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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 controlfu.g 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 a, 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 "'plete 
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 80 ibany variable factors were encountered as to render the 
resultant data of very doubtful value. Similar experien_ met with 
in subeequent investigations and a study of the investigations of other 
entomologists em~ the desirability of more accurate experi­
mentation than could be accomplished under orchard conditions. I~ 
was duriJig tIM! late 8II.BIIiIer of 1920 that the idea was conceived of 
perfoMling '~t8 with .. freshly hatched codling moth larvae in -
tlle~. . 'l.'® ~~ that year was continueil in a limited 
Yill1,lu~~l.~~,.~v:e ~ WerI! m.&I!.e inl923 and l~ 
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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 heen the subject of more discussion and experimentation than the 
codling moth. The literature relating to it is very extensive. In 1888, 
L. O. Howard't stated that the Office of Entomologist of the United 
States Department of Agriculture had proposed compiling a list of 
American "Tilings on the codling moth, "but soon found that it would 
consume altogether more space than could be aJlowed." It is probable 
that the literature has increased several fold since that year. 

Much of the published matter on thc usc of arsenical compounds in 
sprayiug 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 OW11 ohsenrations and experiments or on those of other 
persons, or whether they are based merely on assumptions. There is 
much contradictory and ineonSL.'ltcllt 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 hereiu. a brief review of the history of the sprayiug 
method of control is given. This review is of necessit.y very fragmentary. 
Only a few references out of hundreds have been cited. 

BRIEF HISTORICAL REVIEW OF CODLING MOTH SPRAYING 

EARLY EXPERIMENTS WITH ARSENICAL SPUAYS 

The use of arsenical compounds iu codling moth control originated 
iu 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 pes(but also reduced the injury from codling moth.'. Experiments 
on the value of this treatment, made by Cook of Michigan in 1880, 
iudicated that it was highly effective.' Other experiments reported iu 
1886 by Forbes of Illinois' lind Goff of New York' confirmed the findiugll 
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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 establisbment of tbe 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 ]\IETHoD 

After eight years of experimentation in spraying with Paris green, 
Cook, in 1888, came to the conclusion that if all· apples of a tree 
ureceived the poison" no injury from codling moth would result.s 
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 destruc.tion of codling moth larvae would be accomplisl1ed. 
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 developi_,.g 
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 tbe cover sprays applied soon after the calyx spray 
were of especia.J value. Tills position was strongly supported by Card" 
and Slingerland." On the contrary some contemporary authorities, 
including Lake," Washburn,27 and Cordley,3O·41 regarded the calyx spray 
of lit.tle 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 ot-her 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 !:Iond extensive investigationfi that were carried on 
during the period hom about 1905 to 1915 centered largely around the 
one-spray method of control. Considerable data was published itHli­
eating that the calyx spray was all-sufficient. It is of particular interest 
to note that Gillette," Weldon," and Melander" reported evidence 
from the western stat.es 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 Wasbington 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 QF 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 UJll!S.tisfactory control was due to the spray not being properly 
applied. By about the year 1915, however, Dearly all authorities seem 
to have reached the conclUBion that the pest could not be satisfactorily 
controlled by meaDS of t~. calyx spray WOlle, excepting, perhaps, in 
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restricted parts of the country where, h<>cause 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 severa.! 
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 responsibl.e for unsatisfactory control. Cordley,30 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 inean "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 regarc:iing 
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 recommendati(''lS 
have called for high pressure, two hundred and fifty pounds or more, 
but A good many experiments have been reported which indicate that 
equa.lly good or better control may be obtained by applYing spl'Jly at 
.prll$SUl'Ils Ol .twp. hundred pounds or l!lss. 
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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 belic"ed this coverage to be the most effective of any. Spray 
spreaders were used in codling moth control by IDee' 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. 

KIND A.."D 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 189542 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.'o 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 theore~cal strength required to control the 
codling moth. At present there seems to be general agreement on the 
recommendation which has prevailed for several years, that nothing i. 
gained by using lead arsenate in greater concentration than two pounds 
to one hundred gallons of water. 

PRESENT STATllil OF SPRAYING 

Notwithstanding that great advances have been made in the per­
fecting of arsenical compound. and spraying machinery, and in knowl­
edge of the life history of the codling moth, control of the ' peat in some 
parts of the country seems to be no more !l&til!factory now ,than it was 
ten or twenty years ago. A careful perusal of horticultural awl ent0-
mological literature in the",Pacifie Northwest discloses Bubet6nUal 
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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) Of, 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, hpwever, there is- a 
wide gap between the degree of control at.tainable under orchard con­
ditions and the one hundred per cent control that ahnost all spray 
authorities have assumed lead arsenate capable of giving. It seems 
quite evident that there are important lactors bearing on the efficacy 
of lead arsenate in controlling the codling moth, which have not yet 
been ascertained. 

STl'DIES WITH FRESHLY HATCHED CODLING MOTH 
LARVAE 

METHODS 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 resulte. 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 varions 
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, thous<.:1ds 
of matUre larvae were capt1.lred. The larvae were placed in fruit jars 
containing stripe of corrugated straw board in which pupation took 
place. The moths .were allowed to emerge in a eage covered with 
c:heeeecklth. . From thia 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 bottDm of each jar. Sections of glass Oil 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 approxima.t"ly 80° F. was automatically 
maintained. The black cloth over tbe jars caused the motlls to oviposit 
during the day. Ailer some e.'<perience I\oith the moths it, was found 
possible to secure from a rell" hundred to OWl" II thousand eggs in each 
jar within a period of three days (fig. I). At the end of the third 
day) a.nd sooner in some cases, the moths were released and the wing 
scales, fecal material and sand washed from t he jars by using an 
abundance of tap water. If the jars were not. thoroughly washed out 

Fjg. 1. A section of giBJ:Is niter removal from a. battery ja.r ccmtaining moth!:! . 
Appro:xirnately six hundred eggs may he counted on this section. 

it was found that some larvae swallowed particles of t he loose sub­
stances. Rooms in which high or low temperatures could be auto­
matically maintained were acccs£ible for hastening 01' retarding as 
desired the processes of transformation, egg-Iayin!! 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 linger while tbe stem was clipped off close to tbe fruit 
spur. All handling t hereafter was done by holding the stems with 
forceps. Touching the apples' ,,~th the hands affected the surfaces in 
such manner as to influence tile spray covering subsequently applied. 
In the laborawry tbe calyx lobes were clipped off if they protruded and 
the calyx cavities filled witb 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 cotwn thread W88 tied w the stem of eacb apple. The 
transverse and vertical diamotJ>rs were then measured and recorded. 
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Technique ,n 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
quent ly, a rubber bulb type of atomizer was used in the st.udies sub­
sequent to 1921. The atomizer was kept in constant agitation while 

Fig. 2. Upper: ·several series of o.pples in the studies oi 1924, showing manner 
in whicb a.pples were suspended over vessels of water. Lower: illustration of 
studies made in the summer of 19"..3. 

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

In applying the spray, each apple was suspended and given a rotat::,g 
movement. The entire surface was then sprayed uniformly until the 
desired type of coverage was effected. Except in the case of the mist 
coverage, tbe 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 wa~ completed. 
When ca""in-lime spreader was nsed to effeet the film coverage, the 
large drop or eIl'ops 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 j he film coverage to protectiveness. 
After being spl'ayed the apples were suspended Oll Tacks (fig. 2). A 
yesse] of wateT was placed beneath each apple and in many of the tests 
a small quantity of tanglefoot was placed on tbe thread just ahove tbe 
stem. By this means any larvae that feU off of the apples or attempted 
to crawl up tile thread wm'e tra.pped. Yery few were caught in the 
tanglefoot but many reU off in the wat.er. 

Transferring the lal'vue.-MallY factors relating to the transferriog 
of the larvae were found to make for error in the results. There was 
often much yariation in the vigor and size of different larvae, even 
among those batchillg 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 t.han those hatching at mid-day or 
during the afternoon. The first larvae to batch from a given lot of 
eggs showed greater vigor thau those lo.st. to hatch. It also seemed 
t hat Jar,-"e hatching from eggs wbose development had been retarded 
by being placed in a room with" temperature of about 50° F. were 
less yigorous thau those whose development in the egg had been 
unchecked. In order to equalize tllis yariation in vitality, the lan'ae 
were transferrt!d to tLe apples in rotation. Five larvae were placed on 
the first apple, five on the second apple, fivc on the tbird, etc., until 
each apple of a series had five Jan'a.e. Tllis was t.hen repented until " 
total of twenty-five larvae bad been transferred to each apple. 

A finely pointed artists' brush, size No. I, was used for bandling 
the Jarvae. The brush was kept soft and flexible by moistening it 
frequently. Considerable care had to be exercised in ordm' te place 
the lan'a ventral side down on the appJe so that it could make contact 
with t he surface with its Jegs 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 Btandru'd number used. Special tests were made in which the 
number ranged from five to two hundred per apple. 

Lab(ll'a{Qry 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 au the north and west, 
The temperature of the room averaged approximately 72° F, but there 
was considerable variation ow.ing to the lact tbat 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 feU to about 60° F. soon after the 
larvae had been transferred. This probably was responsible for the 
much lower percentage of injury "aused to the apples of these series. 
The day temperature in Berkeley, where the tests of 1924 were per­
formed, commonly faUs 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 or 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 tbe 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 t.he apple 
to a finely atomized spray. This resulted in a covering of isolated spots 
ranging in size up to approximately two millimeters in diameter. Toe 
coarse coverage was produced by applying the finely atomized spray 
continuously until the drops that formed 00 the surface .of the apple 
were as la.rge 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 ill such 
quantit,y that Lnge drops eoUected and I":1ll dam) more or less irregularly 
over the apple. 

Pa.rticular attention is called to the fact that notwithstanding the 
technical manner in which the spraying \Va.'" donc, thf'l'e was considerable 
vadat-joJ] jn the cba.rsrt.el' of each type of ('overage on diffel'ent apples. 
This was especially true of the rrust anu ('oar;t::e ('overages. Sometimes 
the spots on the side of an apple W ('J'C mu('h larger than those on 
the hottom 01' top. ]n Born(' of th £' f ('~j5 it wa!' noled I'hat about 
two-thirds of the sW'face of an npplc was ('overed fairly evenly with 
dl'OPS of almost maximum size while tll(' remaining surfa('c had sean:ely 
morl' than [J, mist ('overage. 111 order to prev(,l1t drop . ..; from running 
off, it was 1l('('('Stiary to least' sOJU(, part!:' impJ'opcrly ('overed, Owin~ 

to a very !::ilight con.i ing of Ow;:.t, 01' pos~ibl y to some olL('1' condition of 
the sW'face, larger w'ops would collect on SOll)e »Pllles thaJI Oil otbers. 
On some then" was au appJ'{~cjab l c tend('u{',Y foJ' tJH.' drops to spread, 
resulting in spots more or less irr('guial' ill outline, TiJ is lack of uni­
formity in coverage was probably N~ponsible for much of l.he va.riat.ion 
in the number of larvae causing injury 10 apples ill different tests. 

Materials used.-Tbe lead arsenate used represenled I,wo makes : 
Sherwin-Williams and General Chemical C.oIlI !Jany. Both were 
powdered acid lead arsenal e (PbHAsO,). The ('ontents of two one­
pound commercial cartons were thoroughly mixed together. Analysis 
showed tills to coutrun 31.2 per ceni of arsenic oxide and 0.11 per cent 
of arsenic oxide in s<J luble form. The solubility (cst was made by 
placing a quantity of the lead arsenale in distilled water at approxi­
mately 76° F. for twenty-four hours. 

The spreader used for the fiLn "overage consisted of u mixture of 
casein and calcium bydrate in proportions of t.wenty-five per cent easein 
and seventy-five per cent calcium hydrat,e. TillS wa;; used at t he rate 
of one pound to one hundred gaJJ9ns of spray. The casein was g, readily 
soluble form and the calciuIll llyw'ato wa;; practically free of carbonates. 
In an instances elistilled water was used and the spm)' apl)licd within a 
few minutes after being prepared . 

Det.ennina1.ion of injury.-Two forms of injury were dist inguished: 
entrances and sting~, An entrance COl'l'cspouds to the term U worm" 
as commonly used in codlilJg moth writings. Ii refers to the injury 
produced by a larva that has bw-rowed 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 llJlS at,t.eUlpt.od to enter aD apple but 
because of the effects of poisoning or for other causes ceased hurrowing 
after making a slight pit in the skin or, at most" a small excavation iu 
the tissue of the apple. • 
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I t 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 t.he excavation before starting to burrow 
t.oward the center of the apple. The apples, therefore, were left sus­
pended for "ix days after the larvae had heen transferred to them. Ou 
t,be sixth day each apple was suhmerged in hot nitric acid to dissolve 
o ff the arsen ic. Tbjs treatment remover! all Irass and excremental 

Fig. 4. Left: apples cut into hnlvcs showing concli tion of spray covera~es just 
!:~~ic }~~d~~l~iB~lotv~td n~~.ic ncid Bolu l,ion . Right: t.he sa.me apples a ter the 

lUntcrial and , in addition, caused a pronounced discoloration at ea.ch 
entrance and sting, which greatly siulplified the task of determining 
injuries (fig. 4). 

An incision tlpproximately one-fowth inch deep was made unaer 
each injury. Any burrow that extended deeper than this was recorded 
as an entrance. Iujuries of lesser extent were considered stings unless 
the larvae were fOWld 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 t,hat a fairly large percentage of 
the stings recorded in following tables were so slight that they would 
have escaped notice on t he surfr.ce of a growing apple. Considerable 
care had to be exercised in collecting apples from trees in order to 
avoid the use of any ha,ing 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 aTsenic.-A simplified met,hod 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 cighty-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 wh.ile 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. 

Detennjnat.ions 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 OD any four apples to enable determination 
by titration. The amount of arsenious oxide, expressed in rnicro­
'nilligrams,' was divided by the total area of each four apples. The 
area was expressed in square centimeters. This gave the average 
number of rnicromilligrams of arsenious oxide per square centimeter of 
apple surface. The surface of each apple was computed by '"iug the 
average of the transverse and vertical diametel·s .. 

LARVAE ON APPLES SPRAYED WITH LEAD ARSENATE 

The studies reported in this p.aper compriae records of over fifteen 
thousand freshly hatched codling moth larvae. Of this number over 
twelve tho~nd 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. 

STUDtES MAnE rN TirE LA.BORA.TORY 

The results of tile most extensive single study are given. in detail in 
table 1. This study included tests of Beventeen different combination. 
of spray coverages and lead arsenate concen.trations. The table gives 

• One micromilligram equals o~thoWJl1n.dth or 0. milligra.m. 



'fABLE 1 

:lTLTS 01' PLACING l'wENTY-Fn"E FRESHLY HA1'CHED COUUNG MOTH 

LAnvAE ON E .... cH Of' TfIn.EE BDNDIIED NlNl!,'"TT-FOUn ApJ'LE8 

Lead ilf86l1ate, ftj (fl. to 100 gn!, 

_.v_"r"_' __ I __ ._t~r,_",_,_,,", ... _e_1 Coott!e ODvernlle r' ilm coverage 

Eo- F."- I I F.o-
~ Total ~~~~, StillgA Totlll ~ Stings ~ 

12 (') 
II " I 

II 12 
7 10 

" 
!1 " '; 
3 • 7 

" JO 
JO I· • • " " (.) 

10 " " (') 

11 13 " 
(.) 

• II IS ... (') 

• • , • • JO 

" • , , • 0 0 0 , , • -1---------
II 10' 73 " 11. " " '" 63 " .. 32 .' ... 10 ' ... .. HI.O '" ... .US ". 
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the number of larvae effecting entrances, thc nwnber 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 tweJlty~two larvae on unsprayed 
apples was studied in detail from the time of hatehing until entrance 
was made. In no case was it observed that a larva quit an attempted 
entrance and later started another. In tllls paper, therefore, it has 
been considered that the number of inj mies corresponds with th e 
number of larvae making themj ien injuries, for example, represent the 
activity of ten different la rvae. 

The following varietics of apples were used in the tests showp in 
table. 1: 

White Wint·er Pearmain; series 1, 2, 15. 16. 
Stayman Winesap; series, 3, 4, 8, JO, 13, 14, Ii', 18, 19,20. 
Yellow Bellflower; series 5, 6, 71 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 j,he first 
half of August. The apples were fairly large in sizc. 

STUDIES MADE IN THE ORCHARD 

The suggestion was nmde 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 tbis point, some 
experiments were performed wit h npples hanging in their natural posi­
tiollS on the trees. 

These tests were made the last week of .Iuly with Yellow Bellflower 
apples. The calyx cavity of each apple was filled with shellac and each 
was sprayed as beady as possible in the same mauner 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 hat ching elsewhere 
on the tree from reaching the test apples. Larvae that had hntched in 
the laboratory were taken to t he or(,hard 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. nt noon on the day that the larvae w'!.re tra::3-
ferred . The light was much more intense than that in the laboratory 
test s alt hough the apples selected were on tlle shaded sides of the trees. 
The more intense light and the higher temperature tended to accelerate 
the aetivit,y of the larvae, with t he result that a_ IMger percentage 
dropped from the apples. 
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TABLE 2 

RESULTS Ol<' PLACING TWENTY-fiVE FRESHLY HATCHED CODLING MOTH LARVAE 

EA(:H ON APPLES HANGING ~A.'.rORALLY ON TREES 

I Lead flT8elmte, 2 Ib, 1.0 lOCI gaL 

Series of [' I I 
apples .Mi81('()y~~~,~e! FjJmeOlTerag~ 

____ I Entrances I SUnJ!;~ i TOt!ll I Entrance~ I Stlll!,~ I_~I Eutral\ce- i SUUil!; I Total 

, I " I 2 20 I 8 I 3 I" I 6 [, i'O 
2 I 12 I 0 112 I 6 " 10 7 2 9 

: ! 17 0 [';" I '; '; ['! ,: ': I:; 
Tota.! 1--'-7--1-'-1--;--)--30--1 ~-1-4-1-1--H --h;-I-'-'-
Percell! I 62 .7 I 17! 66 7; 300 ! 11 .0_1 _~1 ' () ,I 31 () i 12 ,0 1 43 ,0 

Lead ~r~Hat e, 4. lb . to 100 Ind Check 

f;eri~of I" , ,-----~--- -:-------
IlpjJleH i C()ar~e cl>veruge I Film ""vero-ge ) l:n~I'rl\yed 

--;--1;"'( I 'i"e i" T"I "'i"~i"f i:~iT=IITI! l~ 
Tvtal !--11--1--'I-]-;;---li-~~--)-;;--r-;-j----,,-- --0- -,,-

Percent.. I 14 7 : 14 7 I 29.3 I 200 ,I 18 i j ;187 i 76 ,0 J 00 . 7&,0 

(I) Te~ts omitt,ed hecll.u!!e of IlcflidelJt~ or iusuffici~nt !arw.t. 

The following compa,risoll of the rcoults of the .laboratory and the 
orchard tests indicates that the spray may lJC sli~htly more effective 
under orchard conditions, althou~h the differences shown easily fall 
within the range of experimental error. 

TABLJo: a 
A CoMPARISON OF THE PEHCENT:\GEH 0'" LARVAE C.H~SING INJt'RY iN LABORATORY 

ANI> ORCHARD TESTS 

i~ _~a~r~:~~:_ ____ j _ Orcbard tellU! _ 

: 1· II 1utn! I ) 10tal IF nlTaJlCt}ll , HtulgJI Injury 1.lItrll.n~ I Hlm,.M, ID1 ury, 

~-I-- -- -- -- ~-I j--- - ~---------

J.-J.,... "''', , lb, ." 100.1 I gal.; 

Mletooveraae .. _."",. dS4 tr,G I 7{U! 62 . 7 1.1 86 ,7 
('..<IN'lIecovtuce .. ,-, _. ,_ i 3} 2 12_6 43 II 30 0 lUI '1.0 

Lead =;:~:-=" ~~'-lOO'! &3 .0 13 ,2 I 46_2 3l~O 12 .0 0&3.0 

pl~_or:mmlP." .. _ ..... ...) 54 q H,2 &L2 
eo.r.eCOqrace_ ........ ".! 24 ,0 Ui,Z ~.2 1'.1 14,1 :at .• 
Fnmco~............. 22,0 HI.O 41.0 2(1,0 18.1 ".7 
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VARIATION IN NCMBER OF INJURIES PER ApPLE 

Examination of table 1 brings out the fact that there was a wide 
variation in the results of the t.~ts. The numher 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 t.ime. The twenty-two apples 0:( 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 whieh fewer apples were 
used in a series. Other causes for variations have been mentioned under 
the topic, Methods and Techuiqup . 

RESULTS OF' SPECIA.L IXTE!1EST 

.Four facts that are quite contrary to what might have been expected 
are shown in tables 1 and 2. FirstJ 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 t.hat 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, increllS­
ing the concentration of the spray resulted in decidedly decreasing the 
percentage of larvae that succeeded in effecting entrances, whereas, it 
has been generally hcIieved 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; 

This is shown graphically in figure 5. 

StiIlifl. 
percent 

10.0 
IS.0 
17.6 
IS.1 

\ 

Tatal injury. 
percent 

67.4 
41.4 
41.6 
39.S 

Fig. 5. Graphs based on the da.ta. of table 1, indica.ting the protectiveness 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 tbe coarse, 
overspray and film coverages were about equal in protectiveness up to 
the four-pound concentration. Above this concentration the film 
<'Overage gave gTC!l.ter protection. In all instances the mist coverage 
gave the poorest protection . 

• The graphs represent the average per .... totJe of larv"" e"";';' iDl"'l to 

2
1 .. sprlly.d witb coocentrati_ of two, four and eigilt pouoda. to ..... Iiuai:Ired 
10D1!. Theae were the only ...-tratioao in wbiob testa were ~ with all 

our type. of 00""_. Tho mist and o_ .. y ""-" _ omitiad in "'" 
_balf-pound eo;ocentration and tt.> <JVeI'I!fty eo_ omi~Hd in the .~ . . 
pouIld concentratton. .. . 



May,1926] Smith: Lead Arsenate in Controlling the Codli1t.g Moth 421 

TABLE 4 
SUMMARY OF THE DATA INCLUDED IN TABLE 1 

Coverage and concentration 
Entrunees, Stingrl, Total injury, 

percent per-~nt peroont 

Lead arsenate, Y2 lb. to 100 gal.: 
Coarse coverage ..... 57.6 7.2 64.8 
Film coverage ... 55.6 5.8 61.4 

Lead arsenate, 2 lb. to 100 gal. : 
Mist coverage ... .. ... 68.4 6.6 75.0 
Coarse coverage .... j 3l.2 12 .6 43.8 
Overspray coverage ... 

I 

34.6 14.4 48.9 
Film coverage ... .... . ....... .. 33 .0 13.2 46.2 

l.ead·arsenate, 4 lb. to 100 gal. : 
Mist coverage .... M . O 11 .2 65.2 
Coarse coverage .... 24 .0 19.2 43.2 
Overspray coverage ... 

I 
23.3 19·.8 43 .0 

Film coverage ... 22.0 19.0 41.0 
Lead arsenate, 8 lb. to 100 gal.: I 

Mist coverage . . I 49.8 12 .2 62.0 . ... . J 

Coarse coverage .. .. 
J 

1':; . 6 21.8 37.4 
Overspray coverage ... 15 .6 18.6 34. 2 
Film coverage ... . .. .. . .. . ... . .. ! 10.2 22 .2 3'2.4 

Lead &1'SeD.ate, 16 lb. 1.0 100 gaL: 

I 
Mist coverage ... . -... 29 _2 16.4 45.6 
Coarse coverage ... .. 9.4 19.0 28.4 
Film coverage ... ······ 1 2.3 15.8 18.0 

Check, unsprayed ... ... .. i 790 .4 79.4 

In the course of the experiments special attention was given to the 
behavior 0; the IMvae, with a view to finding explanations for tbe 
resulta obtained. 

Factor8 relating to the protectivene8s of the mist coverage.-It has long 
heen recognized that some larvae succeed in effecting entrances into 
sprayed apples by burrowing through the areas between depnsits of 
lead arsenate. Presumably, the larger the depnsits, the larger the 
unprotected areas between depnsita and the more room for larvae to 
enter unharmed by the poison. Owing to this conception the idea has 
heeome widely aeoopted among authorities on spraying that, to be most 
effective, ~y should be applied in such a manner II.S to cover the 
applea of .. ·tnie with fine particles of mist. The assumption apparently 
ball been· ."t.Iut.t. the resultant small deposita of poison would be so elooe 
togei;h« that there would not be room for larvae to enter between 
~; .~. ill, tb<! .. 1Uist coverage on appl!ls has been regarded .... prac. 
~;!:iu!~wit to barillB them co~ .by an unbroken film. As 
abo'lnl i?r ~ atudiee, .trus IIII81IUlption is seriously in enor. When 
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the deposits of lead arsenate were from one-half millimeter to two 
millimeters in diameter, the latter repre.enting an area about the size 
of the head of an ordinary pin , there was ample spacp for larvae to 
ent,er between the deposits. Tllis is well illusb·"ted by the phot.ographs 
in figure 6. The photograph on the left shows an apple natural size, 
having a fairly typical mist ('overage of lead arsenate. A freshly 
batched 'codling moth larm was pbccd on the apple and observed until 
it started to hurrow tlu'ollgb the"skiu. A COlnlJ10D pin was then inserted 
in the side'of the apple close t~ 'he larvn. The microphotograph was 
then taken. The head of the pin mea;ured slightly less than two 
millimeters in wamct,er. 

Fig. 6. Left: an apple hnving &. misl <'over[lgc (If le:ld nrfolcnaLc, with a':'pin 
inserted m lhe side. Right: microphotofraph of the same apple, sbowing !l. freshlv 
hatched codling moth larva in the act 0 burrowing into the apple. . 

Writers on codling moti, conirol, wisbing to emphasize the necessity 
of having apples thoroughly covered with spray, h.,ve s.ometimes stated 
that the larva makes a bole ahout the si.e I)f .. pin head on ent.ering the 
apple. The hp.ad of an ordillfLry pin, however, is more than twenty­
five times the arca of the entrance hole of " newly hatched larva. The 
question may be raised whether the larva doc'S not enlarge the hole after 
entering tbe apple. ,ucb behavior was not observed in any of these 
studies, neither were eviden""" of it found in examining appl ,,~ in tho 
orcha.rd. 

Whe!'e the deposit. of lead arsenate were very minute, the larvae 
appeared t.o burrow through them or to dig them away without being 
affected by the poison. This 'V88 especially the casc 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 tbat the.,' did )]ot stirnula! e tbe tlllgmotactic 
proclivities of the larva(·', as did the large deposits of the coarse and 
overspray co\·cragcs, 

F~ctors rclalin(l to the 7J1"oleclivencsR of the coarse coveragc,-Thc laJ'ge.~t 
cl~DoSlts of I he co.arse ('overage were f1pproximate l.r eight millimeters in 
dlallH'ter. Notwithstanding the tnuncrous large interspaces which 

Fig. 7. An overspro) coveruge of lelld :Lr~eU!l.t,e iu concentration of two VQunds 
to OtiC hundred gallons of water . The urrow points to an entrance made thl'ough 
the upper pn.rt ot II deposit . 

appeared 1.0 be relatively unprotected, less I han one-half as many larvae 
entel'od the apple, with coarse coverage as entered those witb the mist 
eovel'age. There seemed to be four reasons wby the coarse coverage 
gave so Dluch better protec!jon than theoretically might have been 
expected. FiJ'st , the larvae exlllbited a tendency to rest upon and 
examine tbe deposits of lead arsenat.e and it seemed probable that some 
larvllC became poisoned incidentally in doing tlus. Sceond, the rela­
tively tlllck edges of the large deJlosit~ stimulated the tlllgmotactic 
reactions of the larvae, wIll 'h rcsu.lted in many of thum atterupting to 
dig through the edges and th~ 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 
surfa,,,, actually covered \I'ith poison thaD the apples with the mist 
coverage. 

] n case of ihe coa.rse coverage of -one-half pound to one hundred 
gallons, lllall)' entrances wcrp made directly t.hrough:deposits of poison. 

Fig 8. Microph(ltogru.pb showing where a larva. had burrowed through a bClwy 
deposit of lead :lrseuatc. 

With the concentration of two poundR to one bundred 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 bad burrowed 
directly througb 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 W&B evidence 
that tbe larva was alive. After taking the picture the burrow was 
opened. The larva bad made a typical excavation under the skin. It 
appeared to be unaffected by the poison but DO special ob6ervationB 
were made to determine this point with certainty. The probable 
explanation of such occurrences is discussed near the close of this paper. 

FaWlr8 relating to ih£ protectiverieu oj the overspray coverage.-The 
distribution of the lead aI'SCDS in case of the overspray coverllge was 
much more irregular than that of the coarse coverage. Wherever II 



May,1926] Smith : Lead Ar8enate in C01ltroLling the Codling Moth 425 

large drop of spray ran down just before spraying was stopped, the 
path of the drop presented a relatively large area 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, t.be oversprayed apples 
appeared to be less effectively covered than tbose of the coarse coverage 
yet the protectiveness of the two coverages was about the SllIDe. This 
fact seemed to be due in part, at least, to three factOl'S: first, it was 
noticed that some deposits of the overs pray coverage we.re larger and 
thicker than allY 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 rail down . 

TABLE 5 

RESOl,TS OF TESTS WITH APPLES OVERSPU_HED, AND WITH --::'APl'LES [HEAYlLY 

OV£RSP llAl'ElU ANI) THEN LI GllTLY SHAKEN 

\ l .. d",~>ill"."b.'oIOOgo'-
Allples hen".-jly OVer!!llfnyed and 

Typical over~pfny CU"efuge lightlyallaken 
SeriP.8 of apple!! I---r--.-~-----C---~~--~----

tranCt!lll S~inp Towl peraQ.clD. U'auce!I Slinp Total persq.lml. 
En- mmg . A3!0~ En- Immr. As,Ol 

----- 1---1.-----=---1--- ------------------

Total number._. 
Pm-oont,__ ....... _ . 
Avenaae_ 

6 4 10 II 3 H 
7 7 14 14:1 17 
6 -4 10 8 5 13 
8 -4 12 10 8 18 

----------1- --------
27 19 ~6 c 17 ~ 

27 .0 19 .0 460 tlO 17.0 60.0 
S." 4.2. 

The third factor has been a matter of considerable speculation. 
Some persons have believed thai an ovcrsprayed apple is covered by a 
very thin film as " result of numerous drops running down and it bas 
been supposed that such a film would be effective in preventing injury 
hy codling maUl larvae. In order to secure information on this, fo ur 
apples were heavily o\'ersprayed by applying twenty cubic centimeters 
of spray to eacb. Immediately after spraying, the apples were lightly 
shaken in order to cause the larger drops to run off. Another four 
apples having .. typical overs pray coverage were used as checJ"..,. 
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 avemge number of mierornilligrams of arsenious 
oxide per square centimeter of surface for each group of apples. The 
results of the test are sbown in table 5. The data indicate that if 8 
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film of lead arsPllate formed on t he paths of tbe drops wbich ran off, it 
was of slight, effect in protecting the apples. About one-half as mueh 
arsenic occurred on the apples heayily sprayed and shaken as on those 

typically oyerspraycd. 
The co,'erage ]'esulting from overRprayillg and sbaking probably 

approximates that resulting from over.praying apple trocs in the 
orchard when wind is blowing. The experiment, indicates that almost 
balf the value of the spray may be lost under suell a condition. 

Facl.ors relating 10 the prolcctillC1W8S oj lhe .rUnt C()verafle .~So much 
empbasis has been placed upon "lack of thoroughness" in applying spray 
as a leading cause for failure to ('ontrol tbe ('odling 1110th that a great 
many persons have comC' to believe that ('omplctc coverage would result. 
in complete protection. Vlbcn no oliw!" explanation for a Hwormy" 
crop of apples has seemed pIa usible, the sprays being properly timed 
and the applicatiom being made ,,,ith exceptional tllol·Ollghness. it has 
been suppo.ed that tbE' poOl' control was due to the lan'o,' entering 
between deposit; of poison. Spreaders and the film type of cO\wage 
were brought into prominence on the theory that if the dpposits of 
lead arsenate ('ould be eliminated a.nd the apples ('OVf'J'ec! witll a cOtn­

plctf' film, much hetter prot.ection would result . 
Examination of tables 1 and 2 show clearly W,at other f,,('tors t.han 

completeness of coverage are involved. With the concentrations of 
one-half, two and foW' pounds to one hundred gallons, about as many 
larvae caused inj ury through the film coverage as through the coarse 
and overspray coverages, The film cove.ragf> of eight and 'ixtt."ell pounds 
to one hundred gallons, Loweyer, resu}trd ill fewer cniranc:cs than tbe 
spotted ("QvcragC'S of t he saDIe c:ollrcnLratjolls, 

The most important factor ill the pl'ot.cct.ivencss of t he film ('ovel'age 
is tbe thickness of the film . The new!y hatched larva dib'" 01' burrows 
through tbe "pple skin; it docs not literally cat through. Bits of skin 
are cut off wit.b the mandibles and cast ll.,idP. Very little, and some­
times none at all, is swallowed ("".., page 4-IG). If the film of lead arsenate 
is thin, as was the case wjtb the lower concentrations, Inany larvae 
will not swallow any poison or nqt enough to kill them. The thicker 
the coating of poison, tbe greater the probability of the larvae obtaining 
lethal do;;es of arsenie in diJlging through the ,kill. Further evidence 
on this matter is given in table 8 "Dd 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 ooverages: first, 
tbe lead arsenate of the film adhered firmly to the surfaces of the apples 
and this minimized the possihility of the lArvae gathering up particles 
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of poison whiJe crawiing over the apples; second, the film coverage 
presented no irregularitieo ,,·bieh would tend to stimulate the larvae to 
bite against the poison as apparently oCCllITed in case of the spotted 
coverages_ 

ApPLES WITH T\vt) ApPLICATIONS OF SPRAY 

AR a possible explanation of the relative ineffectiveness of t.he lead 
arr:;cnatc llJ protecting the apples in the foregoing tests, the suggestion 
was made that perhaps thf' ~r>otted ('ovpragcs wouJd have given better 
re~lIJts if two appliraiions of Rpray had been applied. It was thought 
that the drops of the second applil"ation might form on the uncovered 

TABLE G 

RESU1.TS m' PLA("I~ G TWE"T1'pFl,T, I~AR\"AE EA{,H 0:-': ApPLES RECEIVLNG Two 
ApI'LI{'II.TIONf.; m- SPRAY. (For lhe purpo~c of comparison, results of single 
Rprny appijcati(llls, tukcn from tuble I , ar(' also included.)' 

L{'nd nr~ClJntl.', \) lb. lO 100 gal. 

~ \ ~ ~ ~ ~.g"i~~ d~.~=~.~'Oi 
] ~ ~ ~ ~ ~ ~ ~ ~ ~ w ~ 
" 12 18 4 7 ~-;--6-1--;--.---.---;;-
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-----[.- ----,--------------------
I'eroenlqf' tJf lahllUl 

cauaiu& injllry in tcaUl 
or one IlppliCilotion. 
(Table I.J 
Lead anMInat.e: 
21b . t.o lOOp!. . _ ... 611 4 II 6 760 31.2 12 II {J .8 S~, 138 462 33 0 13,2 4.e .2 
4. lb. 1(1 lOOpJ.... MOil 2 M:1 24 0 192 432 233 1'8 43.0 220 190 41.0 

Bpaces left by the first application. In order to secure information on 
this point, several tests were made in whicb apples were sprayed twice, 
the second application being applied aller the first had dried. The 
calyx cavities were filled with shellac and the apples suspended as :n 
previons tests. Larvae were tJlan place on the apples. The results of 
these tests arc given in table 6. The two applications of spray at two 
pounds to one hundred gallolls gt<ve about the same protection as the 
one application of spray at four pounds to one hundred gallons shown 
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in t"ble]. "\I'lllIe 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 "·ere about as large as those))f the single application 

Fig. 9. Left; apples with one application of spray. Right: the same appleg aft(,!J' 
a second appHcation of spray bad been applied. 

(fig. 9). It appeared that the principal effect of the second spray WM 
that of doubling the thickness of the deposits of the first. Observations 
ill orchard spraying revealed the same tendency of the drops of the 
secOnd and third applications to ~llect on the deposits of the first. 
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RATIO OF EN-TRA.'IIOCES 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 sil>.ieen 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 tbe best basis for judging tbe efficiency of orchard spraying. 
A high proportion of stings in relation to entrances indicates a high 
percentage of larvae killed. 

QUA.I'Il'l'ITY OF LEAn ARsENATE IN RELATION TO PROTECTION 

Concentration of spray in relation to l1rotection.-.I\.s. 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 cont,rol. Aoalyses that have 
been reported bave suggcsted thal 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 applc was sprayed all over with 
" concentration of two pounds to one hundred gallons and anotlier 
sprayed in the same manner with a concentration of four pounds to 
one hundred gallons, the uncovered intcrspaces on the one would be 
just as large and as numerous as on the other. No larva, presumably, 
would be able to go through" 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 li;raphically illustrated in figure 10. It will be observed 
that t he 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 t he 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 injur:r for the four types of spray eoverages. 
The average percentage of injury ill relation t.o concent.ration is shown 

TABLE i 

Sr.:MM.o\nr OF DATA FROM TABLE I , SHOWl1W THE REWTJON O}-' LEAP AnSENATE 

CONGENTR .... TIOr-i TO PERCEl'I"TAGE OF L .... nVAE CAUSING hUUlty 

J_d IlfMll\ale, lA'..a.d flrl!'WlLIC. Lettd an061l8t4l. Len.d D.T!'euat.e, 
2 lb. to 100 gal. 4: lb. 10 100 gilL S lb . to 100 gal. 161b. to 100 gal. 

Type of coverage ~ ~ f 
~! ~! ~ j l ~ 1 ~ 
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Fig. 10. Curves based on data. of table 1, showing relation of lead o.recne.te 
concentr!ltion to the pcr(':~ntage or larvae causing injury. 
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by the cW'ves in figure 11. It will be not.ed by the averages tbat 
doubling the amount of lead arsenate resulted in eacb case in reducing 
the number of entrances by approximately eleven per cent. Increasing 
from two pounds to fo ur pounds reduced the total injury 5.4 per cent; 
mcrea~lllg from four t{) eight pOlmcis reduced tbe total injury 6.9 per 
c~nt i Hlcreasmg from eight to sixteen pounds reduced the total injury 
13.0 per cent. 

LEAD ARSENATE CONCENTRATIONS. 

lo2~ 100 4 100 8 100 00 - - 16-1 

I 90 
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'-..... 
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Fig. 11 . Curves based on data of table 1/ showing avera.ge percenta.ge of 

larvae cLLUBiDg injury through mist, COl:l.rSC1 overspray and film coverages in rela­
t ion to lead arsenate concentration. 

1'hick""8S oj lead arsenate deposit in relaii011 to protecti01I.-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. Tbe data, togetber with percentages of 
injury, are' given in condensed form in table 8. In all instances tbe 
percentage of entrances varied inversely with tbe amount of arsenic 
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per square centimeter, while up to the point corresponding to t he eight­
pound concentration, the percentage of stings varied directly with the 
amount. of ar5emc per square centirnet.er. 

Although tbe film coverage gave slightly better protection than the 
coarse coverage, the anlGtmt of arsenic per square centimeter was about 
one-third that of the coarse coverage. TillS indicates that tbe 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 micronilUigrams of arsenic 
(As,03) per square celltimeter resulted in 2.3 per cent of entrances !With 

the film coverage while seventy-seven and one-half micromilligrams in 
case of the coarse coverage resulted in 9.4 pel' cent of entrances. By 
extending the curves in the first grapb, it appears that complete protec­
tion against entrances would be secured at about tlllrty nllcromilligrams 
per square centimeter with the film coverage and at about one hundred 
and fifty nllcromilligrams with the coarse coverage. Similarly, extend­
ing the curves in the seconn graph, indicates that complete freedom from 
injury would result at about forty micromilligram8 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 stin!,'!! began to decrease at approxi­
mately fourteen micromilligrams, whereas, decrease.ill stings in case of 
the coarse coverage began at apl1roximately thirty-five nllcronlllligrams. 
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TA.BLE 8 
A~RAOE AMOUNT OF AnSENIO US OXIDE PER SQUARE CEJli'TIMETER OF APPLE 

SURFACE AND PERCENTAGES 0 ... INJURY FOR TIlE TESTS SHOWN IN TABLE 1 

J __ d arsentlle 
con08l1tral iO!l 

Per cent of injury Per Cf! nt. of injury 
mmg. AkOl mnlg. AeoOl, __ ,---_-, __ 
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Fig. 13. Curves baaed on tho data. of table 8. showing relation of quant ity 

of u.rsenioua oxido per 8Quare centimeter of apple 8urface to percentage of larvae 
causina injury. 
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LARVAE ON APPLE'S DUSTED WITH LEAD ARSENATE 

Scores of orchard experiments have been made in various parts of 
tbc country to determine tbe relati,'c merits of applying lead arseuute 
as a dust and as a spray. The experimental data accumulated have 
been 50 erratic that. the question of spraying versus dusting is about 
as unsettlcd now as jt was tcn or twenty yeurs ago. The removal of 
tbe dust by rain and wind is doubtless an in"portant fa('tor in the 
efficacy of the dust treatment. It seems almost incredible tbat in a 
great many I'eports of orchard cillstiLlg expmiments no mention what­
soever has been made of the possible influence wind and rainfall may 
have had On tbe ,·esults. 

STCDIES ]\1.-\0£ Do' THE L.·\IIOJt~'rORY 

III order to obtain mOre illfoJ"DJlIlion on t.he cffiea.ry of the dusting 
method of codling moth cont",l, $CVen series of apples were dusted 
uniformly with a dry mixture consisting of ninety per c('nt flowers of 
sulfur, approximately two-hundred mesh in fineness, and ten per c('nt 
lead arsenate. The material was applied wi th a small hand duster. 
The calyx cavities of the apples were filled witb sbellac and the appIL'S 
suspended as in prcYious tests. The covering of dust waS such as to 
be deridedly "j;;ible to the unaided eye. Certain of lhe apples were 
blown against strongly witb the In'oath; others were lightly sprayed with 
distilled water unti l drops ran down over the whole surface of each apple; 
and on others the dust covering was left undi"tw-bed. Twenty-five 
freshly hatched codling moth larvae were tben transferred to each apple. 
The results of the tests arc given in table 9. mowing against the apples 
and spraying them greatly rcdueed tbe protectiveness of the dust 
covering. It should be mentioned tbat t.he dust was not applied to 
tile apples witl, force. It was foulld later that when dust strikes the 
apple with considerable force, it adheres ruore firmly tban when it falls 
lightJy upon t.he surfa.ce. 

STUDIES MADE IN THB ORCHARD 

Tests On tbe efficacy of the dust treatment were also made with 
apples in lheir natural positions on the t tees, similar to the orchard 
spray tests reported in table 2. The results of t.hese tests, as shown 
in taLle 10, agree clooely with those made in the laooratcry. 

The dust coverage when uUliisturbed was much more effective in 
comlJ'lroon witb the spray than was expectL-d. Less than one-half as 
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TABLE 9 
RESUL'I'S OF PI..ACINO TWENTY-,FIVE LA_RVAE EACH ONTO APPLES DUSTED WITH 

LEAD ARSE}O;ATE 

SeriesolllPpJes 

Dust, 
uudisturb(!d 

Applellblowu 
u.gniust 

Apple8lighlly 
spra.ved Check 

~ B 
~ ~ ! ~ ! I ~,~ ! ~ 
• ~ ~ ~ ~ 00 ~ ~ 00 ~ 

--- --1--1- - - - -----1---
" 7 6 13 II 2 ]3 18 I 19 

10 5 3 8 12 1.2 18 2 20 
11 12 16 16 16 16 
13 13 15 17 21 · 21 
14 14 16 16 11 11 

6 10 13 Ii' 18 
2 .j 12 2 I~ 17 0 17 

Total number 
PereenL ... 

I----~-I----,____---
.... 23 2$ 48 53 17 70 92 !I 101 127 4 131 

13 I J.t 3 27 5 3(J? {I 7 ~O 0 52 6 .~ 2 Si. 7 72 6 2 3 7~ . 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 hlUl(lred gallons of water. Observations on the beha\·ior of the 
larvae indicate tbat the reasons for the greater protectiveness of 'the 
dust are: fu'st , Lbe larva is more likely to gatber up and swallow particles 
of poison on the dusted apple tban on tbe sprayed; second, tbc dust 
accumulates on tbe spinneret and on other parts of the head and body, 
whicb greatly impedes tbe activity of Lbe 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 ]0 
RESULTS OF Pt.AC1~G TWEtIo7Y-FlVE L.'RVIt.E EACH ONTO DUSTED APP1.ES R.WGING 

N.\TURALLY ON TREES 

Dutlt .J,. pples blown Appiell ligbtly 
Check undillt.urW Illlli~t aprayed 

SarM.>. or apple. ~ ~ ~ ~ 
! ~ ~ :s ~ ~ 

~ ~ ~ ~ ~ ] 
OJ al f'. ~ 

., 
'" '" ~ I- '" '" l-

I-- - -- --, 13 " 3 " " 0 .. 
II 13 " " 18 0 18 

• II 12 16 0 16 

• 10 12 , 
" 20 0 20 

I-- ----r--f--
~rol.al Dumber .~". __ ..... IS 16 " " 16 " " 8 " " 0 " Per oeuL-........ ~ .... _w ...... 13 " " 31 " " " 8 · M " " 
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seems especiaily to frustrate the larva in this operation. If the dust 
coating adheres firmly to the surface of the apple, however, the larva 
is Dot appreciably inG'OD\'enienced. Apples which had a heavy firm 
covering of road dust were entered by larvae just as readily as apples 
having no dust covering. 

LARYAE 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 hilS lJeen supposed that many larvae become poisoned by 
feeding on sprayed leaves before finding'apples. The foJJowing labora­
tory studie8 were made to obtain further informat.ion on t.his subject. 

Fig. 14. Cuttinp 0/ apple branch .. ready ror 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 ta~en 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 WIlS 

fastened to each cutting by diagonally clipping off the apple stem, 
covering it with glue and then finnJy fixing the cut end to the bark 
with a small insect pin. In other t.esta the lea"ei were left unsprayed 
and sprayed apples were fastened to the barle. The calyx cavities of 
the apples were filled with shellac. The coarse coverage of I ad 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 dc,tance on each cutting in order t.o 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 I i 
SROWING THE REsm.TS 010' TRANSFEItRlN'G TWENTY-FIVE LARVAE E. ... CH TO CUTl'INGS 

Jo' ROM THE GROWIN G ENDS OF ArI'LE BR:I.NCHES TO wwcn APPLES WERil ARTl­

FIt'!lA.LLY A'1TACHED 

Live Live Live 
'I'n:atment Cut ting larvae Illr\'ue larvRe 

in in jn 
apples leaVe!! 
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feeding 
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RELATH-E VAL UE OF SPRAT ON LEA.TES AND ON APPLES 

Tho relative value of spray on the leaves and bark, and on tbo 
apples is best indicated by the nwuber of live larvae fo und at the end 
of I,he t.hird rial' after transferring. These data are summarized in 
table 12. A comparison of the concentra6ons of two pounds t,o one 
huucirNI gaUous, shown in columns three and five, indi('ut.es that, more 
m'Tae were killed by the spray on the leaves and bark than by the 
spray on the apples. Tho ext,cnsivencs. of injury t.o the leaves and 

TABLE 12 

SUMM ARY OF DATA OS TE~TS W1Tfi CU'ITlNOI:; FllOM GnOWIN"G E NDS Qi.' ApPLE 

B'!A..NCHES 

Le!i\'eI! bud bark I' prll.yl'il .... it h ieMI9r!lellilte lend Ilfl!e-unle 

1

'-'ro PPIClt lll'rS.Yed 

ul;~::'ed 1-----,-------,---------
j.2 lb. to HIO gal. 21b. I" 100 gal. 4 lb. to 100 g.'I/ . !! lb. to 100 gJll. 

LJve larvSI;' in DVplel! iJ !! 31\ D 22 .. )3 6 2-4 D 
1_",ewvaeillll-teuu _ J28 .8 .. 8 08 80 

Live laT\' j,le ill leaves """f--'-"-'-i,--'-'--I--'-'--I---'-'-+--'-"--
3" '" 38 ' 

stems, however , was very much greater than that which occurs under 
orchard conditions. Examination, for example, o( eight branches on 
which "'ere 4744 leaves and si"icen apples, on a t ree SO bad ly infested 
with codling moth that there was an average of twelve injuries per 
apple, revealed only three feeding b'rrrows in leaves and stems. This 
examination was made on August 22. It is believed, therefore, that 
only limited importance may be attached to the laborato'')' tests as 
regards tbe relative value of spray on leaves and on fruit. 

II is espocially important to note that increasing the concentration 
01 the lead arsenate in sprayipg the cuttillgs resulted Ul decidedly 
increasing the percentage of larvae killed. Two pounds to one hUlldred 
gallons resul.ted in thirty-two per cent live larvae and lour 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 otJtain further data on the relative protect~veness of 
dll'fercnt t,ypes of spray coverages and different lead arsenate concen­
trations l and also to secw·c further information on the manner in which 
codling moUl larvae become poisoned l a number of studies were made 
ill which freshly hatched larvae were placed on sections of glass treated 

J.'ig. 15. Sections of glnas sprayed and dusted with lead arsena.te, on which 
freshly hatched larvae were p\o.ced. 

with lead arsenate and thence transferred t.o unsprayed apples. Ordi­
nary window glass was cut into sections three inches by fifteen incbes 
in size. A piece of thread was fastened witb scaling wax to tbe top 
of each section. Some of the sedious 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. Tb dust, was a mixture of ninety per cent 
sulfur and ten per cent lead arsenate, the same as used in the test 
with apples. The sections were suspended over saucers of water and 
freshly hatched larvae placed upon them. In each case the larvae 
were l)laced near the middle of the section, half being placed on one 
side and half on the other. Mter j'ruoaining on the suctions for periods 
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TABLE 13 
RESULTS OF TESTS IN WIDca L ARVAE WERE Pu.CED ON SPltn'ED AND D USTED 

SECTIONS OF GL,t-58 .-\h~D LATER TRANSFERRED TO UlIo'TREATED APPLES 
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of two, three and lour hours, the larvae were transferred to untreated 
apples. Subsequently, determinations were made 01 the number of 
entrances and stings on the apples. 

Fig. 16. Graph based on the datn of table 13. indicating the extent that 
freshly hatched IMvae were able to injure apples after crnwling over sections of 
glass sprayed and dusted with lead arsena.te. 

Complete results of the tests arc given in table 13 and a swnmary 
in table 14. Tbe 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 a!.>out the same results. 

TABLE 14 

SmoUo.aT OF DATA ON TESTS wnll SECTIONS OF GLASS) Co~fPILED FROM REsULTS 

SHOWN IN TADLE 13 

Le8d anten"te. 
, lb. w 100 cal. 

LeB.d a.r~mnte. 900/,,- 10"(, !tuUm· 
Sib. to 100 gal. lead utge.nalL dWlt 

Cheek­
untrealed 

Tot.allnjury- TotAl injury- To"'\ 'm)\l.1'Y- Total lUjuey-
Type or cove.rare ~ cent per Gent per cenL per cent 

I-A-,-"'-n-' -I-'-A-'---'~~B-'-='I' B' ~_ll_'_ 
llietcov""'_ ... _ 86 f 30 3 24 7 33 7 
Co.neOOYe'ap ~ " R zo a 8.5 13 2 
FUmco~ ~. If. 6 20 6 II J )88 
DIUi (lOvenp._. 8 au' 
Cb~k __ ~__ -is: 54! 

--.1-------- ----
AT ......... ~ 10.7 Ii 0 133 t2 6 83 I 11" ol$ S 5t 8 

I Peroen .... of injury baled on the number of larvae placed olllbellOOtlona . 
• Pan.nt.ueol.lnilllY butd ou the l1\U1wof 11lT\'1I.e uiuaferred rrom tbf!.ectiooa to the apple •• 
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Seyen per oenl. more larvae became poisoned on the sections spra.yed 
with the eight-po'md concentration than with I.he COl1<lentration of t.wo 
pounds. The explanation for tJtis result, the author believes, is that 
the thick deposits of the concentration of eight pounds to one hundred 
gaUons st.imulat.ed the larvae to bite against the poison while this 
thigmotactic reaction was brought int.o play to Jess extent with the 
thinner deposits of the lower c'Oncentration. About the same per­
cent..~}.ge of larvae became pojsoned on the dusted scctjons as on those 
having the Coarse ('overage of lead arsenate at eight pounds to one 
hundred gallons of water. 

CALYX SPRAY STUDIES 

Limited sturues were made for the purpose of obtaining information 
on the ~fficacy of ie-ad ars('uate in preventing the entra.nce of larvae 
through the cal),c"" of apples. Yellow Bellflower apples were used in 
the experiments. At the time lh(> tret'.s were in bloom) ('ertain branches 
were tagged and the blo"",ms sprayed indi\'idually by means of " small 
bull> atomizer. In order to pve lmiform treatment to o.ll blos.,oms, 
the tip of tile atomizer was held approximat.ely two inches directJy in 
front of each calyx and four full aspirations made on Ow atomizer. 
Tbis resulted in a finel.)' divided spray striking tbe calyx with force and 
in sufficicnL quantity that some of the spmy ran off the sepal,. In 
case of the mist spray, the t ip of the atomizer was held six inches from 
the calyx and the same nmuber of aspi rations made, but the spmy 
reached tbe calyx only as floating mi.t particlos. 'The following treat.­
ments w{,re madt": 

Lead arsenat", 2 lb. to 1 00 gallons of wat.er. 
(I) Full bl08S0m, forcefu l spm)'; applied before petals bad faUen. 
(2) Calyx, forceful spray; applied just after all petals had faUen. 
(3) Calyx, forceful spray witb casein-lime spreader added at the 

rate of one pound 1.0 one hundred gallons of spray; applied 
just after all petals had fallen. 

(4) Calyx, mist spray; applied just after aU petals had fallen. 
J.R.ad arsenate, 4 lb. to 100 gallons of ", .. ter. 

(5) Calyx, forceful spray with ea.scin-lilD" spreader as in No.3; 
applied just .. fter aU petals had fallen. 

The last week of July I.he apples that developed from the treated 
blossoms were picked and taken into the labor .. tory. Each apple was 
cut transversely into portions of one-third and two-thirds, the one-third 
portion being the blOSBOm end . The cut surface of the blOl!BOm portion 
Wall placed on the bottom of a saUter and a small quantity of water 
placed in the saucer (fig. 17). Ten freshly hatohed larvae were then 



May,19:!6] Sfnith: Lend Ar,genate in Controlling the Codling Mot1, 443 

placed inside the calyx, just under the sepals. Four days later the 
~arts were removed and cut vertically so as to clivide the calyx cavities 
mto halves. Records were then made of the injuries. After this the 
sepals were cut off.'nt tbeir bases and till·own away. By use of a sharp 

Fig. 17 . The blossom ends of apples placed in !Hl.lIcers containing u. small quantity 
of water for calyx spray studies, 

TABLE 15 
RESUl.<TS OF CA,l.YX S P RAY TESTS IN WIIlC" TEN LARYAE WERE PLACED IN EACH 

CALYX CAVITY 

Number 
of tat Tref&tment 

.Full bluuom; lead atl>eIl.le. 2 lb. 
to 100,al. 

Calyx; lend Ilrlll'luate, 2 lb. to 
100 pL .. 

Calyx: lead lueeDate, 2 Ib, to 
100 p.1 . and IIpreader .............. :: .. .. 

Calyx: mist; lee.d arSOUllte, 2 lb. 
to 100 pi. 

Ql.lyx:; I~d IU'IIeUate, -4 lb . to 

100 pI. and ~JJrea.dcr ...... . 

Number 
or 

CII\YOOII 

10 

" 
11 

" 

N umhcr of A vefage micrornilligTllnlll of 
A!t!O. per ea1Yl: cup 

and t'avity 

Outer Inner Outer 
Average 

Inner IJeT calyx 
cUp!! '"'" CUll!! O!t.vity 

- -----

" OS 32 

67 " ... 
.. , i .O '" 
10 06 ... 

20. 1!L3 " .3 

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

• Un£onunaleiy, the datu. on the injury in tests 1, 2, Md 4, were accidentally 
de8troyed. 
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arsenaj,e is plneed in tbe calyx cavities by different spray methods, a 
mattei' that has been widely discussed during tLe past quarter century, 
The mist spray showed less than one-fifth as much arsenic per calyx 
cavity as lhe forceful spray. Almost twice as much arsenic occurred 
in the calyx cavities sprayed witb lead arsenate and casein-lime spreader 
as in tbose sprayed onj), with lead arsenate. In applying the spray 
wi thout the spreader it was noticed that there was a marked tendency 
for lbe particles of spray to bound off or to collect into drops and run 
off witbout wettiJlg the calyces. Spraying before the petals bad fallen 
resul ted in about one-third less arsenic per calyx cavity than spraying 
after tbe petals had fallen. 

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

STUDIES O~ THE BEHAVIOR OF FRESHLY HATCHED 
LARVAE 

In order to wlderstand tbe manner in which lead arsenate protects 
apples, it is necessary to observe the behavior of the larvae. Tbigmo­
taxis, phototaxis and thermotaxis were the most important tropisms 
influencing the larvae in the studies reported in t~ pa.per. 

BEHAVIOR ON UNSPRAYED ApPLES 

When a freshly batehed larva is placed on aD apple, it crawls rapidly 
over the surf aoo, apparently in search of a suitable plaee to make 
entrance. If the surface is smooth, the larva may crawl for two or 
three hours before making aoy attempt to dig into the apple. Usually 
after the first fifteen or twenty minutes, the rate of locomotion gradually 
decreases and frequent pauses may occu.r durmg which the bead is 
throwo from side to side. In the latter movement nwneroUB fibers are 
spun beneath the head. Occasionally larvae were observed to .grasp 
these fi bers with Ibe thoracic legs and bring the tips of the mandibles 
into conta<:t with. tbe apple but seemingly without making any serious 
attempt to force the mandibles tlu-ough the skin. 

The larva exhibits a decided tendency to examine &ny slight eruption 
or other irregularity on the surface of t.he apple. When first placed on 
th.e apple, however, it may Il(lt pay the least. attention to what may 
appear to the observer to be excellent places for entrllDce. 
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MA..'l\~R OF EFFECTlNG ENTRA...7oJCE 

If no especially favorable point of entrance is encountered the larva 
finall y comes to rest and spins a mat. of fibers, attached to ~he skin of 
the apple, heneath Its head. This mat is grasped by the thoracic legs 
and the mam strer:gth of the body centered on forcing the points of the 
mandIbles lhl'Ougb the skin. The particles of skin that are cut out 
appear ahl'ays to be rejected. The. time required for making entrance 

it ~~'6t:~te~~icr~l:o;f~~~H: :tina c~~w~~ ~~t~~:dl;~:~~~i:d ~t:~~bew~f:' 
On the right is the hea.d or 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 alter starting 
an entrance, eXC!lv"ted a burrow deep enough to receive its body in 
t wenty-four minutes. Usually the tinle 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 wbether the larva swallows any of the skill in digging into 
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the apple. A small apple was given a thick coating of water-proof illk. 
After being suspended for a few days until tbe odor of ibe ink bad 
disappeal'cd/ a Dumber of larvae were placed on the apple. '¥hen a 
larva. had burrowed the lengt,h of its body into tbe apple, it was removed 
and the digestive tract dissected out and examined for the presence of 
particles of ink. While in mallY instances the particles could be seen 
through the larva's body, accurate information required dissection. 
From (he careful study of twenty-five larme, the following data 'were 
obtained: 

Black particles of ink found in digesf,ive 
tract. . 

~o particles of ink fQund in digestive tract ... 

Number of Per ceut of 
lan"ae larl'lle 

18 
7 

12.0 
280 

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

Stain pronounced iD digestive tract 
St.a.in slight in digestive tract 
So stain in digestive tract 

r;U[l)~r (If Per celli or 
Io.n'n.e Illn'IU~ 

33 
14 
8 

60. 0 
25.4 
14 6 

The studies indicated quite clearly tha.t swallowing of particles of 
apple skin occUJ'S incidentally as the l""'a digs into the apple. AIl 
pre,~ously noted herein , this hru; an important I.!earing on the efficacy 
of the film coverage of lead arsenate in protecting apples. If the film 
is thin, it might be expected tbat as many as fift.een per cent of the 
Ia.rvae will effect entrances without swallowing any poison. Since the 
Ia.n'a must dig into the apple by use of its mandibles, it seems e"ident 
that the thicker the coating of poison is, the greater j,he chance that 
some poison will Le swallowed. 

When pla.ced on an apple baving "spotted coverage of lead arsenate, 
the Ia.rva exhibits a slight tendency to rest upon the deposita 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 truck lower edges of spray deposits. Larvae 
were commonly observed to place the lower margin of their beads 
against the raised edges of deposits and sp<>nd several seconds or a few 
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lninutes 1I nosing" about. It was noticed that entrances and stings 
were co=only made at the edges of deposits. This is shown by the 
Dllcrophotograph ill figure 19. Three entrances are shown, the lowest 
one bemg made directly through a deposit and the two toward the top 
bemg made at the edges of deposits. In order to obtain data on this 

Fig. 19. Microphotograph of three entrances of freshly ha.&cbed codling moth 
larvae in apple with spotted coverage of lead arsena.te. 

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

Through depooits""""""""" 
At edges or depooits_""""""""". 
Between deposi ts .................... .. 

Number or Number of Per 060t of 
eotrano. uinp total injury 

I 
12 
10 

19.3 
45. 2 
35.5 
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B EHAnOR ON DUSTED ApPLES 

Loose dust "ery decidedly interferes with t,he movement of larvae 
oYer apples. The greater pl"Otpetivenes. of the dust covering of lead 
","enate, as shown by foregoing tests, apparently is due to the larvae 
becoming poisoned while merely crawling over tbe dusted surface. 

'\'belher poisoning occw'S through tbe particles of lead ",-seDate 
being taken into I be spiracles or being swallowed, has not been defirutely 
determined. An experiment "'as performed in which a small quantity 
of cornmeal was soaked in water-proof ink. After drying for several 
days, allowing lhe odor 10 disappear, the meal was ground in a mortar 
and tbe finest part separated out and dusted oyer an apple. Larvae 
were then placed on the apple and at the end of one-balf hour tbeir 
digest ive traets were examined for the presence of particles of corn­
meal. Of hH,nty-five larvae examined, l/uw revealed definite evidence 
of ha ,-ing swallo,,-ed some particles. 

Sl:MMARY Al\'D COKCLCSIONS 

Probably no insect pest ill the bistory of horticul ture has been the 
subject of as much discussion and experimentation as the codling moth. 
During the Pltst fort.y-five years inyestigations bave dealt to a very 
large e>.-tent with arsenical sprays as a means of oontro!. The extensive 
li terature reveals many in(·ongruau. experimental data and varied 
beliefs. Spray exp<'fiment. have been confined almost entirely to tests 
made under orclJ1lfd condi tions. 

Laboratory studies with freshlY hatched codling moth larvae were 
undertaken for tbe purpose of ascertaining the more basic facts relating 
to t he efficacy of lead arsenate in protecting apples against codling 
moth inj ury. 

The principal tests were made with apples taken from trees during 
July and August and Bpraye<l in a technical manner in the laboratory. 
Four types of spray coverages were differentiated and tested : mist, 
coarse, over"pray and flIm . 

The spray WIIB relatively ineffective in protecting the apples. With 
the ooDcentration of two pounds of powdered lead arsenate to one 
hundred ge.Uons of water, approximately one-third of lhe larvae entered 
the apples unharmed through the coarse, overspray and flIm 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 foul' 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 ot,her coverages. 

!ner.easing the concentratioll, in all coverages) resulted in decidedly 
decreasmg the percentage of larvae effecting entrances. 

At. p.qual amowlts of arseniolls oxide per square cent.imeter of apple 
surface, approximately one-third as many larvae entered through t.he 
fihn 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 sw'face. . 

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

The percentage of larvae making stings increa.<;cd as the percentage 
effecting entrances decreased except that at the concentration of sixteen 
pounds of lead arsennte to one hundred gallons of water there was a 
decrease both in stiogs and eotrance~. 

A loose, light covering of 90%-10% sulfur-lead arsenate dust was 
much more effectivp in pl'otecting the apples than lead arsenate SprllY 
in conceutration of tWO pounds to one hundred gallons. 

Experiments in wllich larvae were placed on sprayed and dusted 
sections of glass and later transferred to unsprayed apples revealed that 
many larvae became poisoned while crawling oyer the sprayed and 
dusted glass; tha.t the mist coverage was decidedly inferior to the 
others in killing efficiency; that tbe greatcr the concentration of spray 
and the more lead arsenate on the glass, the more larvae killed; and that 
the loose t'Overing of sulfur-lead arsenate dust was high ill effectiveness. 

Experiments ill which larvae were placed on the leaves of cuttings 
{rom the growing ends of apple branches, to wllich apples were arti­
ficially attached, revealed that the spray on the leaves and bark was 
about equal to the spray all the apple 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 stinlUlate the thigmotactic 
reactions of freshly hatnhed larvae. 

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

Thickness of film is the roost important factor relating to the 
protectivelless of the film coverage, 
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