IR e e MAY, 1926 . Ne. 17

A Journal of Agrwultural Sczence

PUBLISHED BY THE

Callforma Agrzcultural Experlment Statzon

Vo

 CONTENTS
The Efﬁcacy of Lead ‘Arsenate m Controllmg
: he o the Codlmg Moth .

i 'RALP-H H. SMITH

UNIVERSITY OF CALIFORN[A PRINTING OFFICE
BERKELEY, CALIFORN!A







HILGARDIA

A JOURNAL OF AGRICULTURAL SCIENCE

PUBLISHED BY THE

CALIFORNIA AGRICULTURAL EXPERIMENT STATION

VoL. 1 MAY, 1926 No. 17

THE EFFICACY OF LEAD ARSENATE IN
CONTROLLING THE CODLING MOTH

RALPH H. SMITH

The investigator who undertakes an orchard spraying experiment
for the purpose of determining the value of one or more elements in
the spraying method of controlling the codling moth, Carpocapsa
pomonella (Linn.), is confronted by a large number of unknown and
uncontrollable factors which influence in various ways and degrees the
results of his experiment. Conclusions arrived at under such condi-
tions of experimentation are likely to be lacking in explicitness and
accuracy, and they may sometimes be wholly erroneous. It is a well
known fact that the vast literature on codling moth spraying is replete
with contradictory experimental data, and discordant opinions and
beliefs. A number of points of primary importance regarding this
method of control have continued to remain largely in the realm of
assumption and theory every since spraying was first employed in codling
moth control nearly fifty years ago. Spraying tests have been confined
almost without exception to orchard conditions.

While assisting in some orchard experiments during the summer of
1917 to determine the relative merits of spraying and dusting with lead
arsenate as a means of controlling this pest, I was impressed by the
fact that so many variable factors were encountered as to render the
resultant data of very doubtful value. Similar experiences met with
in subsequent investigations and a study of the investigations of other
entomologists emphasized the desirability of more accurate experi-
mentation than could be accomplished under orchard conditions. It
was during the late summer of 1920 that the idea was conceived of
performing experiments with freshly hatched codling moth larvae in
the laboratory. The work started that year was continued in a limited
way in 1921, while fairly extensive studies were made in 1923 and 1924.



404 Hilgardia [Vol. 1, No. 17

The earlier work was conducted at the Idaho Experiment Station;
that of 1923 was performed in the laboratories of the Golden State Milk
Products Company of San Francisco, and that of 1924 at the University
of California. This paper* is based chiefly on the investigations of 1924.

Probably no other insect in the history of American horticulture
has been the subject of more discussion and experimentation than the
codling moth. The literature relating to it is very extensive. In 1888,
L. O. Howard® stated that the Office of Entomologist of the United
States Department of Agriculture had proposed compiling a list of
American writings on the codling moth, “but soon found that it would
consume altogether more space than could be allowed.” It is probable
that the literature has increased several fold since that year.

Much of the published matter on the use of arsenical compounds in
spraying for codling moth is perplexing to the reviewer. It is some-
times impossible to determine whether the statements of a writer are
based on his own observations and experiments or on those of other
persons, or whether they are based merely on assumptions. There is
much contradictory and inconsistent data, explanations for which are
either obscure or entirely lacking.

In order that the reader who is not especially familiar with the
subject may have a better understanding of the significance of the
research reported herein, a brief review of the history of the spraying
method of controlis given. This review is of necessity very fragmentary.
Only a few references out of hundreds have been cited.

BRIEF HISTORICAL REVIEW OF CODLING MOTH SPRAYING
EArLY EXPERIMENTS WITH ARSENICAL SPRAYS '

The use of arsenical compounds in codling moth control originated
in 1878 when it was discovered that the practice of spraying apple trees
with Paris green to destroy the spring canker worm not only controlled
that pest but also reduced the injury from codling moth.! Experiments
on the value of this treatment, made by Cook of Michigan in 1880,
indicated that it was highly effective.? Other experiments reported in
1886 by Forbes of Illinois® and Goff of New York* confirmed the findings

* Acknowledgment is gratefully made for suggestions and assistance given by
members of the staff of the Division of Entomology and Parasitology of the
University of California at Berkeley and to Mr. C. E. Gray, president of the
Golden State Milk Products Company, for permission to use the photographs
shown in figures 7, 8, 12 and the lower part of figure 2, which were made by me in
the laboratories of that company.

t Superior figures refer to bibliography at the close of this paper.
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of Cook. Since then practically all investigations of control have dealt
either directly or indirectly with the arsenical method. Soon after
1890 all authorities seem to have reached the conclusion that spraying
was so efficacious that the old methods of control, including banding of
trees and destroying wormy apples, were no longer worth while. Since
the establishment of the State Agricultural Experiment Stations in
1888, spraying experiments have been carried on more or less con-
tinuously in every important apple-producing state in the United States.
Something over two hundred state and federal bulletins and major
papers in serial publications, containing original reports of such experi-
ments, have appeared during the past twenty-five years.

PoTENCY OF THE SPRAYING METHOD

After eight years of experimentation in spraying with Paris green,
Cook, in 1888, came to the conclusion that if all apples of a tree
“received the poison” no injury from codling moth would result.?
Wormy apples, he believed, could be attributed only to ‘“lack of
thoroughness” in applying the spray. In general agreement with
Cook, later authorities have inclined to the belief that if every calyx
and every apple were thoroughly treated with arsenical spray, practically
complete destruction of codling moth larvae would be accomplished.
Some writers have been very emphatic in statements to this effect.

Instances of unsatisfactory control have been attributed chiefly to
two factors: first, failure to spray at the most suitable time or times
during the season and, second, lack of thoroughness in applying the
spray. The object of nearly all codling moth investigations of the
past quarter century has been to obtain more accurate information on
the “timing’’ of spray applications, and on ways and means of securing
greater thoroughness. The former has dealt with life history studies
of the insect while the latter has been concerned chiefly with spraying
machinery and equipment.

SPRAY APPLICATIONS

Spray applications may be classified in general as of two types, the
calyx spray and the cover sprays. The first refers to spraying just after
the petals of apple blossoms have fallen. The object of this applica-
tion is to place a quantity of poison in the calyx cavity of the developing
fruit before the cavity becomes closed by the infolding of the sepals.
The cover sprays are those that are applied after the calyx application,
the purpose being to place a covering of poison over the surface of the
growing apple.
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NUMBER OF SPRAY APPLICATIONS

Forbes® and Cook?® early arrived at the conclusion that only the
calyx spray and the cover sprays applied soon after the calyx spray
were of especial value. This position was strongly supported by Card®
and Slingerland.? On the contrary some contemporary authorities,
including Lake,? Washburn,?” and Cordley,®**! regarded the calyx spray
of little value and emphasized the importance of the later cover sprays.
In 1900 Aldrich® reported experiments which indicated that the calyx
application was over five and one-half times as effective as the cover
sprays. Simpson* and Gillette?® reported that eighty per cent of the
first brood larvae entered at the calyx. Similar evidence was presented
about that time by a number of other investigators and, as a result,
there developed a renewed interest in what later became known as the
“one-spray method” of codling moth control, or control by the calyx
spray only. '

The numerous and extensive investigations that were carried on
during the period from about 1905 to 1915 centered largely around the
one-spray method of control. Considerable data was published indi-
cating that the calyx spray was all-sufficient. It is of particular interest
to note that Gillette,® Weldon,” and Melander*® reported evidence
from the western states which tended to show that the greater the
number of sprays applied, the less effective was the control. Melander
gathered data from upwards of one hundred apple orchards in Oregon
and Washington for the years 1909 and 1910, which showed approxi-
mately one per cent wormy apples where the calyx spray only was
applied, four and one-half per cent where the calyx and one cover
spray were applied, four and one-half per cent for the calyx and two
cover sprays, and eight per cent where the calyx and four or more cover
sprays were applied. Quaintance,*® after referring to eleven experi-
ments in eight different states, remarked that “the results of the one-
spray method are on the whole excellent and fairly uniform.”

TIMING OF SPRAY APPLICATIONS

The rise and subsidence of the one-spray method constitutes an
interesting chapter in the annals of codling moth control. There were
many marked cases of failure but proponents of the method contended
that unsatisfactory control was due to the spray not being properly
applied. By about the year 1915, however, nearly all authorities seem
to have reached the conclusion that the pest could not be satisfactorily
controlled by means of the calyx spray alone, excepting, perhaps, in
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restricted parts of the country where, because of peculiar climatic con-
ditions or other factors, the codling moth had failed to become abundant
or materially destructive. In the state of Washington where the
adequacy of the one-spray method was vigorously defended for several
years, and in most other western states, the calyx spray and four cover
sprays finally became the accepted recommendation for control; while
in parts of Arkansas, New Mexico, Colorado and California, accentu-
ated conditions of infestation have led to the application of from five
to ten cover sprays during the summer.

Attention turned more and more to the belief that incorrect timing
of cover sprays, rather than deficiencies in applying the calyx spray,
was largely responsible for unsatisfactory control. Cordley,*® who was
among the first to take this point of view, expressed the belief that
applying a spray “a few days too early or too late may make all the
difference between success and failure,” and Childs® stated that spray-
ing ten or twelve days before egg-hatching would mean “in ordinary
seasons of infestation the difference between complete control as against
one-half or even less control.” Similar beliefs have been expressed by
many other students of codling moth control and efforts at the present
time are chiefly directed toward improving the effectiveness of spraying
through more accurate timing of spray applications.

THOROUGHNESS IN APPLYING SPRAY

While thoroughness in spraying has always been emphasized, it
especially has been the subject of experimentation and extensive dis-
cussion during the past ten or fifteen years. The agitation regarding
thoroughness has brought forth various kinds of spray nozzles and
high-pressured spraying machines capable of producing from three
hundred to five hundred pounds pressure. Some authorities have
contended that the spray gun or some particular nozzle is especially
effective in accomplishing thoroughness and controlling the codling
moth while other authorities have presented equally convincing evidence
to the contrary. The relative merits of the spray rod and the spray
gun in applying the calyx spray and cover sprays, and the relative
merits of the disc nozzle and bordeaux nozzle in the calyx application,
are points on which there is much confusion of opinion and experimental
data. During the past few years the majority of recommendations
have called for high pressure, two hundred and fifty pounds or more,
but a good many experiments have been reported which indicate that
equally good or better control may be obtained by applying spray at
pressures of two hundred pounds or less.
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The subject of thoroughness involves the question of what kind of
spray coverage is most effective. Forbes® seems to have been the first
to suggest the mist type of coverage. It appears that most authorities
have believed this coverage to be the most effective of any. Spray
spreaders were used in codling moth control by Klee” as early as 1887.
They have been experimented with since then by many investigators
but only during the past few years has the film type of coverage, obtained
by the use of spreaders, come into prominence.

Kinp aAND QuaNTITY OF Poison

Paris green was the principal poison used in spraying for codling
moth during the period from 1880 to about 1905. Lead arsenate was
employed as early as 1895%2 but the first experiments of consequence
were made in 1902. It has been used almost exclusively during the
past fifteen years.

The matter of poison concentration in sprays has received com-
paratively little attention. The prevailing belief among authorities has
been that the effectiveness of the spray depends not so much upon the
quantity of poison on the apple as upon the thoroughness with which
the apple is covered with the poison. Melander,*® in reviewing methods
of codling moth control in the Pacific Northwest, remarked that ‘experi-
mental tests have shown that the strength of the spray is immaterial.”
Weldon* collected data from orchards in Colorado in 1909 and found
that better control was obtained with lower concentrations. Melander
later expressed the belief that if the apple is heavily coated with lead
arsenate, the newly hatched larva finds the skin distasteful and rejects
it.5  Lovett® and Childs and Lovett® inclined toward the opinion that
lead arsenate in concentration of two pounds to one hundred gallons
of water is eight times the theoretical strength required to control the
codling moth. At present there seems to be general agreement on the
recommendation which has preva,iled for several years, that nothing is
gained by using lead arsenate in greater concentratlon than two pounds
to one hundred gallons of water.

PRESENT STATUS OF SPRAYING

Notwithstanding -that great advances have been made in the per-
fecting of arsenical compounds and spraying machinery, and in knowl-
edge of the life history of the codling moth, control of the pest in some
parts of the country seems to be no more satisfactory now than it was
ten or twenty years ago. A careful perusal of horticultural and ento-
mological literature in the Pacific Northwest discloses substantial
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evidence that the percentage of apples damaged by the codling moth
in that region during the period from 1919 to 1924 inclusive, was
fully as great as during any previous equal period. In 1919 Melander,
who had been continuously interested in codling moth control in the
State of Washington for upwards of twenty years, stated that ‘‘un-
doubtedly the codling moth has been increasing in destructiveness
during the last few years.”®® The Grand Valley district of western
Colorado affords a striking example of the failure of spray-methods to
keep pace with the increasing codling moth hazard.*

The spray treatment is not nearly as dependable as is desired. One
year it may prove very effective in a given district but another year it
may give unsatisfactory control, or, in one orchard it may be effective
and in an adjoining orchard very ineffective. Such variations in results
have been attributed principally to differences in the timing and
thoroughness of spray applications. In general, however, there is a
wide gap between the degree of control attainable under orchard con-
ditions and the one hundred per cent control that almost all spray
authorities have assumed lead arsenate capable of giving. It seems
quite evident that there are important factors bearing on the efficacy
of lead arsenate in controlling the codling moth, which have not yet
been ascertained.

STUDIES WITH FRESHLY HATCHED CODLING MOTH
LARVAE

MgeTHODS AND TECHNIQUE

A special effort was made to conduct the different experiments
under uniform conditions and, so far as possible, to eliminate such
variable factors as might contribute to non-comparability and error in
the results. After some experience it was found necessary to outline
in detail each separate manipulation. Even with very careful atten-
tion to methods and technique, the variation in the results of repeated
tests was much greater than was expected or desired. Some of the
more important points that were followed in performing the various
experiments are briefly outlined in following paragraphs:

Securing freshly hatched larvae.—By placing burlap bands around
the trunks of apple trees badly infested with codling moth, thousands
of mature larvae were captured. The larvae were placed in fruit jars
containing strips of corrugated strawboard in which pupation took
place. The moths were allowed to emerge in a cage covered with
cheesecloth. From this they were transferred to battery jars. A
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covering of wet sand about one-half inch thick had been previously
placed in the bottom of each jar. Sections of glass on which the moths
might rest and oviposit were sometimes placed in the jars. The jars
were wrapped in four thicknesses of black cheesecloth and kept in a
room where a temperature of approximately 80° F. was automatically
maintained. The black cloth over the jars caused the moths to oviposit
during the day. After some experience with the moths it was found
possible to secure from a few hundred to over a thousand eggs in each
jar within a period of three days (fig. 1). At the end of the third
day, and sooner in some cases, the moths were released and the wing
scales, fecal material and sand washed from the jars by using an
abundance of tap water. If the jars were not thoroughly washed out

Fig. 1. A section of glass after removal from a battery jar containing moths.
Approximately six hundred eggs may be counted on this section.

it was found that some larvae swallowed particles of the loose sub-
stances. Rooms in which high or low temperatures could be auto-
matically maintained were accessible for hastening or retarding as
desired the processes of transformation, egg-laying and incubation.
Preparation of apples.—Only apples from unsprayed trees were used
in the studies. In collecting the apples, each was grasped by the
thumb and fore finger while the stem was clipped off close to the fruit
spur. All handling thereafter was done by holding the stems with
forceps. Touching the apples with the hands affected the surfaces in
such manner as to influence the spray covering subsequently applied.
In the laboratory the calyx lobes were clipped off if they protruded and
the calyx cavities filled with shellac. It was found important that the
shellac be even with the surrounding surface of the apple because any
ridge or protuberance materially aided the larvae in effecting injuries.
A piece of cotton thread was tied to the stem of each apple. The
transverse and vertical diameters were then measured and recorded.
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Technique in spraying apples.—In the work of 1920 and 1921 an
atomizer operated by blowing the breath through it was used for apply-
ing the spray. It was later discovered, however, that the carbon
dioxide of the breath caused a marked increase in the thickness of the
film coverage when casein-lime was employed as a spreader; conse-
quently, a rubber bulb type of atomizer was used in the studies sub-
sequent to 1921. The atomizer was kept in constant agitation while

. Fig. 2. Upper: several series of apples in the studies of 1924, showing manner
in which szilples were suspended over vessels of water. Lower: illustration of
studies made in the summer of 1923.

applying the spray in order to have the lead arsenate uniformly in
suspension. Uniformity of suspension was not satisfactorily main-
tained in case of the concentrations of eight and sixteen pounds to one
hundred gallons.

In applying the spray, each apple was suspended and given a rotating
movement. The entire surface was then sprayed uniformly until the
desired type of coverage was effected. Except in the case of the mist
coverage, the atomizer was first placed near the base of the stem and
the basin about the stem filled with spray. This spray was withdrawn
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by means of a pipette as soon as spraying of the apple was completed.
When casein-lime spreader was used to effect the film coverage, the
large drop or drops which formed on the lower surface of the apple
were removed by touching that part with blotting paper immediately
after spraying. This was done in order to secure more accurate data
on the relation of the thickness of the film coverage to protectiveness.
After being sprayed the apples were suspended on racks (fig. 2). A
vessel of water was placed beneath each apple and in many of the tests
a small quantity of tanglefoot was placed on the thread just above the
stem. By this means any larvae that fell off of the apples or attempted
to crawl up the thread were trapped. Very few were caught in the
tanglefoot but many fell off in the water.

Transferring, the larvae.—Many factors relating to the transferring
of the larvae were found to make for error in the results. There was
often much variation in the vigor and size of different larvae, even
among those hatching at the same time. Larvae hatching between
dawn and about ten o’clock in the morning seemed to be stronger and
more likely to produce injuries than those hatching at mid-day or
during the afternoon. The first larvae to hatch from a given lot of
eggs showed greater vigor than those last to hatch. It also seemed
that larvae hatching from eggs whose development had been retarded
by being placed in a room with a temperature of about 50° F. were
less vigorous than those whose development in the egg had been
unchecked. In order to equalize this variation in vitality, the larvae
were transferred to the apples in rotation. Five larvae were placed on
the first apple, five on the second apple, five on the third, ete., until
each apple of a series had five larvae. This was then repeated until a
total of twenty-five larvae had been transferred to each apple.

A finely pointed artists’ brush, size No. 1, was used for handling
the larvae. The brush was kept soft and flexible by moistening it
frequently. Considerable care had to be exercised in order to place
the larva ventral side down on the apple so that it could make contact
with the surface with its legs and spinneret. In case of the spotted
coverages an endeavor was made always to place the larvae on the
areas between the deposits of poison. Twenty-five larvae to each apple
was the standard number used. Special tests were made in which the
number ranged from five to two hundred per apple.

Laboratory conditions.—The studies of 1924 were conducted in the
northwest room of a building. The apples were exposed to diffused
light which entered through large windows on the north and west.
The temperature of the room averaged approximately 72° F. but there
was considerable variation owing to the fact that the heating plant was
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undergoing repair. In the series of tests, numbers 15 to 20 inclusive,
shown in table 1, the temperature fell to about 60° F. soon after the
larvae had been transferred. This probably was responsible for the
much lower percentage of injury caused to the apples of these series.
The day temperature in Berkeley, where the tests of 1924 were per-
formed, commonly falls below 60° F. in July and August. This also
holds true for San Francisco where the 1923 studies were made. On the
whole, the laboratory conditions were not satisfactory as regards
temperature.

Types of spray coverages.—When a suspension of lead arsenate in
water is applied in finely atomized form to the surface of an apple, the
liquid particles tend to collect into droplets. Upon evaporation of the
water isolated deposits of the compound remain, resulting in what may
be termed a spotted spray coverage. By placing in the spray suspen-
sion some substance that sufficiently lowers the surface tension, the

|

Fig. 3. The four types of spray coverages that may be produced on the sur-
faces of apples. Left to right: mist coverage, coarse coverage, overspray coverage
film coverage. ’

droplets will coalesce and form a continuous liquid film. Upon evap-
oration of the water an unbroken film of the compound remains. This
has been termed the film spray coverage in this paper. The substance
added to the spray for the purpose of producing the film coverage is
known as a spreader.

In the studies of 1920 and 1921 tests were made of two coverages;
the film coverage and a coverage that, for the most part, consisted of
small spots. The results of the tests were so variable that it was found
necessary to differentiate among spotted coverages. In subsequent work
three types of spotted coverages were distinguished; the mist coverage,
the coarse coverage and the overspray coverage. The mist coverage
was produced by exposing momentarily the whole surface of the apple
to a finely atomized spray. This resulted in a covering of isolated spots
ranging in size up to approximately two millimeters in diameter. The
coarse coverage was produced by applying the finely atomized spray
continuously until the drops that formed on the surface of the apple
were as large as would remain in place. The aim was to stop spraying
just before any drop became large enough to run down. The overspray
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coverage was produced by applying the finely atomized spray in such
quantity that large drops collected and ran down more or less irregularly
over the apple.

Particular attention is called to the fact that notwithstanding the
technical manner in which the spraying was done, there was considerable
variation in the character of each type of coverage on different apples.
This was especially true of the mist and coarse coverages. Sometimes
the spots on the side of an apple were much larger than those on
the bottom or top. In some of the tests it was noted that about
two-thirds of the surface of an apple was covered fairly evenly with
drops of almost maximum size while the remaining surface had scarcely
more than a mist coverage. In order to prevent drops from running
off, it was necessary to leave some parts improperly covered. Owing
to a very slight coating of dust or possibly to some other condition of
the surface, larger drops would collect on some apples than on others.
On some there was an appreciable tendency for the drops to spread,
resulting in spots more or less irregular in outline. This lack of uni-
formity in coverage was probably responsible for much of the variation
in the number of larvae causing injury to apples in different tests.

Materials used.—The lead arsenate used represented two makes:
Sherwin-Williams and General Chemical Company. Both were
powdered acid lead arsenate (PbHAsQO,). The contents of two one-
pound commercial cartons were thoroughly mixed together. Analysis
showed this to contain 31.2 per cent of arsenic oxide and 0.11 per cent
of arsenic oxide in soluble form. The solubility test was made by
placing a quantity of the lead arsenate in distilled water at approxi-
mately 76° F. for twenty-four hours.

The spreader used for the film coverage consisted of a mixture of
casein and calcium hydrate in proportions of twenty-five per cent casein
and seventy-five per cent calcium hydrate. This was used at the rate
of one pound to one hundred gallons of spray. The casein was a readily
soluble form and the calcium hydrate was practically free of carbonates.
In all instances distilled water was used and the spray applied within a
few minutes after being prepared.

Determination of injury.—Two forms of injury were distinguished:
entrances and stings. An entrance corresponds to the term ‘worm”
as commonly used in codling moth writings. It refers to the injury
produced by a larva that has burrowed through the skin and into the
tissue of the apple without having become poisoned. A sting refers to
the injury caused by a larva that has attempted to enter an apple but
because of the effects of poisoning or for other causes ceased burrowing
after making a slight pit in the skin or, at most, a small excavation in
the tissue of the apple.
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It was found that in entering the apple the larva generally makes a
small excavation under the skin and sometimes spends two or three
days apparently feeding in the excavation before starting to burrow
toward the center of the apple. The apples, therefore, were left sus-
pended for six days after the larvae had been transferred to them. On
the sixth day each apple was submerged in hot nitric acid to dissolve
off the arsenic. This treatment removed all frass and excremental

Fig. 4. Left: apples cut into halves showing condition of spray coverages just
before submerging in hot nitric acid solution. Right: the same apples after the
arsenic had been dissolved off.

material and, in addition, caused a pronounced discoloration at each
entrance and sting, which greatly simplified the task of determining
injuries (fig. 4).

An incision approximately one-fourth inch deep was made under
each injury.. Any burrow that extended deeper than this was recorded
as an entrance. Injuries of lesser extent were considered stings unless
the larvae were found in such stages of development that they doubtless
had been alive at the time of dissolving off the arsenic.
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It should be especially noted here that a fairly large percentage of
the stings recorded in following tables were so slight that they would
have escaped notice on the surface of a growing apple. Considerable
care had to be exercised in collecting apples from trees in order to
avoid the use of any having skin blemishes which would be confused
with sting injuries later on in the experiments. Such irregularities
would also materially aid the larvae in producing injury.

Determination of arsenic.—A simplified method was employed in
determining the amount of arsenic on the apples. A solution of nitric
acid was made up, consisting of fifteen parts of arsenic-free, concen-
trated nitric acid and eighty-five parts of distilled water. A beaker
containing a sufficient quantity of this solution in which to submerge
the apple was placed over a Bunsen flame and the solution brought to
the boiling point. The apple was placed in the beaker and rotated
with a glass rod for about one-half minute while the solution boiled
strongly. It then was impaled on the glass rod, lifted from the solution
and the surface washed with a stream of hot, dilute nitric acid.

Determinations were made of the amount of arsenic on four apples
at a time, each group of four apples being from successive series of tests.
Sufficient arsenic was present on any four apples to enable determination
by titration. The amount of arsenious oxide, expressed in micro-
milligrams,* was divided by the total area of each four apples. The
area was expressed in square centimeters. This gave the average
number of micromilligrams of arsenious oxide per square centimeter of
apple surface. The surface of each apple was computed by using the
average of the transverse and vertical diameters.

LARVAE ON APPLES SPRAYED WITH LEAD ARSENATE

The studies reported in this paper comprise records of over fifteen
thousand freshly hatched codling moth larvae. Of this number over
twelve thousand were placed directly onto apples, twenty-five being
placed onto each of four hundred eighty-three apples. A number of
experiments were made with apples hanging naturally on trees in the
orchard.

Stupies MADE IN THE LABORATORY

The results of the most extensive single study are given in detail in
table 1. This study included tests of seventeen different combinations
of spray coverages and lead arsenate concentrations. = The table gives

* One micromilligram equals one-thousandth of a milligram.



Lead arsenate, ¥4 1b. to 100 gal. Lead arsenate, 2 1b. to 100 gal.
Check
Seriels of Coarse coverage Film coverage Mist coverage Coarse coverage Overspray coverage Film coverage
apples
En- En- En- En- En- En- En-
trances | Stings | Total |trances| Stings | Total |trances| Stings | Total |trances| Stings | Total |trances| Stings | Total |trances| Stings | Total |trances| Stings | Total
1 21 0 21 20 0 20 14 2 16 21 1 22 11 2 13 10 8 18 12 1 13
2 18 0 18 20 1 21 11 1 12 22 1 23 7 7 14 11 5 16 10 2 12
3 19 0 19 19 2 21 8 0 8 20 0 20 10 3 13 9 4 13 11 3 14
4 23 0 23 17 3 20 15 2 17 21 0 21 11 3 14 [ Q)] 9 1 10
5 16 0 16 15 2 17 19 3 22 20 3 23 5 4 9 9 4 13 3 8 11 TABLE 1
6 16 0 16 12 1 13 12 2 14 20 0 20 7 6 13 7 7 14 9 3 12 .
7 23 0 23 18 2 20 11 3 14 1 2 13 5 4 9 10 4 14 9 5 14 Resurrs oF Pracing TweNTy-FIVE FreEsHLY Harcaep CoprLing Mot
8 18 0 18 12 2 14 22 0 22 20 0 20 8 5 13 8 4 12 8 4 12
0 24 0 24 16 1 7 12 1 13 18 1 19 16 1 e o 9 5 1 LarvaE oN EacH or THREE HuNDRED NINETY-FOUR APPLES
10 19 0 19 15 1 16 17 1 18 21 2 23 12 3 15 ) 10 2 12
11 21 0 21 14 2 16 16 1 17 18 1 19 12 2 14 11 2 13 11 3 14
12 20 0 20 14 1 15 18 1 19 19 2 21 4 5 9 10 4 14 7 4 11
13 20 0 20 15 4 19 13 1 14 20 2 22 6 2 8 15 1 16 13 4 17
14 19 . 0 19 10 2 12 11 3 14 15 2 17 3 1 4 11 2 13 10 3 13
15 16 1 17 10 1 11 11 1 12 15 2 17 7 3 10 5 6 11 5 4 9
16 24 0 24 12 5 17 14 2 16 8 7 15 5 2 7 7 3 10 3 3 6
17 16 1 17 16 1 17 15 1 16 15 3 18 6 4 10 8 3 11 8 6 14
18 18 0 18 16 1 17 1 3 14 8 3 1 9 2 11 6 2 8 8 3 11
19 20 0 20 9 2 11 16 1 17 14 1 15 4 1 5 7 1 8 4 2 6
20 24 0 24 8 2 10 12 0 12 16 0 16 O] 3 1 4 6 3 9
Total...... 395 2 397 288 36 324 278 29 307 342 33 375 148 60 208 147 61 208 165 66 231
Per cent...| 79.0 0.4 79.4 57.6 7.2 64.8 55.6 5.8 61.4 68.4 6.6 75.0 31.2 12.6 43.8 34.6 14.4 48.9 33.0 13.2 46.2
Lead arsenate, 4 lb. to 100 gal. Lead arsenate, 8 1b. to 100 gal. . Lead arsenate, 16 Ib. to 100 gal.
Serieia of Mist coverage Coarse coverage Overspray coverage Film coverage Mist coverage Coarse coverage Overspray coverage Film coverage Mist coverage Coarse coverage Film coverage
apples
En- En- En- En- En- En- En- En- En- En- En-
trances | Stings | Total |trances| Stings | Total |trances| Stings | Total |trances| Stings | Total |trances| Stings | Total |trances| Stings | Total |trances| Stings | Total |trances | Stings | Total |trances| Stings | Total |trances| Stings | Total |trances| Stings | Total
1 16 4 20 4 12 16 5 5 10 4 8 12 8 9 17 4 6 10 3 14 17 3 9 12 ] 3 5 8 1 3 4
2 15 5 20 6 5 11 8 9 17 4 5 9 22 1} 22 6 7 13 1 2 3 3 11 14 4 5 9 0 3 3
3 20 3 23 12 5 17 [} 9 15 5 6 11 16 2 18 7 5 12 3 4 71 4 7 11 5 7 12 0 6 6
4 18 2 20 6 6 12 3 2 5 2 4 6 16 3 19 7 3 10 4 5 9 0 7 7 4 6 10 1 4 5
5 14 1 15 11 3 14 8 5 13 3 7 10 10 2 12 6 4 10 10 2 12 5 9 14 4 5 9 0 5 5
6 14 3 17 10 3 13 7 3 10 2 4 6 17 3 20 2 4 6 5 8 13 0 4 4 2 5 7 0 4 4
7 13 3 16 7 2 9 7 4 11 9 4 13 17 2 19 4 2 6 9 4 13 4 5 9 4 1 15 1 4 5
8 11 3 14 7 2 9 8 3 11 6 4 10 12 3 15 3 2 5 4 7 11 4 3 7 3 3 6 1 6 7
9 17 3 20 8 4 12 3 6 9 8 6 14 7 5 12 1 8 9 8 2 10 3 9 12 1 9 10 0 7 7
10 13 3 16 13 2 15 6 3 9 11 2 13 8 4 12 3 6 9 5 5 10 5 5 10 3 3 6 3 5 8
11 15 3 18 8 5 13 5 7 12 5 8 13 15 2 17 2 11 13 4 5 9 3 6 9 14 4 18 3 5 8 ®
‘12 15 2 17 6 5 11 8 6 14 8 5 13 21 2 23 6 7 13 5 6 11 5 5 10 14 5 19 1 5 6 O]
13 21 0 21 8 6 14 7 4 11 11 2 13 16 2 18 10 6 16 6 5 11 6 5 11 13 1 14 4 5 9 )]
14 16 2 18 5 6 11 7 4 11 6 4 10 13 4 17 7 4 11 2 3 5 2 4 6 11 2 13 3 5 8 O]
15 6 4 10 2 2 4 ) 6 5 11 13 3 16 4 6 10 0 3 3 1 4 5 2 6 8 1 4 5 4
16 9 7 16 0 8 8 [ ) 5 7 12 9 3 12 2 7 9 1 4 5 1 8 9 6 4 10 0 3 3 4
17 11 1 12 3 4 7 1) 5 4 9 6 2 8 0 6 6 2 6 8 1 6 7 7 6 13 0 4 4 2
18 5 3 8 2 4 6 M 3 5 8 7 6 13 3 9 12 3 2 5 0 3 3 2 6 8 2 2 4 4
19 10 2 12 1 7 8 0 6 6 6 3 9 7 2 9 1 4 5 2 3 5 1 1 2 4 5 9 0 1 1 3
20 11 2 13 1 5 6 5 3 8 1 2 3 9 2 11 0 2 2 1 3 4 0 0 0 0 2 2 0 2 2 1
Total.... 270 56 . 326 120 96 216 93 79 172 110 95 205 249 61 310 78 109 187 78 93 171 51 111 162 73 41 114 47 95 142 9 63 72
Per cent...| 54.0 11.2 65.2 24.0 19.2 43.2 23.3 19.8 43.0 22.0 19.0 41.0 49.8 12.2 62.0 15.6 21.8 37.4 15.6 18.6 34.2 10.2 22.2 32.4 29.2 16.4 45.6 9.4 19.0 28.4 2.3 15.8 18.0

(1) Tests omitted or data lost by accident.

(2) Tests one to ten intentionally omitted..
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the number of larvae effecting entrances, the number making stings
and the total number causing injury on each apple. The data are
summarized in table 4.

Observations indicated that only rarely would a larva make more
than one injury. The behavior of twenty-two larvae on unsprayed
apples was studied in detail from the time of hatching until entrance
was made. In no case was it observed that a larva quit an attempted
entrance and later started another. In this paper, therefore, it has
been considered that the number of injuries corresponds with the
number of larvae making them; ten injuries, for example, represent the
activity of ten different larvae.

The following varieties of apples were used in the tests shown in
table 1:

White Winter Pearmain; series 1, 2, 15, 16.
Stayman Winesap; series, 3, 4, 8, 10, 13, 14, 17, 18, 19, 20.
Yellow Bellflower; series 5, 6, 7, 9, 11, 12.
The Yellow Bellflower seemed to be somewhat more susceptible to
injury than the other varieties.

The studies were made during the latter half of July and the first

half of August. The apples were fairly large in size.

STupiES MADE IN THE ORCHARD

The suggestion was made that perhaps a smaller percentage of
injury would have occurred if the tests had been made in an orchard
environment. In order to secure information on this point, some
experiments were performed with apples hanging in their natural posi-
tions on the trees.

These tests were made the last week of July with Yellow Bellflower
apples. The calyx cavity of each apple was filled with shellac and each
was sprayed as nearly as possible in the same manner as was done in
the laboratory tests. A band of cotton was tied about the branch on
either side of each apple in order to prevent larvae hatching elsewhere
on the tree from reaching the test apples. Larvae that had hatched in
the laboratory were taken to the orchard and transferred to the apples
between nine o’clock and noon of the same day. The results of the
experiments are shown in table 2. The temperature in the orchard was
approximately 82° F. at noon on the day that the larvae were trans-
ferred. The light was much ‘more intense than that in the laboratory
tests although the apples selected were on the shaded sides of the trees.
The more intense light and the higher temperature tended to accelerate
the activity of the larvae, with the result that a larger percentage
dropped from the apples.
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TABLE 2

Resurts oF PraciNg TweNTY-FIVE FREsHLY HaTcHED CoDLING MoTH LARVAE
EacH oN AppLEs HANGING NATURALLY ON TREES

Lead arsenate, 2 lb. to 100 gal.
Series of
apples Mist coverage Coarse coverage Film coverage

Entrances | Stings | Total | Entrances | Stings | Total | Entrances | Stings | Total

1 18 2 20 8 3 11 6 4 10

2 12 0 12 4 10 7 2 9

3 17 0 17 11 3 14 8 4 12

4 | | 1) 5 1 6 10 2 12

Total.......... 47 2 49 30 11 41 31 12 43
Per cent......... 62.7 1.7 66.7 30.0 11.0 41.0 31.0 12.0 43.0

Lead arsenate, 4 1b. to 100 gal. Check
Series of
apples Coarse coverage Film coverage Unsprayed

Entrances | Stings | Total | Entrances | Stings | Total | Entrances | Stings | Total

1 4 6 10 4 6 10 22 0 22

2 3 2 5 7 2 9 18 0 18

3 4 3 7 4 6 10 16 0 16

4 | | e M | e e O] 20 0 20

11 11 22 15 14 29 76 0 76

14.7 14.7 29.3 20.0 18.7 38.7 76.0 0.0 76.0

(1) Tests omitted because of accidents or insufficient larvae.

The following comparison of the results of the laboratory and the
orchard tests indicates that the spray may be slightly more effective
under orchard conditions, although the differences shown easily fall
within the range of experimental error.

TABLE 3

A COMPARISON OF THE PERCENTAGES OF LARVAE CAUSING INJURY IN LABORATORY
AND ORCHARD TEsTS

Laboratory tests Orchard tests
Total Total
Entrances, Stings, injury, Entrances, Stings, injury,
per cent per cent per cent per cent per cents per cent
Lead arsenate, 2 lb. to 100
gal.:
Mist coverage.... 68.4 6.6 75.0 62.7 1.7 66.7
Coarse coverage 31.2 12.6 43.8 30.0 11.0 41.0
Film coverage.... 33.0 13.2 46.2 31.0 12.0 43.0
Lead arsenate, 4 1b. to 100
gal.:
Mist coverage.... 54.0 11.2 65.2 | e | e
Coarse coverage. 24.0 19.2 43.2 14.7 14.7 29.3
Film coverage.... 22.0 19.0 41.0 20.0 18.7 38.7
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VARIATION IN NUMBER OF INJURIES PER APPLE

Examination of table 1 brings out the fact that there was a wide
variation in the results of the tests. The number of entrances among
the unsprayed apples varied from sixteen to twenty-four, while with
some of the spray combinations the number ranged from eight to
twenty-four among apples having the same treatment. It is believed
that an important cause for this variation was that too many apples
were run at a time. The twenty-two apples of a series required five
hundred fifty larvae. Sometimes the larvae hatched rapidly and they
could not be properly transferred, while at other times an insufficient
number were available to finish a series and it was necessary to com-
plete the transfer on the following day. The range in number of injuries
per apple was much less in other studies in which fewer apples were
used in a series. Other causes for variations have been mentioned under
the topic, Methods and Technique.

RESULTS OF SPECIAL INTEREST

Four facts that are quite contrary to what might have been expected
are shown in tables 1 and 2. First, the lead arsenate was compara-
tively ineffective in protecting the apples. The general belief has been
that apples so thoroughly sprayed would be only slightly injured if at
all, whereas, with the standard concentration of lead arsenate at two
pounds to one hundred gallons over thirty per cent of the larvae entered
unharmed and over forty per cent either entered or made stings. Second,
the mist coverage was very much less effective than the coverages of
large spots, whereas, there has been a widely accepted opinion among
spray authorities that in orchard spraying the mist coverage is the
most effective. Third, the film coverage gave scarcely any better pro-
tection, except with the higher concentrations, than the spotted cover-
ages, whereas, it might have been expected on theoretical grounds that
the film coverage would give much greater protection. Fourth, increas-
ing the concentration of the spray resulted in decidedly decreasing the
percentage of larvae that succeeded in effecting entrances, whereas, it
has been generally believed in orchard spraying that very little if any-
thing is gained by using lead arsenate in greater proportion than two
pounds to one hundred gallons of water.
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ProTECTIVENESS OF DIFFERENT COVERAGES

A summary of the laboratory tests with spray concentrations of
two, four and eight pounds of lead arsenate to one hundred gallons of
water, gives the following percentages of injury:

Entrances, Stings, Total injury,
per cent per cent per cent
MISt COVETAZE. ..o 57.4 10.0 67.4
Coarse coverage...... . 23.4 18.0 41.4
OVErSpPray COVETage..........cocovvirvmrerrerrerrenrnrens 24.0 17.6 41.6
Film coverage.........ccooooroeroinniiirenreesseenens 21.7 18.1 39.8

This is shown graphically in figure 5.

STINGS.

[TOTAL INJURY]

Fig. 5. Graphs based on the data of table 1, indicating the protéctiveness of
different spray coverages.*

The protectiveness of different coverages is shown in detail in table
4 and by the curves in figure 10. It will be noted that the coarse,
overspray and film coverages were about equal in protectiveness up to
the four-pound concentration. Above this concentration the film
coverage gave greater protection. In all instances the mist coverage
gave the poorest protection.

* The graphs represent the average percentage of larvae causing injury to
apples sprayed with concentrations of two, four and eight pounds to one hundred
gallons. These were the only concentrations in which tests were made with all
four types of coverages. The mist and overspray coverages were omitted in the
one-half-pound concentration and the overspray coverage omitted in the sixteen-
pound concentration.
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TABLE 4
SuMMARY OF THE DATA INCLUDED IN TABLE 1
Entrances, Stings, Total injury,
Coverage and concentration per cent, per cent per cent,

Lead arsenate, 14 1b. to 100 gal.:

Coarse CoOVerage..........coooovvvenuncnnicnnnnnes 57.6 7.2 64.8

Film coverage..........coccouviccrcnnceniennn. 55.6 5.8 61.4
Lead arsenate, 2 1b. to 100 gal.: )

Mist COVErage.......ocovemeumieecrvnceeecvncnennas 68.4 6.6 75.0

CoaTSe COVETAZE. .......c.oververerinrirneeerirreeaenns 31.2 12.6 43.8

OVerspray COVerage...........ccovemrernrnrnencnns 34.6 14.4 48.9

Film coverage........c.coccoovnivnerinnernnrenenene 33.0 13.2 46.2
Lead arsenate, 4 1b. to 100 gal.:

MiSt COVETAZE......coevieerieieeeniririeerenenees 54.0 11.2 65.2

CO0Aarse COVETAZE......c.ovevreriirieecreeeeencenes 24.0 19.2 43.2

Overspray coverage... . 23.3 19.8 43.0

Film coverage.......c.cocooovevvviecnnnncnnne 22.0 19.0 41.0
Lead arsenate, 8 lb. to 100 gal.: |

Mist ¢overage.........cooeevvcvnvnciniinns 49.8 12.2 62.0

Coarse coverage......... 15.6 21.8 37.4

Overspray coverage... 15.6 18.6 34.2

Film coverage........ccccccooviviinincniiinnnnns 10.2 22.2 32.4
Lead arsenate, 16 1b. to 100 gal.:

Mist coverage.........cccoveriininiiiincinninn. 29.2 16.4 45.6

CoAarse COVETaAZe. .......oovvuevieievcricieiirceen 9.4 19.0 28.4

Film coverage..... 2.3 15.8 18.0
Check, unsprayed...........cc.o..ccooovvvrrrmrvvoorrneeennne. 79.0 4 79.4

In the course of the experiments special attention was given to the
behavior of the larvae, with a view to finding explanations for the
results obtained.

Factors relating to the protectiveness of the mist coverage.—It has long
been recognized that some larvae succeed in effecting entrances into
sprayed apples by burrowing through the areas between deposits of
lead arsenate. Presumably, the larger the deposits, the larger the
unprotected areas between deposits and the more room for larvae to
enter unharmed by the poison. Owing to this conception the idea has
become widely accepted among authorities on spraying that, to be most
effective, spray should be applied in such a manner as to cover the
apples of a tree with fine particles of mist. The assumption apparently
has been that the resultant small deposits of poison would be so close
together that there would not be room for larvae to enter between
them; that is, the mist coverage on apples has been regarded as prac-
tically tantamount to having them covered by an unbroken film. As
shown by these studies, this assumption is seriously in error. When
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the deposits of lead arsenate were from one-half millimeter to two
millimeters in diameter, the latter representing an area about the size
of the head of an ordinary pin, there was ample space for larvae to
enter between the deposits. This is well illustrated by the photographs
in figure 6. The photograph on the left shows an apple natural size,
having a fairly typical mist coverage of lead arsenate. A freshly
hatched codling moth larva was placed on the apple and observed until
it started to burrow through the skin. ‘A common pin was then inserted
in the side of the apple close to the larva. The microphotograph was
then taken. The head of the pin measured slightly less than two
millimeters in diameter.

Fig. 6. Left: an apple having a mist coverage of lead arsenate, with a pin
inserted in the side. Right: microphotograph of the same apple, showing a freshly
hatched codling moth larva in the act of burrowing into the apple.

Writers on codling moth control, wishing to emphasize the necessity
of having apples thoroughly covered with spray, have sometimes stated
that the larva makes a hole about the size of a pin head on entering the
apple. The head of an ordinary pin, however, is more than twenty-
five times the area -of the entrance hole of a newly hatched larva. The
question may be raised whether the larva does not enlarge the hole after
entering the apple. Such behavior was not observed in any of these
studies, neither were evidences of it found in examining apples in the
orchard.

Where the deposits of lead arsenate were very minute, the larvae
appeared to burrow through them or to dig them away without being
affected by the poison. This was especially the case with the lower
concentrations of spray.
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Another reason for the lower protectiveness of the mist coverage
appeared to be that the small deposits were so nearly even with the
surface of the apple that they did not stimulate the thigmotactic
proclivities of the larvae, as did the large deposits of the coarse and
overspray coverages.

Factors relating to the protectiveness of the coarse coverage.—The largest
deposits of the coarse coverage were approximately eight millimeters in
diameter. Notwithstanding the numerous large interspaces which

Fig. 7. An overspray coverage of lead arsenate in concentration of two pounds
to one hundred gallons of water. The arrow points to an entrance made through
the upper part of a deposit.

appeared to be relatively unprotected, less than one-half as many larvae
entered the apples with coarse coverage as entered those with the mist
coverage. There seemed to be four reasons why the coarse coverage
gave so much better protection than theoretically might have been
expected. First, the larvae exhibited a tendency to rest upon and
examine the deposits of lead arsenate and it seemed probable that some
larvae became poisoned incidentally in doing this. Second, the rela-
tively thick edges of the large deposits stimulated the thigmotactic
reactions of the larvae, which resulted in many of them attempting to
dig through the edges and thus becoming poisoned. Third, although
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there appeared to be relatively large unprotected areas between the
larger deposits, close examination revealed many small deposits,
resembling those of a mist coverage, on these areas. The small deposits
were doubtless of some influence in preventing entrances. Fourth, it
seemed evident that the apples with the coarse coverage had more
surface actually covered with poison than the apples with the mist
coverage.

In case of the coarse coverage of one-half pound to one hundred
gallons, many entrances were made directly through deposits of poison.

Fig. 8. Microphotograph showing where a larva had burrowed through a heavy
deposit of lead arsenate.

With the concentration of two pounds to one hundred gallons, entrances
were sometimes made through the thin upper parts of the large deposits.
An example of this is shown in figure 7.

Two or three instances were observed where larvae had burrowed
directly through heavy deposits of lead arsenate. An example of this
is shown in the microphotograph in figure 8. The fresh castings which
were being thrown out when the photograph was taken was evidence
that the larva was alive. After taking the picture the burrow was
opened. The larva had made a typical excavation under the skin. It
appeared to be unaffected by the poison but no special observations
were made to determine this point with certainty. The probable
explanation of such occurrences is discussed near the close of this paper.

Factors relating to the protectiveness of the overspray coverage.—The
distribution of the lead arsenate in case of the overspray coverage was
much more irregular than that of the coarse coverage. Wherever a
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large drop of spray ran down just before spra.ymg was stopped the
path of the drop presented a relatively large areay ¥ which, on casual
observation, appeared to bear very little poison. It should be men-
tioned that special care was taken not to cause any drop to run down
after spraying was completed. In general, the oversprayed apples
appeared to be less effectively covered than those of the coarse coverage
yet the protectiveness of the two coverages was about the same. This
fact seemed to be due in part, at least, to three factors: first, it was
noticed that some deposits of the overspray coverage were larger and
thicker than any of the coarse coverage; second, as soon as a drop ran
down other drops immediately began forming in its path; third, it is
possible that a thin film of poison may have adhered to the apple skin

as the drops ran down.
' TABLE 5

s
ResuLrs oF Tests wiTH AppLES OVERSPRAYED, AND WITH 'APPLES [HEAVILY
OVERSPRAYED AND THEN LIGHTLY SHAKEN

Lead arsenate, 2 lb. to 100 gal.

Apples heavily oversprayed and

Typical overspray coverage lightly shaken
Series of apples
En- mmg. As;O;| En- mmg. AsyOs
trances | Stings | Total | per sq. cm. |trances| Stings | Total | persq. cm.
1 6 4 10 11 3 14
2 7 7 14 14 3 17
3 6 4 10 8 5 13
4 8 4 12 10 6 16
19 46 43 17 60
19.0 46.0 43.0 17.0 60.0
8.63 4.20

The third factor has been a matter of considerable speculation.
Some persons have believed that an oversprayed apple is covered by a
very thin film as a result of numerous drops running down and it has
been supposed that such a film would be effective in preventing injury
by codling moth larvae. In order to secure information on this, four
apples were heavily oversprayed by applying twenty cubic centimeters
of spray to each. Immediately after spraying, the apples were lightly
shaken in order to cause the larger drops to run off. Another four
apples having a typical overspray coverage were used as checks.
Twenty-five freshly hatched larvae were then placed on each of the
apples. Finally, determinations were made of the arsenic and com-
putations made of the average number of micromilligrams of arsenious
oxide per square centimeter of surface for each group of apples. The
results of the test are shown in table 5. The data indicate that if a
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film of lead arsenate formed on the paths of the drops which ran off, it
was of slight effect in protecting the apples. About one-half as much
arsenic occurred on the apples heavily sprayed and shaken as on those
typically oversprayed.

The coverage resulting from overspraying and shaking probably -
approximates that resulting from overspraying apple trees in the
orchard when wind is blowing. The experiment indicates that almost
half the value of the spray may be lost under such a condition.

Factors relating to the protectiveness of the film coverage—So much
‘emphasis has been placed upon “lack of thoroughness” in applying spray
as a leading cause for failure to control the codling moth that a great
many persons have come to believe that complete coverage would result
in complete protection. When no other explanation for a “wormy”
crop of apples has seemed plausible, the sprays being properly timed
and the applications being made with exceptional thoroughness, it has
been supposed that the poor control was .due to the larvae entering
between deposits of poison. Spreaders and the film type of coverage
were brought into prominence on the theory that if the deposits of
lead arsenate could be eliminated and the apples covered with a com-
plete film, much better protection would result.

Examination of tables 1 and 2 show clearly that other factors than
completeness of coverage are involved. With the concentrations of
one-half, two and four pounds to one hundred gallons, about as many
larvae caused injury through the film coverage as through the coarse
and overspray coverages. The film coverage of eight and sixteen pounds
to one hundred gallons, however, resulted in fewer entrances than the
spotted coverages of the same concentrations.

The most important factor in the protectiveness of the film coverage
is the thickness of the film. The newly hatched larva digs or burrows
through the apple skin; it does not literally eat through. Bits of skin
are cut off with the mandibles and cast aside. Very little, and some-
times none at all, is swallowed (see page 446). If the film of lead arsenate
is thin, as was the case with the lower concentrations, many larvae
will not swallow any poison or not enough to kill them. The thicker
the coating of poison, the greater the probability of the larvae obtaining
lethal doses of arsenic in digging through the skin. Further evidence
on this matter is given in table 8 and figures 12, 13 and 18, and the
discussion relating to these.

Two other reasons may be mentioned why the film coverage did
not give materially better protection than the spotted coverages: first,
the lead arsenate of the film adhered firmly to the surfaces of the apples
and this minimized the possibility of the larvae gathering up particles
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of poison while crawling over the apples; second, the film coverage
presented no irregularities which would tend to stimulate the larvae to
bite against the poison as apparently occurred in case of the spotted

coverages.
ArpLES WITH TWO APPLICATIONS OF SPRAY

As a possible explanation of the relative ineffectiveness of the lead
arsenate in protecting the apples in the foregoing tests, the suggestion
was made that perhaps the spotted coverages would have given better
results if two applications of spray had been applied. It was thought
that the drops of the second application might form on the uncovered

TABLE 6

Resurrs oF PraciNg TweNTY-FIVE LARVAE EacH oN AppLEs REeceiving Two
ArprLicaTIONS OF SPrRAY. (For the purpose of comparison, results of single
spray applications, taken from table 1, are also included.)

Lead arsenate, 2 lb. to 100 gal.

Mist coverage Coarse coverage |Overspray coverage| Film coverage
Series of apples 4 3 8 8
Slal~| &8|las|l=|8 | al~|581|8]~«
i< & g B ] - i<} o 3 h<] 5] 3
=] ] o . =] il <) =) = o =] i) 1<)
3] n 3 m| n &= = 73] = 3] wn &
1 16 2 18 4 7 11 2 6 8 4 6 10
2 12 3 15 4 6 10 4 5 9 5 6 11
3 14 1 15 8 2 10 3 5 8 5 4 9
4 10 3 13 6 2 8 8 2 10 5 5 10

9.0 |61.0220|17.0|39.0|17.0|18.0|35.019.0|21.0| 40.0

Per cent........

Percentage of larvae
causing injury in tests|
of one application.

(Table 1.)

Lead arsenate:

2 1b. to 100 gal | 68.4| 6.6 75.0|31.2|12.643.8|34.4|13.8|46.2(33.0|13.2| 46.2
11.2 | 65.2 [ 24.0 | 19.2 | 43.2 | 23.3 | 19.8 | 43.0 | 22.0 | 19.0 | 41.0

41b. to 100 gal....

spaces left by the first application. In order to secure information on
this point, several tests were made in which apples were sprayed twice,
the second application being applied after the first had dried. The
calyx cavities were filled with shellac and the apples suspended as in
previous tests. Larvae were then place on the apples. The results of
these tests are given in table 6. The two applications of spray at two
pounds to one hundred gallons gave about the same protection as the
one application of spray at four pounds to one hundred gallons shown
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in table 1. While applying the spray it was noticed that the drops
of the second application invariably formed on the deposits of the first
application. Consequently, the interspaces resulting from the two
applications were about as large as those of the single application

Fig. 9. Left: apples with one application of spray. Right: the same apples after
1.2 second application of spray had been applied.

(fig. 9). It appeared that the principal effect of the second spray was
that of doubling the thickness of the deposits of the first. Observations
in orchard spraying revealed the same tendency of the drops of the
second and third applications to collect on the deposits of the first.
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RaTIO OF ENTRANCES TO STINGS

It will be observed in all the tests that the percentage of entrances
varied inversely with the percentage of stings, except in the concen-
tration of sixteen pounds to one hundred gallons in which there occurred
a reduction in both entrances and stings. This tends to confirm the
belief advanced by Melander® that the ratio of entrances to stings
affords the best basis for judging the efficiency of orchard spraying.
A high proportion of stings in relation to entrances indicates a high
percentage of larvae killed.

QUANTITY OF LEAD ARSENATE IN RELATION TO PROTECTION

Concentration of spray in relation to protection.—As previously men-
tioned there has been a decided disposition on the part of spray authori-
ties to regard the amount of poison on the apple as a matter of rela-
tively minor importance in codling moth control. Analyses that have
been reported have suggested that scarcely more than a trace of lead
arsenate over the surface is sufficient to prevent entrances. The con-
ception apparently has been that if one apple was sprayed all over with
a concentration of two pounds to one hundred gallons and another
sprayed in-the same manner with a concentration of four pounds to
one hundred gallons, the uncovered interspaces on the one would be
just as large and as numerous as on the other. No larva, presumably,
would be able to go through a deposit of the lower concentration and,
therefore, nothing could be gained by using a higher concentration.

In these studies it was found that increasing the concentration of
lead arsenate resulted in all cases in decreasing the percentage of
entrances and, to a less extent, in reducing the percentage of total
injury. This is graphically illustrated in figure 10. It will be observed
that the curve representing the entrances made through the film
coverage is nearly a straight line, indicating a fairly constant ratio
between concentrations and entrances. The curves of the mist, coarse
and overspray coverages are less regular than the curve of the film
coverage. It appeared that doubling the concentration in case of the
film coverage resulted in uniformly doubling the thickness of the film,
thereby uniformly decreasing the percentage of larvae that succeeded
in digging through; while doubling the concentration of the spotted
coverages resulted in doubling the thickness of the deposits without
very materially decreasing the size of the interspaces (fig. 12).
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In table 7 is given a summary of the data of table 1, including the
average percentage of injury for the four types of spray coverages.
The average percentage of injury in relation to concentration is shown

TABLE 7

SuMMARY oF Dara FrRoM TABLE 1, SHOWING THE RELATION OF LEAD ARSENATE
CONCENTRATION TO PERCENTAGE OF LARVAE CAusiNg INJURY

Lead arsenate, Lead arsenate, Lead arsenate, Lead arsenate,
2 1b. to 100 gal. 4 1b. to 100 gal. 8 1b. to 100 gal. 16 1b. to 100 gal.
®n
_ g g g g
ype of coverage & & & g
I % —_ < 43 —_ I 43 —_ 5 % —
B<] 5 f-] =] o 2 -] o 8 =} 5 38
3] ] =} =2 =} = =} =
Rl a|&|&8|a|&|l&8|& |88 |4 |8 ]|¢&
MiSt.oee e 6.6 750|540 11.2|65.2|49.8|12.2(62.0]29.2 | 16.4| 45.6
Coarse......... 12.6 | 43.8 1 24.0 | 19.2 [ 43.2 | 15.6 | 21.8 | 37.4 | 9.4 | 19.0 | 28.4
Overspray.. 13.8 |1 48.9 1 23.3 {19.8 | 43.0 | 15.6 | 18.6 | 34.2 |...ccceooo| e
Film.......... 13.2 | 46.2 | 22.0 | 19.0 | 41.0 | 10.2 | 22.2 { 32.4 | 2.3 | 15.8| 18.0
Average................... 42.2 | 11.6 | 53.8 | 31.2 | 17.2 | 48.4 | 22.8 | 18.7 | 41.5 [ 11.2 | 17.3 | 28.5
. POUNDS OF LEAD ARSENATE TO 100 GALLONS OF WATIR.
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Tig. 10. Curves based on data of table 1, showing relation of lead arsenate
concentration to the percentage of larvae causing injury.



May, 1926] Smith: Lead Arsenate in Controlling the Codling Moth 431

by the curves in figure 11. It will be noted by the averages that
doubling the amount of lead arsenate resulted in each case in reducing
the number of entrances by approximately eleven per cent. Increasing
from two pounds to four pounds reduced the total injury 5.4 per cent;
increasing from four to eight pounds reduced the total injury 6.9 per
cent; increasing from eight to sixteen pounds reduced the total injury
13.0 per cent.

LEAD ARSENATE CONCENTRATLONS.
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Fig. 11. Curves based on data of table 1, showing average percentage of
larvae causing injury through mist, coarse, overspray and film coverages in rela-
tion to lead arsenate concentration. .

Thickness of lead arsenate deposit in relation to protection.—Deter-
minations were made of the arsenic in all the tests recorded in table 1,
and from this was computed the average amount of arsenic per square
centimeter of apple surface. The data, together with percentages of
injury, are given in condensed form in table 8. In all instances the
percentage of entrances varied inversely with the amount of arsenic
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per square centimeter, while up to the point corresponding to the eight-
pound concentration, the percentage of stings varied directly with the
amount of arsenic per square centimeter. ’
Although the film coverage gave slightly better protection than the
coarse coverage, the amount of arsenic per square centimeter was about
one-third that of the coarse coverage. This indicates that the film
coverage is three times as efficient as the coarse coverage. The relative
efficiencies of the different coverages are shown by the curves in figure
13. It will be noted that twenty-five micromilligrams of arsenic
(As;0;) per square centimeter resulted in 2.3 per cent of entrances with

' .

e

Fig. 12. Apples sprayed with lead arsenate in concentrations of (left to right)
one-half, two, four and eight pounds to one hundred gallons. Upper, film coverage;
lower, coarse coverage. .

the film coverage while seventy-seven and one-half micromilligrams in
case of the coarse coverage resulted in 9.4 per cent of entrances. By
extending the curves in the first graph, it appears that complete protec-
tion against entrances would be secured at about thirty micromilligrams
per square centimeter with the film coverage and at about one hundred
and fifty micromilligrams with the coarse coverage. Similarly, extend-
ing the curves in the second graph, indicates that complete freedom from
injury would result at about forty micromilligrams in case of the film
coverage and at over two hundred micromilligrams with the coarse
coverage. Still further evidence of the greater efficiency of the film
coverage is that the percentage of stings began to decrease at approxi-
mately fourteen micromilligrams, whereas, decrease in stings in case of
the coarse coverage began at approximately thirty-five micromilligrams.
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TABLE 8

AVERAGE AMOUNT OF ARSENIOUS OXIDE PER SQUARE CENTIMETER OF APPLE
SURFACE AND PERCENTAGES OF INJURY FOR THE TEsTS SHOWN IN TABLE 1

Mist coverage Coarse coverage
Per cent of injury Per cent of injury
Lead arsenate mmg. AszO03 mmg. As:O3
concentration per 8q. cm. per sq. cm.
En- En-
trances | Stings | Total trances | Stings | Total
2 1b. to 100 gal.. 2.10 68.4 6.6 75.0 9.78 31.2 12.6 43.8
4 1b. to 100 gal. 3.04 54.0 11.2 65.2 17.45 24.0 19.2 43.2
8 1b. to 100 gal.. 4.92 49.8 12.2 62.0 34.70 15.6 21.8 37.4
16 1b. to 100 gal.. 13.74 29.2 16.4 45.6 77.51 9.4 19.0 28.4
Average.........cccouuerene 5.01 53.4 10.9 64.3 34.86 19.9 18.2 38.2
Overspray coverage Film coverage
Per cent of injury Per cent of injury
Lead arsenate
concentration mmg. Asz03 mmg. As203
persq.cm.| En- persq.cm.| En-
trances | Stings | Total trances | Stings | Total
2 1b. to 100 gal. 8.20 34.6 14.4 48.9 3.83 33.0 13.2 46.2
4 1b. to 100 gal. 17.17 23.3 19.8 43.0 6.86 22.0 19.0 41.0
8 1b. to 100 gal. 32.83 15.6 18.6 34.2 13.87 10.2 22.2 32.4
16 1b. t0 100 gal.....vceencece] v [ | s | 24.99 2.3 15.8 18.0
AVerage......ooneennnne 20.65 24.0 17.6 41.6 11.43 17.6 17.6 35.2
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Fig. 13. Curves based on the data of table 8, showing relation of quantity
of arsenious oxide per square centimeter of apple surface to percentage of larvae
causing injury.
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LARVAE ON APPLES DUSTED WITH LEAD ARSENATE

Scores of orchard experiments have been made in various parts of
the country to determine the relative merits of applying lead arsenate
as a dust and as a spray. The experimental data accumulated have
been so erratic that the question of spraying versus dusting is about
as unsettled now as it was ten or twenty years ago. The removal of
the dust by rain and wind is doubtless an important factor in the
efficacy of the dust treatment. It seems almost incredible that in a
great many reports of orchard dusting experiments no mention what-
soever has been made of the possible influence wind and rainfall may
have had on the results.

STuDIES MADE IN THE LABORATORY

In order to obtain more information on the efficacy of the dusting
method of codling moth control, seven series of apples were dusted
uniformly with a dry mixture consisting of ninety per cent flowers of
sulfur, approximately two-hundred mesh in fineness, and ten per cent
lead arsenate. The material was applied with a small hand duster.
The calyx cavities of the apples were filled with shellac and the apples
suspended as in previous tests. The covering of dust was such as to
be decidedly visible to the unaided eye. Certain of the apples were
blown against strongly with the breath; others were lightly sprayed with
distilled water until drops ran down over the whole surface of each apple;
and on others the dust covering was left undisturbed. Twenty-five
freshly hatched codling moth larvae were then transferred to each apple.
The results of the tests are given in table 9. Blowing against the apples
and spraying them greatly reduced the protectiveness of the dust
covering. It should be mentioned that the dust was not applied to
the apples with force. It was found later that when dust strikes the
apple with considerable force, it adheres more firmly than when it falls
lightly upon the surface.

Stupies MADE IN THE ORCHARD

Tests on the efficacy of the dust treatment were also made with
apples in their natural positions on the trees, similar to the orchard
spray tests reported in table 2. The results of these tests, as shown
in table 10, agree closely with those made in the laboratory.

The dust coverage when undisturbed was much more effective in
comparison with the spray than was expected. Less than one-half as
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TABLE 9

ResULTS OF PLACING TWENTY-FIVE LARVAE EAcH ONTO APPLES DUSTED WITH
LEAD ARSENATE

Dust Apples blown Apples lightly
undisturbed against sprayed Check
8 3 8 ]
Series of apples = - § g m g
g |® |8 |&A|&® |8 |&A|& | |RA|&a|6&
1 2 7 9 7 6 13 11 2 13 18 1 19
2 4 6 10 5 3 8 12 0 12 18 2 20
3 4 3 7 11 1 12 16 0 16 16 0 16
4 2 2 4 13 0 13 15 2 17 21 0 21
5 5 1 6 14 0 14 16 0 16 17 0 17
6 1 3 4 1 5 6 10 3 13 17 1 18
7 5 3 8 2 2 4 12 2 14 17 0 17
Total number.. 23 25 48 53 17 70 92 9 (101 127 4 131
Per cent.............. 14.3 | 27.5 | 30.3 9.7140.0 | 52.6 | 5.2 (57.7|72.6| 23| 74.9

many entrances were made through the dust coverage as through the
coverage of spray in concentration of two pounds of lead arsenate to
one hundred gallons of water. Observations on the behavior of the
larvae indicate that the reasons for the greater protectiveness of the
dust are: first, the larva is more likely to gather up and swallow particles
of poison on the dusted apple than on the sprayed; second, the dust
accumulates on the spinneret and on other parts of the head and body,
which greatly impedes the activity of the larva. Preparatory to
digging into the apple, the larva spins a more or less distinct mat of
fibers with which to hold fast while cutting away the skin. The dust

TABLE 10

ResurTs oF PLacING TWENTY-FIVE LARVAE EacH oNTO DUsTED APPLES HANGING
NATURALLY ON TREEs

Dust Apples blown Apples lightly
undisturbed against sprayed Check

Series of ampl g g 8 g

es of apples 1 -1 R ]
E| B |3 | 28| 8|3 | E| % |3 |E|B|3
2| B2 5|8 22|38 |21251|3
A |k |8 |R&A|a|&|&d|a |8 |&|a |6
1 3 6 9 9 4 13 12 3 15 22 0 22
2 3 4 7 11 2 13 14 0 14 18 0 18
3 5 4 9 5 6 | 1 9 3 | 12 | 16 0| 16
4 2 2 P 4 6 4 10 12 2 14 20 0 20
Total number.. 13 16 29 31 16 47 47 8 55 76 0 76
Per cent 13 16 29 31 16 47 47 8 55 76 0 76
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seems especially to frustrate the larva in this operation. If the dust
coating adheres firmly to the surface of the apple, however, the larva
is not appreciably inconvenienced. Apples which had a heavy firm
covering of road dust were entered by larvae just as readily as apples
having no dust covering.

LARVAE ON APPLE LEAVES SPRAYED WITH LEAD
ARSENATE

During the months of May and June when the apples are small a
high percentage of codling moth eggs are laid on the leaves of apple
trees. It has been supposed that many larvae become poisoned by
feeding on sprayed leaves before finding apples. The following labora-
tory studies were made to obtain further information on this subject.

Fig. 14. Cuttings of apple branches ready for tests.

Early in June growing ends of apple branches were cut off and placed
in vessels of water, as shown in figure 14. Twenty-five cuttings,
eighteen inches long, were used. Care was taken to select cuttings
with the same number of leaves and in other respects alike. The
upper and under surfaces of the leaves and the bark of certain of the
cuttings were sprayed with lead arsenate. An unsprayed apple was
fastened to each cutting by diagonally clipping off the apple stem,
covering it with glue and then firmly fixing the cut end to the bark
with a small insect pin. In other tests the leaves were left unsprayed
and sprayed apples were fastened to the bark. The calyx cavities of
the apples were filled with shellac. The coarse coverage of lead arsenate
spray was used on both leaves and apples. After the spray had {dried,
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twenty-five freshly hatched larvae were placed on the fourth leaf above
the apple on each cutting. The larvae had to crawl approximately the
same distance on each cutting in order to reach the apples. Three
days after transferring the larvae, careful examinations were made of
the apples, leaves and stems, and records made of the number of live
larvae and of various injuries. The results of the tests are given in
table 11.
TABLE 11

SHOWING THE RESULTS OF TRANSFERRING TWENTY-FIVE LARVAE EacH TO CUTTINGS
FROM THE GROWING ENDS OF APPLE BRANCHES TO WHICH APPLES WERE ARTI-
FICIALLY ATTACHED

Total
feeding
Live Live Live | Total | Stings |Feeding|Feeding| places
Treatment Cutting| larvae | larvae | larvae | live on places | places on
in in in larvae | apples on on leaves
apples | stems | leaves stems | leaves | and
stems
1 15 5 1 21 0 0 1 1
2 11 3 2 16 0 2 5 7
3 12 3 5 20 0 2 2 4
Check—unsprayed. 4 9 3 4 16 0 1 3 4
5 7 2 4 13 0 2 4 6
Total number.. 54 16 16 86 0 7 15 22
Per cent............. 43.2 12.8 12.8 68.8 0.0 5.6 12.0 16.0
1 10 2 0 12 0 0 3 3
Leaves sprayed with lead 2 6 2 2 10 0 3 1 4
arsenate, 2 1b. to 100 gal. 3 6 0 2 8 0 1 3 4
4 3 2 2 7 0 1 3 4
5 3 0 0 3 0 1 1 2
Total number.. 28 6 6 40 [1} 6 11 17
Per cent. 22.4 4.8 4.8 32.0 0.0 4.8 8.0 13.6
1 6 1 1 8 2 2 5 7
2 6 1 2 9 1 2 1 3
Apples sprayed with lead 3 5 4 1 10 0 1 3 4
arsenate, 2 lb. to 100 gal. 4 10 3 0 13 1 2 1 3
5 3 1 4 8 0 2 2 4
Total number.. 30 10 8 48 4 9 12 21
Per cent. 24.0 8.0 6.4 38.4 3.2 7.2 9.6 16.8
1 12 2 2 16 0 0 0 0
2 7 1 3 11 0 1 3 4
Leaves sprayed with lead 3 11 1 2 14 0 2 4 6
arsenate, 15 1b. to 100 gal. 4 9 1 0 10 0 1 4 5
5 6 1 4 11 0 2 1 3
Total number.. 45 6 11 62 0 6 12 18
Per cent. 36.0 4.8 8.8 49.6 0.0 4.8 9.6 14.4
1 7 0 0 7 1 1 2 3
2 5 0 0 5 0 0 3 3
Leaves sprayed with lead 3 3 1 0 4 0 0 6 6
arsenate, 4 1b. to 100 gal. 4 2 0 1 3 0 1 1 2
5 0 0 1 1 0 2 2 4
Total number............... 17 1 2 20 1 4 14 18
Per cent....cerereereceriens 13.6 0.8 1.6 16.0 0.8 3.2 11.2 14.4
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RELATIVE VALUE OF SPRAY ON LEAVES AND ON APPLES

The relative value of spray on the leaves and bark, and on the
apples is best indicated by the number of live larvae found at the end
of the third day after transferring. These data are summarized in
table 12. A comparison of the concentrations of two pounds to one
hundred gallons, shown in columns three and five, indicates that more
larvae were killed by the spray on the leaves and bark than by the
spray on the apples. The extensiveness of injury to the leaves and

TABLE 12
SuMMARY OF Data oN Tests with Currings FrRoM GROwING ENDS oF ApPLE
BRANCHES
Apples sprayed
Leaves and bark sprayed with lead arsenate lead arsenate
Check
unsprayed

14 1b. to 100 gal.| 2 Ib. to 100 gal. | 4 1b. to 100 gal. | 2 1b. to 100 gal.

Live larvae in apples...... 43.2 36.0 22.4 13.6 24.0
Live larvae in stems...... 12.8 4.8 4.8 0.8 8.0
Live larvae in leaves...... 12.8 8.8 4.8 1.6 6.4

Total... i 68.8 49.6 32.0 16.0 38.4

stems, however, was very much greater than that which occurs under
orchard conditions. Examination, for example, of eight branches on
which were 4744 leaves and sixteen apples, on a tree so badly infested
with codling moth that there was an average of twelve injuries per
apple, revealed only three feeding burrows in leaves and stems. This
examination was made on August 22. It is believed, therefore, that
only limited importance may be attached to the laboratory tests as
regards the relative value of spray on leaves and on fruit. ’

It is especially important to note that increasing the concentration
of the lead arsenate in spraying the cuttings resulted in decidedly
increasing the percentage of larvae killed. Two pounds to one hundred
gallons resulted in thirty-two per cent live larvae and four pounds to
one hundred gallons resulted in sixteen per cent live larvae.
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LARVAE ON SECTIONS OF GLASS SPRAYED AND DUSTED
WITH LEAD ARSENATE

In order to obtain further data on the relative protectiveness of
different types of spray coverages and different lead arsenate concen-
trations, and also to secure further information on the manner in which
codling moth larvae become poisoned, a number of studies were made
in which freshly hatched larvae were placed on sections of glass treated

Fig. 15. Sections of %lass sprayed and dusted with lead arsenate, on which
reshly hatched larvae were placed.

with lead arsenate and thence transferred to unsprayed apples. Ordi-
nary window glass was cut into sections three inches by fifteen inches
in size. A piece of thread was fastened with sealing wax to the top
of each section. Some of the sections were sprayed and some dusted
uniformly on both sides. Tests were made of mist, coarse and film
coverages with lead arsenate in concentrations of two and eight pounds
to one hundred gallons. The dust was a mixture of ninety per cent
sulfur and ten per cent lead arsenate, the same as used in the tests
with apples. The sections were suspended over saucers of water and
freshly hatched larvae placed upon them. In each case the larvae
were placed near the middle of the section, half being placed on one
side and half on the other. After remaining on the sections for periods
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TABLE 13

Resurts oF TEsTS IN WHICH LARVAE WERE PLACED ON SPRAYED AND DUSTED
SEcTIONS OF GLASS AND LATER TRANSFERRED TO UNTREATED APPLES

Type| Hours | Number | Percent- Total
of larvae | of larvae | age fall- | Percent- | Number | Number | Number percentage
cover-| remained| placed ing off |agedying| trans- | making | making causing
age on on of on ferred to | entrances| stings injury
sections | sections | sections | sections | apples |
B2
2 35 18 10 2
3 50 - P 2 } 41 2 | 583
= i g(sl ;: 23 & 48.0 54.5
S| ® 4 u : 0 [Jza | a1
éo Total..... 220 19.5 1.4 155 73 5 35.4 50.3
- 2 35 21 9 0
Slel 3] B S T I O S
S @
2| & 3 50 36 3 3 g3 | 176
TS 4 35 21 1 2 71 | 113
2 4 50 32 2 1 .
E Total...... 275 20.0 5.4 201 30 11 14.9 20.3
0
@
2 35 20 6 1
i< 3| & A I ol s
R ;f 3 2 52 8 bo|[e 17.3
1
4 50 34 1 3 711109
Total....... 275 22.9 3.6 194 29 11 14.5 20.6
Grand total........ 770 20.9 3.6 550 132 27 20.6 29.0
2 25 15 9 0
g gg gg 13 (2’ 32.0 45.3
-~
23|08 A S I A
. 4 50 34 11 0 16.5 | 24.6
) Total.... 235 24.7 1.7 172 56 2 24.7 33.7
8
- 2 25 14 1 3
Sle| 1| A I Ol
: 25
ﬁ § :1 50 3; 3 3 10.7 13.6
> 35 1
g ° 4 50 22 1 0 12\ 2.6
E Total..... 235 29.4 5.5 152 13 7 8.5 13.2
2 25 17 8 1
é g gg 39 2 g 24.0 32.1
19
E ’:ﬁ i gg ?g % ‘2) 10.7 16.7
4 50 20 0 0 0.0 1 00
Total........ 235 31.9 6.4 138 20 6 11.1 18.8
Grand total........ 705 28.6 4.5 462 89 15 14.7 22.5
50 37 9 2
wwr | 5| 8 20 T Ol B
sulfur-lead | 3 50 34 2 2 5.7 1 69
arsenate 4 35 19 0 0 0.0 0.0
dust 4 50 31 0 0 : .
Total...... 290 22.1 4.5 211 20 4 8.3 11.4
2 60 44 28 0
g gg 46 :{g g 52.7 64.4
51
Check 3 50 i 2; 0 42.8 | 46.4
- 26 1
4 50 39 21 o |}388 | 508
Total........ 300 16.0 0.0 252 136 0 45.3 53.9

1 Based on number of larvae placed on sections of glass.
2 Based on number of larvae transferred to apples.
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of two, three and four hours, the larvae were transferred to untreated
apples. Subsequently, determinations were made of the number of
entrances and stings on the apples.

PERCENTAGE OF LARVAE CAUSING INJURY TO APPLESO

2 LB:"IOO GAL;
8 LB.-100 GAL,

MIST

2 LB.-100 GAL.,

8 LB.-100 GAL.

2 LB.-100 GAL.

FILM (COARSE

8 LB.-100 GAL.

— ]

CHECK.

Fig. 16. Graph based on the data of table 13, indicating the extent that
freshly hatched larvae were able to injure apples after crawling over sections of
glass sprayed and dusted with lead arsenate.

Complete results of the tests are given in table 13 and a summary
in table 14. The results are illustrated graphically in figure 16. More
than twice as many larvae entered the apples from the mist coverage
as from the coarse and film coverages. This inferiority of the mist
coverage agrees with all other tests reported on foregoing pages. The
coarse and film coverages gave about the same results.

TABLE 14

SuMMARY OF DAtA oN TEsts wWITH SECTIONS OF GLASS, CoMPILED FROM RESuLTS
SHOWN IN TaBLE 13

Lead arsenate, Lead arsenate, 90%-10% sulfur- Check—
21b. to 100 gal. 8 1b. to 100 gal. lead arsenate dust untreated
Total injury— Total injury— Total injury— Total injury—
Type of coverage per cent per cent per cent per cent
Al B2 Al B Al B2 Al B2
Mist coverage........ 35.4 50.3 24.7 33.7
Coarse coverage....| 14.9 20.8 8.5 13.2
Film coverage........ 14.5 20.6 1.1 18.8
. 8.3 11.4
45.3 54.8
Average......| 20.7 29.0 13.3 22.5 8.3 11.4 45.3 54.8

1 Percentage of injury based on the number of larvae placed on the sections.
2 Percentage of injury based on the number of larvae transferred from the sections to the apples.
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Seven per cent more larvae became poisoned on the sections sprayed
with the eight-pound concentration than with the concentration of two
pounds. The explanation for this result, the author believes, is that
the thick deposits of the concentration of eight pounds to one hundred
gallons stimulated the larvae to bite against the poison while this
thigmotactic reaction was brought into play to less extent with the
thinner deposits of the lower concentration. About the same per-
centage of larvae became poisoned on the dusted sections as on those
having the coarse coverage of lead arsenate at eight pounds to one
hundred gallons of water.

CALYX SPRAY STUDIES

Limited studies were made for the purpose of obtaining information
on the efficacy of lead arsenate in preventing the entrance of larvae
through the calyces of apples. Yellow Bellflower apples were used in
the experiments. At the time the trees were in bloom, certain branches
were tagged and the blossoms sprayed individually by means of a small
bulb atomizer. In order to give uniform treatment to all blossoms,
the tip of the atomizer was held approximately two inches directly in -
front of each calyx and four full aspirations made on the atomizer.
This resulted in a finely divided spray striking the calyx with force and
in sufficient quantity that some of the spray ran off the sepals. In
case of the mist spray, the tip of the atomizer was held six inches from
the calyx and the same number of aspirations made, but the spray
reached the calyx only as floating mist particles. The following treat-
ments were made: '

Lead arsenate, 2 1b. to 100 gallons of water.
(1) Full blossom, forceful spray; applied before petals had fallen.
(2) Calyx, forceful spray; applied just after all petals had fallen.
(3) Calyx, forceful spray with casein-lime spreader added at the
rate of one pound to one hundred gallons of spray; applied
just after all petals had fallen.
(4) Calyx, mist spray; applied just after all petals had fallen.
Lead arsenate, 4 1b. to 100 gallons of water.
(5) Calyx, forceful spray with casein-lime spreader as in No. 3;
applied just after all petals had fallen.

The last week of July the apples that developed from the treated
blossoms were picked and taken into the laboratory. Each apple was
cut transversely into portions of one-third and two-thirds, the one-third
portion being the blossom end. The cut surface of the blossom portion
was placed on the bottom of a saucer and a small quantity of water
placed in the saucer (fig. 17). Ten freshly hatched larvae were then
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placed inside the calyx, just under the sepals. Four days later the
parts were removed and cut vertically so as to divide the calyx cavities
into halves. Records were then made of the injuries. After this the
sepals were cut off at their bases and thrown away. By use of a sharp

Fig. 17. The blossom ends of apples placed in saucers containing a small quantity
of water for calyx spray studies.

TABLE 15

Resurrs oF CaLyx Spray Tests IN wHICH TEN LARVAE WERE Pracep N Eacu
CaLyx Caviry

Number of Average micromilligrams of
entrances 8203 per calyx cup
. and cavity
Number Number
of test Treatment of
calyces Average
Outer | Inner | Outer | Inner | per calyx
cups | cups | cups | cups cavity
1 Full blossom; lead arsenate, 2 Ib.
to 100 gal 5 2.4 0.8 3.2
2 Calyx; lead arsenate, 2 lb. to
100 gal 10 6.7 2.3 8.9
3 Calyx; lead arsenate, 2 lb. to
100 gal. and spreader...................... 21 0 1 9.5 7.0 16.5
4 Calyx; mist; lead arsenate, 2 lb.
to 100 gal.. 11 1.0 0.6 1.6
5 Calyx; lead arsenate, 4 lb. to
100 gal. and spreader...................... 12 1 4 20.0 13.3 33.3

knife, each one-half calyx cavity was cut out and determinations made
by the Gutzeit method of the quantity of arsenic in the outer and the
inner calyx cups. The stamens were included with the outer cup.

The results of the tests are given in table 15.* The principal value
of the studies is to indicate the relative effectiveness with which lead

* Unfortunately, the data on the injury in tests 1, 2, and 4, were accidentally
destroyed. .
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arsenate is placed in the calyx cavities by different spray methods, a
matter that has been widely discussed during the past quarter century.
The mist spray showed less than one-fifth as much arsenic per calyx
cavity as the forceful spray. Almost twice as much arsenic occurred
in the calyx cavities sprayed with lead arsenate and casein-lime spreader
as in those sprayed only with lead arsenate. In applying the spray
without the spreader it was noticed that there was a marked tendency
for the particles of spray to bound off or to collect into drops and run
off without wetting the calyces. Spraying before the petals had fallen
resulted in about one-third less arsenic per calyx cavity than spraying
after the petals had fallen.

It is especially interesting to note that in test number 5, in which
lead arsenate was used at the rate of four pounds to one hundred gallons
of water, five larvae or approximately four per cent of the number
transferred, entered apparently unharmed.

STUDIES ON THE BEHAVIOR OF FRESHLY HATCHED
LARVAE

In order to understand the manner in which lead arsenate protects
apples, it is necessary to observe the behavior of the larvae. Thigmo-
taxis, phototaxis and thermotaxis were the most important tropisms
influencing the larvae in the studies reported in this paper.

BeHAVIOR ON UNSPRAYED APPLES

When a freshly hatched larva is placed on an apple, it crawls rapidly
over the surface, apparently in search of a suitable place to make
entrance. If the surface is smooth, the larva may crawl for two or
three hours before making any attempt to dig into the apple. Usually
after the first fifteen or twenty minutes, the rate of locomotion gradually
decreases and frequent pauses may occur during which the head is
thrown from side to side. In the latter movement numerous fibers are
spun beneath the head. Occasionally larvae were observed to grasp
these fibers with the thoracic legs and bring the tips of the mandibles
into contact with the apple but seemingly without making any serious
attempt to force the mandibles through the skin.

The larva exhibits a decided tendency to examine any slight eruption
or other irregularity on the surface of the apple. When first placed on
the apple, however, it may not pay the least attention to what may
appear to the observer to be excellent places for entrance.
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MANNER OF EFFECTING ENTRANCE

If no especially favorable point of entrance is encountered, the larva
finally comes to rest and spins a mat of fibers, attached to the skin of
the apple, beneath its head. This mat is grasped by the thoracic legs
and the main strength of the body centered on forcing the points of the
mandibles through the skin. The particles of skin that are cut out
appear always to be rejected. The time required for making entrance

Fig. 18. Microphotograph of a newly hatched larva and an entrance which
it had started. Bits of apple skin cut off by the larva are piled about the hole.
On i;lhe right is the head of a pin and on the lower left the shell of a codling
moth egg.

varies greatly, according to the vigor of the larva, and light and tempera-
ture. One larva that was placed in direct sunlight just after starting
an entrance, excavated a burrow deep enough to receive its body in
twenty-four minutes. Usually the time required ranged from one to
three hours when the temperature of the laboratory was about 76° F.
The fact that the larva rejects the apple skin was noted in 1897 by
Card® and Slingerland,® but its significance has been almost entirely
overlooked by later investigators. Two kinds of tests were made to
determine whether the larva swallows any of the skin in digging into
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the apple. A small apple was given a thick coating of water-proof ink.
After being suspended for a few days until the odor of the ink had
disappeared, a number of larvae were placed on the apple. When a
larva had burrowed the length of its body into the apple, it was removed
and the digestive tract dissected out and examined for the presence of
particles of ink. While in many instances the particles could be seen
through the larva’s body, accurate information required dissection.
From the careful study of twenty-five larvae, the following data ‘were
obtained:

Number of Per cent of
larvae larvae
Black particles of ink found in digestive
tract......cccoovvvncicenne 18 72.0
No particles of ink found in digestive tract.... 7 28.0

In the other test, three apples were coated with gentian violet stain,
and larvae transferred and observed as in the above test. The follow-
ing data were obtained:

Number of Per cent of
larvae larvae
Stain pronounced in digestive tract................ 33 60.0
Stain slight in digestive tract 14 25.4
No stain in digestive tract............cocverervenenne 8 14.6

The studies indicated quite clearly that swallowing of particles of
apple skin occurs incidentally as the larva digs into the apple. As
previously noted herein, this has an important bearing on the efficacy
of the film  coverage of lead arsenate in protecting apples. If the film
is thin, it might be expected that as many as fifteen per cent of the
larvae will effect entrances without swallowing any poison. Since the
larva must dig into the apple by use of its mandibles, it seems evident
that the thicker the coating of poison is, the greater the chance that
some poison will be swallowed.

BEHAVIOR ON SPRAYED APPLES

When placed on an apple having a spotted coverage of lead arsenate,
the larva exhibits a slight tendency to rest upon the deposits of poison.
In doing this, mats of fiber are sometimes spun on the deposits and a
number of instances were observed in which the mandibles were brought
directly into contact with the poison. Some poison may at times be
swallowed in this reaction. Perhaps the most marked reaction is the
thigmotactic response to the thick lower edges of spray deposits. Larvae
were commonly observed to place the lower margin of their heads
against the raised edges of deposits and spend several seconds or a few
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minutes ‘“nosing’’ about. It was noticed that entrances and stings
were commonly made at the edges of deposits. This is shown by the
microphotograph in figure 19. Three entrances are shown, the lowest
one being made directly through a deposit and the two toward the top
being made at the edges of deposits. In order to obtain data on this

Fig. 19. Microphotograph of three entrances of freshly hatched codling moth
larvae in apple with spotted coverage of lead arsenate.

question, an apple was sprayed with calcium carbonate in concentra-
tion of eight pounds to one hundred gallons of water, a coarse coverage
being produced. Larvae were then transferred and after they had
entered careful examination was made of the places where entrances
were made. The following results were obtained:

Number of Number of Per cent of

entrances stings total injury
Through deposits............cccnue... 1 5 19.3
At edges of deposits.................... 12 2 45.2

Between deposits.........c.c.cceenne.e.. 10 1 35.5
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BeHAVIOR ON DUSTED APPLES

Loose dust very decidedly interferes with the movement of larvae
over apples. The greater protectiveness of the dust covering of lead
arsenate, as shown by foregoing tests, apparently is due to the larvae
becoming poisoned while merely crawling over the dusted surface.

Whether poisoning occurs through the particles of lead arsenate
being taken into the spiracles or being swallowed, has not. been definitely
determined. An experiment was performed in which a small quantity
of cornmeal was soaked in water-proof ink. After drying for several
days, allowing the odor to disappear, the meal was ground in a mortar
and the finest part separated out and dusted over an apple. Larvae
were then placed on the apple and at the end of one-half hour their
digestive tracts were examined for the presence of particles of corn-
meal. Of twenty-five larvae examined, three revealed definite evidence
of having swallowed some particles.

SUMMARY AND CONCLUSIONS

Probably no insect pest in the history of horticulture has been the
subject of as much discussion and experimentation as the codling moth.
During the past forty-five years investigations have dealt to a very
large extent with arsenical sprays as a means of control. The extensive
literature reveals many incongruous experimental data and varied
beliefs. Spray experiments have been confined almost entirely to tests
made under orchard conditions.

Laboratory studies with freshly hatched codling moth larvae were
undertaken for the purpose of ascertaining the more basic facts relating
to the efficacy of lead arsenate in protecting apples against codling
moth injury.

The principal tests were made with apples taken from trees during
July and August and sprayed in a technical manner in the laboratory.
Four types of spray coverages were differentiated and tested: mist,
coarse, overspray and film.

The spray was relatively ineffective in protecting the apples. With
the concentration of two pounds of powdered lead arsenate to one
hundred gallons of water, approximately one-third of the larvae entered
the apples unharmed through the coarse, overspray and film coverages.

The mist coverage was very much less effective than the other
coverages.
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The coarse, overspray and film coverages were about equal in pro-
tectiveness at concentrations of four pounds or less of lead arsenate to
one hundred gallons of water. At concentrations of more than four
pounds to one hundred gallons the film coverage gave greater protec-
tion than the other coverages.

Increasing the concentration, in all coverages, resulted in decidedly
decreasing the percentage of larvae effecting entrances.

At equal amounts of arsenious oxide per square centimeter of apple
surface, approximately one-third as many larvae entered through the
film coverage as through the coarse and overspray coverages.

In all coverages, protectiveness varied directly with the amount of
arsenious oxide per square centimeter of apple surface.

Apples heavily oversprayed and then lightly shaken to cause the
large drops of spray to run off were injured very much more than
oversprayed apples that were not shaken.

The percentage of larvae making stings increased as the percentage
effecting entrances decreased except that at the concentration of sixteen
pounds of lead arsenate to one hundred gallons of water there was a
decrease both in stings and entrances.

A loose, light covering of 909,-109, sulfur-lead arsenate dust was
much more effective in protecting the apples than lead arsenate spray
in concentration of two pounds to one hundred gallons.

Experiments in which larvae were placed on sprayed and dusted
sections of glass and later transferred to unsprayed apples revealed that
many larvae became poisoned while crawling over the sprayed and
dusted glass; that the mist coverage was decidedly inferior to the
others in killing efficiency; that the greater the concentration of spray
and the more lead arsenate on the glass, the more larvae killed; and that
the loose covering of sulfur-lead arsenate dust was high in effectiveness.

Experiments in which larvae were placed on the leaves of cuttings
from the growing ends of apple branches, to which apples were arti-
ficially attached, revealed that the spray on the leaves and bark was
about equal to the spray on the apples in destroying the larvae and that
the percentage of larvae poisoned varied directly with the concentra-
tion of the spray.

The thick lower edges of spray deposits stimulate the thigmotactic
reactions of freshly hatched larvae.

Tests in which larvae were placed on apples coated with water-proof
ink and on apples covered with gentian violet stain indicated that
some larvae may reject the skin to such extent as not to swallow any
in digging into the apple.

Thickness of film is the most important factor relating to the
protectiveness of the film coverage.
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