 and 19349, While oils ranging in viscosiby [rom approximately
125-345 seconds, obtained [rom two sources, were appliied in 16 ficlds
by use of a foree oiler which delivered a uniform dosage of 0.75 ml.
per ear, and the cars were {reated at a {ime when the sitks were wilted
or had begun to turn brown.  Five vandomized replicates of 10 cars
received o given treabment in euch fiold.  The rosults failed (o show
appreciable diffevences in the effectiveness of the dillerent oils used,
although the oil of 300-310 seconds viscosity seemed to he slightly
less effeclive than the lighier oits in1039.  The resulls were variable in
different fields and showed o runge tn effecliveness of oll the oilsin a
field ranging from 36.8 to 85.89 pereent of protected enrs. The
probable reason for the differcnces in effectiveness of the oiling in
these trials may be found in the husik characteristios of the variclies
used, as will he discussed in o subsequent seetion {p. 57).

General averages of Lhe resulls obtained In all the fields during the
stmmer of 1938 as given in table 12 show thal the oils testod were
practically identical in average eflectivencss,

BOTEIF -~ dd—i
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TanLE 12.—~Summary of results oblained by applying while oils of different viscosi-
ties and fram different sources, to cars af B fields of eorn for curworm conirol,
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It Twd been observed that when oil was applied Lo ears of corn by
cquipnent that did not measure the dosage (the needle nozzle, ordi-
nary oil eans, or paint spray gunl, iujury to the kernels, including
rotiing, sometimes oceurred from the ntroduction of too much oil.
1t was esived 1o determine the least dosage that would be eflective
in protecting ears, withoul injuring then. I the summer of 1938,
oil of 200-210 seconds viscosi(y obtaiued from souree B was applied
by a pipetie of L-ce. eapacity, at dosages ranging from 0.2 to 1 ml, per
car in two fields of Golden Cross Bantam, when the sitks were wilted
or had begun to turn brown,  Tnoreder to Tosure that the entice dosage
would euter the cars, the pipette was thrust into the silk at the tip of
an car, and the dosage was applied slowly so that none would run
outside. The dosnges applied per car and the results ohlained are
given in table 13.  Exeept for the results of the 0.8l dosage. the
duta incicate that dosages of 0.6 to 1 mb, per ear gave somewhat belter
control than did the smaller dosages.  This linding was afteewards
corroborated by Turther work with oil containing inseeticides.

Panut 13— Effectiveness of applications of minoral ofl of 200-210 sceonds viscosity
lo Golden Cross Bunlum sweet corn in proleciing the enrs aginsl infury by ear-

worms; ofl was applivd by pipetle, the {ip of which was thrust about 'y inch inte
the stk al the tip of the cors! New Jersey, 1038
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TaBLE 1d~—Effectiveness of while oil of 200-210 seconds viscosily in prolecting ears
of different variclies af sweel corn from tnjury by earworms. when applied al the
rale of G.FF ml. per car at @ time when the sidis had willed or had bequn fo turn
brown, New Jersey, summer of 1938
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EUnnasied joenl varfelivs of difforent seusen and chnraelveistics.

BrrecTivENEss o Ok v DiFrerenT VARIET1ES or-Cosn

Buring the sumamer of 1938 oil wus applied to the eats of five varie-
Lies of sweel corn nnd one of field corn. The varictics breated and the
results obtained are given o table 14, The difference in percentages
of ears with kervels uninjured by the carworm, which ranged from
57.2 1o 92.4 at time of roosting-ear havvest, seamed 1o be due to some
character i which the ears of the several varictios differed [rom one
another.  This indicated that oil was notl equally effective in cars of
different types.

Since the type of husk was suspeeted of being the principal variable
fagtor involved in the degree of efleetiveness of different oils in pro-
tecting corn ears from earworn, seed of sweet-corn varisties having
ears with pnusually long and tight husks were obtained and planted
at the East Glade Farm of (he Flovida Agricultural Experiment Sta-
tion, Homestead, Fla, in the spring of 1839 for use in cooperative
mnvestigations of earworm control.  In addition, four varieties of swees
gorn and one vatiely of yonsting-car corn (Tuxpan), grown by larmers
in nearby ficlds, were available for study.  These vasietios nre listed
in table 15, White 6] of 200-210 seconds viscosiby was applied to
cars of the plots or fickls mentioned, at a dosage of 0.75 ml. per ear,
at u bine when the sills were witted or had begun to turn brown,




TABLh 15 —Resulls of applying whiie oil of 200-210 seconds viscosily lo ears of one varicly of roasting-ear corn (Tuxzpan) and 10 varieties of
sweet corn. ak Homestead, Fla., March 1939

Ears to whieh oil was applied Checks—untreated cars
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Y Ears in which live P Ears in which live | oflarvae
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larvae | kemels1 | found ber ear larvae | Komolsi | - found | ‘perear

Viriety

Number | Percenl Percent Number: | Number | Nimber Pcrccnt Percent | Number | Nuwmber | Percent

Tuxpan 2 .. . 250 . 176 0.70 a0 4 ]()3 2,06 66.0
Connecticut experimeintal v.uwt\' ............. R 3 3 3, 20 . 25 97.6
Kaneross % . s 3 79, 7 , 22 406 . 25 94,7

- -Qregon Evergreen 3, N 2 3. D a7 . 01.7.
Redgreen 3__. 88 i 90.0
Bantam Evergr 86,2
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Sencross 3
‘Sencea Golden 2. ___.
Golden Cross Bantam .
Sencross 2 P,
Seneea 60 Yoo, . Ll i i 247 10 49
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1 In addition to cars in which no living larvae were present, thesé lists include cars in which small larvae were prasent i the silk but had caused no injury o the kernels and
would not doso by the time the cars were consumed a8 roasting ears.

3 Varieties grown in commereial plantings on farms.

3These varicties were grown in plots at the East Glade Farm, Homestead, Fla., in cooperation with the Florida Agricultural Experiment Station.
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The results of oil applications, given in table 15, were remarkably
different in the different varieties, and the percentago of treated ears
found to have uninjured kernels at time of rousting-ear hrrvest ranged
from 90.40 for Tuxpan to 48.18 for Seneca 69. Although the silks of
different voricties were exposed and the ears were oiled at different
periods during about 2 weeks, from the middle to the last of February,
they all were subjected to abundant and rather similar carworm popu-
lations. Al the check cars were infested, and the average populations
of live larvac in them at time of barvest ranged from 2.06 per ear for
Tuxpan te 4.16 for Scncross.

in gencral the degree of control obtained by oiling these enrs was
found to vary directly with the length and tightness of the husks;
and the varietics listed in table 15 fall roughly inte a descending order
of variation with respect to these characters. A study of the popula-
tions of living carworms, found in ears of the varicties mentioned,
showed that there was o considerable recduction in numbers in the oiled
ears ab time of harvest as compared with the cheeks, the percentage
reduction ranging from 97.6 in the Clonnecticub experimental variety
to 66 in the Tuxpan., Except for the varicty Tuxpan, which is grown
extensively in Dade County, Fla., the varielies mentioned probably
were grown in this region for the first time during 1939. Some
varieties grew exceptionally wel]l, whereas others did not scem to be
adapted to this area. The order of listing (table 13) of varieties
according to husk development and control ebtained, thercfore, does
not indicate necessarily the,character of growth o1 the rate of control
likely to be obtained i fhe same varieties when grown in northern
fields. These results led to further study of the Lusk character of
sweet-corn ears, which is discussed subsequently.,

COMPARISON OF METHODS OF APPLICATION

A comparison of methods of applying vegetable oils and a medicinal
mineral o1l {table 6) had shown that a higher rate of earworm control
resulted when the oils were atomized on the exterior silks than when
applied to the tip of the ears by an erdinary oil can. Tt was considered
desirable to study this subject in relation to mineral oils, but with the
use of methods by which the dusages applicd per ear could be measured,
and to compare these with methods by which the amount of oil enter-

TasLE 16.—Comparison of methods of applying while oil of 200-210 scconds vis-
cosily fo ears of Golden Cross Banlam sweet corn, Dade County, Fla., March 1999

Coudition of ears at time
of roasting-car hnrvest Avernee
Method ol applleation Totalears! . - 5'“ :1\ ﬂ(?
Without | Withamin.! ~ 1080
live ured I ner ea

larvag koernels

Numiber Pereent Pereend Nutber
Dropped on sk at tip of husk 100 5l
Inslected into tip ofoars. . ___ . a0
Atomized en externsl stlks . 5.0
Bprayed on externel silks. . 40

52.8

1 2 serles of randomlized plots were used [0 caeh of which § replientes of cuch treatment were made.
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ing the ears could not be determined. Therefore white oil of 200-210
seconds viscosity was applied to ears of Golden Cross Bantam corn in
Dade County, Fia., during March 1939, by the methods listed in
table 16.

"The results showed (hat whether the oil was dropped on the exterior
sillc at the car tip, injected into the interior silk by a force oiler, or
atomized or sprayed on (he exterior silk, the resulting rates of control
were stmilar, both in regard to the pereentages of ears found to be with
uninjured kernels and to the populations of living lnrvac found in the
eurs at time of harvesl. However, when the oil was sprayed or
atomized on the exterior silks a large part of it ran off the ear and was
wasted, and several times as much oil was required to treat a given
number of plants.

Since white oil is relatively expensive it proved o be most cconomi-
cal to obtain control by application of definite quantities of oil per
ear made in such a way that little would be lost through run-off.
Furtheemore, considering the equipment vequired, the cars of o given
acreage could be oiled by use of a force oiler by one man just as quickly
as by the use of an atomizing equipment, which required two men to
operate and which thus doubled the labor costs. Therefore, the
atomizer method, whicl gave no better results than were obtained
by use of loree oilers, was abandoned fov thie most part, and in subse-
quent investigations foree oilers usually were used.

Tanwn 37.—Deyree of penclration of white oils colored with Sudan 8 sluin into ears
of Golden Cross Beanlom sweel cornwhen applicd of dosuges of from 0.50—1.25 mi, per
eur at @ time when ihe silks were willed; 5 ears veceived caeh breabmend; Rancocas,
N.JS., 1933
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DEGREE 0F PENETRATION

In order to observe the penetration of white mineral oils of different
viscosity in cars of sweet corn, oils ranging in viscosity froni approxi-
mately 50-345 scconds were colored with Sudan 3 red stain and
applied with a pipetie at the rate of 0.50 to 1.25 mi., to ears of Golden
Cross Bantam corn hoving wilted silks.  The tip of the pipetie was
inserted slightly into the ear tip, and the dosage was veleased slowly
so that all ol it seeped into the car. At time ol roasting-car harvest
the loentions Lo which the oils had penetrated into the ears could be
determined by the red deposit left vy the stain, pactienlacly on the
layer of husk leaves adjoining the kernels.  Measurements of the
distances from the tip of the husk e the lowest siained points in the
cars showed that the degree of penetration varied with the viscosity of
the oil, the average penclration lor all dosages per oil eanging from
3.6 inches for an ol of 300- 310 seconds viscosily 1o 7.4 inehes for an
oil of 50~55 seconds viscosily, as shown in table 17, Similarly, the
average depth of pencteation in inehes for all oils ranged [rom 3.9
for a dosage of 0.50 ml. Lo 5.9 Tor a dosage of 1 ml.

The husks of treated ears were vaciable in length of extension beyond
the tips of the cobs, both at the time when oils weve applied and at {he
time of roasting-ear harvest whoen the ears were exumined.  Observa-
tions were made to determine whether the eolored oil had reached the
lowest point of earwortn feoding, and it was found that the tighter oils
had reached to these localions w all treated ears, but that the heavier
oils had veached them in only aboul 75 percent of the cars {tuble 17),

Evidently the lighter oils penetiated too far inta the ears, the hicavier
oils did not peneteate far enough, and (he oils of 125-135 seconds and
200-210 sccondls viscosity, gave the most desirable degree of penetra-
tion fo reach the larvae where they weve loeding at the time applica-
tions were made, without at the same time unneeessarily reaching the
kernels.

Toxicrry Tesrs

The dead larvae found in oiled ears were usually of the smuller
instars, and not all the lavvac that were in the ears ai the tine when
oil was applied were killed.  Migrants, especially those of larger
instars, that entered the ecars were not afleeted by the treatment.
It was considered desirable, therefore, to determine in what way
larvae were killed in the oiled cars, lLarvae from the third o the
sixth instars, inclusive, were colleeted from corn cars in the fiefd and
1solated in 2-cunce salve boxes, with sections of corn cobs bhearing
young kemnels for (ood. A dreplet of white oil of 200-210 scconds
viscosity was applicd to Uie dorsal surface of each larva by means of o
small hrush. The oil dispersed over the furva rather quickly, and 1
droplet covered the surface of a medium-sized larva.  Only 1 of 85
farvae dicd during a 5-day period after treatment, all the others
boaving fod and grown in size as usunl during this time. White
mineral oil is noi, therefore, a contuct insecticide, and when larvae
dic in treated cars it is not simply becanse e ol Louches them bub
for some other reason.

By remaining in the interior silks rather than penctrating deeply
into the ears, oils of 125-133 seconds and 200-210 seconds viscosity
established a film about the silk strands, and, if 1he silk strands were
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pressed together rather tightly by the surrounding husks, the intetive
silks became saturated thoroughly with oil.  The effect on the small
earworms present in the interior silks at the time of application of
oil was apparently the same as that obtained by dropping them inlo
a vial of oil; that is, they were smothered by a covering of oil that
cut oft their air supply,  Large larvae puul eaten so much of the in-
terior sille that they oflen were not shut off from aceess o air and
therefore survived and continued to leed. Large larvae, such as
filth or sixth-insiar migrants, apparenty devourcd suflicient silk to
apen o channel through which wiv could reach them as they went
farther into the cars. Newly batehod larvae that sought to enter
oifed cars apparently were unwilling to penctiate the oil-saturated
sills or, if they ventured into a saturated portion, they wore killed in
the sume wiy as were (hose present in the sitks when oil was applied.

Lt has been pointed out previousiy that the proportion of sweet-corn
ears prolecied by the oiling vavies diveetly with the length and tight-
ness of their husks, 1o ears with comparatively long, tight husks in
which the oif saturntes and remains suspended aboutl the sills strands
most perfectly, the oif net only killed the larvae in larger numbers
by excluding the atr that they neaded (larger individuals in these
ears were killed), but the salurated mass of siik served as a bareier
against penetration by larvae (o the kernels and ofton remained effoe-
tive until the time of harvest,  On the other hand, it the husks were
short or loose and did not compress the sitk strands sofficiently to
cause Lhe oil to remain suspended about them, the oi tended to run
throueh the sitk, the oil barrier was nob established or was not lastling,
fewer larvae were killed, and fewer cars wore proteeted against injury.
The toxicity lests and observations of treated cars n the field seem
to show that earworms are killed in oiled cars hy being smothered,
and that the oilsaturated interior silk serves as a barrier through
which the smaller lurvae eannol penetrate to the kernels,

Ovictoan VaLus

To determine whether white oils would prevent hatehing of ear-
worm eggs, 8 oils ranging in viscosity from approximately 50-210
seconds, oblained from source A, logether with the medicinal oil
described in table 5, and 5 oils obtained {rom source B, which ranged
in viscosity from abontl 50-185 seconds, were wsed.  Tarworm egys,
cach attached o a strand of corn silk, were eolleeted from ears in
the field about 18 hours after they had been deposited by the moths.
These were isolated in groups of 10, and 2 small droplet of a given
oil was applied Lo the eggs of one group by a fine camel's-hair brush.
In this way 140 eggs were treafed with 14 dilferent oils ranging in
viseosity as deseribod, Of these czes 3, or 2.0 percent, hatelied.
Of two lots of untrented eges, 19 out of 20, or 95 percent, hatehed.
These resulls indicate that white oils possess high ovicidal value
againsl carworm cggs,

FFFECTIVENESS OF [MULSIONS

To determine whether emulsions of mineral oil would be effeetive
in. protecting sweet-corn cars ngainst earworms, mixtures were pre-
pared containing mincral oil of 200-210 scconds visvosity in the
proportions of from 1 o & purls of water.  The il was emulsified by
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use of triethenolamine and oleic acid, and was applied to series of
cars of Golden Cross Bantam and Scncen 60 sweel corn, and to
Tuxpan roasling-car ecorn, when the silks were wilted (table 18).
The proportion ol uninjured ears in ihe series (o which cmulsions
were applied was, on an averige, 25.9 pereent greater than in the
cheeks, but the emulsions had protected 26.6 pereent fewer cars than
did applications of oil alone.  In some nslances, injury, including
rotling, resulted from the introduetion of water into the cars.  From
these results it appeared that emulsions of mineral oil would not be
useful in affording proleetion to sweot-corn cars against injury by
CATWOINIS.

TanLe 18— FKffectivenrss of mineral-gil emufsions applicd ol o dosage of 0.79 wmil
per ear {o 3 rariclics af vorn U in preventing injury by corworms, Duade County,
Fle., 1930
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Ihscussion

The investigaiions ol white mineral ols used alone showed that
these materinls were useful in protecting sweet-corn cars against
injury by carworms, but that under averawe econcditions application
of abont £.75 m). per car, made af a Gime when the silks were wilted,
resulted in protection of only ahout 60 pereent of the ears of commonly
grown varirties.  Although these results were promising and a high
degree of control was obtained i cars having long, tight husks,
farther improvement was necded i the efficieney of the treatment
on varietics baving shorter and looser husks. It scemed probable
ihat the eflectiveness of the oil might be increased most readily by
combining an insecticide with it.

MINERAL ORL USED WITIL INSECTICIDES

During Fehreuary and Mareh 1830, in Dade County, VFla., a series
of G7 olls, or oils containing insvelicides in various combinations, were
applied to ears in three fields of corn, of the varieties Tuxpan, Golden
Cross Bantam, and Sencen 60, The principal malerials used weve the
fellowing:

Alineral oil alone (1235--133, 200--210, 230--2G0, and 300-310 seconds viscosity).

Vegelable vil one fpeannt, corn, coltonseed, nnd soyhean).

Derris exiraet (dissolved in eottonsecd oil aud combined wilh mineral oil in 7
combinations; exiraet in pine ail used with mineral cil; ground derrls root {5
percent rotenone} used witl mineral cily and ground tibo root {5 pereent rote-
none) used with mineral oil).
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Prrethrum extraet (20-percent extraci, 2-percent extraei in isopropy| aleohol,
and 2-percent extract in acetone, all used with mineral oil in various proportions),

Inseluble inseeticides ground in oil and nsed as suspensions (lead arsenaic,
phenothiazine, and cuprons eyanide). .

Thiccyunates (2-(2-buioxyethoxylethyl ester of thiceyanie acid. and naph-
thy] isothiocvrnate),

Coninet insecticides (heta-naphthol and diphenyl),

Oil spreaders (phenoxyphenyl hepladeex] and dipheny] heptadecyl).

Combinations (white oils eontaining pyrethrins, rolenone, and citprous eyanide
in 12 combinations: white oil containting pyrethring and euprous cvanide in 4
combinations; and white eil containing rotenone and enprous eyanide in 4 cowm-
binalions.

The results of applying each of the 67 combinations to 10 ears in
each of three ficlds were variable.  S8ome of the materials injured the
cars severely, most of them failed to increase the degree of protection
against carworm injury above that oltained by use of oils alone, and
1t scems unnecessary, sinee most of the results were negative, to give
even & briefl summary of the large amount of dals obtained. Lt was
remarkable, however, that in every treutment in which pyrethrum
extract was used with mineral oil the degree of protection afforded
the ears was much higher than was obtained by use of anv of the oils
alone, or by any oue of any combination ol other materiais in the oils.

AbNErar Oin CoNTAINING PYRETHRINS

The superioriey of pyrethrins held true whether used alone with the
oil or combined with other materials in 0il. A generalized sunmary
of the results in exploratory trials is given in table 19. Since the
results of using pyrethrins in oil were se promising, this combination
of materials was studied rather intensively during the summer of
1939 and during the ensuing periods of field investigation.

Tanve 10.—Effectiveness of ofl containing pyrethring in profecting sweel-corn ears
against injury by earworms s comptred with oil conteining afl other materials
stutlictl during the spring of 1939, Dade Caounty, Fla,
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EFFECT OF PYRETHRIN CONTENT

The exploratory trials were so promising that it secrued dosirable
to continue the evalualion of pyrethring in oil to determine the most
practical and effective percentages for commercial use. During the
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summer of 1939, therefore, mixtures were made with white oils rang-
ing in viscosity from approximately 125-310 scconds, containing
pyrethrins ranging frem 0.1 Lo 1 pereent, and applied (o ears in seven
ficlds of sweet corn at a uniform dosage of 0.75 ml. per car, delivered
by a fovee oiler at a Ume when the silks were wilted.,

The results ohtained wilh respect to pyrethrin content of the oiis
(table 20). both from the standpoeint of pereentages of cans found o

TannE 2013 ffectiveness <n control of vervarms of white ofls conteaining from 0.1 o
I percent of pyrethrins, applicd la oars of sweel coen by o focee ailer «f the rate of
0.70 ml. per ear, New Jersey, sumner of 1930
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e without Tive larvace at time of barvesi and pereentages of the Tarval
populatinns Tound dead in the treated ears, showal an important in-
crease ineffectiveness ol oils containing 0.2 pereent over oils contain-
ing 0.1 pereent of pyvethiving.  Effectiveness inereased slightly up o
a 0.6 percent pyrethrin cantend, but it was believed thal the gresder
prolection afforded the ears by inercasing the pyeethrin content ahove
0.2 percent was not sufficient Lo warrant the additional cost involved,
A pyrethrin content of 0.2 percent in oil was therefore selected as that
which probably would prove fo be most practical in commercinl
appheation of oil-pyreiliting Lo sweet-corn enars. The question aof
eosl of malerials is discussed in a Taler seetion.

“

EFFECTIVENESS IN OLLS OF MFFERENT » ESCOSUTY

Tosts made in New Jersey during the summer of 1939, summarized
i table 21, showed that, beth from the standpoint of the pereentages
of cars found Lo be without live larvae at time of roasting-ear harvest
and [rem the standpoint of the percentages of the larval papulations
found dead in the cars, no signilicant differenices wore appavent in the
oils ranging in viscosidy from approximatoely 125-260 seconds; hut an
oi} of 300-310 seeonds viscosity proved {0 he a less effeetive eavrior of
pyrethrins than lighter oils probably for the reason that it did nat
penelrate intn the interior silk so efliviently as did the lighter oils.
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Iantk 21.—FEffectivencss fn cantrol af corworms of applications of mineral oils of
differont viscosity, each contuining from O.f lo 1 percent pyreihrins, defivered by
foree ailer, fo cars in 7 fields af sweet enri al @ dosoge of 1.75 mi. per ear al ¢ Hme
when the sttks werve wiltod, New Jorsey, summer of 193%
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EFFECTIVENESS 1A DIFFERENT VARIETIES OF CONRN

As when oils alone were nsed, the offeetiveness of oil containing
pyrethrins varied in dilferent varietios of corn and in the same variety
grown under different environmentanl comditions.  This was duie prin-
cipaliy to the fact that the husk character of cars caried in different
srroties and under different weather conditions. L ears of Tuxpan,
a variely having tight huosks, larvae penetrated slowly, and even al
timme of harvest had failed 1o reach the kernels of 45 percent of the
eheek ears: wherens in Golden Cross Bantam, with comparatively
loose husks, larvae bad reached the keenels inall cheek cars. In the
ars o which oil containing 0.1 pervent of pyrethrins was applied, 72
percent of Golden Cross Bantam and 100 percent of Tuxpan had un-
injured kernels ad time of harvest.  In Golden Cross Bantam ears the
reduction of fiving larvae, as compared with populations in check cars
al time of roasting-car harvesl, was 92 pereent with 1 pereent of
prrothring and 89.9 percent with 0.1 pereent of pyrethring, as com-
pared with the reduetion in Tuxpan of 89.5 pereent with 1 percent of
pyrethrins and 85.0 pereent with 0.1 percent of pyrethrins.

In the summer of 1939 applications of white oils containing from
0.1 1o 1 pereent of pyrethring gave variable results in ears of different
varieties of sweet vorn, as shown in talble 22, but the treatments were
most offeetive in o variety of tocal, white sweel corn having relatively
lontg, tight husks and were least effective in cars of Ciolden Cross
Baniam affeeted mdversely by eovironmental conditions,
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Other trinls with swect corn and one type of field corn also showed
variations in eflectiveness, but these differences were due principally
to differences in length and fightness of the husks, as mentioned in
tlie section on use of oils alone.  This sulject is discussed in ereater
detnil in a subseguent section,

MORTALITY OF LARVAE IN TREATED EANIS

The percentages of larvae found dead in sweet-corn ears nb time of
roasting-ear harvest, after the application of ail-pyrethrum when the
sillks were wilted, served as n measurement of effectivencss of the
insecticide,

In the work with white oils alone it had been found that a dosage
of 0.75 ml. per ear was most satisfuctory for reneral use in sweet
corn. To determine whether this dosage would be satisfactory for
oil-pyrethrum, a series of seven while oils ranging in viscosity from
approximately 50-3435 seconds, ench containing 6.1 pereent of pyre-
thring, were applied at different dosages 10 cars of Golden Cross Ban-
tam sweet corn at a Lime when the siliss were wiltted.  The resules

Tanne 23.—Mortalily of earworms in ears of Golden Cross Bantam sweel, corn fo
which white ofls of rarious viseosities canlaining 0.0 percenl pyrelhrins had been
apptied al vorious dosages, Runcovas, N. f., 1939
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given in table 23 show that the percentage of larvac found dead in
cars to whicl 0.75 mi. of oil-pyrethrum had been applied was alimosb
us high or higher than was obtained when larger amounts of the mix-
ture were used per ear, but that s dosage of 0.50 ml. gave smaller
mortality.  Considering the cost of oil-pyrethrum and the possibility
of injury to the ears resulting from the introduction of .too great a
dosage of oil, the dosage rate of 0.75 ml, seemed also to be most
suttable for oil-pyrethrins,

‘Table 23 also indicates that the highest mortality of larvac followed
use of pyrethring in the lgiter oils and that a lesser number of larvae
died lollowing the use of the heavier oils conlaining pyrethrins. The
lighter oils penetrated more deeply into the cars and the chances of
their reaching an inerensed proportion of the larvae were greater
than was the case with the heavier oils.

The relation between the pyrethrin content of the oil and its
ingecticidal effectivencss has alveady been discussed, and data on
this relationship are to be found in table 20,
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TOXICITY TESTS

Tt has already been shiown (p. 30) that white oils alone are not
effecilive as cotlaet inseclicides,  Tesls agniost wmdividual lnevae
were thevefore made to delermine whether the addition of pyrethring
would make white oils effeclive as eonlact insecticides.  In most of
these tests larvae colleeled Trom corn ears in the field were solated in
2-ounece tin salve hoxes in each of which a seetion of corn cob bear-
ing tender kernels was placed as food, and a small deaplet of the
material Lo bo tested was applicd 1o the dossal surface of each var-
worm by use of u small camel’s-hair brush.  [n most cases the salve
boxes were unventilaled.  The results obGuned with a while oil of
125-135 seconds viseosity, containing pyrethring, are shown in Lable 24,

Tasne H—~dffectincness of while ol of 125 133 seeonds viseasily confnining
pyrethring as o conduct fasecrivide aguavnst carwarms when o small deoplct wns
wpplicd per farvrie, Swmimer of (G589
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In anadditional seties of teeatiments i unventilated boxes, 0.75 ml.
of oil ol 125133 secotuds viseosity coulaining 0.2 peccent of pyretheins,
wiis injected into snll balls of absorhent paper which weee then
wraphed in eotlon snd one so placed v eneh cage that the kova could
not conte in contael with the inseeticide.  All the 10 farvae subjectoed
to this treatmend survived, dicating that otl-pyrethrins w not ellee-
tve as o fumigant. il containing Trom 0.1 1o 005 percent of pyre-
theins was bighly elfeetive as o contact insecticide, but the elfective-
ness raphlly decreased when smaller concentrations of pyrethring
were used,

Studivs of the effectiveness ol white oils ranging in viscosity fram
approxiniately 125-310 seeonds, and condaining 0.1, 0.5, or 1 percent
of prrethring as conlact insceeticides, indicnted that the heaviee oils
containing the lowest perecentages of pyrethring were {east effective.
T Fuether tests v which .05 or 0.1 percent ol pyrethring was used
in white oils, oil of 50 -55 seeands viscosity eanused $1.8 pereent nior-
takity of 49 treated Lnrvae: off of 123-135 scconds viscosity caused
96.3 percent martadity of 34 Inrvae; and ol of 200-210 seconds vis-
cosity eaused 014 pereent mortulity of 8 larvae,  The resulis ol all
Lests seomed to show that white oils ranging in viscosity from approxi-
madely 50-210 sceonids, containing at least 0,05 pervent of pyrethring,
were equally offeciive as contael inseclicides agamsi earwors.
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RAPIDUTY OF KI1LL

Study showed that the rvapidity of kill of carworms by oil containing
pyreihring is proportionate to the amount of the insecticide with
which they ace wetted.  In ears to whieh .75 mi. or more of oil econ-
taining 0.2 percent of pyrethrins was applied, the larvae present in
the interior silk near the ip of the husk, which were thoroughly
wetted by, or practically immersed in, the issecticide, died aimost
mstantly, especinlly if they were the smaller instars.  Larvae that
had penctrated lor greater distances into the ears died mere siowly,
but in any ease Jarvae that the inseeticide reached did not feed after-
ward, In the toxicity tests previonsty desceribed, the larvae hecame
very aetive soon after the insecticide was deposited on them.  They
became paralyzed, owever, within 2 or 3 minutes, lving character-
istically on their backs, although they might he capable of foehle
movements lor some minutes.  In the treated ears some laevae, par-
Lieulaely fifth or sixth instars, crawled rapidly from the ears, but
these usually beeame paealyzed by the thne they reached the exterior
silleand cither died there or fell to the ground.  Larvae thal wore found
alive in the cars at harvesttime usually were those so located at the
time of application that the insceticide did not reach them. This was
particularly the cuse with larvae that reached the kernels several inches
helow the Gp of the cob before trentment, and more espeelally in cars
baving short or toose husks into which the larvae contd peneteate
apidly.

Tanve 0. - Fffrelivcucss of white ol of 125 143 seeands piscosily conlaining 0.2

pereenl of pyrelhreivs amd wn activalor or un ofl spremding agent, in o Hording pro-
feclion from carwarms o cnrs of siwcel or roasting-car cora, when applicd ul o

tosage of B.0F mi., Florida, 1951
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In an effort to inerease the protection afforded sweef-vorn enrs by
the applieation of oil-pyrethrins, attention was @iven {o so-called
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prrethrum activators and oil spresders. The results of adding an
activator or a spreading agent lo oil-pyrethrum, as compared w1th
home-mixed and commercial oil- -pyeethvum preparations without such
additions, ave given in table 25.

The results showed that these materials did not add to the effec-
tiveness of oil-pyrethrum, with the possible exception of butyl oleate.
Further tests, howewver, failed to conlirm, the uselulness even of this
malerial; it may be said therefore that none of the matermls Lesled
so far have proved to be uvseful in ingreasing the effcctivencss of oil-
pyrethrum apprecinbly in protecling swect-corn cars against injury
by carworms. Apparently pyrethrinn extract procured in 1040 had
become somewhat legs potang by 1941,

COMMERCIAL OIL-PYRETHKUM MIXTURES

During 1940 at least one, and during 1941 several, oil-pyrethrum
mixbures prepared especintly for control of enrworms in sweet corn
were offered on the general market. Three of these commercial
mixtures were compared with home-mixed preparations when applied
to the enrs of several fields of sweel corn 1 New Jursey during the
summer aof 1941, The resulls, given in table 26, indicated that two
of the commercial pwpmntmns were equil and that one was uni-
formiy superior to home-mixed oil-pyrethrum in protecting sweet-
corn cars ngainst carworms.  The latler commercial preparation was
found to contain somewhat more than the recommended 0. 2-pereestts
concentralion of pyrethrins, which probably explains its grester
eflectiveness.,

Tanne 26— EfFeetiveness of commercial preparations of white oil comtaining 0.2
percent pyrethring (v affording protection against eorworms o ears af sweel corn,
when applied ut o dosuge of 075 ml. per car, New Jorsey, 1941
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REPELLENT BFFECT OF OlL-PYRETHRINS
Evidence has accumulated to show that earworms de not lind the

interior silk of sweet corn to which oil-pyrethrins has been applied
attractive as food, and that they are repelled by it. In the fields
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where e\punnr.,ntal applieations were made, Iarvac often migrated
to the treated cars and sought to enter them through the sitk at the
tip of the husk. They scldom penetrated into the interior sitk or
Lo the kernels but frequently were found in the silk just within the
husk at the tip whore the least amount of cil had remained or where
none ab all was found if the dosage had been applied sbout one-half
mch into the interior silk, Qe qsmnallv larvae bored through the
hask to reach the parts of the ears speecially attrnctive as food. If
they rcached the oilimpregnated stk of treated cars they often
discontinued feeding and migraled elsewhere to try again.  In con-
trolled exper un{,nts, larvae were observed to butrow into the ears in
this way repeatedly, awd ecach time they reached the silk io which
oil-pyrethrum had been applicd they discontinued feeding and began
to bore in a difforent location.  Although not all larvae scom -
o be repelled, the ovidence seems (o show that oil- -pyrethrum is a
repellent, ns w ¢l as & contact msecticide, Lo most larvae and that the
full measure of its value eanmos be delormined anly by records of
the pereentages of lnevae nctunlly killed within treated eses.

DISCUSSION OF ClL-PYRETHRINS

Data have been presented in the preceding seetious Lo show that
oil-pyrethrins properly used is o powerful confact insecticide which,
without materially injuring any part ol sweet-corn cars, without
lenving discernible residues, and without imparting ob‘|nrr[|0:1.1,bln ador
or flavor (o the kernels, is highly offective under usual field conditions
in prolecting against injury hy earworms,  Under average field con-
ditions, when all or nearly all the untrealed eats become infested
with from 1 to 10 larvae per ear, the oil-pyreethrins seoms Lo protect
completely about 75 pereent of the cars,  In loss severe infeslations
in sweel corn not adversely alfeeted by environmental condilions, the
average dogree af freedom from injury is increasingly groater. When -
earworms are very abondant, and particubarly when the ears hayve
been adversely affected by envieonmental conditions, a fower degree
of control is eblained; henee, although mineral oil Lo whiels |)\71(‘Lh:1us
Diave been added is more effeetive than mineral oil alone, nud although
oil-pyrethrins probably is wore satisfaetory in geneal than any other
previously known agent {or ])mlmtmg sweel-vorn cars againsl injury
by earworms, there are severnl Tactors’ that limit its usclulness,
’_[.‘lwsv i’:n-Lm-S, meluding the interference of oiling with pollination of
the vars, aud the cost of pyrethruny, are discussed in later seetions.

Mmenarn Ouw, Conrarxing Dcurorosruyy, LrenEg

In vicw of the cost obf pyreethrum, substilules were sought which
would give a higher rule of protection to the cars or would he less
expensive.  ‘Po this end 115 materials, combinations ol materials, or
materials used in difforent eoneenteations in mineral oil, woere studiod
during the summer ol 1939, These included, besides white oils of
various viscositivs, seleetions of less highly refined mineeal ails, in-
cluding hubr mntlng oils, and, Lesides pyrethrum, severnd Llllowmmtts
(|I]]}1{‘I]Y amine, (lu.lllomvth}l ethier, and hexachlorethane. ~ OfF the
mixtures tested, those consisting ol dichlorocethy] cether in white oil
scemed to be promising, as shown in the summary of results obtained

GUTETS—ld——0
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in the exploratory tests given in table 27. Since the degree of pro-
tection to ears vesulting from applications of oil-dichloroethyl ether
in these tests was ab least equal to that obtuined through applications
of cil-pyrethrins, and since 1t was mueh less expensive than pyrefhrum,
this material was studied rather intensively during subsequent periods
of field worlk.

Tasus 27 —Effeciivencss of wminerel oidst conlatning pyrethrinst, dichloroethyl
gther 3, or other wmateriely n profecting sweel-corn ocurs agatnst impnry by ear-
wornts, when applied at the raie of 0.75 sl per eor, New Jersey, summer of 1889

Hars with-| a0y 1
) . Tods of Patal qut living Inrvae Tarvug
Materialy nsed mites P larvae at tound 1o | Tounrd
rinls Eime of o dlend
harvest s |

. Number | Mwmber | Percent

Oilsused plone._ .. . ..c. . ail 1) i) A2
Qils contitining 1 pereent or fwere pyeethrins. Mt i, I LG
Gils containing | pereent or more dichloresuliy! cther. 14 ah4 B b 275 |
Qiis containing ooe or more gther mateciels. 8 674 472 }
Tintreaterl ears_ . oo e e ime e caeeee i) 2 557 !
1

L Ineludes other finn white oils, such os lnbricaling oils. L
2 Troas not inelude 44 materinis used Lo stady the eifectiveness of from 4.0 to 1 percend of pyrethiviog inodl.
Y Tucludes explorntory (rinls of oils containiug diehloroethy] ether,

EFFECTIVENESS 1N RELATION TO DICHLOROETHYL ETHER CONTENT

In the preliminary investigations during the summer of 1939,
dichlorocthyl cther was used i white oil of 125-135 and 200-210
seconds viscosity in coneentrations ranging from 0.1 to 10 percent by
volume. It was used alone in the oils or in addition fo pyrethrins.
A summary ol the results obtained is given in table 28.  Oil contain-
ing & percent or more of dichloroethyl eiher burned the husks and
rotted the silis of sweet-corn cars to whirh it was applicd.  1n the 10
experiments in which dichlorocthyl ether was used alone in oil, as
compared with similar concentrations of oil-dichloroethyl cther con-
taining pyrethving, the latter combination gave superior protection in
half the mstances. The fact that the higher coneentrations of dichlo-
rocthyl ether caused injury o the cars and that the lower coneentra-
tions gave Loo low a degree of control indicated that the most cilee-
tive concentralions would probably he found hetween 0.5 and 5 por-
cent in oil.

In a further series ol tests during the summer of 1939, oil of 200-210
sceonds viscosily containing from 1 o 5 percent ol dichlovacthy! cther
was applied to cawrs 1o three fields of sweek corn. The results, sum-
marized in table 29, indicate that there was a regular increase in
effcetiveness as the dichloroethyl ether content was inerensed to 3
percent. The use of 5 pereent dichloroethyl ether in oil caused seti-
ous hurning of the husks, the use of 4 pereent causcd oceasional hura-
ing, 3 percent caused hurning in rave instances, and lesser concentra-
tions caused no injury.  Therefore fuvther studies were Jimited to oil
‘containing from 1 to 3 peveent of dichioreethyl ether.

In Florids, in the spring of 1940, oils of 125-135 und 200-210
seconds viscosity containing from 1 to 3 percent of diclilorocthyl
ether wore applicd to the cars in replicate plots of Gotden Cross
Beantam and Truckers’ Favorite corn.  The results of these tests are
summarized in table 30.
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Tasrs 28.—Effectiveness of dichloroethyl ether, alone or in combination with pyre-
thrins, in white otls in affording profection !o sweet corn ageinst garworms wien
ppli ed af dosuge af 0.75 mi. per ear, New Jerscy, swmmer of 1539
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The average pereentages ol esrs Tound with uninjured kernels at
time of roasting-car harvesh wore as follows: For 1 pereent dichlo-
roethyl ethier content in oil, 415.9 percent; lor 1Y peveent in oil, 58.5
percent; for 2 pereent In oll, 62,1 pereent; for 2% pereent in oil, 64.7
pereent; and for & percent in ml G338 pereent, For all percentages
of du,hlomt.thvl other in oils studicd 59.4 percent of 1,422 treated
cars were proteeted, and in the cheeks 9.1 pereent of 207 cars were
uninjored. Al the fickds were injured by drought, and the conditions
were unfaverable [or ebtaining proteetion of w high percentage of
enrs by oiling, Nevertheless, the increases in percentages of cars
with uninjuw(l kernels us between the cheeks and ears to whieh

1, 1%, 2, 24 and 3 perceit of dichloroethyl ether in oil were applied
were 36.8, 40.4, 53.0, 55.6, and 56.7, respectively. The degree of
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protection aflorded the cars imcreased cousiderably as the propot-
tion of dichloroethyl etlier used in thie oils was increased from 1 per-
cent to 2 percent, but at concentrations greater than 2 pereent in
oil the increase in degree of protection 1o the sars was less pronounced.

Tarwe 30.—Dffectiveness of white oils of 127 137 or 200 210 eiscosily conloining
Jram I te 3 perecnt of divhlorocthyl cther in prodecitng corn from earwnrms, the
miatuves being wpplicd af tee dosage of .75 mb, per ear and 2 lests being made
with pyrethrim for comparison
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In the summer of 1940 0il of 125 135 seconds VISCOSItY coitlaininyg
from 1 o 3 percent of dichloraethyl ether was applied 1o sevies of
ears in L0 fields of corn in New Jorsev. A sunminary ol these results,
also, i= given in table 30, During this period the degree of infestation
of sweet corn by earworms was unususliy low. and a relatively large
percentage of the treated envs were found to be free from njurcd
kernels, as compared with the eecurrence of uninjured ears the pre-
ceding spring under conditions of bigh earworm populations in ears
adversely affected by drought  Cider the summer conditions in
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New dJersey cach concentration of dichiloroetlyl ether in oil gave
almost identical results in treatments of sweet corn.

Oil of 125-135 seconds viscosity contaiing 2, 2}, and 3 percent of
dichloroethy] ether was also applied to ears in three fields of hybrid
vellow dent field corn during the summer of 1940 (table 30). In
these fields infestation by carworms was higher than in the felds of
sweet corn previeusly referred to. The results showed a regular
‘increase in the percentage of ears with uninjured kernels proportion-
ate to the concentration of dichlorocthyl ether used in the mil. The
results with this chemical are practically identical with those obtained
by _applications of oil containing 0.2 percent of  pyrethrins.

Considering the injury caused to the ears by applications of oil
coniaining mare than 3 percent of dichloroethyl cther and the aver-
age cfiectiveness of the diferent coneentrations in protecting the ears
against njury by earworms, these studies show that a 3-percent solu-
tion would be satisfactory from both viewpoints, but that to allow a
margin of safety a 2-pereent solution would be preferable for use in
commercial applications.

EFFECTIVENESS OF OILS OF DIFFERENT VISCOSITIES

A series of white mineral ofls, ranging in viscosity from approxi-
mately 50-260 scconds Savbelt, each containing 3 percent of dichlo-
rocthyl ether, weve applied to repliente series of vars of Golden Cross
Bantam in the spring of 1940, The dala simmarized in table 31,
indicate that these different oils are equally satisfactory as carriers of
dichloroethivl ether.  Although this corn was grown during dry
weather, the experiments were run in an irrigatel field, and the ears
were not affeeted adversely by weather, the husks being of good
lengih, reasonably tight for this variety. and not at all wilted. These
conditions probably account for the high rate of protection afforded
the ears by the treatments, even though carwerms were abundant.
A comparison of the effectiveness of all oils containing dichloroethyl
ether in each of five replicates, also given in table 31, indicates that
the festation by earworms was uniform: throughout the field and
shows that similar results were obtained when applications were made
to cars of one varioty ol corn growing under the same environmoental
conditions,

EFFECTIVENLESSE IN DIFFEEKENT VAHIETIES OF CORN

While oil of 206-210 seconds viscosity containing from 1 to 5 per-
cent of dichloroethyl ether was applicd to series of ears of three very
dissimilar varieties of sweet corn during the summer of 1939, Excel-
lent results were obiained hy applications to cars of Bantam Ever-
green and a Joeal, white sweer corn, but considerably less favorable
results followed applications to Kaneross, a variety that has an ex-
tremely long husk and an extremely large mass of interior sille.

Oil of 125-135 scconds viscosity containing 2 pereent of dichloro-
ethyl ether was applied to cars of nine variclics of sweet corn in New
Jersey during the sunimer of 1940 (table 42).  Although the results
obtatned wers varigble, the lowost percentage of eass of any one variety
found fo Iw without live larvac or with uninjured kernels at time of
ronsting-ear harvest was 81.7.
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TaBLE 31 ~—Computrison of resutts obtained in 5 replivates of applications of while
oils ranging in viscasily from approtimaiely 50-260 seconds conlaining 3 percent
of dichioracthyl ether i protecting eurs of olden. Cross Bunfam sweet rorn agiinst
ingury by enrworms, wien applied ol a dostage of 0.73 ml. per enr by a foree giler
al ¢ {ime when the silks were wilted or had browned tips, Florida, 1940
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I the spring of 1941 in Florida, the sume combinadion was applied
to cars i several ficlds of Tuxpan roasting-car corn and of Golden
Cross Bastam sweet corn (taible 32)0 The rate of contral oblamned
was considershiv higher an the first vaviety, probably beeause the
sitks of Tuxpan cars werr closely compressed by the husks, wherens
in the less Lichtiv compressed silks of Golden Cross Bantam ears the
Brvae could disperse more rapidly (o loeations within the cars where
the oil and insecticide did not reach some of them, resulting ina lower
rate of kill and poorer prateclion.

The same oif containing 2 pereent of dichloroethyl ether was applied
to series ¢f ears of different varicties of sweel corn in New Jorsey
during the summer of 1041 fiable 323, Here agnin considerable varia-
tion i effeetiveness of apphcations ol eil-dichloroethyl other was
abserved, due to difforences in the charneters of the ears in the different
varielles nsud in part to envivonmental Tactors affecting growth of the
plants,

These results show that although the effeetivencess of applications
of sil-dichioracthyl other in cars varied as between varvielies, the rate
of control was reusonably satisfactory in wll the variclies when the
anrs were not adversely affeeted by drought or other envirenmerntal
fnetors.

DOSAGE PER EAR

White oit of 125-135 seconds viscosiiy conlaining 3 pervent of
dichloroethyl other wus applied to replicate series of Goldea Cross
Bantam cars in Florida duving the spring of 1040, at dosages of
0.50, 0.75, aml 1 mi, por ear, resulling in 85.9, 85, wndd 82 percent,
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TanrLe 32 —Effecliveness of applying white oil of 125-185 seconds viscasity con-
litning 2 percent of dicklorocthyl ether Lo evrs of several varieties of sweel corn, at
dosage of 0.75 mi. per ear
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respeelively, of ears with uninjured kernels, showing that the rates of
dosage mentioned were equaily effective under the conditions in
which these tests were made, and when ondy 8 peceent of the ehook cars
were unimjured.
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METHODS OF APPLICATION

In the summer of 1940 white oil of 125-135 seconds viscosity
containing 2 percent of dichlorocthy! ether was applied te series of ears
in five ficlds of sweet corn by three methods.  There was no difference
in the degree of protection afforded the cars against injury by car-
worms when the oil dosage was dropped on the silk at the tip of the
ears or injceted after the tip of the spout of the eiler had been thrust
for ¥ inch into the interior silks. the percentage of uninjured kornels
being 86.3 and 85.5, respectively. A slightly higher rate of control
{94 percent), however, resulted when the tip of the spout was inserted
for % inch inte the interior silk of the ecars before the dosage was
released. 1In the chegks 72 percent of the ears were uninjured. In
all these cases most of the dosage of ol sceped into the interior silks,
tittle or none heing lost through run-off,

AS A CONTACT INSECTICIDE

The first toxicity Lests with oil-diehlorosthyl ether were made during
the summier of 1939, Earworms were collected in the field, isolated i
2-ounce salve boxes simiar to those previously employed in toxicity
tosts of oil-pyrethrins, and each was provided with a scction of corn
cob bearing tonder kernels as food, A small drop of oil-dichloroethyl
ether, roughly proportionate to the size of the larva, was applied to
the dorsal surface of eash earworm. [t immediately spread over the
larva, The mnterinls used, the instars treated, and the results
obtained are given in table 33.

Tanne 33— Effectiveness of white oils of differend visvositivs containing 1 or 2 percent
of dichlorocthyl ether compared with oils ventaining 0.1 percent of pyrethring, us
conlarct fnsecticides aguiust carworms when a small droplet wus applied per laron
in doxieity tests, summer of 1939 ;
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tledindes 3 white ofls and 2 hortieaibarl olis, the viseosity of which probabdy was less than 104,

As compared with the results obtained in similar tesls in which
oil-pyrethring were used, and as compaved with the results obtained
in treating sweet-corn enrs with oil-dichiorocthyl elher in the ficlds,
the toxicity lests seemed to show that oil-dichloreeilyl cther was not
so efleetive as & contact insecticide as was oil-pyrethring,  Apparently
some other factor, possiDiy loss of fumigaiion effect, was Involved.
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IN RELATION TO DICHLOROETHYL ETHER CONTPENT

In the spring of 1940, oils of 125-135 or 200-210 seconds viscosity
contiining from 1 Lo 3 percent of dichlorocthyl ether were upplied by
means of a fine camel's hair brush to first instars hatehed from CgEs
collected in the field. The earworms had been placed in wateh
glasses of about 20-cc. capacity in lots of 10, provided with fresh corn
sillk as food, and covered with other wateh glasses. A higher rate of
mortality occurred than in the preliminary trials (table 33) with larger
larvac. Similar tests with second or third instars that had been
solated in unventilated 2-ounce salve boxes, int each of which a section
of corn cob bearing tender kernels had been placed as food, resulted
in the death of all 50 larvace 1o which the insecticide had heen apphied.

In a further test during the summer of 1940 the same solutions wore
each applied to 5 third instars that had been isolated in 2-ounce salve
boxes in which numerous small holes had been punched to provide
ventilation,  Applications of oil of 200-210 seconds viscosity contain-
ing 14, 24, or 3 pereent of dichloroetiyl ether coused 106 pereent
mortalily. but that containing § or 2 percent caused only 60 pereent.
Applications of oil of 125135 seconds viseosity caused 100 pereent
mortality except for the I-percent solulion, which caused 60 pereent
mortality.

White oil of 125-135 scconds viscosity containing 3 percent of
dichloroethyl ether applied to fifth and sixth instars which were eon-
fined singly in ventifated salve boxes, resulied in mortalily of 71.7
pereent of 46 larvae that were treated.  Of 22 fifth instars, 6 of which
were newly molted, 30 percent dicd; and of 24 sixth instars, 15 of
which were newly molted, 91.7 pereent succumbed.

Earworms of various iustars were then confined in salve boxes
which were covered with cheesecloth (o nllow greater ventilation, and
oil of 125-135 seconds viscosity containing 3 percent of dichloroethyl
ether was applied o them in the mannoer previousiy described.  This
treatment resulted in no mortality of § third instars, 5.9 pereent mor-
tality of 17 fourth instars, 23.8 percent, mortality of 21 (ifth instars,
and 30.8 percent mortadity of 13 sixth instars, or an avernge of 16.7
percent moriality for 60 lnrvae of all stages of development.

I the summer of 1941 similar (reatments of fifth and sixth instars
with while oil of 125-135 seconds viscosity containing 2 percent of
dichloroethyl ather, resulted in mortality of 88 pereenl of 25 farvae
treafed in unventilated salve boxes aud of 80 percent mortality of 20
treated in ventilated salve boxes.

IN RELATION PO VISCOSI'PY OF Ok

In the spring of 1940 white oils ranging in viseosity from approxi-
malely 50- 260 seconds, each containing 3 percent wf diehlorocethyl
ether, were applied to earworms of various instars which had been
collected Trom corn ears in the field and isolatod in unventilated 2-
ounce salve boxes, as described for the previous tests.  The results of
these tests ave summarized in table 3¢,  The mortality of larvae result-
ing firom these treatments showed that although oils ranging in viscosity
from abeut 50-210 scconds were equally effeetive earriors of dichiioro
cthyl ether, an oil of 250- 260 seconds viseosity was less effective.
The results alse showed that fifth and sixth instars suceumbed to the
treatment in larger numbers than did the smaller instars,
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Tanry J.—Effectiveness of mineral oifs vantaining 3 percent of dicklovoethyl cther,
i Lilling enrworms in locteily tosts, .t:'fm_fr)rd. Fla., 1940
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AR A FOMEGANT

The results of the toxieity tests so fay deseribed seem to show that
oil contadiing dichioroethyl ether acted partly as a fumigant in some
cases, suel a5 o the experinwents summarized in table 34, In this
case H seems eloar (ol sinee a larger dosage of oil-dicldorocthy! ether
was applicd i proportion as the larvae were Jarger, the concentration
of vapor within the ¢losed containers reachesd o point where, in the case
of sixtivinstars, i was latal to all the individuals treated,  The smaller
dosage applicd to smaller larvae seemingly aften failed to provide a
sufticient conceontration of vapor to kill all of them

To study the effectiveness of dicldorocthiyl ether in oil solely as a
Tumigant, under conditiong where it did oot actunlly come into cen-
tacl with the larvae, earworms were collected in {he fiold and isolated
in unventilated salve boxes with food.  The sepavable parts of several
Nao. 0 gelatin capstles were perfornted with many small holes and
a hall of absarbent paper of suttable size, into wiiieh 3 drops of 2 3-per-
cent solution of dichloreethvl ethier in white o of 123-135 seconds
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viseosity was injected, was placed in eachi.  EKaeh hall-capsule wus
then plugged with untmpregnated absorbent paper.  One of thwse was
placed in each snlve box containing & larva,  OF 18 {hird, 37 fourth,
34 fifth, and 11 sixth instars, or v total of 100 lirvae, all succumbed o
this (reatment.  The larvae in this ease eonuld nol bave come into con-
Laet with the oil-dickloroethvl ether,

In another lest farvae collected ns previously described were iso-
tated 1 unventilated 2-ounce snlve hoxes with food, in each of which
was placed o small ball of absorbent paper impregoated with only 1
drop of wihite o1l of 125- 135 seconds viseosily containing 3 percent of
dichloroethyl ether.  Examination on the day 1:}!1{;\\’;1;;4 trealment
showod o mortality of 42,9 percent of 7 thivd instars, 76.9 percent of 13
fourth mstors, 41 pereent of 38 fiflh nstars, and 84.2 pereent of 19 sixth
inatars, or o mortadily of 57.7 percent of 78 larvac.

[n the sunvmer of 1940 another test was made of the same solution
as w famgant at rates of from Uio 3 drops per eage, by use of Lhe half-
eapsule method in unventilated 2-onnee salve boxes,  [n this test.
with 20 bevae treated at eaeh dosage, 1 drop killed 60 percent, 2 drops
80 pereent, and 3 drops 100 percent. With the U-drop dose Lhe per-
contages of mortality were 100, 85.7, 33.3, and 0 Tor lievae of the thivd,
fourth, filth, and sixth mstars, respeetively.

TMECESSHEY OF IHCHLOROETHY L 1XTHER

The resulls of all the toxieity tesls against carworms seem o show
that when gil-dichibovocthy] ether is applied to ears of sweet corn this
materind probably kills both by contacl and by fumigation.  This
probably explains why diehioroethyl other inoil is mwore effective than

materinds which act only as fumigants.

In geneeal, the results of the experiments that lave been deseribed
ndicate that under ugnal conditions the protection allorded sweet-corn
ears by applications of white oil containing 2 pereent of dichloroothyl
ether is at least equal to that afforded by apphentions of oil contain-
g 0.2 pereent of pyrethrins,. Two pereent of dichloroethy] ether
could be ndided to a gallon of il at & cost of aboul 6 conts as compared
wilh 0 cost of {rom 40 10 30 centz for e addition of 0.2 percent of
pyrethrins per gallon, s will be discussed 10 detail later on, however,
nil- di(’hh)l()i‘[h\’l ethier proved Lo be more hazardoons than oil- 1)\'1 ethrins
from the standpoint of objectionable residues that might be loft on the
kernels ol time of rousting-enr harvest.  Alithoush it has an advant-
age aver oil-pyrethrins in the matter of cost, the all-dichlovoethyl ether
cottld not be reconunended unreservedly, and it was belioved that other
maderials might be found which, when used in mineral oil, woukl cost
less than otl-pyrethring and would be free from the restilue hasard of
ail-dichilorocthy] ether.

AisEran O Costaivine Orner Martemans

When used in the field, dichloreethyl ether did not cevaporate
rapidly enough under some conditions to be entirely eliminated from
the pars by the time of voasting-enr havvest, probably beenuse of 1ts
boiling pomnt of 145° C, (319.67° .. It was believed that the
hazard of nndesirable vesidue might be overcome by the use of sub-
stances having a lower boiling point, such as diethyl ether (84.1° F.) or
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trichloromethane (142.2° F.). Many other substances, ineluding
cthylene chlorohydrin (boiling point, 128.8° F.), two ketones, severa
thiocyanates, and rotenone were studied. The results obtained by
use of the more important of these materials in mineral oil will now be
-discussed.

DLETHYL ETHER

During the summer of 1940 dictiiy! ether was used in New Jersey
at a concentration of 2 pereent in mineral oil of 125-135 seconds
viscosity, and its cffectiveness was compared withh thalt ol oil-
pyrethring and oil-dichiorocthyl cther. Barworm infestation during,
this time was light.  In five fields of sweet corn in which replicate
applications were made, [vom 10 Lo 66 percent of the check cars were
free from inlestation, and from 28 to 94 percent were [ree [rom kernel
injury at lme of roasting-car harvest. The resulls ol replicate
applhications of oil-dicthy! ether in the five fields arve given in table 35.
Under the stated conditions this matlerial in oil gave protection Lo as
high or a higher percentage of treated ears as did oil-pyrethrins or
oil-dichloroothyl ether.

Tanre 35— ffectivenoss of applivafions of white oil of 1249 135 seronds viscosity
containing diethyl ether ur trichlgromethiane, ns compared with dichloroethyl cther
wnd pyrethring, (n prolecting sweel-corn entrs ugatngt ingry by earworms when
epplred te replicele plofs tn 3 fields af o dasage of O.75 wml, by foree vifer, af o Hme
when siths wore wilted, New Jergey, 1940
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A secord series of tests were made in Florida during the spring of
1941, ix which diethyl ether was evaluated at concentrations of from
2 o 10 pereent in mieral oil of 125135 seconds viscosity and applied
to cars in three fields of Tuxpan roasting-car corn and threee fields of
Golden Cross Banlam sweet corn. The results of these tveatmoents
are summarized in table 36. _

When applied Lo cars of Tuxpan the eflectiveness of oil-dicthyl ether
incrensed roughly in proportion to its percentage content in oil; how-
ever, this was not thie case when applications were made 1o ears of
Golden Cross Bantam.  Tiw average results recorded at roasting-var
harvest from atl mentioned concentrations of oil-dicthyl ether showed,
for Tuxpan corn, 73.9 percent ears without five larvac and 85.4 pereent
with uninjured kernels, and for Golden Cross Bantam (6.4 percent of
ears withaut live larvae and 64 percent with uninjured kernels,
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TanvLe 36 —Effectiveness of applications of white ail of 125185 sceonds viscosily
conlaining various maderials, in affording prolection aguinst earworm wmury lo
ears of sweel or rousting-ear corn, when apptied of @ dosage of 0.75 wi., Morida,
194

Rate of prateetion atfyrded (o ears when appicd wo—

I3 ' ~ " oy ’
. “Cuxpan reasting-ric com Choldens Cross Baniam swoed
1
R o e
. o Bnrs o Ears . Eors 0 Ears
¢ Ears . owitham | with wa- Ears without  with un-
examited live wjured exmmimsl live ) fnjurel

larvar @ kernels . larvae o kernels

'

ATaterind used in oil i Btrength _

© Pereent , Number  frerecul © Pereent © Number © Preeal . Pereent
2 8ol . W3 7.

Biethyl ether . 2

353 4 : I 7. A AL
2o, . o 1 ; i : W 69.3
[P I S i LT
1o oo . 0. 1

13 . M 2 i ! RN

13y . . mo i 0.
‘Irieliloromet hnne. . ¢

1 A 4

I N t

Im . &

L ) I

124

I
P | h?-h‘nc chierphydrin
g

Alurphinline
Pyroyiring ¢
Denloroe hyl ether
Uhegka-tintregim! ears .
ViInterior silks of 17 cars were ratted,
3 Ingerior silks of 21 vars woere rotiod,
TAvernEr resnles of trealments wsing 5 lets of qnaterial,
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Another {est in New Jersey during the summer of 1941 {table 37)
showed diethyt cther in much less fnvorabie light than had the results
of the two provious tesis.  Diethyl ether, however, has an advantege
over dichloroethyl ether in that wsually it evaporates entirely from
the ears by rousting-car harvesl.  No injury to the ears vesulted from
the appliention of 5 percent by volume in oil.  Although still con-
sidered o promising niaterial, dicthyl ether hus not given as consistently
good results in allerding proteclion against earworm injury o sweet-
corn ears as has cither oil-pyvothring or oil-diebhloroethy! cther,

TRICHLOROMIETHANE

Triehloramethane was fiest stndied al o concentralion of 2 pereent
in white ofl of 125 135 seeonds viseosity during the summer of 1940,
when applications were made Lo series of enrs in five liclds of sweet
cornn i comparison with oil-pyretheins and ost-dichloroetiyl othor
(table 35, Tu thoese first tosts, duvtug & tme of light infestation by
earworms, nehloromethane gave nearly as good proteelion against
carworm jury Lo sweel-corn ears as did oil-diethyl other, oil-
pyrethring, or ol-dichloroothyl other

In the spring of 1941 in Flovide, tichiorometbane, at concentra-
tions ranging from 2 ta 10 percent in while wineral oil of 125--135
seconds viseosiy, was apphed Lo sertes of cars in three fields of Tuxpan
roasting-ear corn, and at coneenteations of from 2 to § percent in this
oil L was applicd to series of ears of Golden Cross Bantam.,  Con-
ccutrations of 8 and 10 pereent burned the husks and caused rotling
of the intevior sitks, but concententions ranging Dom 2 Lo 6 pereem
eaused no injury.  The vesults in these treatments are given in table
36. In genoral the degree of protection afforded the cars agninst
mjury by ecarworms was not at all proportionate to the trichloro-
methane content n the oil. The average vesults oblnined Ly using
this material at ail the concenteations in oil Lested were, for Toxpan,
78.8 percent ears without bive farvae and B0 pereent with unitgured
kernels; and Tor Golden Cross Bantam, 68.5 pereent of treated ears
without live barvae and 646 pereent with untijured kernels,

o the summer of 1941 1n New dersey, while oil of 125-135 secends
viscosity containing 3 or 3 pereent of trichloromethane was applied
to series of cars in four liclds of sweet corn (Lable 37). FHore this
material gave eonsistently more satislactory resnlls al both coneon-
trations than had stmilar concentrations of diethyl ether in the same
oil. In table 37 it is compared with diethyl ether, dichloroethyl
ether, pyrethring, cothylene ehlorobivdrin, soud movpholine used in the
same fislds.

Altheugh the S-percent solulion of eib-trichloromethane gave
somewhal betler protection than the 3-pereent solution, the per-
formance of oil-trichloromethane fell considerably short of the pro-
teetion afforded by oll pyeetining or by otl-diehloroetbyl ether, In
general, trichioromethane used in minerad oil scemed to be somewhat
more promising widor various conditions than otl-dicthy! cther. As
was the ease with oil-dicthiv] ether, the tnehloromethane applied to
sweel corn was found Lo have evaporated entirely by harvest, and no
residue of this material was deteeted on roasling ears,
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ETHYLENE CHLOROHYDERLN

Ethylene chlovohydrin, used at concentrations of 2 or 3 percent
in mineral oil of 125-135 seconds viscosity, was applied to series of
cars of Tuxpan roasting-ear corn and Golden Cross Bantam sweot
corn during the spring of 1941, The results {table 36) seemed to be
rather promising.  In New Jersey, in the summer of 1941, sweet corn
was treated with white oil containing ethylene chlorobydrin at eon-
centrations vanging from 2 to 5 percent, with resulls as given in table
37. In these tests oil-cthylene chlorohydrin was somewhat more
cffeetive than were oil-dicthyl cther or oil-trichloromethane, and this
was particularly true when the percentages of the larval populations
found dead in the emrs al roasting-car harvest wore consideved, ns
shown in table 38. The informatien oblained, especially that from
the summer experiments, did not show that the effectiveness of this
mixture was in proportion to the content of cthylene chloroliydrin,
cither in the prolection of cars against injurv or in the pereentage of
larvae found dead in the ears al harvest.” Although the results with
oil-ethylene chlorohydrin scemed to be promising, the degree of con-
trol was scarcely comparable Lo that obtained by applieations of oil-
prrethrins or oil-dichloroethyl ether.

Tanne 38.—Effeciiveness of vurions maleriuls vsed i mineral oil of 125—187 seconds
siscosily in applications lo eurs of sweel corn, s delermined by the pereeniages
of the lareal populations found dead at lime of rousting-ear harvest, New Jersey,
swnomer of 10471
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MORI'HOLINE

Morpholine, a colorless liquid having a boiling point of 264.0° k.,
was studied firsl in the spring of 1941, when a -percent solution in
white mineral oil of 125-135 seconds viscosity was applivd in Florida
to scries of ears of Tuxpan roasting-ear corn and of Golden Cross
Bantam. The restults are summarized in table 36. In the summer
of 1941 this malerial was used at concentrations ranging from L to 3
percent in series of tests in New Jersey (table 37). The percentages
of the larval populations lound dead in treated ears al time of roasting-
ear harvest are shown in table 38.  Although in the spring trials this

~material seemed to show promising results, it gave unfavorable
results during the summer when used under different conditions.
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KETONES

In the spring of 1940 two colorless liquids, methyl n-amyl ketone
{(boiling pein$, 303° F.) and methyl isobutyl ketone (boiling point,
241° F.), were used in white oil of 200-210 seconds viscosity ab con-
centrations of 3 percent, when applications werc made to series of
eaasl of Golden Cross Bantam sweeb corn,  The results are given in
table 39,

Tasre 3% —Effeclivencss of applicalions of wiile oil of 200-210 seconds viscostly
conlaining 3 perceni of 2 Lelomes, lo cars of Golden Cross Buanfam sweel corn al ¢
desage of 0.78 mil. per ear in prolecting the ears against carworm tngury, Senford,
Flo., 1940

Lars fonad ab time of roasting-enr harvest —

- |

Ears ex- Withoul live Inrvae Wikl live larvae i uf:;f]:;;m
sl

amined kernels

Aaterind used in ofl

Hernpls Korpels Fernels Kuernals
uninjured injurecd tinjured ietjurped

Nuwlyr Nuwmber MNunber Nuwmber Niwmber Pereent
Methyl n-amyl ketone... ... 1] Rit) L 1] 19 50.0
Yethyl isohaty) ketong % 1] 1 2y b0
Dichioroetiiyl ether?___ . 3 i 4 2 sWH
Cheeks - u 1} 0 8 1.4

+ 2 rapiicnies af 30 ears eaci.
2 This line inchudes all trentments nsing ofl eonlninfeg 8 pereent al dickloroethyl efher in Liis Gold mi Lhe

same dates.

Applications of 3- or 5-percent concentration in white oils of 125-
135 and 200-210 seconds viscosiby were also mado to series of ears of
Truckers’ Favorite.  In these tests the effcctiveness of these materials
seemed to lncrease somewhat in proporiion as concentrations were
greater, and both of them appavently afforded a promisiug degree of
profection against earworm mnjury. These materials were also ap-
plied in the spring of 1941 at concentrations of 2 or 3 percent in white
oil of 125-135 seconds viscosity, to Tuxpan roasting-ear corn and
Golden Cross Banlam sweet corn.  The vesults with the two ketones
seemed to be vather promising, those with methyl n-amyl ketone being
slightly more satistactory than those with methyl lsobutyl ketone,
It was found, however, that the labter material somelimes imparted
an unplcasn.nt flavor to the lernels of treated ears, so ib 15 doubtiul
whether these chemicals could be reconmmended safely for practicaluse.

THIQCYANATES

Four maferials obtained in proprictary preparations, ineluding
2-(2-butoxyethoxy)ethyl ester of thiccyanic acid, naphthyl isothiocya-
nase, fenchyl thiocyanate, and an unspecified material, were used in
white oil to evaluate their effectiveness in earworn conérol, Theywere
used alonein white oil and also toreplacepart of the pyrethiin content of
oil pyrethrum mixtures, to determine whether thecostefoil-pyrethrun:
treatment conld be reduced and the effectiveness of the mixtures still
maintained. It was found that all the thiocyanales tested, when
used alone in oll at concentrations sufficient to kil a Jarge pcucutaoa
of the larvae in the ears and to protect a large pe;ccntwu of the cars
against injury by earworms, burned the husks and eaused rotting of
the interior silks. The results also indicated that the thocyanaLes
studied would noi be useful in replacing part of the pyrethrum in
oil-pyrethrum mixtures.
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NICOTINE AND ROTENONE

On several occasions nicotine sulfate {30 percent frec nicoline) has
been combined with mineral oil and applied to sweet-corn cars. No
evidence was obtaimed that nicotine increased the effectiveness of the
oil, or that it had value as an insecticide against carworms, A similar
conclusion was veached regarding rotenone. Both when combined
with mineral oil and when used In aqueous solutions, rotencne ap-
peared to bave no insecticidal value against earworms.

INFLUENCE OF HUSK CHARACTERS ON EARWORM CONTROL

The husk characters ol swect-corn ears have heen referred ko fre-
guently in the foregoing discussion.  This lias been necessary beeausc,
excepting the insecticide emploved, no other factor is more important
i earworm control.  The character of the husl influcnces not only
the volume and condition of the interior silk and the habits of the
larvae after they enter the cars, bul also the distvibulion and effec-
tiveness of any insceticice that is applied to the sillk.  Many measure-
ments of the extension of the husk bevond the tip of the cob of sweet-
cornt ears were made at the time of roasting-car harvest, in different
varielies grown in differcat Jocalilies.  Records also were taken of the
larvae present, with respect to their stages of growth, location in
relation to the husk {ip and cob tip, and the fate of those found in
treated and in chieck cars.

IxrruexcE ox Percextace oF Larvae Toatr Riace Cons

When mineral oil containing insceticides. especially oil-pyrethrins,
1s applied {o the silks of sweel-corn cars, auy larvae present usually
are killed where they were [eeding al the lime the insecticide was
applied.  Measurements of the husk extension and similar records of
the feeding locations of Inrvae that had bheen killed by inseclicides
were made on & variely of local, white sweel corn duving the suruner
ol 1941. The information obtained is given in table 40, which shows,
in comparison wilth husk extension in inches, the percentage of larvae
of eacl instar that reached the kernels.

It was shown that the proportion of larvee that had reached the
kernels varied direetly with their size and inversely with the length
of the husk bevond the tp of the ceb. No larvac renched the kernels
in 73 ears having husks extending [or 4.6 inches or more bevond the
coly tips at time of roasting-enr harvest, although these ears contained
102 of the dead larvae, or 18.44 pereent of the whole number found,

The perceniages of dead earworms of cach instar found on the
kernels in treated cars of Golden Cross Bantam arce slso included in
table 40. A higher proportion of the larvac from the second to the
sixth instar reached the kernels in Golden Cross Bantam ears than in
thosc of the varicties having longer husks, even though it was observed
that at time of treatment the larvae were much larger, on an average,
in enrs of the latter varieties. The distribution of larvae in the c¢heck
cars of these varicties examined at the same time showed that by time
of harvest 97.84 percens of larvae had reached the kernels in untreated
ears of Golden Cross Bantam, whereas only 76.29 percent had reached
the Iernels in the untreated ears of the long-husked local, white
sweet corn.
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It appenrs from the evidence just given that the extension of the
husk bevond the tip of the cob is an important factor in the protection
of the enrs from injury by earworms, when an oil-insecticide is used,
since the larvae feed for longer periods in the interior silks of the long-
husked ears, where more of Them can be killed by an inscctieide hefore

they reach and injure the kernels.

InrLUuENcE ON PENRTRATION OF (ML 1x10o 1ans

The penetration ol oil insecticides into sweel-corn ears and the
frequency with which oil reachied the cobs in refation to the cxtension
of the husks, measured at time of roasling-car harvest, was studied
daring the suimmer of 1940. Qi containing 2 percent of (hd:]m{}ethyl
cther plus Swdnn 3 stain, wiich loft a red deposit, was applied o the
cars ab o dosage of 4.75 mi. per car. at n time when the sitks were
wilted. Reecords of the distaneos {o which the oif peaetrsted into the
ears are given in table 41, It was found that, in geneeal, tn propor-
tion as the husks were langee the ol penctrated farther into the silk
nass but reached Tower of the eabs, as adzo shown in table 41,

Where the oil did reach the keenels 1t was usually found on one side
of the cob and nat evenly distribuled en oll parls of lhe tip. Evi-
dently oit will reach larvae in the silk more effectively than it will
those on the keenels. Thevefore o larger percentage of the earworms
can be destroyed by the inseeticide i lllf"r are all in the interior silks,
as tn the case of long-husked ears, and velatively fower ean be killed
if they have dispersed to the kernels, as in the case of short- husked
cars.  This is berne ont i examinations of (housawds of {reated cars
having variously developed husks.

Hyusk Exressioy axn DosaceE vEx Ban

The degree of protection afforded sweet-corn ¢ars having good or
poor husk coverage by applicalion of white oil of 200-210 seconds
viscosiiyv al dcm"es ranging from .2 o ¥ ml., wus studied during the
summer of 1938, and the results oblained are given in table 42.

TanLB A2.—Relation of the husk charaeter of sweei-corn cors to e ffecfiveness of applica-
tions of from .2 (o 1 ml. af white ofl of 200 2140 sevouds viscasity made by pipetle,
New fersey, suwwviner af 1338

© Bars hnviage gom] husk b Eors heviug poar sk
o prokeelion T ] prolection
— R : AP e i o S —
rosupe of of! per ear (inl,g . ey I
H Lairg of Tars | Varsof

othis tagwe | oawoteelad r ll)lsl“n‘ :

b
H s
1
1
i
!
r

prodecied

. |
MNuber T Pereend Pereent | Pereent :
4. .ﬂf BLO 0.

Pryeepl
: . i :
s ' i i i
=i 51,25 t i
. . : L EHR ! 5, 80 .
0. P un 4h, 0l ¢ T load ©

Al dosags. . L 220 44,82 o S8
Clhecks ... .. - e s A 412 5348

1 Enrs witl husk extension of 2 ioehes or more tesond (he dpof the cob, mind celntivels Ligler,
3 Bars with busk extension of tess (a2 1nehes beyoind the Gip of Lie cob, o relntively omse,
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In cars with husks that extended for at least 2 inches beyond the
cobs ab time of roasting-car harvest and were comparatively tight, the
rate of protection against injury by carworms increased somewhat in
proportion te the increase in dosage.  This was not true of ears having
husks that extended for less than 2 inches bevond the cobs and were
comparatively loose, The remarkable differcnce (92 us against 40
pereent) i Lhe average degree of protection afforded enrs of the two
classes by applications of oif alone was due to the fact that in the cars
having longer, tichier husks the oil snturated and remained suspended
mn the interior silks by eapiitary altraction and smolhered the ear-
worms that were feeding there, whereas in Ure ears having short, loose
husks the oil seeped through the silks and dispersed {arther into the
eitrs, where its effectivencss was lost, heeause the silk strands were too
far apart to vetatn il as & lilm about them.  Consequently, many of
the larvee that were feeding in these silks, although wetled by the oil,
were uot smothered and continued lo feed,

Tanrk A3 —Reletion of husk choracter to ¢ffretivenvss of applivation of 0.75 ml. per
eur of while oils, ranging in viseosily from 123 317 seconds, to enrs of § fields of
sweel eorn and 2 fickds of field vorn troalcd fur the ecorn carworm in replivaled plots
in New Jersey during the siomner of 1938 :

TREATED RARS

Fors having cosid Bors inving poer

Chask proteetion © hosk proeetion
[ERT Faes py-
i bted  wisnined

Field Variety -
. - s

Eurs af  Eprspra-- Fars of © Bars pro-

thistype  teetwd ks type, tected

' Numher  Percent Pereent

1 Goldest Uross Bantam ' i ] g ] IR
2 Laoeal white swent i) i 6.d 41, .7 .4
A Big Yoellow Teni Ang, 3 RiiH] i d I 13,7 42,8
4 Golden Cross Hantam | Fppl, GO e i (U]
5 e T i UH LT i i .9
i Luca! white sweet s hit] it L 0. A, 2
T Biz Yelow Domt EASTINE 300 - ali# i ‘ 0.8
5 Giplden Cross aotam I L P qun Int 7l [ . LT
g Nt . RV TH 17 3.0 I 35§
) . sept, HITIN 48 . 3 45,2

Tl or weighiod nvermge, ol H :
figrheds . . P EHY b 352

1

CHECKS - UNTHEATED BEARS

1 Goelden Cross Uantame, RETF I : RN
2 Loval while sweet. .. . de o
; Big Yellow Lot . Auvg, 21 X LR
1 Golden Cross Rantam SpepE, 16 [1=A]]
PR : I 3 . . Ay, 19 : A
Toer! wihite swoerd . dun s 0
Bip Yellow Dent . . Aug. 2 - 30,4
Cigldon Cross Baoipm sopk, 4 £ 0
Ao oo Am 1 ! H L]
Ak L . R U I TH i Mg

=T AN B A

Total pind averne, all folds . am Bt
L Enrs were elassified inlo (wo geades Ty abservation of the Jeogb nnd Ggaoess of iBe esks - 07 those
having pood hmsk frolection, heing Jrovided with jorger, Ugiier hosks, amd 20 teese buving peoe husk
prafection, being vrovided with sharter, longer hosks,
7 Fhzutres in Lhis colinty of £l vnbroatoed verd refer Lo Uninfes{eml cars or eurs in whiph laevae ind fod only
inthesilks, The profection liere was provaded by thie hosks alope,

Huss CHARASTERISTICS AND METHOD OF APPLICATION
As shown in able 42, litle difference was lound in the distribution
of oil in the ears or in the frequency with which it reached the cobs,
whether the dosage was dropped on the exterior silks at the tip of
the husks or injected into the mterior sitks for L inch.  When injected
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into. the interior sitk for ¥ inch, however, the ol generally dispersed
farther into the cars and reached the cobs more frequently. In 249
ears with average husk extension of 2.9 inches at time of roasting-car
harvest, the oif dropped on the sitks o the husk tip reachied the tip of
the cobin 79.1 percent of the cars; in 248 cars with an average busk
extension of 2.8 inches, the oil injected M inch into the interior silk
reached the Lip of the vob in 784 percent of the ears; and in 248 cars
with average husk extension of 3 inches, the off injecled 3 mceh mio
the interor silic resehed the tip of the cob in 86.7 percent of the ears.

Yorrnupnace of Husk Cuanacrenistics ox Coxrron 15 THEPERENT
Yarturies

I the summer of LS, ears 1o which white oils had been applied
were graded roughly into two classes secording to whether Lthe husks
afferded good or poor profeetion, that is, whether they were relatively
long and tight or short and loose, 1 wus found (table 43) that, on an
average, approximately 2.7 Gmes ws many ears baving good husk pro-
tection were uninjored by carworms as was the case with ears having
poor husk protection.

Inevery variety and fiold examined, the {resbment was more suaecess-
ful in the enrs having gwood husk protection than in ears having pooy
sk protection. Thal the husk itself alTorded some protection
against injury was shown by the records of clieck ears in which an
average of 3.3 times as many ears having good hask protection were un-
tnjured at ting of rmatting-car harvest ag was the ense witliears huving
poor husk peotection, This shows the grest imporiance of the husk
charaeter and indieates that varieties in which a farge proportion of
the ears are provided with relatively long, tehit hosks can be proteeted
muech more successfully by oil application than can varieties in which
nogmall proportion of the cars are provided with husks of this type.
Bvidenly, when environmental factors alleel the ears wilversely, so
that husls which noroudly aee relatvely Jong and tight become shorter
antl looser, tontrol of earworma by oiling probably will be velatively
loss successiol,

Hosk CnspsorerisrTios axvn Yiscosrry or O

In the experviments during the sannmer of 1938 referved to in the
preceding section, the whiie olls saed ranged in viseosity from approxi-
mately 125-345 seconds. The examinntion of the cars, graded into
the two ¢lasses necording to whether the hasks wore long and tight
or short and loose, showed that a similar pate of carworm control had
been obtained in the cars of cach elass, regacdless of the viscosity
of the oil,

Husk CHARACTERISTICS 1IN RELATION 10 LIFFEGTIVENESS OF | NSECTICIDES

In the summer of 1841 whitte ol ol 125-135 seconds viseosity, con-
taining a matevini that had been found o be effective against ear-
worms as a confnel insecticide only (pyrethrins} or a material whieh
had been found to aet al least in parl as a fumiganl (dichioroethyl
ether, diethyl ebher, or trichloromethane) was applied Lo series of
ours in severid fiekds of a vaviety of sweel corn having velatively short
husks, and to series of ears tn severnl fields of a4 varviety having relu-
lively long husks. As shown in table 44, when oil-pyrethrum was




Tawre 44, —Relation of husk lengih to proicction of sweelscorn ears against earworm inyury by use of white oil of 125135 seconds viscosily
conlarning. a conlac! tascelicide ora Jumigant, as determined by the condition of the cars al time of roasting-car harvest, Burlinglon County,
NoJT. 1941 :

CONTACTINSECTICIES -OI, PLUS PYRIDLITRINS

Long-hosked variety Ioeal, white sweet popn : Short-husked variety Golden Cross Baninin 2

SMatortl et Streneth {77 T ‘ ) ) T

Material used fnof - of igi:]l:oli  Rars exe Farswithe Eassowith Laieene Larvie | Farsexe o Barswithe Baes wigh

xi‘;ninlml outlive - aninjured - : s dead ainined - CuTiveonninjured oo e
larvae - Kernels Tatal Pead ‘ [ L darvae kernels Total Dead

Larvae
Larvae
clead

5

Home mixed: 2-percont ex= | Pereent Nuwmber © Pereent Pereent Nuwher U Number Percent Nawher o Pereent Pereent .\‘umb[)r C Number l'ffl‘:()l/l
042 R n : i : 890, 15

tract used . . 95 N0 600 2 NEO8T S .71 124
Abuve, plus 2 peresnt bugyl : : ! ;
olente ; .2 9% Stoun T 95 24 N5 Th K143 ! 146
Commercial mixture A g 2 SN i¥) RN 31 S . 32 02,06 ¢ 2 120 ¢
Commercinl mixtupe : 25 S (g1} Rl 26 N§oST D 80, §5 3. 124 .
Commereial tristupe € 0 25 68 a0 s, g 4, it 83,483 ™ NGOG LN 124

Total-oraverage ! . 124 8§ 0 B, (10 JLEY] [ER] N5, 21 363 N 12 TSy B

INSECTICIDES WIHCH ACT-ASFUMIGANTS, AT LEASTIN PA RT OILPLUS DMICHLOROETUY L ETHER,DIETIY L BT E RORTRICUHLOROMETIIANE

142 - 19 85,02
1920 ¢ 18 4,00
116 &7 49,14
04 ¢ a0 A8.87
130 S0 61,54

Dichiloroethy) ether 2 25 2.00 - S0 b oy ! 9355
Diethylether . . 3 95 0 64 00 ; B 52,00
Do . . : 5 i RN 6100 ¢ bl Ho, a0
Trichloromethnne . ‘ 25 56.00 | Gi.00 : : 6471
Dao.. 0 . : NGou s, : 7500

A Tl

arsreger=d

Total or nverace R i [ TS Ik ) [GURIX 369 2,82 UGN 617 357 67. 50

! he average estension of husks of 400 cars i 3 fic Ids was 3.7 inchies,
2’The avernge husk extension of 214 ears in 1 fiekd was 1.0 inelos.
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applied, an average of 10.24 perceitt more ears of the short-husked
variety were free from kernel i injury aned 5.12 pereent more of them
were without live larvae ab time of harvest than was the ease with the
fong-husked varicty.  On the contrary, when oil conlaining a fumigant
was npplied, an average of 20.81 perceal more cars of the ionmhusiwd-
variety were free [rom kernol i mjury and 25.18 pereent more were with-
out live larvac than was the ease with the short-husked vaviety.  Also
an average of 5.66 porcent more Inrvae had beon kilfed hv the oil-
pyrethrum in ears of the short-husked vanety than in cars of the long-
husked variety, whereas an average of 12,07 percent more larvae had
been killed I)v the oil containing a fumigant in cars of (he long-husked
vatiety than in thoze of the shor husked viie Ey

Al applications of oil during 1841 were madd unusunlly late in ear
development. about a week before yo: wsting-ear barvest. Al this (ime
larvae were beginning to reach the keenels.  The data miven in tables
41 and 44 indieale that the oil- pyrethrum beeame more thoroughly
distributed, reached the kernels n a greater number of the eurs, “and
wetled and kifled (he tarvae in the ears of the shori-husked varied ¥
greater numbers than was the case in the cars of the Inng-husked
v'nwh* On the otler hand, i s probable that the ftIIili(fEl!l(-. heing
deposited neaver the tip of the husk, evaporate faster from the ears of
the shori-husked variety, whereas b cars of the variely having long
husks, being distributed Tarther within the eaes. their evapor: 1tion was
slowm. and the (oxie @ns conseqiently penetraled o and killed
Inrger proportion of the laevac in tiese ears.

The grower of sweet corn muy well sebeet the material o be used
for carworm condrol according to the chareter of the husk of the

variely he plants, using oil- p\'wthsm«. i the vaviety sormally has
u.'l‘m\ olv short hosks, and il cont: aining a fumigant il the varioty
normally has long husks,

Tt should be pomted oul thal the data discussed in this seelion beap
no similasity to those considered iy the preceding section. In Lhe
present discussion relerence to short husks of one variety is a relative
term reforving (o an aveeage condition as compared with another
average coldition,  Many of the Golden Cross Boantam onrs exnmined
in 1941 Lad relatively long husks, and most of the busks were rela-
tively tight.

tiose Cosracrerisries v Beuatony to-Drovcur

The husks of corn ears, especially those of sweel coen, are affecied
it two mmportant ways by ey weather  -they become stunted and
they wilt.  In proportion {0 the severity of the dronght, the husks are
shorter and the modified leaves of whieh the voare :mnpow(l hecome
limp, press fess Gehtly about the interior sitks or the kerenels, and
cling less tightly to one ansther than is the ense nuder normal con-
dilions. ]’mp()i Lionate Lo the adverse elfeet of dey wealbier, carworms
disperse throagh the interior sitks of such cars more eapudiy, reach
the kernels sooner, and offen distribule themselves Lo parls of the cob
which Lthey would not reach in normal ears.  Under drought condi-
tions, nlso, carworms increase most rapidiy and ollen reach popufntion
levels 1<,sullmw in damage of unusual severity, Al these conditions
affect the durwv of carworm control obhlninahle by oiling, and under
some couditions it has been fmpossible to prolect more than a few




MINBRAL OQILS AND INSECTICIDES FOR EARWORMS

cars by any means., Fortunately these soverely unfavorable condi-
lions do not oceur offen, and reasonably sutisinclory protection of the
ears can usually be oblained during dry periods by use of oil containing
sectieides, even though it may be helow the level of control obtaine
able when environmental conditions are more favorable for plant
growth.

An example of the effect of droughl on sweet-corn ears and on the
effeclivencss of oil applications undee these conditions was sluelied in
Seminole County, Fla., during May 1940, Adthough the ears in
most ficlds of sweel-corn were afleeted adversely hy the dry weather,
some ficlds were Irrigated by an averhiead portable sprinkler system
and by an underground Uile system as woll, Depending on when the
fields were jerigated, drought injury Lo the cars was slight or practi-
cally nonexistent in some fields ,whereas it was mediom or sovere in
other fields Lo which water had not heen appliced.

The rate of earworm control oblained by applications of while oil
containing 3 percent of dichloroethy! ether o ears of 6 felds in whicly
drought injury ranged from none Lo severe, and the loeation of ear-
wornis i nntreated ears in the same lields at time of roasting-ear
harvest, are given in table 45.

Tanve A5—FEffecliviness in ecornficlds varinusty affected by droeght, of white gil
vonbaining 3 pereent of dichlorocthyl ciher @ pptied do the ears al the rate of 0,75 mi.
per var, and lovation of carivorms [ unireated ears, Sanford, Fla., 1944
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Not only was the rate of control of the carworm much loss in the
fields that were seriously injured by drought, bul Injury to the kernels
of untreated ears was mach more sevious beeause Inrvae had been able
to reach the kernels sooner and in larger numbers and wore able to
penetrale more often Lo the keenels on the middle of the cobs, owing
to the shortness and limpness of the husks.  Under these conditions
the o1l dosage did not veach all the karvae in the enrs beeanse the farvae
were not held for a sufficiently long period in the silks. Although
severc injury o sweet corn by drought is comparatively rare, it oceurs
to & variable extent in some ficlds every year and is largely responsible
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for differences in the degree of counlrol ol earworms obiained by ap-
plications of oil or oil containing insecticides to cars of the same
variety grown in different seasons and foealities.

Fanwonry Porvrarioss axp Hoese Coaracrimsmios

Earworm populations in the Novethern States usoally occur af a
rale of no more than U or 2 per ear, even when the pereentage of enrs
attneked approaches 100, but in the Seuthern States there are ofien
A 10 10 or more lnrvae perear. When most of (hese survive and vench
the kernels, they may devour the eavs entively {lig. 23, With higher
population levels the husk eharacter assumes proportionately greater
naportanee, the hosks are shorl and toose, the lavvae survive in
farge numbers beeause they reach the kernels more quickiy, disperse
more raphlly 1o different parts ol 1he cob, aid ecompele less with one
anolher.  Thus the injney they do and the difliculty of comteolling
them are proportionately greater than when the laevae are concen-
trated in the mterior sillks and compeie with and attaek one another.
These sealtered and more nnerous laevae are reached and killed
by the insectivide fess often than is the easge in ears having long, tight
husks, and it is necessary that eveey earworm that enters an ear be
Killed hy the treatment, regardless ol the level of population, heenuse
a single survivor usunlly «ill aitse damege sufficient to make the ear
wnmarketable,

e oy Renvrios 1o B Tyee

Althouzh a dasage of 0,75 ml. of vil or oil containing an insecticide
was found to be satisfuetory for the ears of maost varielies of sweet
corn, 1his did not seen te be tene 1y some eases, Thoe husks of some
variotivs, such as Kaneross and Suwanee Sugar, extend for much
grenier distanees hevond the eoby ot time of reasting-car harvest than
with most varieties, the extension sometimes being in excess of 8
inches, I soeh ears the wass of intertor silk s mueh geeater, in
comparison, for instanee, with Hat of cars of Goldoere Cross Bantan.
It is probable that in varieties of sweet corn in which the husk ex-
tension is unusually Jong, el which contain an unusually large mass
of interior silk, especiallv iU the sith strands ave rather toosely pressed
together by the busks, o dosage of 1 {e 1.5 ml ol il ov oil contnining
imseeticide may be necossary to elfect a satisfaetory control.

Husk Cioatoerenrs Fworarie o Covreron, py Onse

The results of applying mineral oil 1o the ears of many varielies
of gweet vorn In diflferent areas and onder widely diflferent environ-
mental conditions and carwerm popalations indweate that the most
cdesirable husk should extend bevond the tip of the cob, nt time of
roasting-car harvest, for between 2 and 3 inches. The husk should
he rveasonably tight, that is, the husk shoubd press the interior ailk
strands  together sullicienty (o prevent carworms from eeawling
hetwesn them. It should e elosely about the kernels, especially
those ab the side of the cars® and, above all, as Iargre a proportion of

3 P aur grens of sswee-eorn ears Bave oo reesanized in these and o earliee investizations. 1'he "ip™
vongists of the upper Linel ol the soh, oftei lveeing snll Keenels; S 500t cowsists olan wrenoahonr 1 oeh
in Jenpguh resi Bebow the tip, wlhere thee Lernels are aften of nleemedinge size; the UniiddIe™ eongisis of the
iniformty-sized kernels of mogt of the enby s the “bude” tonsists of e lonves! jneh of the ool on which
enusunlly large Kernels are 2omelimes fouml,
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ears as possible should possess these husk characters uniformly.
Extremely short, extremely long, and extremely joose husks are all
undesitable.  When grown under faverable weather conditions 50
percent or more of Golden Cross Bantam ears have satislaetory
huskk caverage. TFor the rensons discussed in o subseguent section
(pp. 74-78}, the car should expose the entire silk mass within a period
of a few days and should not produce a later growth of silk,

EFFECT OF INTENSITY OF INFESTATHIN ON DEGRELR
O CONTROI,

In some of the Toregoing discussions i has been shown thal a larger
percentage of cars were protecied when populations of the insect
were low than when each of the ears was stlacked by soveral larvae,
Applications of oil containing diethyl ether gave o pproximately as
good control as did otl-pyrethrins when earworms were fow, but not
when infestations were heavier. Table 46 shows that a very high

Tanpy Hh.—FEfectivencss of appliations of white ail contiining 1.2 pereent pyre-
thrins lo sweck-corn ears nnder vondifions where earworms were rhenddant, moder-
afely ubundant, or searee
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oty Oeb Daned Bepdl 19, espeetively, MR

rale of contrel resulied Trom applications of while ofl countaining
prrethring to ears of Golden Cross Bantam, under conditions of low
exrworn populations, but that under conditions of high earworm
populations lower rates of control cesulted from similar applieations.
The eate of control was approximately proportionale te the level of
eaeworm populations or W the perecntnge of unfrented ecars thag
were thivsied,

The use ol oil, either alone or with an insecticide, was mmore effeetive
under conditions of light (han under conditions of beavy carworm
populations.  In proportion as earworm populations aye lirger, how-
ever, it is ancreasingly destrable Lo wse an insecticide witl the oil,
since a proportionately better conleal was abtsined when the ol used
conlained an inseelicide,

OCCURRENCE OF DEAD LAEVAL IN OLLED EARS
Ol containing pyvethreins kills earworms in the cars almost at once,

and the dend larvac are usually found where they were feeding when
the oil-insecticide reached thenm,  When these Inpyvae are small they
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are inconspicuous, bub they are increasingly noticeable if they are
killed as Gfth or sixth instars. I their bodies rot on the tip kernels, the
car has almost ns objcctionable an appearnnce as it would have if the
larvae had continued to feed in it 16 is quite desirabie, therefore, to
apply the oil eontaining an insecticide while the larvace are small, or
not more than half grown.

In examining sweet-corn ears to which oil containing an insecticide
had been applied, much difference was observed in the condition of
the dead larvac. In some ears large larvae had decomposed and
discolored the surrounding silks, the car thus presenting a very un-
attractive appearnnce; whereas in other ears the Jarvae had not
decomposed ai all between the time of treatment and harvest, & period
ranging from 1 to 2 weeks, and they appeared not much different from
living carworms. 1'he oxtent of discoloration or decomposition of
the larvae in ofled cnrs was olien corvelated with the huslk character
of the ears. Larvae usually hecame decomposed more rapidly m ears
having loose husks than in those having light husks.  An ol appliea-
tion tends Lo run through loose silks, whereas in tightly packed silks
it remains n o film aboul the silk strands, forming & condition of
snturation.

The yate of rotting of larvae in the ears was evidently dependent
on whother the eharactor of the oil film allowed air to reach them.
The subject wis studied quite simply by dropping living Jarvac, as
they were removed from corn ears, into sl scrow-cap vials fitted
with mineral oil or oil coutaining an inseclicide,  After a month it
was [ound that of 50 tarvae so treated 28 showed no evidence of
discoloration or decomposition and 22 were somewhat discolored.
Some of the larvae had floated to the top of the oil and come into
contact with an air hubble in the top of the vials.  Falf of these that
showed discoloration were so alfected only at the spol where they
wore in contact with the air, and it was evident that decomposition
was dependent on the presence of air in contact with the dead Tnrvac.

In general, therefore, ears having comparatively long, Ltight husks,
in the interior silk of which larvae beeame discolored less olten after
being killed by oil insceticide, presented a betier appearance at fime
of harvest than did ears having loose husks, in the silks of which the
dead larvae usually beeame discolored or decomposed. A sweet-carn
ear, in the interior silk of which several small earworms had been lilled
by oil insecticides and whiclh was discolored at time of roasting-car
harvest, is shown in figure 8, 21, An car in which several earworms of
Inrger size had reached the 11p kernels before they were killed is shown
in ligure 8, 5. The kernels of the cav shown in figure 8, .4 were un-
injured by earworms and, despite the oceurrence of several larvae
on the kernels of the ears shown in ligure 8, B, injury was slight,

HUSK-BORING EARWORMS IN OLLED EARS

In the Eastern States, where the writer has studied the problem,
relntively few Inrvac of Fleliothis armigern veach the kernels of corn
ecars by boring through the husk.  EHowever, under some conditions
in-boring larvace are numerous enough (o cause Josses.  FExamination
of thousands of ears wul observation of Iavval habits have shown that
the prevalence of in-baring larvac is dependent on the number of
larvme that migeate from one ear to another, and the prevalence of
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migrants is usually correlated with populations of larvac per ear and
the de%ree of competition in the interior silks. When there are not
more than 1 or 2 larvae per ear, little competition occurs, and the

larvae usually remain in the car they oviginally entered until they ave
full grown; but with populations of frem 5 to 20 individuals per ear,
competition increases, some devour once nnother, and some leave the
ear to seek more favorable feeding situations.

Fiarnn 8—:. An ear of sweet corn to whieh oil-pyrethring had been applied,
showing several dead larvae in the silk at time of roasting-car harvest. No
larvae had veached the kernels of this ear: B2, Bar of sweet corn Lo whieh oil-
pyrethring had been applied about a week before time of harvest, showing the
oceurrence af dead earworing on the kernels where they were feeding at the
time of vil applieation.  Herious damage had not been done Lo the kernels
heenuse the larvae were not of large size when killed.,  New Jersoy, 1941,

Since competition hetween larvac in the interior silks increases in
proportion as tliey ave larger, most migrants ure fourth, Afth, or sixth
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instars. Competition increases also in proportion as the husks are
wrapped more tightly about the interior sitks and the larvae can dis-
perse only by eating their way into different parts of the cars, For
- «ample, the largest number of migrants ever seen was observed in &
field of Cuban Yellow Flint field corn in Seminole County, Fla., in
June 1940. The husks of this variety were so tight that most of the
larval population had not been able to penetrate farther than from
¥ to 1 ineh from the husk tips by the time they were fifth or sixth
instars, competition was especially lzeen, and migrants wore present
on aimost every plant.

The migrating larvae prefer to enter another ear by way of the silk,
probably because the sill is more tender and desirable as food, and
because they can gain shelter quickly. But il a larva tries to enter-
several cats in succession, only to find each car already inhabited by
as many larvac as the ear it lefi firsh, il may foree its way under a
husk leaf, if possible, and begin to gnaw a burrew directed toward the
kernels, or it may bore without husk protection. Usually these bur-
rows through the husk are of a diameter ne larger than is necessary
for the larva to enter, showing that the husk is not among the pre-
ferred foeds of the larvae and that it is the kernels that they seck.
In-boring larvae, recognized by the presenee of the entrance burrow,
may reach any part of the car from the interior sills to the butt kernels,
but they usually veach the kernels of the tip or the side.

il or oll containing an inseeticide nets as a ropellent to some of the
migraling larvae that seek to enter che treated cars by way of the silk,
and a larger nuomber of migrating larvae entor treated ears by boring
through the husks than is usually the case with ‘untreated ears. In
March 1939 that part of the husks containing the interior sillt which
extended beyond the cob tip was cul from a number of treated cars
a1l ench piece was placed 1 4 20- by 100-mm. vial which was inverted
into o plester of paris mold. A single earworm was placed in each
cage. Some ol the larvae bored through the husk several times to
reach the silk, each time being repelled from-feeding on the sill because
of the oil, espevially when pyrethrum had been combined with it
Evidence of similar behavior by in-boring larvac has also been ob-
served frequently v fickd-Lreated eavs.  Such individuals frequently
moved farther down and bored to the kernels of the side or middie of
the cob, where the inseeticide had not penetrated.

That the occurrence of husk-boring ecarworms is more frequent in
treated than in untreated ears is shown by the data in table 47, taken
from examinations of treated and cheelk ears used in oiling experiments

TLBLE 47— Relative proporiion of corn earwornt laryee endering érealed and unlreated
curs by boring through the husk, 1938

iiars examined Larvne in cars

Entered
by boring
thiroueh
fiusk

Bitered
Talni by biorine Por enr
MmiErHns

Florida: Nuwmber Precent Nwmber | Number | Prreent
Trented aars . 5, 7hT 1.80 3,822 ity 2.7
Chisek 8050 .ol . o ceiaicae e 84 114 2,888 .42 4

New Jersey:
Prented Bals. e s o e e e G, 183 216 1, 154 .09 3.23
Chesk ears. oo oo . oo e Tl i 7 1% .5
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Although the treated ears contained only about one-fifth as many
living larvac per ear as did the check ears, about 14 times as many of
theny were attacked by husk-boring larvae, and nearly 7 times as many
larvae had attacked them in this way. In neither State had the pro-
portion of the eavs affected by husk-horing carworms heen sufficient to
cause material loss.

Since migrating carworms often are repelled from entering the silks
of treated cars, but hove through the husk directly to the kernels,.and
because larvae having such habits might be numerous when population
levels are high, this difficulty could be met by applying the oil-
insecticide to all ears in a ficld irrespective of their marketability, in
order to kill as many as possible of the carworms and thus greatly
reduce the number likely to migrate.

EFTFECT OF INSECTICIDES ON FLAVOR OF SWEET-CORN EARS

Next in importance to its eflectiveness in protecting sweet-corn esrs
against injury by carworms is the requirement that an inscobicicle
leave no vesicdue on the kernels whicl can be detected or objected to by
consumers of green corn.  Although pyrethrum extract imparts a
light-brewn color to white oil, it Teaves no detectable residue in any part
of treated cars, and most of the other ¢hiemicals which have beon dis-
cussed are as colorless as the oil with which they were combined.
Dichlovoethyl ether could sometimes be detected by odor or taste
when evaporation Irom fhe ears had been at too slow o rate to rid the
ears ol it by the time of roasting-ear harvest.

Although treated ears had been eaten by the writer and a few other
persons since the beginning of the studies of insecticidal control of the
earworn, it seemee desirable to obtain the reaction from a wider field
by asking many persons to cat treated ears and report on their flavor.
To this cud, during the spring of 1940, 784 treated ears were distributed
m 93 separate lots to 22 tasters; during the summer of 1940, 1,548
tronted ears were distributed in 209 separate lots to 78 tasters; and
during the spring of 1941, 626 treated ears were distributed in 65
separate lots to 32 tasters, In all, 2,958 cars were distributed in 367
citterent lots, or an average of 8 cars per lot, to 124 different persons.

Since an average of about 3 persons shared the cating of the ears
received by cach taster, at least 372 differcnt persons ate the treated
ears. The tasters ranged from corporation presidents to farm Jaborers,
and among thosc who would be expeoted to be more eritical were
several chemists, 26 entomologists, scveral soientists in other fields,
and a nuraber of growers of sweet corn.  Some tasters knmew that the
ears they veceived had been treated, whereas others did not. It was
found that the sense ol taste apparently varied greatly as between
persons. Some tasters who ate many cars detected no residve at all,
although the writer did.  One chemist always recognized cars to which
dichlorocthyl ether had been applied, and the sincerity of his reports
was tested by distribution of untreated ears among those he sampled,
and on these he found no unusual flaver. Some of the scientists were
somewhat more c¢ritical than were the ordinary consumers, as shown
by the ratio of residue deteetion by them and by other persons.

A general summary of the results of tasting sweet-corn cars to
which white oil containing insccticides had been applied from 1 to 2
weeks before harvest, showed that, other than for one report of residue
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detection on cars to which oil-trichloromethane had been applied,
which the writer belicves was imaginary, no residues were detected by
tasters except in 13 cases on ears to which oil-dichloroethyl ether had
been applied and in 2 cases in which oil-methyl isobutyl ketone had
been applied.

A study of the rate of penetration of mineral oils into cars of Golden
Cross Bantam sweet corn (table 17), showed that oill of 125-135
sceonds viscosity reached the cobs of all cars to which it was applied,
and that oil of 200-210 sccomds viscosity reached the cobs of 95 percent
of the ears.  Almost all the oil that reaches the cobs is deposited on
the top ineh in ears having average husk coverage and grown under
usual conditions. The inseeticidal vesidues found usually were on
this part of the cob.  Since the keruels in this part of the ear usually
are smaller than on other parts, and the tip olten is trimmed or broken
oftf belore the roasting ears are served, the slight residues that might
remain would be eliminated belore the corn was eaten.

In the tests rveferred to in the previous paragraph vesidues were
found en 31 lots of corn containing 8.4 percent of the cars tasted.
However, since residue was often reported from only a single ear and
rarely from all tlie cars of # lol, the actual number of cars on which
residue was cetected probably was between 2 and 3 percent of those
caten by taslers.

Facrors IxvoLven 8 DErostT axp RETENTION oF RESIDUES OF
DHCHLOROETHYL LTneEn

MATERIAL AND METHOD OF APPLICATION

In the spring of 1940, in TFlorida, residuce was detectable in ears to
which oil of 250-260 seconds viscosily conlaining 3 peccent of dichloro-
ethyl cther had been applied hut not in cars to which lighter oils
containing this percentage had been applicd.

In the summer, in New Jersey, no residue was detected on cars
receiving oil of 125-135 seconds viscosity eontaining 1 pereent of the
chemieal, bul was detected on some ears te which oil containing
1% or 2 percent of the chemieal had been applied, and on 10 percent
of the lots of ears receiving oil containing 2% ar 3 pereent of the chemi-
al; henee, residues were detected more frequently on treated cars as
the conecentration of the chemical used in the oil was increased.

Residue was detected on ears to which a dosage of 1 ml. of oil of
125-135 seconds viseosity containing 3 pereent of dichloroethyl ether
had Deen applied, but none was deteeted on ears which received
0.50 or 0.75 ml. of this mixture.

No relation was ebserved between the place of liberation of dosage
and the frequency of detection of residues.

TIME OF APULICATION AND TEMPERATUKE

As shown in table 48, yesidues were delecred frequently when the
per’ ads between treatment nnd harvest were short, but proportionately
less often as the period between applieation and harvest was longer.
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TABLE 48 —Frequency of detection of residue of oil conluining from 1 lo 3 percent
of dichioroethyl ether an kernels af sweet-corn ears, in relation o length. of the period
between opplicalion of the inscclicide und roasting-ear hurvest, spring and swormer,
1940
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Porigd hetwoeen trentment snd harvest fdnys) t i vaten by
¥ |
i 0 o

v Nuwwmber | Percent
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Do R
—mEom

Over 14,

_1The Intervals ace for [l duys of exactly 24 hours. A perfod of & days and 2 hovrs would he ineluded
in vhi line § to 5 days.

From thermograph charts for the spring and summer of 1040,
made in the viemity ol the fields in which some of the expertments
were placed, totals were computed of the accumulated degree-hours
Falrenheit abave zero for the periods between application of insece-
ticides and harvest ol cach lol of ears. These totals ranged from
6.269.1 10 23,653.7. 'The records for both seasons were grouped in
3 classes in which the accumulated degree-hours ranged from 6,001
to 12,000, [rom 12,001 to 18,000, and [rom 18,001 to 24,000. Of the
275 lots of ears included in table 48, 12 fell in the first class, and on 41.7
pereent of these residues were detectec; 178 lots lell in the second class,
on 12.4 percent of which residues were detecled ; and 85 lots fell in the
third class, on 3.5 perernik of which residues were deteeted.

YVARIETY OF COHN

Observations during the summer of 1940 indicated that residues of
oil-dichlorocthyl ether were more likely to be left on ears that had
devcloped rapidly than on those of varieties which developed more
slowly, and that the odor of dichloroethiyl ether persisted Jonger in the
silks of ears baving tight husks than in the silks of ears having loose
husks. An odor 1n the silks at time of harvest, however, did not
imply that the kemels would be afleeted, for in the ears having tight
husks most of the dosage remnained in the silk mass and little of it
reached the kernels; whereas in ears having loose husks, the doesage
tended to run through the silks and be deposited on the kernels, It is
probable, however, that evaporation of dichiloroethyl clher from ears
having loose husks was more rapid than from those having tight husks.

PROBABLE CAUSES OF UWESIDUES

The reported residues of oil-dichloroethyl ether on the kernels at
time of harvest probably were due to faulty appliention of the insecti-
cide. When oil of 125-135 scconds viscosity coutaining 2 percent of
dichloroethyl ether {the percentage recommended} had heen applied
at a dosage of 0.75 ml. per ear just after wilting of thy silks, and by
means of o pump oiler the spoul of which was inserted into the tip
of the ear for noe more than 4 inch, residues were detected on very
few ears, and then onty by persons having an unusually keen sense of
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taste. When the insecticide is mixed carelessly into the oil so that a
much higher concentration than 2 percent js put into the oil, and
when the mixture is applied at twice the recommended dosage, or
through poor timing is applied only a few days before harvest, insecti-
cidal restdues may be expected to oceur on some of the treated ears.
Cool, web periods, during which dichloreethvl ether evaporates
slowly, seem to be especially hazardous, hut such weather does not
usually persist during the entire period when cars are developing.

Successrul Comsercian Use

That oil-dichloroethyl ether is su effective insecticide, reasonably
safe to use by growers of sweet corn, is shown by o comercial appli-
cation at Vinefamd, N. J.. during the summer of 1940, The grower
-who made the application produced abeout 12 acres of Maule's Lead
All sweet corn in suceessive plantings, to the cars of most of which
white o1l of 125135 seconds viseosity conlaining 2 pereent of dichloro-
ethyl ether was applied by use of pump-oilers in knapsack assembiv.
The entire crop, consisting of more than 60,000 cars, was marketed
in the city of Vineland and was consumed locally.  Although practi-
cally all the untreated ears were infested by eavworms, more than
80 pereent of those freated with oil-dichiforocthyl ethier were pro-
Leeted, and not a single complaint of inseeticidal residue was received.

RELATION OF OLLING TO POLLINATION AND KERNEL
DEVELOPMENT

In the earliest studies with mineral oil it was ohserved (hat inter-
ference with pollination oceurred when the oil was applicd too soon
after sill exposure,  However, sinee it was generally believed that
pollination aceurred hefore the thivd or fourth day alter sitk exposure
it seemed probable that this difficulty could be mel by suitable Liming
of applications,  To gain inforntion on this point curs of Snowfluke
corn were oiled on the day of first silk exposure and on 9 successive
days thereafter (Luble 49).

Tanvy 49 —FEfleet an deeelopment of herncls of Snowflake rousting-eur corn of the
application of white git of 200-210 seconds viscasity from the 1st to the 10t duys
after siths were exposed, Dade Coundy, Fla., 1838
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It appears that the silks had been completely pollinated before the
fourth day, for ears oiled then were as perfectly Tertilized as were those
that received oil on any successive duy. The effeet of oil application
before pollination was completed is shown in figure 9. An ocar of
Golden Giant sweet corn to which oil was applicd later than the third
day after silk exposure is shown in figure 10.

Fravas $—Tnjury (o swedl-vorn ears by mineral oil applicd {vo svon after silk
exposurc.  The fwo cars Lo the Jeft were oiled on about the second, aud the two
ears {o the right were ofled on about the third day afier silk exposure.  Dade
County, Fla,, 1930,

Usually sillss have become poliinatat when (hey become willed and
appear iimp, but this is not always true.  In many sweetl-corn cars
the tip kernels ordinarily do nol develop, and when oiled ears are
found in this condition the first inference is that the oil or the insceti-
cide it contains was responsible.  In cases where application was pre-
mature it is true that the ol has been observed to injure some of the
tip kernels or where oil-dichloroethyl ether had been applied to yellow
varieties the oil has been observed to change the color of some of them.
An undeveloped tip seems (o be charneteristic of some varielies of
sweel corn, however; for example, Golden Cross Bantam. Some
sweel-corh. breeders believe this {0 be a heredilary character in some
cases.

Although the writer has seen fields of sweet corn, including one of
Golden Cross Bantam, in which every oiled car was filted completely
with perfectly developed kernels, and many cases of oiled cars shat
approached this condition, this has not usually been true.  The most
difficull faclor involved consists of a regrowth of the cobs of sweel-corn
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Fiaurz 10.—FEar of Colden (innt sweet corn fo which mineral oil was spplied
after the silks were willed,  This ear veceived little injury from the oil applica-
tion snd was protecied against earworms.  Dade County, Fla,, 1939,
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ears, beginning a few days, or «ven a weels or more, after the first growth

~was made.  This vegrowth is characterized by the appearance of fresh
silkk at a time when the original growth has heen poilinated, has wilted,
or has turned completely brown. In figure 11 ears are shown in which
this regrowth was considerable.

-

Frgune 11.~8woeet-corn cars in whieh a large regrowih of the cob aceurred, re-
sulting in exposure of a large mass of now silk al’a time when the first growth of
silk was completely browned, New Jersey, 1941,
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Sometimes, but not always, this regrowth of the cob and silk results
{rom the stimulation afforded by rain following a period of dry weatlier.
It scems to be more prevalent during some years than others, and in
1941 it was particularly so, being observed by the wriler in Florida
during May, in North Carolina during June, and in New Jersey during
August and September, in each case being due, apparently, 1o rain
following dry weather.  In 1940 o ficld of Golden Cross Bantam corn
wasg observed in New Jorsey, (0 which no oil had been applied, in
which this regrowih of the cob equalled in extent the first growth.
By the time the second growth of silk appeared, pollet was nio longer
heing shiel, henee the ¢obs of many ears bare unfertilized kernels on
the upper half.  In this ease, also, the regrowth apparcntly wus caused
by a rain after a long poriod of hol, dry weather. Because this condi-
tion was so prevalent ducing August and September 1941, all the ex-
perimential applications of oil were delayed untl about a week before
roasting-car barvest-—{hat is, the oil was applied approximalely 2
weeks alter silks were first exposed by the cars. Bven then about 1
inch of the tip of some cars bore undeveloped kernels, but they would
have been barren anyhow, even il they had not bheen oiled.

When sitk is thus exposed during bwo or more periods, the applica-
tion of oil insceticides after the Nirst sifle exposure seems to interfere
with pollination of the silks (hat appear later on and often is a principal
reason why oiling inereases the namber ol undeveloped tips under
some conditions.  Sweet-corn varielics should be examined eritieally
to cdotermine those that are subject Lo regrowth of sillk and thegefore
are pol generally suitable Tor control by oiling.  Stwdies might also
e made to deteemine whether nutritional facfors are involved and
whether this condition ean be corrected by improved feeding of the
erep.

Since unbreated sweet-corn cars often hear a small but variable
portion ol undeveloped tip and yel are readily marketable, it is not
believed that ailed ears will be less acceplable even if, in some cases,
slightly more of the Gp is undeveloped, Tt is usually advisable fo
apply oil insecticides, not immediately after silk wilting, hut after
an inlerval of about 1 week after sitle exposure, depending on the
Joenlion of the larvae within the ears as determined by oceasional
examinations,  Applicutions, however, should he made before the
Inrvae begin to reaeh (he kernels of many eaes.  Qbseevation of the
silks of o field will show whether a regrowth of silk such as has been
described is taking place, and oil applieations can be scheduled
aceordingly.

LEFECT OF O1L ON GERMINATION

In a preliminary investigetion daving the summoer ol 1941, series of
cars of commercinl plantings of hyiwid Yellow Dent field corn, Golden
Cross Banlam sweet corn, and of a seed-production planting ol
Yellow Country Gentleman sweel corn reeeived applications ol 0.75
ml. of oil conlaining inseclictdes npplicd at a lime when the silks
were wilted or when their Lips had turned brown.  The insceticides
used in white oil of 125135 seconds viscosity contained 1, 1h, 2, 24,
and 3 pereent of diehloroethyl ether, and 0.2 pereent of pyrethrins.
In rddition, a commereial ol-pyrethrum mixture was used,  These
ears were harvested as seed eom, aboul o monfh alter the ol had
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been applied, and taken indoors. Germinalion ftests wore maude
about a month after harvest. Three ears from each Lreatment woere
selected and 10 kernels from each of three locations—the side, middle
and butt of each ear—were placed in “rag-doll” germinators. For
all treated ears 88.6 percent side, 95.2 pereent middle, and 94.2
pereent butt kernels germinated, and for the checks 992 pereent
side, 85.0 pereent middie, and 92.5 pereent butt kernels germingled,
No significant difference nppeared in the rate of germination of kernels
that received applications of any of the materials menlioned, and the
evidence did not show that the oil cantaining insecticide had affecled
tdversely the viability of the kernels.

COMMUERCIAL PRACTICABILITY OF MINERAL-OLL
TREATMENT

There are several reasons why the use of (he mineral-oil method of
protecting sweet-corn ears against injury by earworms seems practical
in the production of markel or lhome-grown @reen corn, A single
application suffices per ear, none of the oil or oil conlaming an in-
seclicide need he lost through run-off, ears can be oilec rapidly using
simple, inexpensive equipment, and the cosls of labor aud materigls
mvolved per aere are low as compared with the profits realized from
the increased production of, and tngher price ebtainable for, worm-free
ears,

Rare or (huese 1ans

Aninvestigation ol the rate ut which oil could be applicd Lo sweet-
corn cars when a foree oiler was used was made during the summer
of 1938.  The time consumed in treating 100 cars ranged hetween
21 and 3% minutes. Lots of 1,000 oars were oiled in an average of
less than 40 minutes. AL (his vate oil could e applied Lo an acre of
corn (9,000 ears per acred in about 6 hours hy a reasonably rapid
worker. For most farm workers the rate would be about | aere aday,
but this depends on the uniformity of silk expasure by the ears and the
spacing of the plants,  The work is slower when applications are
made Lo cars of open-pollinated varieties that expose silks over g period
of 1 or 2 weeks and in fields where cars in the proper stage of develop-
ment for oiling are sprend Tarther apart.  In the case of by brid
varieties, such as Golden Cross Bantam, cars van be treated rapidiy
beeause nearly all will be ready for oiling at one time.

PERCENTAGE 0F Fans REany rort OiLING a1 Oxg Trise

Lxaminations and commts in liclds of Golden Cross Bantam cor
have shown that where development of the plants has been uniform,
as many as 88 pereent of the ears may be ready for oiling at one time:
that 1s, the silks have wilied or their Lips have turned brown. The
remaining 20 pereent are nearly equally divided inlo ears with silks
wholly browned that ace Loo advanced lor oiling and cars that bear
fresh, unwilted silks that are (oo youny for oiling,  Under these con-
ditions it will be more profitable (o oil in one teip through the field
all the ears, inclnding those that are beyond or have net yuol reached
the oplimum stage of growth for oiling, rather than to make « second
trip fo treat a remaining small number of enrs. The loss from oars
oiled when too young will probably be less than the cost of o second




80 TECHNICAL BULLETIN $80, U. . DEPT. OF AGRICULTURE

trip through the ficld to oil the youngest ears. Where development
of the planis of hybrid varicties is nol uniform, as in fields where the
soil is variable, and especially in the case of open-pollinated varieties,
two or more frips through o field are necessary to treat a suitably high
percentage of the ears. i follows that the cars can be oiled af loast
cost for labor and probably with most profil to growers, If hyhrid
varicties whose plants develop and expose silks uniformby are selected
for planting,
Cost or O, AND INsEeTICDES

While oil of 125-135 seconds viscosity cosls between 75 and 85 conts
per gallon.  The cost of dichloroethyl ether has been reasonable, and
it can be added to oil af an expenchture of about 6 cents per gallon,
when used at the rate of 2 pereent by volume,  Pyrethrum Is more
expeusive, and the addition of 0.2 percent pyrethring to oil has
inerensed the cost by atb leasl 40 cents per gallon.  In the investiua-
tions of oil-pyrethrins it was found that although the rale of prolection
afforded sweet-corn ears from earworms inereased in proportion as
the pereentage content of pyretheing in oil vanged from 0.1 fo 0.6
poreent, o concenteation of 0.2 pereoul probably was the most practical
from fhe combined standpoint of effeetiveness and cost. Data on
the ¢ost of eiling are given in Lable 30,

It was lownd that the addition of 0.1 pereent of prrathrins to oil
resulied i an incrense of 189 percent in ears protected against ear-
worms over the rate of protection afforded by oil alone, At anincrease
it cost per aere of 80 conts for treatnmient, this gave a probable added
veturn of $16.25 when corn 2old for mediim prices.  Addition of 0.2
percent of pyrethins 1o the ol inereased the nwmmnber of protected ears
by 26.1 percent over that obiained by use of oil alene and, at an
increase of $1.60 per acre in cost of treatimend, gave a probable added
relurn of §21.93.  This rate of pyrethein content in o, as compared
with 0 0.1 percent content vesulted In an inerease of 7.2 pereent in
protected ears aud, al an added cost of 80 cents for treatment, gave o
probable added return of $5.68 per acre. Addition of 6.3 percent of
pyrethrins to oil, as compared with 0.2 pereent pyrothein content,
resulfed i o further probable inereased return of 31,36 per acre at
medinng prices,

Excowe Receiven sy Growgrs

The practical and final test thal determines whether the mineral-oil
trealment for earworn conlrol in sweel corn is commercially practieal
1s the income received by growers for ears that have been protected
and are worm-leee as compared with wormy ears. Such infarmation
was obtained in Buddington County, N J., in the summer of 1939,
during the fist 10 days of sweet-vorn harvest. The results are
summarized in talde 51.

During Lhis period, when the price of sweet corn was high, about
twice as much was recetved for geaded worm-free vars as lor wormy
enrs.  On July 6, packs of ungraded, white sweel corn were sold for
from 75 cents Lo $1 per bushel of about 50 ears. During the firsé
week of harvest the difference in priee reecived for worm-free and
wormy enrs was about 18 cents per dozen,  As sweet corn heeame
more abundant, however, and the price declined to the level of $1 or
less per bushel for the selecled corn, the difference in value hebween




Tanus 50.—Cost per acre of irealing sweel corn with while 6il containing from 0.1 {o 1 percent of pyrethring, based on the pergenlage of prolected
: ears resulling from experimental oiling of ears in 7 fields of sweel corn in New J ersey during the swmmer of 1939
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TasLe §l.—Prices received by furmers for eqrworm-free and for wormy yellow
sweel corn of Burlington. Counly auctions, New Jersey, 1958
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worm-[ree and wormy ears was less,  This information seems to shiow
that when sweet corn sells for higher prices, expenditures lor the
mingral-oil treatment would be profitable to the growers, and this was
indicated further by reports fron widoly sepavated sections. 1t is not
uniikely that if consumers could ohtain worm-free sweet corn they
would purchase more often, thus increasing the demand for corn.
This might prevent glutling of the market, and the unprofitable prices
that sometimes rvesult,
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