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INVERTED SPRAY Mll'1'lJRES AND THEIR DEVELOPMENT wrm 

REFERENCE TO CODLING MOTH CONTROL 

I. INTRODUCTION 

Adequate control of the codling mothl in the apple orchards of 
~ 

central Washington has become more difficult in recent years than ever 

before, in spite of tmproved spraying equipment and increased attention 

to control measures other than spraying. 

The work disc~ssed herewith was begun in 1933 as a continuation 

ot previous efforts ot the Washington Experiment Station to improv~ 

ohemical methods of codling moth control, and.in addition, to alleviate 
·1 

the difficulty ot removing spray residues at harvest. Most" of the ex-

pertments were carried on at Wenatchee, Washington, but the analyses 

ot materials as well as some of the arsenioal deposit deter.minations 

were made at the main station at Pullman, Washington. 

Since the most significant outcome of this work has been the develop-
, 

ment ot the inverted spray mixture, in prinoiple an innovation for the 

insectioide field, it appears to merit considerable discussion. The account 

whioh follows, therefore, in addition to a brief review of the literature 

concerning the materials in question, presents in some detail certain of 

the methods and results of the Wenatohee investigations. 

Because of the immediate need for practical information on the part 

ot the WaShington apple industry, it has not been pOSsible to devote suffi-

cient time to the laboratory p.art of the worl. Some of the experiments 

, 

loa!JOoapa. pomonella!. 
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could well bear repetition, and repetition might alter present concepts. 

Much is yet to be done, and it is hoped that other investigators will 

soon become surficient~ interested in this problem to subject it to more 

careful investigation. 

II. DEFINITIONS 

In the pages which follow, certain terms are used that should be 

defined. 

1. Inverted . Mixture. An inverted spray mixture is one in which a 

suspended solid inltially wetted b,y water becomes wetted by oil prior to, 

or at the moment of impact upon a sp~ed surface. 

2. Stable and Unstable. The-terms stable and unstable are used to 
.-....,;;,;;=--... - .......... ~.......-... 

denote the physical condition of sp~ mixtures contBiniDg water, oil, 

finely divided solids, and perhaps other substances. A stable combination 

is one in which under moderate agitation, solid and oil remain wel~ dis-

persed in the aqueous medium and show little disposition to adhere to the 

spray tank, even when subjected to passage through the release valve of the 

pump. An ·unstable combination is one in which either the oil, or the oil 

and finely divided solid, tend to separate from the aqueous medium. Separa-

tion may r~sult in a floating scum of oil or curded matter, or in settling 

of curded.matter to the bottom of the spr~ tank. 

Combination. The use of the words "combined" or "combination" in . 
connection with spray mixtures implies merely the bringing together of 

different substances in a spray tank~ Chemical combination, or reaction, 

is stated as such. 



III. HISTORICAL 

tilt is a well known fact that the vast literature on codling moth 

sp~ing is replete with contradictor.y experimental data and discordant 

opinions and beliefs. a Thus ran Smith's remarks in 1926. The situation 

today, because of a great increase in published matter with but slight 

~provement in experimental methods, is not susceptible to concise summar,y. 

For the purpose of this account, it will serve no point to trace in 

detail the development of present d~ principles ot codling moth control; 

nor will it be necessary to discuss the rise and. fall of the numerous 

materials that have been advocated as substitutes for arsenicals. Brief 

mention will be made of the more important references dealing with arseni-

cala in general -as applied to codling moth control, of spreaders and ad-

hesives for arsenicals, and of oil e~sions. 

A. The Use of Arsenicals 

Slingerland (1878) wrote, that E. P. Haynes, a fruit grower in New 

York State, discovered that an application of Paris green for canker worm 

incidentally lessened codling moth damage. This marked the beginning of 

a period lasting until about 1905 when Paris green am London purple were 

almost un! versally used on this continent for controlling the codling 

moth. 

The report of the MassaChusetts State Board of Agriculture (1893) 

mentions the use ot acid lead arsenate for various leat eating insects, 

and the same publication (1895) rt!commends its use for codling moth con­

trol. According to Sanderson '(1902), Craig of the Central Experimental 

Farms, Ottawa, Canada, reported the experimental use of lead arsenate for 
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codling moth control in 1895. He obtained satisfactor,y results when it 

~s applied with Bordeaux as well as alone in water. Webster (1903) gave 

an account of successful aDd more detailed experiments with lead arsenate 

which were begun in 1900, and ~hortly thereafter lead arsenate became the 

most widely used insecticide for the codling moth. This is the position 

it still holds. 

Calcium arsenate is said by Paillot (1931) to have been first used 

about 1910, and according to Sanders and Kelsall (1918) it was being 

COmillonly employed "as a,n orchard insecticide in Nova. Scotia eight years 

later. However, referring particularly to codli~ moth control, Spuler 

(1929) stated, "It would seem • • • that neither calcium arsenate 

or magnesium arsenate can be used in a codling moth program'." Spuler was 

writing of coDi! tiona in central Washington. 

B. Spreaders and !dhesi ves for Arsenicals 

1. Soaps 
"-

Among the abundance of published material dealing with spreaders and 

adhesives, a few of the most significant articles are noted. Gillette (1890) 

was one of ,the first- to attempt to improve the physical condition of arseni-

cal suspensions, by the addition ot a .terial designed to lower the sur­

tace tension ot the sprq liquid. He reported an experiment in which whale-

oU soap was added to' Paris, green and London purple suspensions, and from 

which he concluded that injury tot_plants was likely to occur with such a 

mixture. 

Perhaps the earliest use ot a soap-lead arsenate spray mixture was 

made by Parker (19111. He mentioned that four bars of ~aundry soap when 
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added to six pounds of lead arsenate paste per 100 gallons improved the 

spreading 'of the lead arsenate particles on the surface of cabbage leaves. 

Apparently, however, the principal object was to prevent rapid settling of 

the suspension in the particular type of sprq tank which he used. He men-

tioned that amounts small er than four bars caused the particles of lead 

arsenate nto appear to mass together and settle out more rapidly than in a 

non-soap mixture. n This observation is interesting in the light of present 

developments in Wa-sbington. Publication of Parker I s report soon had in­

nuence in Oregon, where Tartar and Bundy (1913) mentioned the occurrellce" 
" ~ 

of severe injury to apple foliage as a result of application of lead arsen-

ate soap mixture. They discovered from laboratory experiments that the 

"amount of soap used in practice, four pounds per 100 gallons, was sutti-

cient to liberate large amounts of soluble arsenic from four pounds of acid 

lead arsenate when the mixture had been allowed 'to stand for six hours be-

fore til tering • The same y~ar Edwardes-Ker (1913) in England reported that 
". -

the addi tiOD of one per cent soft soap to 'a water suspension of lead arsen-

ate did not lead to the formation ot any lead soap,nor an increase in the 

production ot soluble arsenic. However, he allowed the mixture to stand 

only one-half hour before filtering, an4 it is not known what type of lead 

arsenate he used. It has since been shown by Groves of the Washington 

Experiment Station (unpublished Ina tter) J that several days of constant 
t 

shaking are necessar,y for a lead arsenate soap mixture to reach equilibrium, 

so the failure of Edwardes-Ker to detect an increase in soluble arsenic is 

not 'entirely surprising. 

Little more was heard of the lead arsenate soap mixture until about 
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1926 when a few growers in the Wenatchee valley ot \f8.sh iDgton claimed an 

improvement in codling moth control by the addition of about 0.5 pound of 

pine tar soap to 100 gallons of water-lead arsenate mixture. Since 1933 

the Yiash1 ugton Experiment station has studied the use Qf soap as a spreader 

2 for this arsenical and has demonstrated that for soft water , in amount of 

not over 0.3 pound per 100 gallons of spray material, it undoubtedly im-

proves codling moth control. The investigations have further shown the 

oleates of triethanolamine or ammonia to be the most logical soaps for 

this purpose. 

2. Protein Spreaders 

The first investigator to report on the addition ot casein-lime to 

lead arsenate in order to improve its spreading ~18]ities appears to have 

been Lovett of Oregon (1918). He adapted a fonm11a previouslY used for 

spreading BordeauX mixture in Australia and obtained encouraging results 

wi th four to eight ounces per 100 gallons of the casein-lime mixture. 

Later, Smith (1923) used a simil~ preparation and stated that "soaps, 

such as are commonly used with nicotine sprays, show a marked tendency to 

produce flocculation, precipitation, and iD8olub1e soaps which deleterious­

.17 affect the physical and chemical compos! tion of spray solutions and 

. mixtures. • • • • The casein type of spreader has shown superior ad-

hesi veness in comparison with soaps, oils, and gum arabic. n 

Still later, Smith (1926) claimed that in equa1 amounts a film cover-

age of lead arsenate, such as prod!lced by calcium caseinate, was about three 

times as etfecti ve as a coarse spotted coverage. He concluded with the 

statement that nIn all coverages, protectiveness varied directly with the 

2nBardness" correspoDdiDg to about 20 parts per million calcium carboDate. 
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amount of arsenious oxide per square centimeter of apple surface." 

ReckeDdorfer (1933) expressed a similar idea when he wrote that under 

ordinar,y circumstances the effectiveness of an insecticide can be deter-

mined fairly well if its poison content and adhesiveness are known. 

3. Fish Oils 

Twelve years ago, investigators began to pay attention to another 

means of improving the effectiveness of arsenicals. Hood (1925) published 

an account of experiments dealiug with adhesives for lead arsenate. Be 

found the most satisfactory substances for the purpose were oUs, and of 
I 

these, menhaden (fish) 'oU appeared particularly suitable. Spuler (1927) 

in Washiugton, and Dozier (1929) in Delaware, followed Hoodls suggestions, 

alld reported -that codliDg moth control was defini tely improved when fish 

oil was used in combination with lead arsenate. However, it was dete~ned 

later by Marshall, et ale (19.34) that fish oU though increasing the quan-

tit,- ot arsenical deposited did not produce a uniform coverage in the field, 

as did soaps and protein spreaders. For-this reason, codling moth control 

appeared to be less satisfactory than might have been expected from the in-

creased deposit. They reported that the addition of a small amount of 
-.. 

oleic 'acid to the fish oil improved the quality of the deposit, without 

sacrificing the quanti ty. They further suggested the saponification ot the 

-added oleic acid by triethanolamine, in order to insure a still more uni-

form coverage. Their experiments indicated that rapidly drying fish oil 

with an iodine munber of about ISO when used as an adhesive for lead arsen-

ate, resulted in less effective cQdling moth control than a slowl1 dr,yinc 

oU with an iodine mJmber of about 1.35. It was concluded that an arsenical 

d.posit that remained oily, was more effective than one which was not oily, 

or one in which the oil had dried to a varnish-like consistenc,y, the quantl-



ties of arsenical being equal. Up to this point in their work, the most 

satisfactor.y control had resulted trom an arsenical deposit which was 

uniformly distributed as an oily film on the frui t surf'ace.8lld it seemed 

reasonably clear that in agreement with Smith (1926), the greater the 

amount of arsenical present per unit of area of fruit surface, the more 

effective the protection against codling moth attack. 

4. Petroleum Oils 

Closely paralleling the investigations with fish oil as an adhesive 

for lead arsenate ·were experiments with lead arsenate combined with petro-

leum oil emulsions. 

To Lovett (1920) seems to belong priorit.y for the observation that 

petroleum oil may improve the effectiveness of an arsenical deposit quite 

aside f'rom its ovicidal effect. He used a miscible oil (composition and 

quantity not stated), and wrote that as a spreader for lead arsenate it 

showed considerable merit. This observation appears to have gone unnoticed. 

Shor~ atter its publication,attention was focused e~tirely on the ovicidal 

value of petroleum ol1s in codllDg moth control and even today this point 

of view persists. 

Regan and Davenport (1928) were pioneers .in the use ·of the combined 

petroleum- oil-lead arsenate mixture. The~r work at Yakima, Washington, 

begun in 1925, mentioned the UID.1sual effectiveness of' this mixture against 

the codling moth but had no reference to any increase in arsenical deposit. 

Webster and Marshall (1934), however, mentioned that an ammonium caseinate 
t •. 

emulsion of petroleum oil, used. in combination with lead arsenate, not only 

improved codling moth control but increased the arsenical deposit to some 

extent. This gave support to a new practice in spraying which had its 

incidence in the work ot DeSellem (1932). Ac~ing with C. D. Dolman, chemist 
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of the Wenatchee Valley Traffic Association, he used petroleum oil emulsi-
I. 

fied with sodium oleate, in combination with lead arsenate, and reported 

an nmslla1 l y heavy deposit ot the arsenical. DeS eli em 's report has parti-

eular significance, and it is interesting to consider it more fUlly. The 

idea ot emulsifying oU by the use of soap was not new. This practice had 

been advocated by Rile" (1872), and a patent on the process of emulsif.ying 

petroleum with an alcohol-oleate was granted to Knopf (19ll). Martin (1931) 

suggested a process of eDl1 sitication that w~s practically identical with 

that used by DeSe11em. At least one commercial oU emulsion had depended 

on sodium oleate for eml1sification for a number of years previous to 

DeSelis's report, but though having been used in great quantity in the 

Wenatchee district, it had not app~ed to be noticeably superior tOotb.er 

emu.lsions for combination with lead arsenate in codling moth control. 

1Ih7 had DeSeliem obtained wmsual results? Apparently it was a matter 

of higher soap content, and heavier application, than for previous somewhat 

similar mixtures. This became clear when Marshall, Eide, and Priest (1934) 

ot the Washington'Experiment Station published results of two seasons' in-

vestigatioDS with soap-oil emulsions. They obtained much higher arsenical 

deposits, and better codling moth control, with triethanolamine oleate' and 

triethanolamine laurate as emulsifiers for petroleum summer oU and kerosene 

than with ammonium caseinate, and showed that it was possible to build up 

an arsenical deposit to almost ~ extent on the surface. of an apple, by 

means of ordinary sprq equipment. 

Persing (1935) reported a series of laborato~ experiments using oleic 

acid and oleatesin combination with oils, and either lead arsenate or cry-o-

lite. He confirmed the findings ot Marshall, Eide, and Priest, and advanced 

.. 
3!r1ethamo1amine oleate was suggested as an emulsifier for oil sprays by 
Bocke~os (1929). . 
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a 19ypothesis to account for the behaviour of these mixtures. 

Following Persing, G. E. Marshal] (1936) published an account of field 

experiments wi th oU-soap mixtures in Indiana. His results, apparently 

from somewhat similar mixtures, were as favorable as those in Washington. 

Though from the chemical point of view no unusuai substance was involved, 

evidently a new principle of considerable promise had been demonstrated 

in the insecticide-fungicide field. By 1937, the inverted spray mixture 

had passed the strictly experimental stage. 

IV. EXPERDlENTAL METHODS 
( 

A. Methods -in Laboratory Investigations 

1. Quantitative Deposit Determinations 

Smith (1926) published an article which has been influential in stimu-

latiDg the application of laboratory technique to codling moth investiga-

tions. Perhaps the most significant part ot this paper mentions the princi-

ple of determiniDg deposits quantitativelY as a necessit,y to the accurate 

evaluation ot arsenical prep8.ratioDS. This principle has plqed a major 

part in the woi-kat Wenatchee during the past five years. It is pertinent 
-: 

to trace its development. Woods (1914) analyzed apples at harvest and 

attempted to calculate the deposits of lead and arsenic by washing the 

-apples in water, collecting the washings, evaporatiDg, then analyzing. He 

does not state what method ot analysis was followed. 0 'Kane, Badley, and 

Osgood (1917) reported arsenical deposits -as milligrams ot arsenic trioxide 

per apple but did not describe their procedure. Moore (1921) analyzed 

potato leaves for arsenic and reponed deposits as milligrams of arsenic 

trioxide per leaf. His method was to digest the l~ves in boiling nitric 

aJld sulphuric -acids and determine arsenic by the Gutze1t method. 

TIle next step was proposed by 8mi th (ibid.) who determined arsenical 



deposits in his laboratory experiments as microgr8lJlS of arsenic trioxide . 
per.square centimeter of fruit surface. Though he does not describe the 

a:nal.Ttical procedure, this was a distinct improvement on previous methods, 

in that it elimiDated a potential source of error in variation in the size 

of the fruits. Smith's method of expressing depQsits was used bY'Dolman 

working in conjunction with the Washington Experiment Station at Wenatchee. 

Groves and Marshall (19.35) reported that in the case of most spray 

materials, over a third of the entire deposi':&; is to be found in the eaJ.yx 

and stem end of the apple. This is due to the accumulation of sprq 

liquid at these points and settling out ot the suspended arsenical. 
"( 

ObviouslY since few larVae attempt to penetrate very heavy deposits, parti-

cularly at the stem end, a deposit analysis tor the entire surface of such 

fruit may be -misleading. It indicates "heavier coverage than actually 1s 

present" on the most vulnerable part ot the fruit, the equator. Accordingly, 

they removed discs of known size around the equator (cheek) of the fruit 

with a cork borer, and calculated the surface area of the discs from the 

'forum] 8 2:ttR(R--tg2 - r2), where R is the radius of the apple and r the radius 
/ 

of the disc. A table of surface area computations for two sizes of discs 
; 

will be found in the appendix, together with details of the a~tical pro-

cedure. 

The same authors determined that with care in sampling, duplicate 

samples ot ten apples each, with five discs removed approx1mate~ equidist­

ant from one another around the Cheek of each apple, i.e., 50 discs per 

sample, gave reasonablT reproducible resul. ts. They discarded the Gutzei t 

method in tavor of the bromate method for determination of arsenic, point-

iDg out that the Gutzeit is subj ect to an average e~or of' about ten per 

cent with careful work, while the average error for bromate analysis is 



Fig. 1 . Equipment for preparation and storage of sample discs for 
deposit determinations . Left background, an apple with 
discs removed. 



less than one per cent for spray coverage determinations. They further 

adopted the practice of complete digestion of the discs with boil lug 

nitric and sulphuric acids. 

This general procedure for determining arsenic deposits has been 

in use at the Washington Experiment Station since 1934. Some thousands 

of determinations have been made and results have been satisfactorily 

reproducible. So standardized is the method, that one can digest and 

titrate 25 samples per day atter the apples have been measured, and the 

discs removed and stored in sample bottles. Since it requires approxi-

mately as 10Dg to collect the samples, measure the apples, and remove the 
( 

discs, as- it does to digest and titrate, about 12 samples from tree to 

titration represents a day's work. 

2. Insectary Methods 

Until 1933, the Wenatchee investigations had depended on what was 

rather inappropriately termed a -·precision sprayer,· for producing spray 

deposits on the individual fruits used in laboratoq work. This apparatus 

atomized the spray liquid by means of an air jet operatiIIg at five to 

seven pounds pressure. Late in the season of 1932, it was observed that 

laboratory arsenic deposits did not correspond with fiel4 deposits of the 

same spray mixture, either qusl 1,tativel)" or quantitatively, and it was then 
; 

determined that the atomizer type of equipment was quite unsuited for work 

of this kind-. A spray liquid forced through the nozzle of a spray gun at 

pressure of about 300 p:ru.nds per square inch behaves qui te differently on 

the fruit surface from one which is caught up in an air blast with practi-

cally no pressure, and so to speak, warted on the fruit. The ftprecisionn 

sprayer was abandoned in 1933 and gave way to high pressure equipment which 
. .. 

after various modifications emerged in the form briefly described here. 



A small, single cylinder pump, capable of delivering three gallons of 

liquid per mimte at a pressure of 350 pounds per square inch, is operated 

by a three-quarter horse power electric motor. Pump aDd motor are mounted 

on a steel frame which carries a small tank with two five-liter and one 

ten-liter compartments. An agitator runn; ng through the lower part of the 

tanks is driven off the pump. Immediately behind the spray nozzle, which 

has a 3/64-inch aperture, is placed a quick-opening valve, the purpose of 

which is to enable a spray application to be. accurately timed. The nozzle 

and valve, connected to the pump by eight teet ot 3/8-inch steel pipe, are 

~astened to a spindl.e Chamber containing three revolving spindles upon 
\. 

which are impaled the tl-ui ts to be sprayed. The spindles, turned through a 

gear box and driven by it' small elec~ic motor, are backed by baffies which 

prevent back-lash of liquid when a sprq application is made. The spindle 
, 

chamber is enclosed above, below, and at the sides and equipped with a· 

drain pipe. A sliding door in one side tacilitat.es the impaling and re-

moving ot fruits. 

This equipment has been ver.y satisfactor.y in reproducing coverages 

similar to those obtained in the field. Some such device aJ;?pears to be 

essential in laboratory investigations where type or spray coverage is a 

matter of importance. Evidently some investigators still make use of the 

atomizer t,rpe ot sprayer which as mentioned earlier ~ give misleadi~ 

results, aside trom being quite iDcapable of handling inverted mixtures. 

Little need be said ot the technique employed in obtaining first 

iutar codling moth larvae for the laboratory investigations. Eventually 

there was evolved in 1933 by P. M. -Eide and the writer, an oviposition 

cage which has been very satistactory in this work. It is figured by 

Peterson (1934) and its operation later described by Eide (1936). B,y 
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Fig. 2. Laboratory sprayer seen through screened wall of insectar,y 
Left, motor, pump, and spray tank. Right, spindle chamber 
showing motor and gear box beneath. Tip of spray nozzle and 
lever operating quick-opening valve show directly behind plate 
attached to end of chamber -
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meaDSf):tthis device it 1s a simple matter to obtain thousands of codling 

moth -eggs on waxed paper, if' larvicidal experiments are indicated, or on 

apples if' ovicidal experiments are indicated. 

In larvicidal work, apples are sprayed by the apparatus already des­

cribed and allowed to dry. Then following Smith's method (1926) warm 

paraffin wax is applied to calyx and stem ends and the apples suspended 

from small wooden racks. Slips of waxed paper bearing a total of ten eggs 

in the "black-spot- stage are pinned to the stem of each apple, and the 

racks then placed in a constant temperature cabinet operated at about 80° F., 

and 70 to 80 per cent relative humidity. After 48 hours in this cabinet, 
. "-

the racks are removed to a screened insectar,y and held for two weeks before 

being exami.ned for stings and entries~ 
. 
In ~cases, duplicate sets of apples are sprayed for arsenic deter-

-.~ 

minations in connection with larvicidal work. The determinations are made 

in an adj oining field chemical laboratory which is, equipped with the necessary 

apparatus for disc digestion, and the bromate method of an817Sis. 

B. Methods in Field Investigations 

In the matter of field experimental methods, here is a criticism b.1 

Fernald (1908). aAt the present time there are too few data of experiments 

made under conditions known with exactness; with materials of fixed and 

known composition. a Twenty-eight years have passed since that was written, 

but it applies as truly now as then. This warning has been heeded in the 

Wenatchee investigations, for tb:e thought uppermost since 19.32 has been to 

plan experiments so that they could 'beaccurate1y repeated by others if' 

desired, and so that the human equation would influence results and conclu­

sions as little as posslble. Only materials of known composition have been 

used. Proprietary materials which may vary in composition from year to 
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year Dave been avoided. Plots have been so arraDged that the approximate 

experimental error could be determined at least roughly, and this has 
. : 

necessitated frequent repetition of control plots. Only -wide differences 

in results have been regarded as of probable significance, and in the case 

of distinc~7 new spr~ mixtures it has been necessar,y for such differences 

to be reproduced tor at least a second, and preferably a third year, before 
" 

being- allowed to influence recommendations to growers. Finally, caretul 

records have been made as to both the qualitative and quantitative charac-

teristics of arsenical deposits. A more detailed. discussion of these 

methods has been given b.r Marshall and Groves (1936a). 

The field equipment at Wenatchee consists of two stationary electric 

sprayers, one a two-gu.n machine with a capacity of 16 gallons per mim1te, 

the o~r a four-gun machine of 32-gallon capacity. 

The main plots have comprised three to six trees depending on the 

mlmber of' replicates, and supplementar,y plots have contained but single 

trees replicated from once to four times. 

At harvest all trees have been checked for codling moth infestation; . . 

from ,300 to 500 apples have been sampled per tree. Checking of all thinned 

·fruits, once t~e rule at Wenatchee, has been discontinued because it was 

foUDd that this practice, while adding much to the expense of the work, 

added llttleiDi'ormation. 

Various orchards have been used for the experiments, but all have 
.c 

been located within ten miles of the city of Wenatchee, in a district in 

which it is perhaps more difficult to control the codling moth than any 

other in the U~ted states. By" way--of- example, growers in the lower Wenatchee 

valley commonly apply as JDaIJ1' as eight or ten cover sprays in a single 

season, at the rate of 40 gallons of spray per tree, per application. 
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Yet:-:in spite ot such frequent and heavy applications, and 'the liberal use 

of stickers, spreaders, and frequently petroleum oils, they have difficulty 

in raising fruit that is less than ten per cent infested. 

V. EXPERIMENTAL RESULTS 

A. Laboratory Investigations 

In the appendix, Table 4, will 1;>e fOUDd a list of experimental 

materials with analyses or constants. Detailed ane1yses of all samples of 

these materials can not be provided but routine determinations are given 

wherever there might be uncertaint.y as to gross composition. 

1. Inverted Lead Arsenate Mixtures 

«.' Effect of Type of Emulsifier. One of the first points to be made in 

the early use of inverted mixtures, was that ammonium caseinate emulsions 
-~: 

(the conventional paste or ~onnaise type) of either kerosene, or medium 

summer 011, had little value as deposit builders or adhesives for lead 

arsenate. As a matter of tact, for a siDgle -application they appeared to 

have no value whatever, though ~epeated applications made in the field had 
/ 

shown somewhat higher deposits than where lead arsenate alone was used. 

On the o1;her hand, when lead arsenate was used with a triethanolamine 

oleate euntlsion of summer oil, or kerosene, the mixture showed entirely 

different characteristics when sprayed upon the surface of an apple. In-

stead of a spotted deposit of lead arsenate there appeared a uniform film, 

but more important, the film contilll1ed to increase steadily in thickness as 

spraying was contimed. This point is brought out in Table 1, where apples 

were sprqed for 15 seconds while ~volving on the spindles ot the experi­

mental machine. In the first experiment, triplicate samples of six apples 

each were ,analyzed, while in the second experiment, duplicate samples were 

used. 
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Fig . 3. Effect of inversion upon arsenical deposit . Left, apple 
sprayed with inverted mixture . Right, apple sprayed with 
non-inverted mixture containing same amount of oil. 



,.. 

, 

Table 1. Effect of &m.l..sitier on Arsen:J.cal Depos! t from 011 - Lead Arsenate and Kerosene - Lead 
Arsenate Mixtures. 

Sample Amounts per 100 gals. 
Deposit as mmg A~203-per cm2 

EXP. 1 EXP. 2 Average 'ot Type of 
Exps. 1 &'2 coverage 

1 a Lead arsenate, 2 Ibs. 7.;1- 9.5 8.1 spot 
b 7.4 9.7 \ 

c 8.4 

2 a Lead arsenate, 3 1bs. 12.8 10.1 ll • .3** Spot 
'b 11.8 9.5 
c 13.8 

3 a Lead arsenate, 2 lbs. 8.9 5.5 spot 
b Kerosene, 2 qts. 2.2 
c (Ammonium caseinate emulsion)* 

4 a Lead arsenate, 3 lbs. 94.4 151.6 122.2 Film 
b Kerosene, 2 qts. 122.5 112.1 
c Triethanolamine.oleate, 0.25 lb. 121.2 

5 Lead arsenate, 3 lbs. • 9.9 10.1 9.1 Spot a 
b Medium summer petroleum oil, 2 qts. 9.9 8.6 
c (Ammonium caseinate emulsion) 7.0 

6 a Same as 5, but Trieth. oleate emulsion 147.3 131.2 119.4 Film 
b (0.25 lb. Trieth. oleate) no.o 88.2 
c 130.2 

*Ammonium caseinate emulsion stock - oil or kerosene 100 gals., water 33 gals., lactic casein :3 lbs., 
28 per cent ammonia 1 qt. 

**See Appendix, Table 2, for variation 1~ depos! t analyses for lead arsenate used alone at .3 pounds per 
100 gallons water. 

l\) 
0 
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b. Ef'f'eet· of the Various ConStituents ot an Inverted Mixture When Used 

IBdividua]ly with Lead Arsenate. Experiments with the individual components 

of an inverted mixture in combination n.th lead arsenate are summarized in 

Table 2. Triethanolamine oleate, oleic acid, and medium summer petroleum 

oU were used separately with lead arsenate. For comparison there are in-

eluded a~ses ot deposits from an inverted mixture containing all the 

components in suitable proportions. The petroleum oil which was first 

emulsified by the lead arsenate, before beiDg introduced into the sprq 

tank, produced an arsenical deposit no greater than when emulsified with 

ammonium caseinate. It alone obviously is not responSible tor the adhesi ve-

ness ot inverted mixtures. 

Table 2. Effect ot the Individual Consti tuents ot an Inverted 
llixture. 

Amounts per 100 gals. water*' 

1 Lead arsenate, 2 lbs. 

2 Lead arsenate, 2 Ibs. 
Triethanolamine oleate, 

0 • .36 lb.**' 

.3 Lead arsenate, 2 lbs. 
Oleic acid, 0.25 lb. 

MiCrQgrams '82°3 per cm2 

Cal .Cll) (e) (d) Aye, 

8.4 8.4 7.1 7.4 7.8 

7.5 7.3 8.5 8.1 7.8 

4 Lead arsenate, 3 lbs. 6.1 6.1 
Medium sumlner petrolewn oil, 

2 qts. 

5 Lead arsenate, 3 1bs. 147.0 110.0 130.0 131.0 129.0 
Medium summer pet~oleumoil, 

2 qts. 
Triethanolamine oleate, 

0.25 lb. 

Type or 
deposit 

spot 

Film 

Oily" tilm 

Oily spot 

Oily tilm 

*Water contained approximately 20 parts "hardness" per million, expressed 
as calcium carbonate. -

**Oleic acid 5% in excess ot equivalent. 
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Other experiments showed that the arsenical deposit following the 

additio:Q. of Q.5 pound ot triethanolamine oleate, was somewhat less than 

from 0.36 pound. However, 0.12 pound of this soap resulted in a deposit 

slightly greater than 0.)6 pound, thougli it was not as uniformly filmed. 

For water containing less than 50 parts "hardness" per million, from two 

to four ounces of triethanolamine oleate per 100 gallons seems an optimum 

for use as a spreader for lead arsenate, but under no circumstances has 

soap alone shown ~ indication of being an adbesive agent, or deposit 

builder • . 
The use of 0.25 pound of oleic acid per 100 gallons of spr~ mixture 

" 

gave no evidence of lIbuUd-up,,4 of arsenical, though causing it W-' spread 

ina uniform, tbi,n, oily film over the fruit surface. However, later experi-

ments revealed -tbat a lead arsenate - oleic acid combination underwent in-
....... , 

version to some extent, if' subjected to prolonged pumping through the re-

lease valve of the sprayer. Somewhat increased ars~nical deposit then 

appeared. 

c. Effect of Variation of Soap Content on Deposit and on the Formation 

of Soluble Arsenic. It was observed in 1933, that the behaviour of an in-

verted mixture was greatly influenced by the soap content. Subsequently 

it has been determined that for three pounds of lead arsenate and two q~ts 

of oil per 100 gallons of water, approximately 0.25 pound of triethanolamine 

or ammonium oleate ha~ given arsenical deposits as high as reasonab~ can 
.' 

be expected without excessive adhesion of the mixture to the sides of the 

spray tank. 

In Table :3 are collected some 18.boratory analyses typical of the data 

in this connection. Unfortunately, they are scattered, and can indicate only 

~The term "build-up" is expressive and will be used to indicate continuous 
increase ot deposit with prolonged application of spray. 
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very .roughly the important bearing that the soap content of these mixtures 
'! 

has upon the arsenical deposit. The fruits wer~ sprqed for 15 seconds 

while revolving. 

Table 3. Effect of Amount of Soap on Arsenical Depos! t. 

Material added to .3 lbs. lead arsenate 
and 100 gals. water*' 

1 Herring oil, 1 pt. 
Triethanolamine oleate, 0.06 lb. 

2 Same, but ~ieth. oleate, 0.12 lb. 

3 Herring oil, 1 qt. 
Triethan91amine oleate, 0.12 lb. 

4 Same, but Trieth. oleate, 0.25 lb. 

5 Kerosene, 2 qts. 
Triethanolamine oleate, 0.12 lb. 

27.8 

16.3 

33.3 

45.7 

I6.1 

18.7 

26.3 

61.7 

21.9 

17.5 

66.0 

6 Same, but Trieth. oleate, 0.25 lb. 

62.5 

204.9 

69.5 

195.5 200.2· 

*See Appendix, Table 2, for typical analyses of deposits from lead 
arsenate alone at .3 pounds. 

In general, it has appeared that for amounts of oil of one pint or 

less, the soap content of a mixture has relatively little bearing on the ~' 

arsenical deposit which with such an amount ot oil has always been low. 

When the oil is increased to one quart, the soap plays a more important 

.part, and at .least with herring oil, Under certain circumstances, the 

arsenical deposit increases as the soap content is raised to 0.25 pound. 

With 0.12 pOUDd ot soap, in combination with two quart·s of oil or 

kerosene, arsenic deposits have been low owing to excessive stability in 

the mixture. fhie apparentlY holds _.tor most brands ot lead arsenate avail­

able at present. When the soap content has been increased to 0.5 pound the 

opposite etfect has ocCurr~ with UDBatistactor,y and irre.gular deposits 

resu1 tillg trom excessive instability, unlees the arsenioalilas- contained 



some form of protective colloid. Aside from this, it is expected that the 

use· of more than 0.25 pound of soap would be inadvisable because of the 

likelihood of increased production of soluble arsenic. The unpublished 

work of Brunstad of the Wenatchee Valley Traffic Association laboratories, 

-agrees with that of Pinckney (192.3) in indicating that when commercial 

acid lead arsenate at three pounds per 100 gallons of water is mixed with 

soap at two pounds, there is greater production of soluble arsenic than 

when 0.25 pound of soap is used (Table 4) 

Table 4. Effect of Amount of' Soap on the Production of Soluble 
Arsenic from Lead Arsenate. 

After 48 brs. 65-750 F. 
Type of soap Amount per soluble arsenic 

______________________ ~l~OO~g.a;l=l~o=ns~ ____ ~pH*~ ____ ~mg~~As~3 per l~ter 

Pine tar soap (largely 2 lbs. 9.41 119.0 
sodium laurate and co~ 9.35 115.0 

'- taining 13% moisture) 124.0 

0.25 lb. 

TriethsDolamine oleate 2 lbs. 
(10% excess oleic acid) 

0.25 lb. 

Control - Distilled water only 

8 • .39 
8.15 

8 • .37 
8.34 

8.05 
8.1.3 

19.0 
18.0 
18.0 

88.0 
75.0 
79.0 

15.0 
14.0 
1.3.0 

3.5 
3.2 
3.0 

*Determined bya saturated calomel-antimo~ elect~ode with phosphate burfer­

It will be observed that the pH of the solutions, as determined short­

ly after they were made by Brunstad, is higher for the larger amounts of 

soap than the small ere Groves 9f the Washington Experiment Station in later 
-

unpublished work, however, pointed out that even after several days of con-

stant shaking, soap-lead arsenate mixtures may not reach equilibrium. He 
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f'oUIld that after continu.ed sbaki ng there was a ~ tendency for the pH 'of' cer-

tain soap-lead arsenate mixtures to become constant between 6 .• 6 and 7.7. 

Some of Groves' results, given in Table 5, indicate that there is 

considerable variation in the effects of dif'ferent types of..:soap solutions 

upon lead arsenate. He used a mixture .consisting of three pounds of com-

mercial acid lead arsenate and 0.5 pound of soap per 100 gallons of water. 

Table 5. Effect of Type of' Soap on the Production of Soluble 
Arsenic from Lead Arsenate. 

Type of soap 

1 Pine tar 'so~p (2.5% moisture 
and largely sodium laurate) 

2 Sodium oleate (NaOH:oleic acid = 
9:10, i.e., -acid· soap) 

:3 Same as (2) but ratio = 1:1 
(·neutral" soap) 

4 Same as (2) but ratio = 11:10 
(abasicn soap). 

5 Ammonium oleate "neutral· 

6 Triethanolamine oleate aneutrala 

7 Lead arsenate and water - no soap 

. 

pH of 
mixture*' 

7.12 
7~21 

7.40 
7.33 

7.55 
7.65 

7.52 
7.66 

6.69 
6.82 

6.83 
6.70 

5.80 
6.30 
5.87 

Soluble arsenic 
JDg- AS203 per liter 

58 
58 

44-
42 

55 
62 

58 
67 

30 
34 

26 
23 

6.8 
7.4 
6.9 

*Determined by a glass electrode with an estimated error of .05 pH. The two 
values for both pH and soluble arsenic are not merely analytical duplicates 
but represent two separate mixtures. 

From Groves I work i tappears that soaps containing an excess of oleic 

acid are likely to be less reactive Jdth commercial acid lead arsenate than 

so-called neutral or basic soaps~ The oleates of' ammonia and triethanolamine 

were less reactive than that of sodium. 
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Since Pinckney (loc. cit.) has determined that sodium stearate 

attacks this form of lead arsenate more strongly than sodium oleate, pre-
, -

Swnably the oleates of either triethanolamine or ammonia are indicated 

for inverted lead arsenate spray mixtures. It seems preferable that these 

contain an excess of fatt,y acid - perhaps five or ten per cent. 

It should be mentioned that in the Wenatchee investigations, sodium 

laurate was satisfactory for promoting inversion. But as fOUDd by both 

Groves and Brunstad, pine tar soaps, which ac~ording to the manufacturers 

largely consisted of sodium. laurate, liberated considerably more soluble 

-arsenic from lead. arsenate, than did triethanolamine oleate.~\_:_ ,;. 

d. Effect of Variat,lon in Amount of Oil. Like the data d~ing with 

differences in soap content of inverted mixtures, those concerning the 

effect of variations in amount of oil with a constant amount of soap are 

so scattered that they can not be readlly collected into tabular form. "i~ ~J~. 

However, the following examples indicate that the ~uantity of oil used is 

quite as important as the quantity of soap. Revolving fruits were sprayed 

for 15 seconds unless otherwise noted. 

Table 6. The Influence of Oil upon Arsenical Deposit. 

Material with 3 Ibs. lead arsenate mmg As20~ per cm
2 

(a) 1 ) AVe. 
}. " 

1 Kerosene, 1 qt. :. ~ ~',,-' ~i). 

Triethanolamine oleate, 0.12 lb. 27.0 27.1 27.0 

2 Same as (1) but Kerosene, 2qts. 62.5 69.5 66.0 

3 Kerosene, 1 qt. 
Triethanolsmine oleate, 0.25 lb. 19.4 18.9 19.1 

-
4 Same as (3) but Kerosene, 2 qts.- 204.9 195.5 200.2 

In most cases, both i~ the laboratory and in the field, the less the 
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amount ot oil below two quarts per 100 gallons of water, the less has been 

the deposit resulting trom three pounds of lead arsenate. On the other 

band, though information concerning the use of larger amounts of oil is 
" 

rather indefinite, it has not appeared that an increased deposit will en-

sue from an increase in oil above two quarts. Indeed, when excessively 

large quantities of oil have been present, it has been observed that the 

arsenical deposit tends to be contim18l1~ flushed away by the impact of 

fresh spray material. This apparently resu1~ from a more or less fluid 

condition of the deposit, a point discussed later. Aside from this, how­

ever, the aim has been to hold the oil at a minimum because of its deleteri-
'-

QUs e:f:fects on apple fruits and foliage, if' used to excess. Two quarts of 

medium summer oU per 100 gallons ot spray have seemed sufficient when 
" 
thoroughlyapplled, to prevent hatching of about 85 to 90 per cent of codling 

moth eggs, and since this amount is indicated for suitable inversion, with 

resultant heavy build-up of arsenical, it is believed that it represents 

an appro:ri1D8te optinmm. 

e. Type of Oil. Inverted mixtures have been made with herring oil, kero-

sene, medium petroleum summer oil, light petroleum summer oil, light 

petroleum oU ot low sulphonation value, light medium petroleum oil of low 

sulphonation value, and herring oil - kerosene mixtures. The specitica-

tiona of -these oils are given in the Appendix. 

It appears that the choice of oil will be limited only by plant 

tolerance and cost,' aside, of course, fr9m the possible necessity of an 

ovicidal or contact effect. 

:f. Quantity of Lead Arsenate. Though no field experiments have been con­

ducted with quantities of lead arsenate above three pounds in 100 gallons 

of water, a laborator.y experiment indicates that satisfactor.y results 
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might follow from larger amounts, particularly if the spraying equipment 

is not of suf'ficient capacity to enable the operator to make the very 

,heavy applications that are necessar,y for best results from the ordinar,y 

inverted mixtures. In other words, where codling moth control necessi tates 

very. heavy deposits, but the grower does not possess adequate spraying 

equipment to obtain them from a three pound dosage of lead arsenate, he 

mig1;lt do so by doubling this amount, wi th perhaps no necessi ty of increas-

ing the amount of either the soap or the oU. 

Table 7 r~presents the results ofa laboratory experiment that rather 

UDexpectedly showed arsenical deposits nearly twice as heav,y from six pounds 

of lead arsenate as from three pounds, though the oil content and the soap 

content were the same in each instance. It is possible that repetition of 

the experiment might have a different outcome, for in laborator.r work it 

has been ditficul t to obtain strictly reproducible results with inverted 

mixtures. Neverthe1ess, the superior stability of the six pound mixture 

and the more consistent deposits are to be_ expected. It is the extent of 

these deposits that is puzzling. 
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Table 7. Variation in the Amount of Lead Arsenate. 

Mixture When Depo~it**as mmg As203 Condition of 
""" ':, 

sampled* (a) (b) Ave:. mixture 

1 Lead arsenate, 1 lb. at once 19.5 "20.1 19.7 Mostly broken 
Medium summer 011, at 4 mins. 

2 qts. atter :3 
TriethanOlamine • Dll.DS. 

oleate, 0.25 lb. overf'low 13.0 12.4 12.7 

2 Same as (1) but at once 74.7 88.4 81.5 Same as (1). 
lead arsenate, 
3 1bs. after 3 

mins. 48.2 24.4 36.3 

3 Same as (1) but at once 121.3 127.9 124:.0 Very slightly 
lead arsenate, - broken after 
61bs. after 3 4 mins. 

• Dll.DS • 128.5 138.5 133.0 

*The second set of samples was taken ~ each case after three minutes of 
pumping when the amount of overflow had about equaled the amount of material 
remaining· in the spray tank. 

**Samples sprayed for six seconds while rotating.' 

g. Variation in Fatty Acid: Base Ratio of Soap. Apart from the effect of 

excess base, or excess fatty acid ot a soap, upon the breakdown of acid 
.. 

lead arsenate, it was tound desirable to have information on the effect of 

the acid:base ratio on build-up of deposit anq/or stability of an oil-soap-

lead arsenate mixture in the spray tank. Soaps were made up containing 

approxi mstely five per cent excess, 55 per cent excess, and 105 per cent 

excess oleic acid, as well as 45 per cent and 95 per cent excess base. They 

were used with a constant amount of lead. arsena. te (three pounds) and a con­

stant amount of medium summer oU (two quarts). Observations were made of 

the stability ot the mixtures upon being subjected for several minutes to 

a heavy overf'low through the re+eaSEt valve of the sprayer at a pressure of 

350 pounds per square inch. The amount ot soap in each case was 0.25 

pound, the excess of either acid or base being in addition to this. 
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Table 8. Effect of Excess Base and Excess Fatty Acid on 
Inverted Spray lixtu.res. 

Type or soap When Condition of 
sam led Ave. mixture 

Triethanolamine oleate at once 103.0 100.5 101.0 Fair at .3 mine.; 
with 5% excess oleic - largely broken 
acid. (Type of soap after .3 at 4 mine. 
customarily used)- . 78.7 38.5' 58.6 mJns. 

With 55% excess oleic at once 96.3 72.8 84.6 Poor at :3 mins.; 
acid completely 

atter 3 broken at 4 
mins. 26.3 16.2 21.2 mine. 

With 105% excess oleic at once 92.1 81.2 86.6 Very poor at 2 
acid mins.; comp1ete-

after 3 ly broken at 
mins. 21.7 17.3 19.; .3 mins. 

With 45% excess base at once 75.6 75.7 7;.6 Breaking at 2 
- mine.; broken .. ;. 

after .3 '. at 4 mins. 
-~ 

mine. 13.; 9.9 ll.7 

With 95% excess base at once 50.; 46.4 48.4 Same as (4). 

atter 3 
mins. 21.3 16.6 18.9 

*Taken immediately after (a) but· because of the instability of these mix-
:tures not a true duplicate. 

Once again, because of the nature of the problem arepeti tion of the 

experiment might have produced somewhat different results'. However, even with 

this in mind,. it seems reasonable to concl~e from Table 7 that if 0.2; pound 

of nneutralu triethanolBmine oleate be used, a considerable additional. quan-

tity of oleic acid :tends to promote extreme instability in the mixture. 

The result is that it sticks t~ the s~~es ot the spr~ tank and unsatis­

factory deposits supervene. The use of a considerable excess oftriethanola-

mine likewise appears to promote ins tab ili ty • 

It should be kept in mind in a.D¥ event that even a slightly "acid" 

soap, such as used in the first instance, and which has always been employed 
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in field work, produces a condition of instability which quickly: becomes 

troublesome if a heaVy overflow is permitted to return to the spr~ tank. 

This is shown by the steadily' decreasing arsenical deposits from beginning 

to end of the tank, a point which is further illustrated in a later experi-

ment with an inverted calcium arsenate mixture. 

h. -Addition of Colloids and Electrolytes. In 1936, some trouble was en-

countered by Wenatchee growers who were attempting to use a particular 

brand of lead arsenate for maJd.ng inverted mixtures. They complained that 

they could not obtain a heavy build-up of arsenical on their fruit. Examin-

ation of the product revealed that though presumed to contain no deflocculat­

ing substance, and though known to consist o~ at least 98 per cent acid 

lead arsenate, it contained a su.fficient quantity of acid insoluble colloid-
, 

al material to -interfere with inversion. Wi th the thought of forming cal-

cium soap to de-stabilize the mixture, it was suggested that they add f~om 

0.25 ounce to one ounce of calcium oxide or calcium hydrate per 100 gallons 

of sprq mixture. In some instances, this had the desired effect, but in 
~ 

others the difficulty persisted ~ arsenical deposits continued to be low. 

This led to an exam1 nation of the effect of coUoidal substances upon 
"-

inverted lead arsenate mixtures. A brand of lead arsenate was selected 

which had given consistently high deposits in the field. It was used with 

medium summer-petroleum oil and triethanolamine oleate. Admixtures of 

ammonium caseinate were made in sull am~ts, and the arsenical deposits 

determined. The frUits were sprqed for six seconds while rotating. Four 

samples were taken for 8DBlysis from each tank, the first pair before the 

mixture had been subj ected to any overfiow and the second pair after the 
~. 

mixture bad been pumped through the release valve, back into the spr61' tank, 

tor :three mjmtes. Table 9 -gives the results of this experiment. 
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Table 9. The Effect of a Colloidal Substance upon Lead 
Arsenate Deposit from an Inverted Mixture. 

Material per 100 gals. When 
sampled 

]. Lead arsenate, .3 lbs. at once 67.1 
Jledium summer oil, 

2 qts. atter .3 
Triethanolamine oleate, mins. .3.3.1 

0.25 lb. 

2 Same as (1) but with at once 26.9 
casein as ammonium 
caseinate, 0.25 oz. after .3 

1 

.3 Same as (1) but with 
casein, 0.12'5, oz. 

4 Same as (1) but with 
casein, 0.067 oz. 

5 Same as (1) but with 
casein, 0.0.3.3 oz. 

6 Repeat (1). 

mins. 27.9 

at once 22 • .3 

after .3 
mine. 25.4 

at once 26.9 

after .3 
mins. 26.6 

at once 58.0 
--

after .3 
mine. 57.6 

at once 71.6 

after .3 
mins. .36.9 

62.7 

27.5 

28.5 

21.9 

2.3.8 

22 • .3 

.31.6 

55.2 

42.6 

Condition of 
mixture 

'", """"" 

64.9 Started to 
break 2.5 mins.; 
broken 5 mins.; 

24.1 stuck to tank. 

27.2 Not broken 6 
mins.; not stuck 
to tank. 

28.2 

22.1 Same as (2) " 

24.6 

24.6 Same as (2) 

29.1 

57.5 Slight breaking 
.3 mins.; partly 
broken 6 mins.; 

50.1 not badly stuck 
to tank. 

68.0 Same as (1). 

.30.], .' 

It is apparent that casein in the form ot ammonium caseinate strongly 

stabilizes the inverted type of mixture. Without casein (1 and 6), break­

ing began to occur after 2.5 minutes of pumping and was complete at five 

miIDltes. When 0.067 ounce of casein was present in 100 gallons of spray 

liquid the mixture remained stable, and unbroken, even after six mimtes 

of continued heavy over~ow. However, in this ease the deposit of arsenical 

though uniform was low, and a fairly heavy l1nm-ott115 occurred. Low 

'The te~ n~oftn is used 'td denote the loss ot either liquidS or solids 
of a spray mixture by dripping from the f'rui t. 
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deposits in the case of the unstabilized mixtures, occurred not as a r~ 

sul t . of run-otr, but fr.om sticldng of the broken mixture to the sides ot 

the tank. So far the heaviest deposits have been obtained with mixtures 
. 

which are suf'ticiently stable to withstand a moderate degree ot agitation 

without breaking and sticldng to the ·tank, yet sufficiently unstable to 

break ~r invert when ej ected at high pressure through the spray gun. These· 

.investigations ~ve not yet revealed a method ot preparing a mixture which 

~ invert sat~sractorily on passage through the gun, yet remain unbroken 

in the sprq tank after arry considerable amount ot it has gone through the 

release valve. Satistactor.y, inversion implies a condition in which ~rtual-
". - . 

17 all ot the arsenical adheres to the rruits on impact. The run-orr should 

be practically clear water. 

The pronounced effect ot ammonium caseinate in stabilizing these mix-

tures is interesting. Apparently as little as 0.0.33 ounce of casein in' 

this form was sufficient to have a measurable influence on the stabill ty ot 

100 gallons of· mixture, at the same time affecting the arsenical deposit. 
,-

In another experiment, "hard II water having a "hardness" of 72 parts per 

million as calcium carbonate was used. to make an inverted mixture. With-

out the addition of 8ZV colloidal material and without pumping through the 

release .valve, breaking began at ouce, a~ was complete in one minute • 
.! 

The mixt~e was too unstable to be used •. When casein, as ammonium caseinate, 

was introduced in,to the tank betore the lead arsenate, oil, and soap, at the 

rate of 0.0.33 ounce per 100 gallons, 'the mixture was stabilized to the ex­

tent that it withstood a moderate amount o£ pumping through the release 

valve, and was sprayed out without d1f'ficulty. It gave fair build-up. 

Evidently one part casein in appro:x:lmately 425,·000 parts or water may 

exert a noticeable effect on the stabili ty of soap-oil-arsenical mixtures. 
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In terms of the~senical, this means that 0.06 per cent casein or some 

equally effective colloid may affect its deposition; so from a theoreti-

cal standpoint, a lead arsenate sample might be 99.94 per cent pure, yet 

contain an excessive amount of colloidal material for satisfactor,y use in 

an inverted mixture. 

It was felt that the "addition of an electro~e such as the sulphate 

ot zinc or alumimm might be helptul. in lessening the stabili ty of mixtures 

which were resu! tiug in heav arsenical run-of't UDder field conditions. In 

practice, when th~ introduction of calcium hydroxide at 0.25 to 0.5 ounce 

_per 100 gallons had failed to increase the deposit from a lead arsenate-

kerosene-ammonium oleate mixture, zinc sulphate at 1.5 ounces per 100 gallons 

gave an improvement. However, in a l~boratory experiment in which low de-

posits were obtained even though the mixtures were comparatively unstable in 

the spray tank, the introduction of zinc sulphate in amounts of one ounce 

and three ounces had no effect. Apparently, the use of an electrolyte for 

the purpose of' "increasing the deposit of solid from soap-oU-lead arsenate 

mixtures may be beneficial only Under certain circumstances, as for instance, 

where low deposit is due to excessive stability. 

Another means of overcoming excess! ve s tab ili ty is by increasing the 

quantity of soap. This practice, however, may not be as desirable as the 

former because of the potential danger of liberating soluble arsenic to the 

extent of causing frui t or foliage injury. 

i. Effect of Continued Spraying upon Arsenical Deposit. It has been men­

tioned that the outstandi.ng feature of an inverted spray mixture is its 

characteristic ot forming a deposit~hich increases steadily in amount, as 

spraying is continued upon one point. This characteristic has been more 

pronounced on oily or waxy surfaces than on hairy surfaces. Accordingly, 
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these mixtures have been~less likely to produce heavy deposits per unit 

of area when apples are sma] 1 and hairy than when they are larger and bave 

a wa:xy surface. Maxi,mnm depos! tion of arsenical from inverted mixtures 

apparently has not been attained until the third or fourth cover sprqs. 

Perhaps this is related to the condition of the surface of the fruit, as 

well as to an accllDDtiation or material which may occur if' early applications 

follow one another at close intervals. 

The nature of the sprayed surface plays _ a more evident part with the 

follage of the apple than with the fruit. For example, a spray such as 

lead arsenate-protein spreader, or lead arsenate-Bordeaux, though not ad-

hering strongly, may adhere somewhat similarly on both the waxy upper sur-

face and the hairy lower surface of the leaf. On the other hand, inverted 

mixtures adhere much more firmly to the upper surface. Indeed with heavy 

application, so evident does the 01l¥ arsenical deposit become, that a ques­

tion arises concerning the likelihood of inter.terence with the vital tunc-

tioDS of the leaf. So far no visibly deleterious effects have been noted. 

Perhaps the disposition of the stomates of the apple leaf may bear upon the 

matter. According to Miller (1931)·, there are no stomates on the heavily 

cuttLnized upper -surface, but, varyiDg with variety, from 186,000 to 266,000 

per square inch on the lower surface. There seems no reason to expect, 
r 

therefor~, tha~ the gas exchange of the lear would be influenced beyond 

that which might oc~ with the ordinary combination spray, consisting of 

lead arsenate and petroleum oil emulsified by ammonium caseinate. Nothing 

is known concerning the possible effect of a very heavy oil-arsenical-soap 

deposit upon the absorption or reflection of light, as apart from stomatal 

behaviour. 

Work dealing with the influence or inverted mixtures upon the photo-
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synthetic activity ot apple leaves is being done at the present time by 

the department ot horticulture of the Washington Experiment Station, and 

it is hoped that it will help to explain the relationship between these 

spr~ deposits and the p~siological processes of the apple tree. 

Laboratory experiments, summarized graphically in Figure 4, emphasize 

the striking difference in capacity to build an arsenical depos! t, between 

an inverted lead arsenate mixture and a non-inverted mixture. In these 

experiments two emulsions ot kerosene were used with lead arsenate. The 

first emal s~on was formed by the h1'drophilic colloid, ammonium caseinate; 

the second by the water and oil soluble soap, triethanolamine oleate. 

Twenty-seven samples of apples, co~i'sting of six fruits each, were eli vided 

into three series of nine samples. ~e first series was sprayed once, 

allowed to dry, then sualyzed for arsenical deposit. The second series was 

sprayed once, allowed to dry, then sprqed a second time and analyzed. '':rhe 

third series was sprayed three times in this manner, then analyzed. Each 

mixture was sprayed. upon one sample for two seconds, a second sample for 

five seconds, and a third for 15 seconds. The analytical determinations 

were made in duplicate, and the entire experiment repeated a second time 

with fresh mixtures. The figures in the graph, being averaged from the 

results ot the two experiments, each represents four arsenical determina-

tiona. Lead arsenate applied alone was used as a check. 

The following p:oints are suggested bi the experiments: 1. Lead 

arsenate used alone in water gives depos! ts of simil ar amounts, whether 

applied for two seconds or 15 seconds. (See Appendix, Table 2, for varia­

tions in such deposits). 

2. When sprayed for a short time, lead arsenate alone gives heavier 
~ -i': .... 

deposits atter several applications, than when heavily applied. Apparently, 
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Fig. 4. Effect or continu.ed application upon spray deposit. Lead 
arsenate used alone in water; lead arsenate ydth kerosene, 
non-inverted; lead arsenate with kerosene, inverted. 
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as indicated later, this -is because heavy applications tend to remove the 

deposit=previously present on the fruit surface, and re-deposition is i~ 
. 

_ sufficient to exceed the original load. In practice, light applications of 

lead arsenate alone are not likely to be as effective for codling moth con-

trol as heavy applications. Prolonged spraying generally results in more 

thorough, though not necessarily heavier, deposition, and the bl.otched 

deposits which supervene are more effective than the finely spotted deposits 

following light or mist-like applications. This has been demonstrated bY' 

Smith (1926). 

3. When lead. arsenate is used in combination with kerosene emulsified. 

by ammonium caseinate, the resul ting arsenical deposits are somewhat simi lar 

to those from lead arsenate used alon~. No build-up occurs either from a 

single heavy application or from a series of heavy applications. Judging 

from field reaul ts, this generalization would not apply if' a heavier frac-

tion of petroleUJD oil is used. Medium grade summer petroleum oil emulsified 

with ammonium caseinate, and used with lead arsenate, at the end of the 

season has given somewbat heavier arsenical loads than lead arsenate used 
\., 

alone • Apparently , the oily nature of the fruit surface foilowing the\~: 

application of such a mixture affects the eventual deposit of the solid. 

Probably this is owing to the action of the oil in lessen; rag the loss of 

arsenical from weathering, and possibly also, to the slightly increased 

tendenc.y for the suceessive applications to adhere to the o~ surface of 

the fruit. Kerosene, since it disappears soon after spraying, would have 

little, if 8.Dl', value in this way. 

-4. When commercial acid lead arsenate is used in combination with 

kerosene emu] sified by ~ sui table soap, and all const-i tuents are in proper 

amount, a heavy application results in a much heavier arsenical deposit 



39 

than alight application,. and the deposit is in the form of a film instead 

of being blotched.-or spotted as in the case of lead arsenate ~one, or lead .: 
arsenate combined with an ammonium caseinate emulsion of kerosene. 

It will be noticed that the average of the second of the heavy appli-

cations of the inverted mixture did not Show an increased deposit over the 

first, though it was nevertheless very heavy. This was because in the first 

of the experiments the mixture was much more stable than in the second, and 

gave quite mediocre and inconsistent deposits •. Until this time (1934), the 

strong stabilizing effect of colloids upon inverted mixtures had not been 

realized. But at this point it was suspected that even slight contamination 

of the spray pump might influence resul ts, so when the experiment was re-

peated, particular precautions were talten to wash and flush the equipment 

thoroughly, to 'be sure that there remained in it none of~ the ammonium 
,. 
~>I-~ 

'" caseinate emulsion from the previous tankful of spr~. The extremely heavy 

deposi-ts characteristic of inverted spray mixtures ,then appeared. As de-

monstrated during the past. season, in an experiment already mentioned, a 

minute amount of ammonium caseinate may completely change the behaviour of 

the inverted type of spray mixture, so the earlier suspicion seems to have 

been correct. 

j • Influence of Pressure and Spray Gun Aperture upon Depos! t. Experience 

in the field application of inverted mixtures suggested that the type of 

spray blast might in£+uencethe arsenical deposit. Laboratory experiments 

were planned with the object of obtaining definite information upon this 

point. Two sprays were selected for comparison; lead arsenate used alone 

in water, and lead. arsenate in combination with two quarts of medium summer 

petroleum 011 emulsified: by 0.25 pound of triethanolamine oleate. The 

latter forms a typical inverted mixture. These sprays were applied by a 
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16-gallon "Bean" spray pump under pump pressures of 300, 42S; and SOO 

pounds per square inch, with gun disc apertures 4/64-inch, 8/64-inch, and 
.£. 

lO/64-1;ch in diameter. The spray gun was a 1934 "Hardie" Model E, con-

nected to the pump by ten feet of O.S-inch hose. Nozzle pressures were 

not determined, but with the larger disc openjngs they were probably in the 

neighborhood of 25 per cent less than the pump pressures. Du.plica te samples 

of five apples were sprayed. from a distance of three feet. Spraying was 

continued for ten seconds while the apples were rotating. 

Table 10 gives the arsenical deposits where a finely fogged spr~ 

blast was employed with pressures of 300 pounds and 500 pounds at the pump. 

Table 10. The Effect of Variation of Pressure and Disc 
APerture upon Arsenical Deposi_t. 

Pounds 
pump Disc 

res sure a erture Mixture 

300 1.7 Inverted mixture 27.9 23.5 
Lead arsenate 

alone 11.1 9.1 
. 

8/64" 3.0 Inv. mixture 27.1 31.5 
L. A. alone 10.5 1.3.2 

Inv. mixture 27.2 22.9 
L. A. alone 10.5 10.8 

500 4/64" 2.2 Inv. mixture 37.6 35.2 
,L. A. alone 9.0 8.7 

8/64" 4.0 Inv. mixtUre 61.1 77.9 
L. A. alone 10.0 10.5 

10/64" 7.2 Inv. mixture 36.7 43.3 
L. A. alone 12.8 11.9 

Ave. 

2S.6 

10.1 

28.2 
11.8 

\) 

25.0 
10.6 

36.6 
8.8 

69.5 
10.2 

40.0 
12.3 

In every comparison is illustr~ited the failure of lead arsenate alone 

to form deposits greater than about 12 micrograms U203 per square centi­

meter ot trui t surface. Approximately the same deposit was obtained regard-
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less of·,the pressure or rate of output of spray material. The reason for 

this condit:\on is that without an adhesive, little if any more lead arsenate 

can remain on the fruit than that amount which is suspended in the water 

adhering to it when spraying ceases. In other words, the amount of lead 

arsenate depoei ted from such a mixture depends almost entirely upon the 

amount of lead arsenate introduced into the spray tank. Once the apple has 

been thoroughly wetted no more water will adhere. Since no more water ad-

heres, no more lead arsenate is deposited with.ver,y heavy application than 

with light application. 

Theorizing becomes more difficult with the inverted mixture for reasons 

which are stated elsewhere. Apparently somewhat higher deposits resulted 

with a pressure of 500 pounds per square inch, than with '.300 pounds per 

square inch. P-robably this depended mainly on the gx,-eater output of material 

at the higher pressure. It was observed that in neither case did the spray 

mixture strike the fruit so forcibly that aqy of th~ deposit was removed by 

washing off. Deposits were somewhat similar for the different gun apertures • 
• 

.. 
Evidently this was due to the greater area covered by the sprq bJ.ast with 

the larger apertures. No explanation can be offered for the particularly 

high deposit obtained with the 8/64-inch aperture at 500 pounds pressure, 

for unfortunately, repetition of the experiment was out of the question. 

A common quer,y from the grower who.uses an inverted mixture concerns 
arlo 

the effect of a driving type- of spray blast upon the arsenical deposit. An 

experiment was planned with this in mind ~ the results are given in Table 

11. The two mixtures of the previous experiment were used again with a 

constant pressure of 425 pounds at t~ pump, and the type of spray blast 

was varied from a wide fog to a driving spray. The disc aperture was con-

stant at 8/64 inch, and the fruits were sprayed for 10 seconds. 
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Table 11. The Effect of Type of Spray Blast upon Arsenical 
Deposit. 

Type of 
spray blast 

Deposit as mmg As203 
=er cm2 

Spray mixture (a) (b) Ave. 

Wide fog Inverted mixture 39.5 52.5 46.0 
Lead arsenate alone 10.7 11.9 11.3 

Medium fog Inverted mixture 51.0 40.7 45.7 
Lead arsenate alone 10.0 10.3 10.1 

Dr! ving spray Inverted mixture 24.3 27.6 25.9 
Lead arsenate alone 10.6 10.6 10.6 

It will be observed that with an overspr~, i.e., ten seconds appli-

cation upon revolving fruits, the extent of the deposit from lead arsenate-

water mixtures was not related to the type of the spray blast. The output 

of spray was not determined for each of the types, but as the blast was 

varied from a fine fog to a driving spray, it increased by pos'sibly 50 per 

cent. This is simply a further indication that the arsenical deposit from 

lead arsenate u~ed alone in water at three pounds per 100 gallons can not 
. 

be made to exceed a ver,y small maximum under ~ circumstances. 

It might be assumed that maximum deposit from an inverted mixture 

will occur when the blast of the spray gun isfogged. As a matter of fact, 

this may be observed under field conditions, but only when the fruit is 

rather close to the nozzle of the gun. It is questionable if a driving 

spray would show to such disadvantage when the fruit is, let us say, 15 

feet from the gun. 

Apparently disc apertures as large as 10/64 inch are satisfactor.y 

for the application of inverted mixt~es, providing pressure is adequate, 

and the spr~ blast at least moderately fogged. 

k. Inversion of Lead Aisenate-Oil Mixtures by the Addition of Substances 

Other Than Univalent Soaps. In attempting to find a workable explanation 
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for the behaviour of inverted spray mixtures, some in~idental experimental 

work bas been done by the addition to lead arsenate-oil mixture of com-

pounds apart from the univalent soaps. In view of the speculations which 

follow, these experiments are brie~ summarized here. 

1. The addition of two per cent by volume of'diglycol oleate to 
l 

medium summer oil resulted in rather weak in~ersion. Four per cent diglycol 

oleate gave more definite inversion, and eight per cent resulted in inversion 

and arsenical build-up rather comparable to that from a similar amount of 

triethanolamine oleate. When the temperature of the wat.er was raised from 

160 C to 400 C, inversion with four per cent diglycol oleate was more rapid. 

2. Diglycol laurate, solidifying at about 14° C did not cause satis-
. ' 

factory inversion when the temperature 9f the water was 16° d. 

as effective as'diglycol oleate for this purpose, at 40° C. 

It was not 

.,' 

3. The addition of 2.5 per cent by weight of lead oleate to medium 

summer oil caused more rapid inversion than either ammonium oleate, or 

triethanolamine oleate, at approximately seven per cent. Arsenical build-up 

was decidedly heavy. 

4'. Addition to medium summer oU (temperature 1000 C) of 2.5 per cent 

aluminnm naphthenate caused slight but nnmi stakable inversion. The exact 

composition of the sample of aluminum naphthenate is not known, but it is 

suspected that it may have contained a variet,y of other compounds. 

5. Neither sodium oleyl sulphate nor sodium lauryl sulphate effected 

inversion when used in the amount of 0.25 per cent or 1.0 per cent of the 

weight of the oil. 

6. Medium summer oil alone at 0.5 per cent of the water was added 

to lead arsenate so as to. wet it thoroughly, aDd the mixture added to the 

water in the spray taDk. No inversion occurred, and no build up even with 

prolonged pumping. However, flocculation of the lead arsenate particles 
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was pronounced. When the oU was mixed with lead arsenate at the rate of 

100 gallons to three pounds, and the mixture sprayed. upon apples without 

the introduction of 8.1V' water, there was no build-up of the arsenical 

whatever. The addition ot lead oleate to the oil at 0.2 per cent had no 

effect. 

When the lead arsenate was used at the rate of 200 pounds in 100 

gal10DS ot oil, a thin paste was formed which was passed through the pump 

with difficulty in the absence of water. It gave a very heavy deposit upon 

sprayed apples. Heavy build-up thus occurred with only summer oil and lead 

arsenate, providing the mixture was suitably viscous. 

1. Speculations Concerning the Nature of Inverted Lead Arsenate Mixtures. 

The fUndamental difference between an inverted spray mixture and the con-

ventional type of mixture cont.a1ning water, oil, and a suspended solid, is 

that the solid is wetted by oil instead of water; the phenomena concerned. 

in wetting processes are then of prime importance. 

Reinders (1913) examined the arrangement of a number of finely divided 

solids when intimately in contact ~th two immiscible liquids and observed 

that some reJDBined at the liquid-liquid interface, some were apparently 

completely wetted by one of the liquids and some by the other liquid. 

Hofmann (1913) working on the same problem postulated that when a finely 

divided solid is wetted by water more than chloroform for example, t~e water 

will displace the chloroform and there will b.e formed an aqueous film aroUnd 

the solid particles. Water will eventually wet the particles regardless of 

which of the immiscible liquids first wetted them. 

Davis and Curtis (1932) applied ~s idea of preferential wetting to 

the emulsification of' liquids by finely divided solids, and suggested a 

simple procedure for its determination. This is as follows: About 20 grams 
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of the solld,- and either of the two immiscible liquids, are. worked into a 

soft putty. The second liquid is then added, a fell drops at a time, and 

worked into it. If the solid is preferentially wetted by the first liquid, 

very little of the second liquid can be worked into the putty. In case of 

preferential wetting by the second liquid, the mass becomes more or less 

the consistency of cottage cheese, with liberation of the first liquid. 

The method of Davis and Curtis was used to determine the wetting 

characteristics of two types of acid lead arsenate. One of them was pre­

pared. by Doctor Kermit Groves in the chemical laboratory of the Wasbjngton 

Experiment Station; the other was a commercial product, by customa.ry methods 

of analysis, over 98 per cent PbHAs04 , and containing no stabilizing or 

deflocculating agent. These we~e the ~esults with the laboratory prepared 

sample. 

(1) It was prererenti8J~ wetted by water in the presence of medium 

summer petroleum oil, oleic acid, petroleum oil conta1ni.~ five per cent 

oleic acid, and herring oil •. (2) When from two to four per cent (estimated) 

gum dsmmar was dissolved in medium summer petroleum oil, and· this solution 

used to-wet lead arsenate, it was possible to work water into the paste. 

Apparently water..;.in-oil emulsion was formed. However, when the lead arsen­

ate was first wetted by water, the oil-gum dammar could not be worked into 

it. The simultaneous introduction of water and oil-gum dammar solution re­

sulted in the formation of an oil-in-water einulsion. (.3) Whe:Q. an aqueous 

sodium oleate solution was first used to wet the lead arsenate, what 

appeared to be a water-in-oil emu.lsion was eventually formed with the con­

tinued add! tion of petroleum oil. (4} A five per cent petroleum oil solu­

tion of lead ol~te pret~renti~ wetted lead arsenate in the presence ot 

water, likewise forming what appeared to be a water-in-oil emulsion. 
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Although gum dammar -promotes water-in-oil emulsions, its capacity ~t. 

to do so was evidently less than that of a large amount of lead arsenate 

to stabilize an oil-in-water system. On the other hand, lead oleate, also 

promoting water-in-oil emulsions, was able to stabilize such an eDiulsion, 

even in the presence of lead arsenate and even if the lead arsenate had 

been initially wetted by water. It is not known whether the oil-lead 

oleate solution actually displaced the water from the surfaces of the solid 

particles, or whether it merely served to disperse particles of solid still 

coated by an aqueous film. Since apparently sjmilar results fo1lowed the 

introduction of sodium oleate, as compared to lead oleate, perhaps they had 

a simi 1 ar genesis. In this connection, if when an aqueous solution of 

sodium oleate comes in contact with a lead arsenate particle, lead oleate 

should be formed by metathesis, it ~ exist as a coating on the particle. 

The question of preferential wetting would then concern not lead arsenate, 

but lead oleate, and lead oleate is fairly soluble in summer petroleum oil. 

In 8.l\Y event, there is to be considered the fact that by the presence of 

the additional oil soluble emulsifier, these systems are complicated beyond, 

those exam; ned by Davis and Curtis. 

When a certain brand of commercial acid lead arsenate was used instead 

of the specially prepared laboratory . sample, the preferential wetting test 

gave different resul ts. Thus the commercial product was preferentially 

wetted by oleic acid ,in the presence of water. The gw:nmy material adhered 

to glass, suggesting the formation of lead oleate. When the lead arsenate 

was first made into a putty with herring oil, and water added, an oil-in-
~ ~ 

~C - ~ 

water emulsion was eventually formed, instead of the herring oil being 

liberated from a curdy mass, as in the case of the laboratory sample o~ 

lead arsenate. 
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It seems logical to-attribute these differences to variation in the 

pb.ysical or chemical nature of the lead arsenates, a point which is consi­

dered later. 

Persing (1935) applied the Davis and Curtis method of determining pre­

ferential wetting to finelY divided fluorine insecticides. He found that 
--"-

in some cases definitelY preferential w~ttlng occurred, and in others the 

effect was only partial. His opinion was that some of the oils had suf'fi-

cient wetting power to hold the particles in the oil phase if they were 

initially oil-wetted, but not enough to cause the particles to pass from 

the water phase into the oil phase. However, Persing was working with a 

number of proprietar,y oils containing oil soluble emulsifiers, as well as 

wi. th animal and vegetable 011s which perhaps contained considerable pro-

portions of free fatty acids. His evidence of oil or w~ter pr~ferences, 

therefore, might have depended at least partially upon the formation of ~' 

trivalent soap, for both natural and artificial cryolite contain measur-

able amounts of water soluble aluminum. If such a soap were formed, there 

would be a system somewhat analogous to that -already mentioned, i.e., 

mineral oil-lead oleate-lead arsenate-water. 

Findings at Wenatchee have agreed with those of Persing in that in-

version of cryolite mixtures is not as readily accomplished in diluted 

spray comb ina. tiona as is inversion of arsenical mixtures. However, it has 

been quite marked, when a small amount of water was mixed with the oi1-

solld-wettiDg compound, betore the whole was added to the sprq tank. In 

every case where inversion ensued, there had been introduced either free 

fatty acid (oleic), univalent soap, or divalent soap. 

The agglutiuated material which forms in an inverted mixture after 

it has passed through the release valve of the sprayer might be termed a 
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qaasi-eDnllsion. The samples examined microscopical l.y were composed of a 

greasy matrix of oil and lead arsenate, occluding water globules, and air 

bubbles. It appears probable that the water globules were prevented from 
J 

coalesci~, or being liberated, more by reason of the viscous nature of the 

matrix than by the presence about them of an adsorbed film of some emulsi-

f,Ying substance. In these spray combinations emulsion inversion in the 

strict sense does not occur, yet this does not preclude the formation of 

substances cs.pable of prOducing this phenomenon, for the oU:water ratio 

is such as to rule aut the existence of a water-i~oil s,ystem in ~ case, 

at least insofar as the entire volume ot water is concerned. 

Pickering (1907) first showed that finely divided solids which are 

more ~e8dily wetted by water than oil, m8y form oil-i~wa.ter emulsions by 

collecting at the liquid-liquid interface, and Scarlett, et al. (1927) 

added that both liquids must wet the solid before it will collect at the 

interface. Schlaepfer (1918) discovered that water-in-oil emulsions may 

likewise be formed with a finely. d1 vided solid as emulsifier. Using 

powdered carbon (soot) as the solid, he was able to disperse 70 per cent 

b,y volume of water in 30 per cent by volume ot kerosene. 

It inverted arsenical mixtures depend solely on the wetting proper-

ties ot oil tor their characteristic as deposit builders, it should be 

possible to simulate this effect by utilizing .a finely divided solid pre-
..... 

-
terent1ally wetted by oil in the first place; that is, without the necessity 

ot introducing tatty acids 'which, as already mentioned, appear to promote 

oil-wetting for certain substances that nominally are hydrophilic. With 

Schlaepter's experiments in mind, powdered carbon (trNoritD) was introduced 
, 

into a carefUlly cleaned spr~ tank which contained a mixture of medium 

SlImmer petroleum oil, c~ercial a.cid lead arsenate, am water. For five 
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milllltes the whole was vigorous4" agitated and pumped back upon itself 

through the release valve at a pressure ot 300 pounds per square inch; 

then it was sprayed out upon mature apples. At once the carbon commenced 

to form the uniform, steadily increasing dep()sit typical of inverted arseni­

cal mixtures, while the lead arsenate particles collected in droplets ot 

water which coalesced and dripped from the fruits. The accomp~ing photo-

graph shows one of these apples after the water had evaporated and left a 

spotted white deposit of lead arsenate on a uniform black backgroUDd com­

posed ot petroleum oil and carbon particles. Only one side of the apple 

was sprqed. 

It has been found that when lead arsenate was wetted by a petroleum 

oil solution of lead oleate, a particular ratio had to be maintained between 

the solid and the oU before the arsenical would accnrJllllate in -a heavy 

film upon a SPr&.7ed surface. Excessive·amounts of oU lowered the vis-

cosl ty of the oil-solid mixture so that it dripped from the surface; in-. 
sufficient oil caused only a po~tion of the solid particles to be wetted, 

with the result .~at o~ that portion was in a condition which favored 
\!;, 

adherence. The same applied to oil-carbon mixture, so because in the 

latter case there were concerned o~ two substances, both 'chemic~ inert 

in a water sus~ension, it is evident that ~e heavy and uniform deposit 

was conditioned principall.y by two factors; the wetting of soUd by oil, 

and the ratio of soUd:to oil. The possible presence of ~, oil soluble 
.. 

soaps should represent anaccessor,y factor when arsenicals are in question, 

and used in combination with tatty acids or tatty acid compounds. 

For the past ten years, attention has been focused upon the phenomenon 

of spreading in arsenical spray mixtures. It has been for ~ the tirst 
... 
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Fig 5 . Simultaneous formation of heavy, uniform deposit of oil-wetted 
carbon particles and light spotted deposit of water-wetted lead 
arsenate particles . Apple sprayed from right side only 
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desideratum, since without effective spreading, uniform deposits could not 

be obtained, and without uniform deposits codling moth control is adversely 

affected. )Jevertheless, with the inverted. mixture , resulting in as uniform 

deposits as the best spreaders, it has been manifest that spreading in the 

strict sense plays no part. Here uniformity evidently depends on the fact 

that the oil-wetted solid particles or agglomerates adhere immedia~ely 

upon ~pact either to the fruit surface, or to previou~ly deposited parti­

cles or agglomerates. A fine dispersion of the oil-wetted solid in the 

sprq blast takes care of the rest. 

In the present method of preparing inverted lead arsenate mixtures, 

the phenomenon of wetting comes into pl~ three times; first, when the 

solid is wetted by water; second, men it is wetted by oil; and fiDally, 

when the oil film surrounding the solid particles wets the surface of the 
.. ' 

fruit and causes them to adhere to it. 

There remains to be considered that important. matter, the process by '. 

which lead arsenate, preferentially wetted by water, is transferred to the 

oil phase o:f an emulsion; in other words, the process by which the mixture 

is inverted. Woodman and Tqlor ·(l930) reported that certain clays gave 

dual. types of emulsions with fatty acids, or with fixed oUs containjng 

tree fatty acids. They believed that this was due to chemical interaction 

of the fatty acids with the sodium and calcium hydroxides, etc., obtained 

by hydrolysiS of the cl.ay when in aqueous suspension, or with breakdo1fD, 

products of the clay itself. That is to s~, the dual emulsions resulted 

from the s1 mul. taneous presence of univalent and di vaJ.ent or trivalent 

soaps. It heavy metals should be llberated in sensible amounts from in­

secticide mixtures contai.n1ng oil emulsi:fied by a univalent soap or free 

fatty' acid" then compOUllds could be formed which would radically affect 
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the ph1'siC8l. Dature ot the mixtures. 

Pers!Dg!s interesting paper (loc. cit.) while stressing th~ fact·that 

the introduction ot polar radicals into petroleum oil, results in oil­

wetting of lead arsenate or C170li te, apparently adduces that such radicals 

are, per se, responsible for it. However, the Wenatchee investigations 

have shown that the oleates ot lead and zinc when added to oU cause oil-

wetting Qf lead arsenate which is decidedly more pronounced than that .from 

oleic acid. Also when commercial acid lead. arsenate is first wetted by 

mineral oU containing 'live per cent oleic acid, then added to a spray tank 

containing water, satisfactory build-up ot deposit only occurs when the 

mixture has been subjected to prolonged agitation and pumping back upon 

itself. It is as though some r~ction ,were in progress, and if this is the 

case, it seems logical that a reaction product might be lead,oleate. This 

view is supported by the tact that in the presence ot oleic acid or uni-' 

valent soap in water solution, oil wetting of one brand of lead arsenate 

may be more rapid than that of' another. Groves (unpubliShed matter) ot 

this experiment station has tound that this may be partly owing to the 

presence ot variable amounts ot basic lead arsenate in the commercial acid 

torm. He determined that one widely used product, market~ as acid lead 

arsenate, actually contained about 15 per cent ot the less toxic basic lead 

arsenate, while another equa] 4" well known brand contained very little 

basic lead arsenate. He presumed that since basic lead arsenate reacts 

wi th a weak acid such as acetic, it might also do so with oleic, though 

because oleic acid is water insoluble, the reaction would not proceed as 
-

rapidly. Another poillt brough out in -his investigations was that particle 

size ot lead arsenate seems to be an important point in wetting and inver-

SiOD; in these heterogeneous systems chemical action takes place on the 
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surface of the particles, so the smaller the particles the greater the 

surface area and the more pronounced. the effect. As for the reactions with 

univalent soap, the situation may be somewhat different for the soap hydro­

lyzes lead acid arsenate and may combine directly with it. Groves has de-

tected the presence of oil soluble lead by ether extraction of certain in-

verted lead arsenate mixtures, suggesting that commercial lead aeid arsenate 

may indeed react with oleic acid, or univalent soap to form lead oleate. 

The difficulty of attributing inversion to any particular cause is 

further complicated by impurities in the oleic acid. Tartar, et al. (1929), 

in studying ~]lsion inversion have attempted to prepare pure oleic acid. 

~n their method lead acetate solution was added to oleic acid. The lead 

oleate thus formed was treated with hyd~ochloric acid and the Oleic acid 

recovered from ether by distiJ 1 i.ng under reduced pressure in an atmosphere 

of carbon dioxide. In spite of these precautions they concluded, "The 

oleic acid thus obtained was probably somewhat impure; apparently very pure 

oleic acid has never been prepared." Groves has found that the so-called 
~ 

red oil (oleic acid) of commerce may contain appreciable amounts of iron, 

presumably as a result of having been stored in iron or steel containers. 
" 

Iron oleate, like "lead oleate, promotes oil-wetting of lead arsenate. 

Present evidence concerning the nature of inverted lead arsenate 

mixtures is most definite in poil1ting to their complexity. In commercial 

practice, the lead arsenate, oil, oleic acid, and water ~ all contain 
. 

impurities which are capable of affecting ~esults to a marked degree. The 

toll owing points snmmarize the situation: 

1. Inverted lead arsenate mixtures are formed when some substance 

is present which causes ~e arsenical particles to be wetted by oil. The 

oil may be petroleum oil, animal oil, or vegetable oil. 
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2." Inversion occurs when divalent soaps are introduced into a mix-

tare of lead arsenate, oil, and water in suitable proportions, and the 

whole is ejected through a small orifice at high pressure. 

3. Inversion likewise occurs when univalent soaps are introduced 

into suCh a mixture. If oleic acid is substituted for univalent soap, 

partial inversion generaily results if the mixture is subjected to pro-

longed pumping., through the overflow valve. 

4. In mixtures containing univalent soap, or free fatty acid, there 

is some evidence that lead soap is formed by metathesis from the monovalent 

soap, or direct~ from the free fatt,y acid. 

5. Wetting of solid by oil appears to depend at least in part upon 

the formation of divalent or trivalent ~oaps. Probably lead oleate is 

princi~ concerned, but with certain grades of oleic acid, iron oleate 

may be a factor. 

m. Ovicidal and Larvicidal Effectiveness of the Inverted Petroleum 6il 

Mixture. Porter and Sazama (1930) have mentioned that when a minimum con-

centration of oil is used with Bordeaux misture, it is less effective as a 

scalecide than when used alone. Referring to the work of De Ong, Knight, 

and Chsmberlin (1927), they concluded that the particles of the Bordeaux 

mixture acted in a mechani cal way, absorbing a certain volume of the oil 

and preventing penetration into the insect. In an inverted mixture, the oil 

is more intimately associated with the solid than in a comparable ~ure 
. . 

containing oil emulsified by a ~drophilie colloid. The question then 

arises concerning the relative ovicidal values of the two types of spr~ 

combinations. It might be suspected that the latter mixture with more free 

oU would be the more ef'f~ctive. Laboratory experiments were undertaken to 

determine the point. 
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By · suspending apples in the incubator cage mentioned pre~ously, 

codling moth eggs were obtained in considerable nwnbers on the surface of 
~. 

the fruits. After the eggs had been counted and widely circled with India 

ink to facUi tate recovery, the apples were sprayed for four seconds wi th 

the mixtures in question. Since they were rotating this meant that any 

given point was sprayed for two seconds, i. e., equivalent to a heavy appli-

cation under field conditions. The experiment was repeated nine times with 

the results in Table 12. 
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Table 12. The Influence of Emulsifier on Ovicidal Effect of 
Oil-Lead Arsenate Mixture. 

Materials 
per 100 gals. 'Q!a ter No. of' eggs' 

No. of' eggs 
unhatched 

Average per 
cent unhatched 

1 Lead arsenate, 3 lbs. 
Medium summer oil, 

2 qts. 
Triethanolamine oleate, 

0.25 lb. 
(Inverted Mixture) 

2 Same, but Ammonium 
caseinate 0.015 lb. 
instead of triethano­
lamine oleate. 

(Hon-inverted Mixture) 

.,-.3 Lead arsena te alone, 
:; 1bs. 

(1) 
(2) 
(.3) 
(4) 
(5) 
(6) 
(7) 
(8) 
(9) 

Total 
Ave. 

(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
(9) 

Total 
Ave. 

(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 

~:~ 
Total 
Ave. 

110 
116 

1.3 
205 
124 
43 
49 
45 

11. 
792 

102 
85 
63 

205 
61 
4.3 
51 
54 

102 
766 

106 
114 
12; 
204 

43 
42 
50 

-.9l. 
775 

88.0 

85.1 

96.9 

65 
87 
13 

199 
li5 
36 
4~ 
40 

..:J.!t. 
674 

89 
67 
55 

197 
57 
38 
44 
49 

100 
696 

9 
8 

13 
16 

5 
4 
7 

6~ 

84.1 

74.9 

90.6 

8.5 

.. .. 
It might seem that the oil in the inverted mixture was somewhat less 

effective as an ovicide than in the non-inverted mixture. The point can 

not be made clearer b,y statistical treatment of the data for the human 

equation is too variable a factor in. this work. It is more difficult to 

detect eggs .after fl1lits have 1>~en sprayed with the former mixture. But 
"/' 

in a111 event, it is improbable that from the ovicidal standpoint, the in-
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verted mixture is superior to the ordiDSry' type ot non-inverted oil-lead 

arsenate combination. The greater ettectiveness ot the tormer in the 

field evidently depends on its superior! ty as a larvicide. 

The comparative larvicidal values ot the two mixtures have been 

briefiy exam1 ned in the laboratory and though the experimental work is 

quite inadequate, it is suggestive ot the close connection between the 

extent ot an arsenical deposit and the degree ot codliDg moth control, a 

relationship which has been obvious repeatedly" both in the laboratory and 

the tield. 

The laborator,y procedure in larvicide experiments has been brietly 

described earlier. As tor the experiment reported in Table 13, four spray 

mixtures were used. Each was applied tor tive seconds and 15 seconds re-

spectively to two groups ot ten Winesap apples. Each apple was then in­

tested with ten eggs attached to waxed paper, so that a total ot eoo eggs' 
--' 

was used tor the four mixtures. There were no arsenic determinations for 

this particular experiment, but Table 1 gives a general idea ot the extent 

of the deposits. 

Table 13. The Inf'luence ot Ernul sifier on Larvicidal Etfect 
ot Oil-Lead Arsenate Mixtures. 

Materials Time No. eggs No. Per cent 
per 100 gallons ot water , . 'II: .,.praYed hatched Entries mortalitl, 

1 Lead arsenate, 3 lbs. 5 secs. 80 15 81 
Medium swmner oil, 2 qts. 
Triethanolami ne oleate, 15 sees. 82 3 96 

? 

0.25 lb. 
(Inverted llixture) 

2 Same, but Ammonium 5 secs. S? 32 63 
caseiDate, 0.015 lb., -: 

instead ot trietbaDO- 15 secs. - 88 31 65 
lamina oleate. 
(~iDYerted Mixture) 

3 Lead arseDate alone, 5 secs. 92 58 37 
3 lbs. 

S4 56 15 secs. 37 
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There undoubtedly would be considerable variation from these mor-

tallty figures if the experiment-were repeated, but the superiority of the 

iBVerted mixture as a larvicide appears to be as decided as might. be pre­

dicted on the basis of its much heavier aDd more uniform arsenical deposit. 

It is interesting to note that lead arsenate with the ammonium caseinate 

emulsion, though not giving a higher arsenical deposit for a single appli­

cation than lead arsenate alone (Table 1), was apparently more effective 

as a larvicide. This is in accord with frequent field and laboratory 

.observations, iDdica:t1ng that, the amounts being equal, an oily arsenical 

deposit is more effective as a larvicide than a DO~oily deposit. In each 

case a similar type of deposit is assumed, e.g., spotted, filmed, etc. 

Haseman (1934) suggests that an oily coverage may deter establishment by 

making it difficUlt for the codling moth larva to attach its silken thread. 

'fhis life-line, metaphorically speaking, is fastened to the fruit surface 

with each movement ot the newly hatched insect, and in the form of a silken 

mat provides a fulcrum for the leverage necessar.y to enable the minute 

insect to pierce the skin of the fiui t with its mandibles. 

The reason for the great superiorit.y of petroleum oil-arsenical mix-

tures over arsenical mixtures without the oil becomes evident when Tables 

12 and 13 are considered together - when the effects ot ovicide and larvi-

cide are combined. Let us suppose that a number of apples in the insectary 

bear 1000 codling moth eggs and are sprayed for five seconds with lead 

arsenate alone. About 95 per cent of the eggs will hatch, liberating some 

950 larvae. Frequent experiments have shown that umer laboratory condi-
--

tiona and depending on variety of apple and time of year, about 60 to 80 

per cent of' the larvae will establish themselves in fruit sprayed once with 

lead arsenate alone. Seventy per cent establishment would result in 665 
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entries from the 1000 eggs~ On the other hand, let us suppose the eggs had 

been sprayed for 5 seconds with an inverted mixture containing 0.5 per cent 

oil (two quarts). Mortall ty in the egg stage will amount to perh~ps 85 or 

90 per cent, so that eclosion will take place from about 125 eggs. The 125 

larvae will then be subject to some 80 per cent mortality, and establish­

ment will only be effected in about 25 cases. Thus the inverted mixture, 

for a single heavy application before eclosion, would be some twent,y-five 

times as effective in preventing entries as lead arsenate alone. It should 

be kept in mind, however, that under field condi tiona oftentimes the oil 

has no opportunity to act as an oncide, because not applied with sufficient 

frequency. 

Atmospheric temperatures during llay and June, at which time the over-

wintered moths are in flight in central Washington, are not as high as during 

later nights. For this reason, the egg stage generally lasts considerablY 
') 

longer, and the unusual effectiveness of the inverted mixture has therefore 

a much better opportunity to come into full play. Furthermore, spray appli-

cations are lnade more frequently then than later, so providing several "first 

b~ood"6 applications are made, most of the eggs will be exposed to the ovi-

cidal effect of the oil mixture before eclosion can take place. 

It should be mentioned that mortality of first generation larvae at 

least, appears to be distinctly greater in the field than in the laboratory 

where light is subdued, ~ temperature and humidity maintained at the m<?st 
. 

favorable levels. There is little question that in the presence of a de-
" -",-... -

posit' of' lead arsenate, amounting to 10-12 micrograms AS20.3 per square centi­

meter of fruit surface, considerably less than ?O per cent establishment of 

6The term "first brood" is used to indicate the larvae hatching up to mid­
Ju.l1'. It should be kept in mind, however, that certain of ~e overwintered 
1Dd1viduals may 181' eggs subsequent to this time. 



.60 

first generation larvae will occur in the orchard • Although field mor-

tality of larvae of the second generation, as a general rule is menifest-

lY lower than that of larvae of the first generation in the face of a 

similar arsenical deposit, it is doubtful if even then it is as low as in 

the laboratory. 

2. Inverted Calcium Arsenate Mixtures 
't 

Previous published work of this experiment station by Marshsll and 

Groves (l936b) has provided considerable evidence that for the arid climate 

of central Washington, at least one type of commercial calcium arsenate 

may be a reasonably satisfactor.y substitute for acid lead arsenate. It 

must be used in combination with some substance which renders it innocuous 

to apple toliage and fruits, without lowering its effectiveness as an ~ 

secticide, and a deposit must be maintained equivalent to lead arsenate 

on a total arsenical basis. Like lead arsenate, when used with an oil 

emulsified by a hydrophilic colloid, it produces a spotted deposit which 

shows practically no capacity to increase with prolonged spraying. Lab ora-

tor.y experiments were undertaken to remedy this defect, and though from 

force of circumstance lacking repetition, they illustrate the development 

of the work. 

When a univalent soap is added to a mixture of that complex of sub-

stances known as commercial tricalcium arsenate, and water, a dr.Y granular 

mass is formed. Evidently this is largely a result of formation of calcium 

oleate from free calcium hydrate 'by metathesis. The calcium soap coats 

the suspended particles and the whole settles out as a waxy mass. If a 

sufficient quantity of free petroleum oil be introduced previous to the 

ad41tion of the soap, a rapid breaking or inversion takes place. The 

mixture, it sprayed out b~fore it has an opportunity to sepa~ate entirely, 
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produces the typical. arsenical build-up of an inverted mixture. Apparent-

11', the petroleum oil wets the calcium oleate coated arsenical particles, 

and lacking a water-borne emulsifier in sufficient amount, or sufficient 

effectiveness, the mixture largely separates, with the arsenical remaining 

in the oil. This is a different condition than occurs with lead arsenate 

in a similar mixture, and it calls for the introduction of some additional 

substance which will act as a stabilizer- A satisfactor,y substance for 

the purpose has been zinc sulphate. In practice a small quantity of zinc 

sulphate is dissolved in water in the spray tank, next the calcium arsenate 

is introduced, and finally the soap-petroleum oU emulsion is added when 

the tank is practic~ full. One effect of the zinc sulphate is to react 

wi th at least part of the calcium hydrai?e present in the cal.cium arsenate 

as an impurity. The resulting precipitate, consisting for the most part 

of zinc qdroxide, probably serves to delay or impede the intimate contact 

of oil and calcium arsenate until this is accomplished by passage through 

the spray gun or release valve. Wi th intimate contact, the arsenical be-

comes wetted 'by the oil and inversion takes place. 

It is not known what substance brings about the wetting of calcium 

arsenate particles by oil in this mixture. But as mentioned by Bhatnagar 

(1921), divalent soaps promote water-in-oil emulsions, and salts of di-

valent metals tend to cause emulsion inversion if added to oil-in-water 

emulsions stabilized by un! valent soaps. Since as justpoint~ out, in-

version of the mixture occurs when a univalent soap is introduced into an 

oil-water-calcium arsenate 8.1stem, it seems reasonable to assume that it 

results at least in part from the formation of calcium oleate. It has 

been determined by experiment that if oleic acid is dissolved in the oil 

and used in the place of a univalent soap, inversion will likewise occur. 
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Here again, calcium oleate could, and probably would be formed. As a 

further illustration, either zinc oleate or lead oleate dissolved in oil 

and added to a water suspension of commercial calcium arsenate caused in-

version and heav,y arsenical build-up. 

In a mixture stabilized by the addition of zinc sulphate, it may be 

that either calcium oleate, zinc oleate, or both, are present. As shown 

in Table 14, even when zinc sulphate is added in excess of the amount 

necessary to react with all the calcium hydroxi9,e, inversion still occurs. 

Stoichiometrically, the calcium arsenate, containing 2.5 per cent calcium 

as calcium hydroxide, required about 0.38 pound of zinc sulphate for its 

removaJ.. 

In the experiment summarized in this table, the spray mixtures were 

made up in 100 gallon quanti ties and pumped through a machine with a capaci­

ty of ten gallons per minute at a pressure of 425 pounds per square inch. · 

The frui ts were sprayed for six seconds. Two samples were taken when pump-

ing had just commenced, two when 40 gallons had been pumped out, and two 
.~. 

when 70 gallons had been pumped out. 
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Table 14. The Effect of Zinc Sulphate upon Inversion of 
a Calcium Arsenate Mixture. 

Gallons Estimated Deposi t as micro-
Materials per 100 gallons pumped out gallons re- gram~ A~203 per 

water when sampled turned to cm 
tank via (a) (b) Ave. 
overflow 

1 Zinc sulphate (ZnSO 4 ?H2O) (10 12 270 291 280 
o.Iff lb. {40 28 143 294 218 

Calcium arsenate, 4 1bs. {70 68 113 70 91 
Medium summer oil, 2 qts. 
Trietbsnolamine oleate, 

0.25 lb. 

2 Same, but Zinc sulphate, (10 18 318 268 293 
0.25 lb. {40 28 277 159 218: 

(70 65 37 27 ':..:.:' 32 

3 Same, but Zinc sulphate, (10 10 417 387 402 
0.43 lb. (40 22 422 367 394 

(70 55 194 56, 125 

4 Same, but Zinc sulphate, (10 10 312 246 279 
0.62 lb. (40 24 287 '262 274 

(70 60 380 393 386' 

One might assume from the table that increased stabili ty with no 

loss in deposi't is obtained as the zinc sulphate is increased from 0.18 

pound to 0.62 pound. Yet as is often the case with 'inverted mixtures, it 

is difficult to generalize. In actual practice, it has not been desirable 
>; 

to use more than 0.25 pound of zinc sulphate for the particular type of 

calcium arsena~e in question. Other brands of calcium arsenate, or indeed 

other batches of the same brand, might require different amounts of the 

sulphate, depending ~tleast in part on that extremely variable factor, the. 

amount of calcium hydrate present in the arsenical. 

The conclusion that can be drawn from Table 14 is that inversion may 

occur though all the calcium hydroxide has, theoretically at least, entered 

into chemical combination with the zinc sulphate. A further point, apparent-

11' borne out in practice, is that greater stability follows the use of the 
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larger amounts of zinc sulphate, but on the other hand under these condi-

tiona the arsenical deposits have inclined to be too light, no doubt be-

cause of excessive stability. 

The optim1m amount of soap for inversion of calcium arsenate mixtures 

bas not yet been determined. The results from or~rd and laboratory work 

have varied somewhat. For example, it appears from the deposits in Tables 

15 and 16 that 0.12 pound of triethanolamine is more satisfactor.y than 

0.25 pound. These deposits were determined on fruits sprayed in the labora-

to~. In practice, with one type of statioDB.17 spray equipment, 0.25 pourxl 

appeared to give better results, with another, 0.12 pound was q~te enough. 

Table 15 represents an experiment with the small laboratory sprqer 

in which ten liters of water were used and pressure was about 300 pounds per 

square inch at the pump. 

Table 15. Quantity of Soap and Inversion of Calcium Arsenate 
llixture with Three Gallon Laboratory Pump. 

-Deposi t as micro-
Condition of mixture grams ~s20J per 

lis. terials per 100 gallons in tank when spray-- Seconds cm 
iUg was finished sprayed (a) (b) . Ave. 

1 Zinc sulphate, 0.25 lb. Some settling, very 4 lost 4.2 4.2 
Calcium arsenate, 4 lbs. little sticking to 12 3.2 7.3 5.2 
Medium summer oil, 2 qts. tank 
Triethanolamine oleate, 

lIb. 

2 Same, but Triethanolamine Same 4 7.2 6.8 7.0 
oleate, 0.75 lb. 12 3.6 6.0 4.8 

3 Same, but Triethall9l B.mine Heavy floating curd, 4 43.7' li.S 27.7 
oleate, 0.50 lb. come sticking to tank 12 66.1 39.5 52.8 

4 Same, but Triethanolamine No floating curd. 4 16.2 30.6 23.4 
oleate, 0.25 lb. sticking to tank 12 15.2 22.4 18.8 -' ". 

"..;[ 

57.6 5 Seme, but Triethanolamine No curd. Less stick- 4 57.5 57.8 
oleate, 0.12 lb. ing than (4) 12, 153.0 194.2 173.6 

6 Same, but Triethanolamine No curd. No sticldng 4 46.2 53.2 49.7 
oleate, 0.06 lb. to tank 12 126.8 125.5 126.1 



It- will be seen that- _the use of one pound of the soap did not caus~ 
, 

excessive curdling of the mixture; on the contrary it seemingly rendered 

the emulsion so stable and so lowered the surface tension of the water that 

there occurred no arsenical build-up whatever. Similar effects were ob-

tained when 0.75 pound of soap was used. However, apparently 0.50 pound 

was enough to complete the inversion without offsetting the effect by 

stabilizing the mixture; as a result there was considerable adhesion to the 

spray tank, to the accompaniment of erratic and· unsatisfactory deposits .~ 

on the fruit. 

In practice, generally the deposits from mixtures containing 0.25 

pound ot soap have been very heav.y, so the low deposit from such a mixture 

in the small laboratory machine is unexpected. Possibly this was occasion-

ed by contamination from the pump. The fact that the deposits were con-

sistently high with the mixture containing 0.12 pound of soap indicates 
~ . 

that such an amount used in conjunction with 0.25 pound of zinc sulphate 

promoted inverst.on without adversely affecting the condition of the system. 

This is confirmed in Table 16. Here the mixtures were used in 100-gallon 
IJ!. 

quantities and pumped at 16 gallons per minute with a pressure of 425 

pounds per square' inch. 

Table 16. Quantity of Soap and Inversion of Calcium Arsenate 
Mixture with 16 Gallon Pump. 

Estimated Deposi t as micro-
i i(~ Gallons gallons re- grams ~203 per 

Materials per 100 gallons pumped out turned to cm 
water when sampled tank via 

overfiow (a) (b) Ave. 

1 Zinc sulphate, 0.25 lb. (10 ._ 18 318 268 293 
Calcium arsenate, 4 lbs. (40 - 28 277 159 218 
Medium summer oil, 2 qts. (70 65 37 27 32 
Triethanolamine oleate, 

0.25 lb. 

2 Same, except Triethanolamine (10 13 192 232 212 
oleate, 0.12 lb. (40 25 310 329 319 

(70 60 384 375 379 
(85 80 353 (lost) 35~ • 



While the mixture with 0.25 pound of triethanolamine oleate immedi-

ately gave high deposits, it was evidently too unstable to withstand the 

heav,y overflow which passed back into it. This is indicated in the stead-

ily~ecreasing deposits of the successive samples, as also by the loss ot. 
~~~ 

a considerable amount of the arsenical from sticking to the sides of the 

spray tank. The superior stability of the mixture with 0.12 pound of 

triethanolamine oleate is evinced b,y the high deposit obtained after about 

80 gallons or 80 per cent of the volume of material originally in the tank 

had been pumped back through the overflow. Nevertheless, the initial de-

posits from this mixture were lower than from the previous one, pointing 

to the likelihood ot unsatisfactory results in equipment with light, or 

moderate agitation, and very light overnow. For this type of sprayer, the 

use of the larger amount of soap seems in order. 

It was recognized early that extent of overflow and vigor ot agita-

tion are factors which exert great influence on the ·behaviour of inverted 

mixtures. Experiments with calcium arsenate mixture consisting of zinc 

sulphate, 0.25 pound; calcium arsenate, 4 pounds; medium summer oil, 2 

quarts; and triethanolamine oleate, 0.25 pound-; showed that both heav,y 

overflow and vigorous agitation are deleterious. For example, in one ex-

periment a tank of the mixture was agitated without overflow for 4.5 

minutes and a deposit sample showed 178.5 micrograms As203 per square centi­

meter. A second mixture was both agitated and pumped through the overflow 
. 
, 

for 3.5 minutes, and the deposit amounted to o~ 74.4 micrograms. 

In another experiment, deposit samples were taken immediately upon 

spr~ing and in one case atter three minutes of heavy agitation only, and 

in a second, after three ~m.1tes of both pumping through the overflow and 

heavy agitation. With heavy agitation only, there was a decrease of about 
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40 per cent in the deposi't-, while with both agitation and pumping there 

was a decrease of about 80 per cent. 

3. Comparative Larvicidal Values of Partially Inverted 

Calcium Arsenate and Lead Arsenate Mixtures 

An experiment was undertaken in the laboratory to gain some idea of 

the larvicidal value of a comparatively heavy calcium arsenate deposit as 

compared to a comparatively heavy lead arsenate deposit. This was accom-

plished by sprqing fruits with partially inverted mixtures of each; i.e., 

containing approximately belf as much summer oil as appears to be required 

for complete inversion. The experiment was repeated six times using vary-

iug munbers of codling moth larvae, and arsenical deposit determina tiona 
, 

were made in three instances. The results are given in Table 17. 

1 

2 

.3 

Table 17. Larvicidal Value of Calcium Arsenate and Lead 
Arsenate Mixtures. 

Ave. deposit 
Materials As20

3 
Exp. 

per 100 gallons No. 

Lead arsenate, 3 lbs. 21.2 rmiJgf cm2 1 
Medium summer 011, 1 qt. 2 
Triethanolamine oleate, .3 

0.12 lb. 4 
5 
6 

Ave: 

Calcium arsenate, 3 Ibs. 31 .. 4 mmg/cm2 1 
Zinc sulphate, 0.18 lb. 2 
Medium summer oil, 1. qt. 3 
Triethanolamine oleate, 4 

0.12 lb. 5 
6 

Ave. 

Not sprayed 1 
2 
.3 
4 
5 
6 

Ave: 

Larvae 

99 
90 
47 
92 
89 
~ 
84.4 

99 
99 
46 
93 

102 
22 
88.5 

48 
48 
44 
W7 
26 
64.6 

Ave. per 
cent 

Entries entries 

57 
55 
32 59.8 
48 
57 

34 
50.5 

56 
67 
2.3 59.6 
6.3 
62 
46 
52.7 

-
47 
46 90.4 
38 
80 
8l. 
58.4 
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, The type of' commercial calcium arsenate used,contained somewhat over 
I' 

40 per cent arsenic pentoxide, and the commercial acid lead arsenate 

(diplllDlBic ortho) contained about 30 per cent. On the basis of a similar 

degree ot :adherence, a calcium arsenate deposit would contain approximate-

4r one-t~ more arsenic than a lead arsenate deposit. llicroscopic ex­

amination of the two arsenicals indicated that their particles were of a 

rather similar size, varying from about one to four microns in diameter, 

though the observations were not strictly accurate because it was dif'f'i-

cult to distinguish individual particles from aggregates. But in any case, 

it is presumed that in order to contain as matV' particles, a depos! t of' 

calcium arsenate would have to yield about one-third more arsenic trioxide 

than a lead arsenate deposit. Table 17 records an average deposit for 

calcium arsenate of' 31.4 micrograms arsenic trioxide per square ,centimeter, 

and 21.2 micrograms for lead arsenate. AUowing for a f'airly large ex-

pected variation in the determinations, it appears that the two deposits 

~ 

contained roughly cQrresponding mulbers of arsenical particles. 

A total of' approximately 500 larvae was used with each type of' 

arsenical deposit, and the average mortality was almost identical. Deposits 

ot the calcium arsenate mixture and the lead. arsenate mixture containing 

equal mlJlibers of' particles were approximately equally toxic to codling 

moth larvae UlIder the coDdi tioDS of' the experiment. However, field work 

discussed later indicates that factors ~ come into p~ which appeared 

to be inoperative in the laboratory, so in practice, for deposits of' the 

inverted t,rpe, a modification of' that view is indicated. 
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4. Some pqysical Characteristics of Oil-Arsenical 

Spray Mixtures and Deposits 

a. Flo c cula1;i on. Spuler, et ale (1931) had this to say concerning floccu-

lation of lead arsenate: "What is referred to here as flocculation occurs 

when certain brands of lead arsenate, and certain types of oil emulsion are 

placed together in a combination spray. . • • • Each flake is a mass of 

these larger (oil) droplets coated with lead arsenate particles. Because 

of the size of these fiakes and their irregular distribution through the 

water, an even distribution of both the oil and the lead arsenate is not 

to be expected in a spr~iDg mixture in this condition. • • ••• in 

several instances where such flocculation has been overcome by the use ot 

spreaders, a better control of the codling moth has ~nsued.n 

Partly as -a result ot these conclusions, and partly because of the 

occasional occurrence ot arsenical foliage injury, it was recommended that 

a spreader be used with such flocculated mixtures. It has since been de-

termined that unless agitation is so weak as to allow settling, in which 

case it is unsatisfactory for arf3' type of spray mixture, the irregular dis-

tribution of flocs to which Spuler evidently referred, has no bearing on 

the type or llniformi ty of the spray deposit. The physical condition of an 

oil-arsenical spray mixture subsequent to impact on the fruit surface may 

be quite unrelated to that in the spray tank, not o~ because the flocs 

have been literally torn to pieces by passage through the spray. gun, but 
~, 

because the oil:water ratio has changed b,yadherence of oil and ~off of 

water. The fiocs which form in the tank after passage through the overflow 

are not identical with those which were- formed in the tank previously. 

Referring to the Wenatchee district, Marshall and'Groves (1936) wrote 

as foliows: "Whereas a few years ago, (the) ideal mixture contained lead 
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arsenate' as a uniform, slowly settling suspension, it is now flocculated 

and settles rapidly. In fact, flocculation has become so much a household 

word that many men believe flocculation is synonymous with good deposit." 

nAt the present time, the most effective arsenical spr~ deposits 

have three characteristics in common. First, they are uniformly distri-

buted or I filmed I on the fruit, surface. Second, they have the capacity of 

increasing steadily in quantity as spr~ is continued on one point. 

Third, they are oily. It is incidental that these mixtures flocculate in 

the spray tank." 

Some mixtures, though flocculated and bearing oil, do not produce a 

film deposit and show no capacit,y for steady increase or build-up, an 

example being lead arsenate with ammonium caseinate emulsion of mineral 

oil. Some flocculated mixtures produce a no~oily filmed depos~t that 

does not increase with prolonged spraying; example, lead arsenate with 

soap. Others produce both a filmed coverage and heavy build-up, but the 

deposit is not oily, as the case with lead arsenate-soap, plus 0.5 per cent 

kerosene. Still others showing, a lesser degree of flocculation give filmed 

deposits which though oily, build-up only slightly, an example being lead 

arsenate with herring oil-oleic acid mixture. In brief, flocculation is 

~ an effect not a cause, yet the fact that is a feature of the best arsenical 

spray mixtures suggests its connection with some important characteristic. 

It is always manifested ... in inverted mixtures • 
.. 

When summer petroleum oil is intimately mixed with a thin paste made 

of water and lead arsenate, there forms an emulsion which upon dilution and 

passage through a small orifice at high pressure is resolved into pronounced 

fioes suspended in the wa~er. By staining the oil with-Sudan III and the 

water with methy-1ene blue, it was determined by microscopic examination that 
", 
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the .£'10c.8 consist of oil, lead arsenate and water. The oil exists in the 

flocs as globules surrounded by lead arsenate particles which are definite-

1y at the oil-water interface. It is a case of a collection of more or 
c. 

less isolated little oil-in-water systems, stabilized by a finely divided 

solid. 

When petroleum oil is emulsified by ammonium caseinate then added to 

a lead arsenate-water suspension, heavy flocculation occurs as soon as the 

mixture is pumped out at high pressure. Micros.copic examination of the 

nocs revealed them to be rather similar to those just described, though 

the oil globules were smaller and showed less tendency to coalesce. Here 

the oll-in-water emulsion was stabilized by both a finely divided solid and 

a hydrophilic colloid. The lead arsenate particles were either at the oil-

water interface ·or suspended in the water phase. 

A s1 mi 1 ar method of staining was employed in order to examine the 

noes of an inverted mixture, but it was found that ~eavy staining of the 

water by methylene blue prevented typical inversion. On the other hand, 

heavy staining of the oil with Sudan III, with the water unstained, re­

sulted in accelerated inve~si9.~ •. _~~n.~ d.~g~ee of deposit b~ld-up was 

being obtained, a·small quantity of the agglutinated flocs was examined. 

Here was found a complex system of air bubbles, water droplets, and arseni­

cal particles dispersed in oil. As previously mentioned, the rather greas.y 

material might be char~cterized as a quasi-emulsion. Before being spr~ed 

out, it was observed that much o.f the lead arsenate was still suspended in 

the water. Apparently , it becomes more completely. wetted by the oil as a 
". 

consequence of the intimate mixing which is effected at the aperture of the 

spray gun. Speculations have already been offered as t9 the cause of pre­

ferential wetting of arsenical' particles by oil in this type of mixture. 
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b. Effects of Fruit Growth and Wea theripg on Deposits. There is no ques­

tion that by far the most important factor in reduction of spray deposits, 

in the arid fruit growing areas of the Northwest, is fruit growth. Fahey 

and Rusk (1936) have conducted an investigation into the effects of fruit 

growth upon spray deposits, and concluded that under Indiana condi tiona 

nduring May and the first part of June, the rate of increase in area may be 

as much as 24 per cent per day, thus reducing the spray residue per unit 

area one-f'ifth each day.n They found that after the middle of June there 

is a gradual decline in the dBj~ surface area i~crement which led to the 

statement, uThus fruit growth direct~ opposes the efforts of the orchardist, 

for when he wishes to bnjJd up a heavy residue to protect the fruit, growth 

is most active in reducing the coverage, and when it is desired to decrease 

the residue load to assist in residue removal, growth is least active in 

reducing spray deposit. n They record that from May 7 to June .30, Jonathan 

apples increased about 11 times in surface area. From June .30 to August 

31, the increase in .area was about twice. 

Spuler, et ale (19.30) have reported for the Wenatchee district a de­

crease in deposit early in the season of 3.6 per cent daily, though in view 

of the work of Fahey and Rusk this figure appears to be too ;Low. However, 

the important point is that at the time when it is most essential to have 

protection from codling moth attack, and at the time when arsenical appear 

to be most effective in ·-preventing entries, it is most difficult to maintain 

adequate coverage. 

It has been noticed with C?ertain types of spray deposits that the per-

centage decrease in amount from spray to spray, is greater than with others. 

For instance, following pr<;»longed and very heavy rainf~ in early June, the 

deposit from a soap-lead arsenate mixture decreased .about .30 per cent while 
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that -from an inverted medium summer oil mixture showed no decrease. Indeed, 

the latter-t,ype of coverage is so resistant to weathering and fruit growth, 

that it has been possible by fruit measurements alone, to calculate the 

deposit aqy time after a given application, providing no additional arseni­

cal spray was used. Such calculations were made for deposits from inverted 

mixtures containing 0.5 per cent medium summer oil, and as shown in Table 

18, they agreed reasonably well with the actual amounts of arsenic- as de­

termined by chemical analysis. Theoretical deposits may be computed by 

comparing the diameter of the fruit when analyzed for deposit, with that 

at 8.I\V' time later. 'Fhe decrease in deposit should be in inverse proportion 

to the square of the diameter of the frui t if' only fruit growth is involved. 



Table 18. Fruit Measurements and Arsenical Depoei ts, Theoretical and Found. 

Immediately following 
4th Cover 46. da"ys later 106 days later 

])lt D2 mmg As203 cm2 
D if mmg As

2
0
3 

cm2 D if !J!!Di( Aso2., cm2 

Theor~ Found Theore= ~Found 

SpraY' Mixture 

___ 4 . ,r tical tical 
~ .. 

Inverted 
calcium arsenate 35 1225 98.9 64 4096 29.5 26.4 81 6561 18.4 20.8 

~ 

Inverted 
lead arsenate 36 1296 61.0 63 3969 19.8 20.9 80 6400 12.3 14.5 

*Average diameter of fruits in millimeters. 



75 

For the calcium arsenate mixture, the found deposit after 46 days 

was about 10 per cent less than the calculated, and after 106 days about 

13 per cent greater. The corresponding variations for the lead arsenate 

were about 5 per cent greater at 46 days and 17 per cent greater at 106 

days. Evidently in spite of about 0.5 inch precipitation during the lapse 

of 3.5 months, Ii ttle if any of the arsenical deposits disappeared from 

the surface of the fruit. The variations might well have occurred between 

individual analytical samples, for deposits determinations from inverted 

mixtures are prone to be somewhat irregular because of the importance of 

the time factor in application. 

c. Microscopic Examinations of Spra..y Coverage. By the use of a Leitz 

"UltropakD illuminator and a Leitz D~~" micro-camera, photographs were 

made of various-t.ypes of spray deposits some time after sprays had been 

applied, in order to record the visual effects of fruit growth on coverage. 

When a Wratten "Red F" filter was used in conjunction with high speed pan-

chromatic film, greater definition was obtained on the film than could be 

detected by direct observation. Some of the photographs are reproduced 

for comparison. In each case, with the exception of the unsprayed fruit, 

a new~ hatched codling moth larva was placed in the microscope field in 

order to convey a better impression of the size of the fissures, and the 

agglomerates of arsenical particles in the coverage. 

The photographs reveal distinct differences in the coverages. Lead 

arsenate applied without spreader or sticker formed a spotted deposit leav-

ing considerable areas totally uncovered. These areas were frequently far 

larger than the newly hatched larva. The spots, after a short period of 

growth, UDderwent exter.si ve fissuring which must evidently have left the 

deposit more susceptible to loss from weathering. Even with no spreader, 
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Fig 6. Skin of unsprayed Winesap apple in mid-August . Note growth 
fissures in wax . x30 . 
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Fig. 7 Lead arsenate deposit, no spreader or adhesive, one week after 
sixth cover spray in mid-August. White area at left is portion 
of a spot of the arsenical. Note fissuring of deposit due to 
growth of fruit and large area, right, lacking spray coverage. 
X30. 
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Fig . 8. Lead arsenate-soap spreader deposit in late July, 20 days after 
fourth cover spray . Edge of heavy blotch of arsenical showing 
growth fissures . X30 . 
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Fig . 9. Lead arsenate-summer oil- ammonium oleate deposit (inverted mix­
ture) in late July, 20 days after previous cover spray Note 
uniformity of deposit and relative absence of growth fissures . 
X30 . 





8J. 

lead arsenate particles were found to form agglomerates on a sprayed apple 

variing up to perhaps 30 microns in di~eter a week subsequent to the date 

of application. 

Lead arsenate in combination with triethanolamine oleate (soap) am 

without oil formed a much more uniform coverage. Though fissuring result­

ing from fruit growth was less obviOQs~ the size of the agglomerates was 

rather similar to that from lead arsenate alone. A lead arsenate-soap de­

posit bas a characteristic gram1lated appearance at a magnification of about 

X30. 

~ith the introduction of a suitable fish oU, the lead arsenate was 
, 

deposited more uniformly than when used alone but less uniformly than when 

~ed ~th soap. On the other hand, petroleum oU with only the lead arsen-
.~ ... " 

ate as an emulsifier resulted in an even more spotted deposit· than lead 

&rsena. te alone. The free fatty acid of the fish. oil seemingly plays an 

important part in the bringing about uniformity of' coverage. Fruit growth 

when fish oil was present caused less fissuring of deposit than when soap 

1I'8.S used;" . It, is suspected that this effect rasul ts from a softening of the 

apple wax Which might render it less susceptible to cracking. 

Inv~rted lead arsenate mixture beari~ 0.5 per cen~ medium swmner 

petroleum oU~ like the fi'~ oU coliibinati~n1 appeared less susceptible to 

fissuring thaD when oil was not present. But when kerosene was substituted 

for the petroleum oU, fissuring was quite as noticeable as With soap alone. , . 

In order to produce a s~ tably adhesive lead arsenate deposit, kerosene 
~ 

seems to require an emendment. For this pUrpose, herring oU has had the 

desired etfect. In practice, a mixture containing one pint herring oU, 3 

pints kerosene, 0.25 pound ammonium oleate, dr triethanolamine oleate, and 

, pOUDds of lead arsenate has with heav,y application given deposits which 

were heavy, UDitorm, and resistant to weathering. 



A difficulty with certain inverted mixtures has bee!l,. th~t conside~ing 

the amount of the deposit and its uniform distribution, pr~tection has not 

quite met expectations late in the season when the deposit had lost its de­

finitely oily nature. This may be a result of less pronounced adhesion to 

the insect, as well as a result of the formation of" large agglomerates which 

is particularly characteristic of mixtures containing summer oils of a vis-

cosity of 55 seconds Seybolt, or over. A representative coverage of this 

t,ype consisted of agglomerates which were of an average diameter of about 

10 microns. Some m~asured 100 microns, obviously too large for ingestion 

in toto by a first instar codling moth larva. 

Late in the season, certain inverted calcium arsenate mixtures have 

exhibited even more apparent inferiority as compared to freshly applied 

deposits. Several weeks following its application, an inverted calcium 

arsenate deposit, achieved by the use of medium summer petroleum oil, is 

somewhat bard to the touch. It generally consists of unusually large 

agglomerates with an average diameter of perhaps 15 microns. Sometimes 

with particularly unstable mixtures, agglomerates may exceed 500 microns. 

Chemical analysis of such a d~posit may unduly accent its larvicidal po­

tentia1ities,'for on the assumption that ingestion is accidental arid more 

like~ to occur in the case of small particles, or groups of particles, 

than large ones, much ot the arsenical will not be available for the minute, 

newly hatched insect. There is some evidence that this undesirable charac­

teristic of the inverted calcium arsenate mixture can be overcome by fur-

ther investigation. 

The question ot theavailability-ot a deposit tor ingestion has been 
.::' .. 

given some little conside~ation at wenatchee. As previously mentioned, 

experimental evidence as well as practical experience has indicated that the 
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amounts of arsenical being- equal, an oily arsenical deposit is a more efrec-

tive larvicide than a no~oily deposit. In order to find an explanation 

for the superiorit,y of the oily deposit, a mlmber of observations were made. 

It had been noticed that contact with chloroform, or ether, leads to 

rapid desiccation of a first iDstar codling moth larva. This suggests the 

presence of an oily or wa:z.y substance on. the integument, a point that is 

further suggested by microscopic examination with reflected light. It 

might then be assumed that if' one t,ype of arsenical deposit adheres more 

readily to an oily or waxy apple surface than another, it should also ad-

here more readily to an oily or waxy insect integument. Using powerful 

illumination at X30, with the microscopic apparatus previously mentioned, 

the point was investigated by examining 1'irst instar larvae after they had 

been allowed to crawl for two minutes over various types of spr~ deposits • 
. 

More arsenical particles or agglomerates were found to have adhered to the 

ventral surface of the head when the larva had traversed an oily coverage 

than when it had traversed a non-oily coverage. Table 19 gives some resul ts 

of these observations. 
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Table 19. Adherence of Arsenical Depos! ts to the Ventral 

Surface of the Head of First Instar Codling Moth Larvae. 

.. Estimated 
Materials deposit Number of arsenical agglomerates adherips 

per 100 gallons water mmg AS2~.3 .... 
per em 1 2 3 4 5 6 Ave. 

1 Lead arsenate, .3 1bs. 
Triethanolamine 15 3 2 1 3 10 3 3.6 

oleate, 0.12 lb. Repeat 6 4 1 .3 4 1 3.1 
(no~oily deposit) Repeat 3 2 g 0 4 6 .3.8 

2 Lead arsenate, 3 Ibs. 
Triethanolamine 30 1 7 1a 17 17 13 12.1 

oleate, 0.25 lb. 
Medium summer oil, 

2 qts. 
(oily deposit) 

3 Calcium arsenate, 4 lbs. 
Zine sulphate, 0.25 lb. 40 9 25 6 17 12 16 14.1 
Triethanolamine 

oleate, 0.25 lb. 
Medium summer .oil, 

2 qts. 
(oily deposit) 

4 Same as (3) but 
Kerosene instead .30 14- .3 2 7 16 5 7.8 
of summer oil 

(no~oily deposit) 

Unsprayed 0 0 0 0 0 0 0 0 
'1' 

Since the oily deposit was undoubtedly heavier with both types of arseni-

cal than the non-oily deposit, its greater adhesiveness to the insect head can 

not be attributed entirely to the presence of the oil. Nevertheless, this 

does seem to be fair evidence that even for similar amounts of arsenical the 

former should adhere the more readily. Of course, even if this were conclu-

sively demonstrated, it would prove nothing concerning the toxicity of the 

two ,deposits. Adherence of aggregates or particles, and ingestion of aggre­

gates or particles may nnt be related, though there is a ,likelihood that the,y 
" !I 

are. This point has been studied by Gilmer (1933), who wrote that juice is 

absorbed, although larvae ~ reject particles of pulp for 24 'to 28 hours 
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Fig :, 11. Ventral surface of head of newly hatched codling moth larva after 
crawling for two minutes over a non-oily lead arsenate-soap de­
posit. The olltlines of three arsenical agglomerates are dimly 
visible. Xl30. 



Fig 12. Ventral surface of head of codling moth larva after crawling 
for two minutes over an oily coverage of lead arsenate (inverted 
mixture) . Note the number of agglomerates adhering to setae and 
compare with Fig. 11. Xl30. 



atter entering .an apple. He dusted fruits wi th powdered carmine, and was 

-able _ to demonstrate its presence in about 75 per cent of the larvae that 

entered the fruit -after having crawled over it. 

A second point which should be considered in this connection is that 

made by Haseman (loc. cit.) with reference to the difficulty experienced 

by newly hatched larvae in attaching their silken web to an oily surface. 

Perhaps an o~ film is more effective as a larvicide than a DO~oily film 

for both of these reasons. 

B. Field Investigations 

The field work with inverted mixtures for codling moth control has 

comprised both small experimental plots, and demonstrations for growers re-

quiring several acres. Only a snmmary of some of the results can be in-

cluded, but it should convey a general idea of the performance of these 

spray combinations outside the laboratory. The experimental methods have 

been briefly described alr~. 

1. Lead Arsenate Mixtures 

In each of the tables which follows, a value is included which serves 

to indicate in a rough way, the extent of the error unavoidably introduced 

into the expe~iment. This value, applying both to deposi t anal yses, and 

codling moth infestation, is the average deviation from the mean, for the 

particular Dlmber of replicated control plots involved in the data. 

The Wenatchee inve~tigations have stressed the necessit,y of numerous 

controls, and plot ~outs have varied from year to year to meet changing 

conditions. Detailed statistical treatment of the data is considered 

both unnecessary and inadvisable. 

Comparing the effectiveness of several lead arsenate mixtures, one 
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experiment will illustrate the general trend of other related experiments 

as well as grower experience. These mixtures were applied at moderate 

doSage7 four times during first brood attack, and twice during second brood 

attack, on Romes, and five times and twice respectively on stayman Winesaps._ 

-
The Rome plots consisted of three trees each, replicated four times in a 

modified res~ricted random arrangement. The stayman Winesap plots con-

sisted of single trees duplicated. 

In these tables are certain comments, the purpose of which is to co~ 

ve,y impressions derived from a study of infestation maps of the experimental 

orchards. It is not possible to include the maps, but it is nevertheless 

advisable they should accompalV codling moth field data in order that one 

unfamiliar with the experiments may be aided in interpreting the results to 

his own satisfaction. 
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Fig. 13. Jlap or a twelve acre experimE.tntal orchard used at Wenatchee in 
1934. Each rectangle represents a plot containing six trees. 
NUmbers indicate larvae per one hundred rruit~ in the check plots. 
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Table 20.. Arsenical Deposits and Codling Moth Infestation 
for Lead Arsenate-Oil Mixtures. 

Larvae Comments 
Materials 

per 100 gallons 

Deposit 
Type of as mmg 

Variet,y cover- As2032 
a~e Per run 

per on infes- Spray 

-
100 tations injur.y 

frts, 

1 Lead arsenate, 3 Ibs. ) 
Kerosene, 2 qts. ) Rome film 
Triethanolamjne oleat~ 

0.25 lb. } Stayman It 

(Inverted llixture) ) 

2 Same as (1) but medium} 
summer 011 instead of ) Rome 
kerosene ) 
(Inverted Mixture) ) Stayman 

3 Same as (2) but ammon-) 
ium oleate instead ot ) Rome 
triethanolamine oleate) 
(Inverted Jlixture) ) StqmB.n 

4 Same as (2) but light ) 
SUDDIler oU iDStead of ) Rome 
medium summer oil ) 
(Inverted llixture ) Stayman 

H 

• 

n 

" 
It 

11 

20.6 (crop fail­
ure) 

24.0 50.4 -(probab17 
(lighter 

30.8 2.0 

22.4 28.3 -(probably 
(heavier-

26.7 5.2 

5 Same as (2) but oU -) 
emulsitied by 8~Diua) Rome spot 17.8 
caseinate } 
(Ron-inverted Mixture» StqmB.n' blotch 23.7 

6 Average of 7 controls.} 
Lead arsenate, 3 lbs. ) Rome blotch 14.2 80.5 
Herring oU (contain- ) 

iug 5% added oleic ) Stayman blotch 18.2 
acid), 1 pt. ) 

12.2 

Average deviation ) 
from mean for control ) Rome ! 0.8 122.2 
plots } 

) Stayman 
~ 

! 1.0 ! .3.2 

none 

very 
slight 

none 

very 
slight 

none 

very 
slight 

none 

very 
slight 

none 

slight 

slight 

slight to 
moderate 

In these comparisons it should be kept in mind the benefit or heav.y 

build-up ot deposit fr~m inverted mixtures could not come into play, since 
I 

applic~tion of spr~ material ~as discontinued when the trees commenced to 
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drip. levertheless, the inverted summeroll mixtures showed both def'ini,tely 

heavier and more uniform deposits than. the non-inverted mixture, and with one 

~vidently irregular exception, apparentlY somewhat better codling moth con-
... 

~~ol. Ammonium oleate mixture has, generally speaking, given slightly better 

deposit and control than triethanolamine oleate mixture. 

Kerosene in an inverted mixture gave decidedly lower deposit, and 

apparently poorer codling moth control than the summer oils. As previously 

mentioned, the lower deposit ~ result from the non-oily coverage tending 

to impede rapid build-up from successive applications. In addition,satis-

factor,y inversion takes place less readily with kerosene than with summer 

oils or fish oil. Poorer codling moth control is, of course, to be expected, 

since 0.5 per cent kerosene has no ovicidal effect. Indeed, laboratory in-

vestigations at.Wenatchee have shown that even 2.0 per cent kerosene has 

practically no ovicidal value. 

The control or check plots indicate the tremendous infestation faced 

in the Rome orchard. Al though there was 11 ttle variation in the amount of' 

the arsenical deposit in the'·:'seven· plots, the variation in infestation was 

high and shows ver,y f'orcib~ the need.ot estimating the experimental error. 

An average deviation f'rom the mean of seven control·Plots amounting to 22 

larvae per 100 fruits, greatly minimizes the significance of small differences 

in results of eXperimental treatments. The Stayman Winesaps were much less 

heavily infested than the Romes, but the percentage variation in the control 

plots 'was practically as great (26'.2 per cent as compared to 27.5 per cent 

for Romes). 

Of the six spray mixtures, only one caused foliage injury in sufficient 

amount to be considered' objectionable. That was the lead arsenate-herring 
.' ' 

oil combination used as a control mixture because of its rather general adop-
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tion by growers of the Wenatchee-Okanogan district. The injury which 

occurred on Stayman Winesap after 7 cover sprays was typical of arsenical 
~~~ -, 

injury. During 1934, 1935, and 1936, no inverted lead arsenate mixture 

made with either ammonium oleate or triethanolamine oleate, has caused sig-

nif'icant arsenical injury on any variety of apple in the lower Wenatchee 

valley. The original inverted "Dynami ten spray containing oil emulsified 

with sodium silicate and oleic acid, caused some damage to McIntosh foliage 

-after six moderately heavy applications. 

2. Calcium Arsenate Mixtures 

The development of inverted calcium arsenate mixtures was not begun 

until the 5Ummer of 1935, so field experiments lack the necessar,y eor~o-
, 

boration that comes when similar experiments have been repeated with essen-

tially similar results for several years. Table 21 gives results of one, 

field experiment with inverted and partially inverted calcium arsenate mix-

tures, containing petroleum oils. Preliminary work in 1933, resulting in 

very severe arsenical injury, el iminated animal or vegetable oils from con-

sideration as adhesives for this arsenical. 
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Table 21. Arsenical Deposit and Codling Moth Infestation 
for Calcium Arsenate-Oil Mixtures. 

Materials 
per 100 gallons 

1 Calcium arsenate, 4 lbs. ) 
Zinc sulphate, 0.25 lb. ) 

Type of 
cover­

age 

Medium summer oil, 1 qt. ) film­
Triethanolamine oleate, ) blotch 

0.12 lb. ) 
(Partially Inverted) ) 

2 Same as (1) but trieth. ) 
oleate, 0.25 lb. ) film 
(Partially Inverted) ) 

Deposit 
as mmg 

As2032 per cm 

35.2 

29.8 

3 Calcium arsenate, 4 lbs. ) 
Zinc sulphate, 0.25 lb. ) 
Medium summer oil, 2 qts.) film (large 54.1 
Trieth. oleate, 0.25 lb. ) aggregate~) 
(Inverted) ) 

4 Same as (3) but special ) 
light oil instead ot ) film (fine 47.0 
medium oil. ) aggregates l 
(Inverted) ) 

5 Same as (3) but kerosene ) 
instead of medium oU ) film (fine 35.9 
(Inverted) ) aggr'egates} 

6 Calcium arsenate, 4 lbs. ) 
Zinc sulphate, 0.36 lb. ) 
Calcium b;ydroxide, 1 lb. ) spot­
Medium summer oil, ammon-) blotch 
ium caseinate emulsion, ) 

2 qts. ) 
(Non-inverted Mixture) ) 

7 Average of 5 control 
plots. 

Lead arsenate, 3 Ibs. 
Trieth. oleate (soap), 

-0.12 lb. 

). 
} blotch­
) film 
) 
) 

Average deviation from ) 
mean for control plots ) 

30.2 

15.8 

-1-0.8 -. 
-

Larvae 
per Comments on Spray 
100 infestation .injur,y 

frts. 

Probably 
22.4 somewhat 

heavier 

40.0 

Probably 
19.8 somewhat 

lighter 

7.2 Probably 
somewhat 
heavier 

32.1 

30.8 

45.2 

none 

none 

oil in­
.jury from 
first 
cover 

none 

none 

oil in­
jury from 
first 
cover 

none 
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In this experiment, the plots consisted of single trees replicated 

tour times in restricted random arrangement. Five control, or check plots, 

were proVided, each consisting of four single tree replicates. stayman 

Winesap trees were used in ever,y plot. 

As in the previous table, it will be seen that the approximate experi­

mental error for the deposit determinat:iiq11B is low, amounting to perhaps 

five per cent of the determination. The estimated error for the infestation 

amounts to perhaps 20 to .30 per cent, since the average deviation from the 

mean, i.e~, 45.2 larvae per 100 fruits, was i 9.2. Though small deposit 
~. 

variations are probably significant, small infestation variations are more 
~ . . -

probably due to chance. 

The use of 0.25 pound of triethanolamine oleate with one quart of 

medium s~er oil and four pounds of calcium arsenate was evidently too 

-much in view of the amount of zinc sulphate employed. But the amount of 

zinc sulphate necessary in this t,ype of mixture is conditioned, at least 

in part, by the amount of soluble calcium present in the calcium arsenate, 

and would therefore be a variable quanti ty • Though only partial inversion· 

appeared to take place in the mixture and though it produced a filmed de-

posit, it was somewhat too unstable, and the arsenical deposit in addition 

to being low was irregular- When only 0.12 pound of soap was present, the 

amounts of the other constituents being the same, both arsenical depoei t 

and codling moth control were more satisfactory. The improvement in each 

case was greater than the estimated experimental error. 

In the third mixture, in which the. use of two quarts of oil resulted 

in apparently complete inversion~ the arsenical deposit was greatly 1~ .. 
creased over the preVioUs mixtures contairdng only one quart of oil. The 

difference in codling moth infestation between the first and third mixtures, 
r 
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however, is undoubtedly less than should have been the case. Probably 

the experimental error operated in favor of the first mixture and against 

the third, which in addition to having a much higher deposit, had a dis­

tinctly greater ovicidal value. 

As mentioned earlier, an apparent weakness of inverted calcium arS€n-

ate mixtures, has been the tendency to f'orm very large agglomerates on the 

fruit surf'-ace when the usual summer oils have been used. In the fourth 

mixture when a special light oil with a viscosity of 52 seconds Saybol t 

was substituted f'qr medium oil which had a viscosit,y of' 73 seconds (See 

Appendix for additional specifications), the size of the agglomerates was 

greatly reduced. This eff'ect, however, was not evident in another experi-

ment where the ordinary type- of light, summer oil was employed. The differ­

ence in the behaviour of' the two oils seems to relate to their distillation 

ranges. The special oil contained about 22 per cent of' a very light frac-

tion as against none for the ordinary type of light oil. When kerosene was 

used, inversion did not seem to occur to the same extent as with the same 

quanti ty of' light or medium summer oils, and the arsenical deposi t was lower. 

Codling moth control with the kerosene mixture was evidently inferior, as 

would be expected from the lower and non-oily deposit, and the lack of ovi-

cida! effect. 

The sixth mixture in Table 21 with a paste or ~onnaise type of 

medium oil emulsion gave resul t.s which agreed substantially.wi th those from 

simi 1 ar combina tiona used during the previous three years. Generally spealc-
:". 

ing, these non-inverted oil-calcium arsenate mixtures containing four pounds 

ot arsenical have given codling motn control about 50 per cent better than 
.. 

three pounds ot lead arsenate used with soap or herring oil. 

The third mixture containing the same amount of oil, and the same type 
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ot oil, but being inverted, resulted in a far hea~~r deposi~ and evidently 

superior ·codling moth control than the non-inverted mixture. Even making 

allowance for its production of excessivel,ylarge agglomerates, the inverted 

calcium arsenate mixture seems to excel in insecticidal value the corres-

ponding non-inverted mixture, just as the inverted .lead arsenate mixture 

excels the non-inverted mixture. 

Late in the season of 1936, some arsenical foliage injury was observed 

on Winesap trees that had been sprqed with inverted summer oil-calcium. 

arsenate mixture during Kay and June only. No injury was evident, where in 

addi tion, two later applications had been made in July and August. It has 

been reported previously by MarMa1 l and Groves (l936b) that highly refined 

petroleum oil acts as a sozophyt8 when in combination with calcium arsenate, 

and it is thought that injury may have supervened when the oil had been ex-

posed to the atmosphere so long that it had 1argel3 volatilized or undergone 

decomposition. As mentioned in the same article, z~nc ~droxide is also a 

sozoPh7t but in the sms1 ] amount which is formed in an inverted mixture, pro-

bab4r its effect would not be great • 

.3. Zinc Arsenite Mixture 

llthough summer petroleum oil exerts a sozophytic action when used with 

commercial cal~iWll arsenate, it would be UDd,oubtedly insufficient to prevent 
\ 

arsenical injury when in combination with commercial zinc arsenite, because 

of the lesser stabili~ of the zinc compound. A relatively large amount of 

8..rhe term n sozophytn was coined by Doctor M. W. Bundy of the Department of 
English, Washington state College, to eXpress a thought for which there does 
not appear to be an apt expression in the English language. It is derived 
from the Greek words JIleaning nto salenn and Dp1antn and implies a substance 
which prevents injury to a plant. "Safenern another coined word is too in­
clus1 ve, since it might apply equally to plant and insect. 
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freshlY'precipitated zinc hydroxide was found to prevent arsenical injury 

from zinc arsenite under 8r1d conditions, but such an amount would interfere 

considerably with the formation of an inverted mixture. In order to achieve 

a sozopbytic effect without interfering with inversion, use was made of the 

peculiar effectiveness of ferric oxide as an adsorbent for arsenic in water 

solution. As suggested by Doctor Kermit Groves, ferric chloride was dis-

solved in a small amount of boiling water and the solution added to a zinc 

arsenite suspension in the spray tank. Th~ iron was at once precipitated on 

the zinc arsenite particles in exceedingly finely divided condition, pre­

sumably a~, ~rated ferric oxide which upon exposure to air probably went 

for the most part to the oxide. The small amount of iron exerted a decided 

effect upon the action of the arseni~. Where no oil was used, 0.75 ounce 

of ferric chloride was sufficient to prevent arsenical injury from three 

poUDds of one batch of commercial zinc arsenite in 1934. But since this 

amount seemed to lower its insecticidal effectiveness considerably, 0.5 

ounce was the quantit,ydecided upon for investigation in an inverted mixture 

the following year. 

This mixture was formed by adding ferric chloride solution to a zinc 

arsenite suspension consisting of three pounds of zinc arsenite per 100 

gallons of water, then introducing medium summer petroleum oil emulsion at 

the rate of two quarts actual oil per 100 gallons of spray mixture. The 

emu] sion, made up with triethanolami.ne oleate at the rate of 9.25 pound per 

two quarts of oU, and containing about 50 per cent more water than oil, 

caused noccu1ation of the ar~enica1 almost as soon as added to the spray 
~? 

tank. Exceedingly heavy build-up of deposit was then obtained upon sprayed 
... 

fruits, a result of i~e~sion carried to tbe point of somewhat excessive i~ 

stability. 
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This mixture was applied in two orchards, and resulted in control of 

the codling moth rather comparable to inverted lead arsenate mixture made 

from the same oU. However, the amount of arsenic in the depaeit was nearly 

twice as great as from lead arsenate, and allOwing for 'about 50 per cent 

higher arsenic content in zinc arsenite than lead' arsenate, this meant that 

actually considerably more of the zinc arsenite adhered to the fruits. The 

tact that the deposits appeared ~t1811y uniform, suggests that the iron 

Bcoated" zinc arsenite was not as effective as lead arsenate, pound tor pound. 

AI though there was no evidence ot arsenical injury from the inverted 

zinc arsenite mixture for the greater part of the season, definite foliage 

injury occurred just before harvest. It was attributed to soluble arsenic, 

since no injury was present where oil was similarly used with lead arsenate. 

Apparently, it was not feasible to use a greater amount of ferric chloride 

in order to eliminate late injury, bec~use it was suspected that the irisecti-

cid-al value of the arsenical had already been somewhat impaired by it. This 

led to the conclusion that in the search for a non-lead spr~ mixture for 

codliDg moth control, it would be ,more profitable to develop inverted cal-

cium arsenate mixtures, than zinc arsen! te mixtures, for in add! tion to being 

less prone to incite arsenical injury, they were evidently as effective in 

the matter of control and somewhat less expensive. 

VI. DEXONSTRATIONS OF INVERTED MIXTURES FOR GROWERS 

A. Season of 1935 

In 1935, after two years' investigation of inverted lead arsenate mix-
r 

tures, a very severely infested five-acre orchard was selected £or demo~ 

station of their effectiveness to fruit growers. This tract represented ... 
If ';"-

as difti~t a problem'in codling moth control as could be found in the 

Wenatchee district, tor failure -had not resultedtrom neglect. On the con-
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trary, the 'owner had in the previous season applied a c~ spray and ten 

lead arsenate cover sprays, all of which cover sprays had contained either 

herriug oil or mineral oil. For his pajns, he had 'approximately 80 per cent 

wormy Romes and Pearmains, 50 per cent wormy Winesaps, 100 per1:'cent wormy 

Deliclous, and fruit that could not be cleaned below' the domestic tolerance 

for lead and arsenic residue. There were at least five reasons why he failed 

to control the codling moth. First, the trees were old, offering ideal win­

ter quarters for hibernating larvae. Second, the trees were large, heavily 

fertilized, and ver,y leaf,y. They were in some cases over 25 feet high and 

ma~ of them interlaced, making spray application difficult. Third, the 

shading effect of the trees throughout the tract evidently prolonged the 

emergence of moths from the overwintering generation~ so that larval attack 

from this source was practica1l.y contimlous from about the middle of May to 

the middle of July, and perhaps even later. Fourth, a tremendous moth popU-

lation had developed in the orchard, and being in one of the most heavily 

infested areas in the district, surrounding tracts likewise contained heavy 

moth populations. Finally, the owner was under-equipped and applied only 

30 gallons of spray mixture per tree per appUcation, when about 40 gallons 

were necessary for complete wetting. 

Beginning May 10, 1935, the Washington Experiment Station applied to a 

portion of this orchard, a c~ spray of lead arsenate, three pounds, and 

calcium caseinate spreader, 0.25 pound. This was followed in seven days by 

the first cover spray, an inverted mlxtureconsisting of lead arsenate, 
.. 

three pounds, medium. summer petroleum oil, two quarts, 8.nd triethanolamine 

oleate, 0.25 pound. The secom, third,- fourth, and fifth cover sprays were 
." 

all of the same mixture ~ applied at. interyals from the preceding applica-

tion of nine dqs, nine dqs, 11 days, and 14 days respectively. No spray 
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was 'applied to two-thirds of the orchard subsequent to July 2. On July ·24, 

an inverted mixture composed of lead arsenate, three pounds, herriDg oil, 

two'pints, and kerosene, one pint, and triethanolamine oleate, 0.25 pound, 

was applied to the remaillder of the orchard. So two-thirds of the tract 

received no second brood sprays, so-called, and one-third received a single 

second brood spray. 

The inverted mixtures were very heavily applied, sixty gallons beil'Jg 

used per tree, per application, on trees capable of bearing a normal crop of 

30 to 35 packed boxes. In order to determine the suitability of different 

types ot lead arsenate for these mixtures, 11 brands were used on separate 

blocks of trees. One of these contained a deflocculator, probably calcium 

caseinate, one contained a very small amount of an acid insoluble gum-like 

substance, and the remainder appeared to contain o~ those impurities inci-

dental to the manufacturing process. 

Duritlg the growing season, 14 arsenical deposit analyses were made for 

each brand ot lead 'arsenate 'and with the exception of the material containing 

the defiocculator, which was quite unsatisfactory, and that containing the 

gum-like substance, they gave somewhat similar coverage. Maximum deposits 

of about 50 micrograms A8203 per square centimeter of fruit surtace were 

obtained atter the fifth cover spray which was applied July 2. By harvest 

time, this deposit had been reduced to about 15 micrograms per square centi­

meter, almost solely as a result ot the increase in surface area of the fruits. 
o ~ 

This point has been discussed previously. 

When lead arsenate has been used alone or with soap or protein 

spreader, the maximnJP depos! t expectecf following the fifth cover spray would 
-, 

,be about 20 micrograms A820
3 

per square centimeter, but because ot the necess-

it" for late or s~cond brood applicatioDS where such spr~ mixtures are em-
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played ion the lower Wenatchee valley, this deposit will be retained prac­

t~ly undiminished up to harvest. Thus, althoUgh the deposit from the 
- -~. 

inverted mixture was very much greater than customary, up to the middle of 

July, it was somewhat less than customary when the time arrived to remove 

the residue. In practice, it has been found that ·residue from an inverted 

lead arsenate mixture containiDg summer petroleum oil is more difficult to 

remove than an equal deposit from a mixture not containing petroleum oil. 

However, as in this demonstration, where such. ~erted mixtures have been 

used early in the season, residue removal has been accomplished wi~out com-

plleations, in tandem washers with heated sodium silicate and hydrochloric 

acid solutions. According to F. L. Overley, as far as experience at this 

experiment station is concerned, their application in late July or August 

has caused extreme difficulty in residue removal, as indeed has every type 

of lead arsenate mixture which contained a sjmjlar amount of summer petro-

leum oil. 

Table 22 gives the average infestation at harvest for all brands of 

lead arsenate according to varieties. Instead of recording the infestation 

as number of larvae per 100 apples, the percentage of wo~ fruit was taken 

as more representative of grower viewpoint, and for direct comparison of 

the owner's results the previous season. 

Table 22. 

Variety 

Pearmain 

Rome 

Winesap 

Percentage Wo~ Fruits for Inverted Lead Arsenate 
Mixtures - 1935 Demonstration. 

Per cent KOAml fruit 
5 "first brood" 5 "first brood" and 

applications 1 "second brood" 
(last applicationJull I) application 

- 7.7 

5.9 

1.8 

6.0 

1.1 
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These comparisons are weak since there is no means of computing signi­

ficant differences. Nevertheless, the figures are expressive of two points. 

In the first place, though infestation throughout the district was quite as 

severe in 1935 as in 1934, in round figures the amount of wo:rmy fruit in this 

orchard dropped from 80 per cent to eight per cent for Pearmains, from 80 per 

cent to six per cent for Romes, and from 50 per cent to two per cent for 

Winesaps. In 1934, the owner applied ten cover sprays which left a residue 

too heavy and tenacious to be removed to the domestic tolerance, while in 

1935 five cover sprays, much more effective than the ten of the precediDg year, 

left a residue that was satisfactorily removed b,y good commercial washing 

practice. In the second place, though the application of a very heavy arseni­

cal deposit late in July evidently improved codling moth control, the improve-

ment was not sufficient to pq for the extra spray materials, aside from the 

fact that a difficult residue removal problem ensued. 

Four factors appear to have been principally responsible for the im-

proved codll~ moth control in 19.35 compared to 19.34. First, the trees were 

more caretully sprayed, and much more heavily sprayed. Second, greater use 

was made of an ovicide early in the season. Third, with heavy application, 

the new inverted mixture produced an arsenical deposit far in excess of a~-

thing ever achieved by the grower himself. Fourth, attention was concen­

trated upon protection from larval attack during flight of the overwintered 

generation, or as commonly phrased afirst brood control. a 

The necessity of cOD.gentratlng upon early spray applications was 

stressed by Forbes of Illinois as early as 1886, when be wrote, aNot only do 

these experimental facts point to the inefficiency of Paris green as against 

the later broods of the codling moth, but it is plain that the result is 
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what we must have expected a priori." Nevertheless, the fact remains that 

in the intervenj ng 50 years, the sigIi1ficanee of this fundamental principle 

frequently has been overlooked and·second· broOd-sprays taken asa matter of 

course. 

B. Season of 1936 

The orchard used for demonstrations in 1935 was again selected for 

that purpose in 1936, the second year's work being undertaken with the fo110w-

ing objects: 

(1) To verit,y results of the 1935 demonstration. 

(2) To determine if in a b~ infested district, it is possible to 

obtain satisfactor,y codling moth control with only four first brood appli-

cations of a highly effective spr~ deposit. 

(.3) To compare an inverted lead arsenate mixture with an inverted 

calcium arsenate mixture. 

Unlike the problem of the preceding year, the carry-over of larvae 

amounted to only some five per· c~nt. However, the trees were in the same 

leaf,y condition as in 1935, and in addition the owner paid no attention 

whatever to the ordinary practices of sanitation. There was no scraping 
-.4.. 

the banding of trees, and no removal and destruction of thinnings, though 

as a matter of fact, only one or two wO~'apples were found up to the end 

of June. The crop was very light, a condition favoriIJg heavy infestation. 

The calyx spz'ay for the entire demonstration block consisted of cal-

cium arsenate four pounds, zinc sulphate one 'pound, and calcium hydrate two 

pounds per 100 gallons. For cover sprays one portion received inverted 

lead arsenate mixture, and a second portion, inverted calcium arsenate mix-

ture costing approximately the same amount. Both mixtures contained 0.5 

. per cent medium summer petroleum oil. 
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A part of each of these subdivisions in addition to the calyx appli-

cation was sprayed four times, the last application being made June 13 when 

the apples were the size of walDlltS. A second part received a fifth appli­

cation on June 30. Five days elapsed between the application of the calyx 

and:first cover sprays, seven days between the first and second cover sprays, 

eight days between the second and third, 16 days between the third and 

fourth, and where applied, 17 days between the fourth and fifth. 

Again. the trees were sprayed very heavily; approximately 75 gallons 

per tree per application. Since each tree might bear a normal crop of 35 

packed boxes, this amounts to two gallons of spray material per application, 

per packed box of fruit. 

Samples were taken for arsenic ~eterminations four times during the 

growing season, as well as at harvest. Table 23 gives averages of these 

analyses, as well as the percentages of wormy fruit when picked. 

1 

2 

.3 

4 

Table 23. Arsenical Deposits and Inf'esta.:tion at Harvest -
Demonstration 1936 

No. of Average deposit 
Materials 

per 100 gallons 
cover' aJ..l varieties Per cent wOrlllY fruit. 
sprays mmg As203 per emf Pearmain Rome Winesap 

Lead arsenate, 3 lbs. 
Medium summer oil, 2 qts. 
Ammonium oleate, 0.25 lb. 4 33.7 8.1 10.7 

Same .. 
~ 5 44.6 5.9 3.6 

Calcium arsenate, A. lbs • 
Zinc sulphate, 0.25 lb. 
Medium summer oil, 2 qts. 
Triethanolamine oleate, 

0.25 lb. 4 47.3 8.0 15.5* 

Same 5 68.6 8.3 15.8* 
. 

*Trees in a group and a~parentl.y in an unfavorable location. 
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Though in Table 2.1 the deposit figures are reliable, the infestation 

records give only vague indications of the effectiveness of the mixtures. 

Nevertheless, it seems evident that in the lower Wenatchee district, four 

first brood spray applications will not suffice for satisfactory codling 

moth control. This will apply, particularly: where blocks of trees are only 

a few rows wide, and adjoining severaly infested trees, as was the case with 

this demonstration. Apparently in orchards where moths of the overwintered 

generation appear to emerge until well into July , it is necess~r.r that a 

cover spray be applied late in June regardless of the mlIllher, or effective-

ness of previous spray applications. By the end of June, the rate of increase 

of the surface area of the f'uits is declining rather rapidly, with the result 

that a heavy deposit applied at that ~ime should continue to be reasonably 

effective even in August when the later attacks of the codling moth are ~ 

usually hard to combat. 

It has been mentioned that deposits from inverted mixtures applied in 

June seem less effective in August or September than their amount and degree 

of uniformity would suggest. This was apparent in the demonstration Qf 1936, 

and especially so wi th the inverted calcium arsenate mixture. The present 

theory is(",that lessened effectiveness late in the season may relate to 

volatilization or chemical change in the oil of the deposit, as well as to 

increased activity· of the codling moth larva. The calcium arsenate deposit 

was particularly rough and quite devoid of the oiliness whic~ has characteriz­

ed the most effective arsenical coverages. Apparently, the inverted calcium 

arsenate mixture, though having given a considerably higher arsenic deposit 

than the lead arsenate mixture, was a trifle less effective in controlling 
.. 

the codling moth. It i~ su~pected that if there is found a means of retain-

ing the oiliness of the deposit, it will be at once more effective in con-
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trol, and more likely to- be innocuous to the tree, at least as far as, 

arsenical injur,y is concerned. A r~uction in the size of the arseniCal 

agglomerates would evidently be a further improvement. 

The degree of codling moth control obtained from early season appli­

cations of ·these inverted mixt~es, under the adverse conditions which pre-

vailed in this orchard, as well as the results reported by G. E. Marshall 

in Indiana (loc. cit.), leave open to question this statement made by 

Headlee (1935). "We know also that a population of codling moth of sutfi-

cient . size can develop in an orchard to render its adequate control by 

understood methods of SWmmer spray impractical." That may applY to eastern 

conditions, but at the present time at least, it certainly does not apply 

to those of central Washington. 

C. Cost of Inverted Spray Mixtures 

Inverted spray mixtures containing 0.5 per cent summer petroleum oil, 

cost approximately the same for a given amount of spra,y as non-inverted 

mixtures with a similar quantity of oU. At moderate dosages they have 

been measurably more effective in controlling the codling moth, but it is 

only when heavy applications are made that their superiority over non­
-~ 

inverted mixtures is striking. 

When it becomes necessar,y to use summer oil for codling moth control, 

the s1 tuation will be serious enough that the best of mixtures, aDd methods 

of application, are advisable. UDder these circumstances, heavy application 

of an inverted mixture is indicated during May or June. It would seem that 

heavier dosage would mean a larger spray budget, but that might be so only 

if no reduction could be effected in the number of applications required. 

Actu,sl 11', one heavy applica~ion of such a mixture for the third, fourth, or 

fifth cover spray may r~ce the amount of infested fruit at harvest to a 
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greater extent than two applications of lead arsenate-spreader, or lead 

arsenate-soap combinations. Since the spray budget must be considered in 

the light of, the value of the marketable fruit which it makes possible, the 

cost of al\Y particular spray application is d1f'ficult to calculate. For 

example, let us take the case of the demonstration orchard just mentioned. 

In 1934, the owner using light dosages ot non-inverted mixtures, applied 

ten cover sprays at an average cost per tree of about $1.50. He had prac­

tical.ly no marketable crop. The following year, in the face of a tremendous 

carr.1-over ot larv~e and under seasonal conditions quite as favorable for 

codling moth development as in 1934, five very heavy inverted applications 

were made, at a total cost for materials of about 11.80 per tree. The cost 

for spray materials was 'about 30 cents. per tree more than in 1934, but 

instead of practical.ly no marketable fruit there were about 20, boxes per 

tree, normally worth perhaps .9.00 or 119.00 to the operator. The extra 

investment ot 30 cents had returned dividends of about $9.00 per tree or 

'350 per acre, with normal apple prices. The "cost" of a particular spray 

mixture or method of spraying may refer quite as well to loss ot fruit as 

to outlay for spray materials. 

D~ Preparation of Inverted Lead Arsenate Mixtures by the q-rower 

Marshall and Groves (1937) have given suggestions for the preparation 

ot inverted lead arsenate mixtures by the orchard operator himself. In 

1936, such suggestions were adopted with satisfactor,y results by operators 

controlling perhaps 300 acres of-apple orchard in the lower Wenatchee valley. 

The present season (1937), one or mor! applications ot inverted mixtures 

were made on about teD times this . acreage • 
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VII. SUMMARY 

1. During the past fif"ty years, numerous attempts have been made to in-

crease the effectiveness of certain insecticides, such as·lead arsenate, 

by the addition of spreaders and adhesives. A few of these have been 

definitely beneficial, but, for this purpose, their efficacy has been 

relatively insignificant in comparison to the improvement resulting 

from the application of a new principle recently developed at the 

Washington Experiment Station. This is the principle of the inverted 

mixture. 

2. An inverted spray mixture is one in ,mich a suspended solid im tially 

wetted by water becomes wetted by oil prior to, or at the moment of impact 

upon a sprayed surface. 

3. Inversion of arsenical spray mixtures requires the addition of some 

substance promoting. oil-wetting of the arsenical which is nominally pre-

ferentia1ly wetted by water. This substance may be a fatty acid, such 

as oleic acid, a univalent, divalent, or trivalent soap, or other fatty 

acid compounds, such as diglycol oleate. 

\-. 

4. When univalent soaps or free fatt,y acids produce inversion, it is be-
. . 

lieved that oU-wetting is due to the formation of oil soluble, or pre-

ferentially oil wettable, divalent or trivalent soap. 

5. Inverted spray mixtures have the capaci ty to cause enormous increase in 

solid deposit as spraying is prQlonged upon one point. This characteris-
-

tic appears to depend on the solid particles being coated by a film of .. 
oil, yet not loosely dispersed in it. 
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6. Uniformly filmed deposits are typical of these spray combinations, but 

this effect is one of wetting and adhesion. Spreading does not appear 

to be a factor. 

7. Inverted mixtures have been made for codling moth control, using lead 

acid arsenate, synthetic cryolite, DB. tural cry-oli te, commercial ntri­

calciumu arsenate, or zinc arsenite as the solid. However, there is 

no a priori reason why the principle of inversion can not be utilized 

for any finel~ divided solid, whether it be an insecticide or a fungi­

cide. The solid should be completely oil and water insoluble, or nearly 

so. 

8. Inversion may be strongly influenced by impurities in the solid insecti­

cide, oil, water or oleic acid. The introduction of fungicides would 

represent a problem for additional investigation. 

9. Hydrophilic colloids, such as ammonium caseinate, exert a strong stabiliz­

ing effect upon inverted miXtures. Under ordinary conditions they inter­

fere with heavy deposition, but with hard water their use in small amounts 

is iDiicated. 

10. The salta-of divalent or trivalent metals cause inversion of oil-in-water 

to water-in-oil emulsions, when the former are stabilized by univalent 

soap. They also promote oil-wetting of arsenical particles when these 

are present in such- a system. Sometimes- the inverted type of mixture 

is too stable. In such cases, electrolytes, such as zinc sulphate, are 

suggested for d~~staBilization, i.e., promotion of oil-wetting of the 

lead arsenate. An increase in soap content, or the introduction of free 

fatty acid may serve the same purpose. 
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li. Inversion is in.flue~ced both by agitation in the spray tank, and passage 

of the mixture through the release valve of the pump. Optimum agitation 

is the minimum degree of agitation necessary to prevent the flocs from 

settling to the bottom of the tank. Overflow should likewise be at a 

mi nj mllm, for excessive overfiow has caused break; ng of mixture in the 

spray tank with consequent adhesion of oil and solid to its sides. 

12. The ovicidal effect of inverted mixtures appears to be slightly less 

than that of non-inverted mixtures. This is evidently because the oil 

is adsorbed by the solid particles to a greater extent, and hence less 

is available to coat the codling moth eggs. The former type of spray 

combination is evidently superior because of its capacity to build 

heavier and more uniform deposits of the _solid insecticide. 

13. Aside from ovicidal effect, oily arsenical deposits have been found-more 

effective in preventing the establishment of qodling moth larvae than 

non-oily deposits of equal type and amount. In the main, this may re­

sult from the greater difficulty experienced by larvae in attaching 

their silken threads to an oily surface, as well as from the greater 

likelihood 'of their picking up oily arsenical particles, than ~on-oily 

particles. 

14. Though moderate applications of inverted spray mixtures have given 

heavier deposits and better codling moth control than moderate applica-

tions of non-inverted mixtures containing the same amount of oil, their 

outstanding superiority only becomes evident with heavy application. 

With the non-inverted mixture, once the fruit has been wetted with 
~ . " 

water no more solid can be made to adhere, while with the inverted mix-
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ture, the oUand sC?lid remain upon the fruit -while the water drips to 

the ground. 

15. Inverted arsenical mixtures made with the ordinary typ~ of highly re-

fined, light to medium summer petroleum oU, tend to form relatively 

large agglomerates of the solid particles on the fruit surface. These 

agglomerates, particularly in the case of calcium arsenate, may be so 

large as to prohibit their ingestion by the newly hatched codling moth 

larva. ~e size of the agglomerates depends to a considerable extent 

upon the type of oU which is used. 

16. Fissuring and weathering of arsenical deposits is less evident where 

oil is present than where not present. This applies especiall.y· to in-

verted mixtures, and seems to be caused by the oU softening the apple 

wax. Kerosene has apparently no influence upon fissuring of deposit. 

17. Under arid condi tiona, practicall.y no loss has occurred from weathering 

of inverted spray deposits .containing petroleum oU. Decrease in de-

posit is attributable to fruit growth. There has been considerable loss 

from weath.ering of non-oily deposits. 
, 

18. Inverted spray mixtures have been made with various grades of summer 

petroleum oil, as well as with herring oil, kerosene, and herring oil-

kerosene mixtures. 

19. When it has been necessary to avoid the use ot petroleum oil, a mix­

ture consisting of 25 per cent ~erring oil and 75 per cent kerosene bas 

produced satisflactory inversion, an oily deposit, and good codling moth 

control. However, such a mixture has practicall.y no ovicidal effect. 
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20. Approximately 0.5 per cent of oil and 0.25 pound of univalent soap 

have been necessar,y for the inversion of three pounds of lead arsenate 

in 100 gallons of water. The amount of soap required for calcium 

arsenate has been variable. 

21. The most satisfactory soaps for these spray combinations have been the 

oleates of triethanolamine or ammonia. 

22. In a district where from two to four second brood applications are the 

rule, satisfactory control of even the heaviest of codling moth infesta-

tioDS has been accomplished solely by early season applications afin~ 

verted lead arsenate mixtures • 
..-

23. 'Four inverted lead arsenate applications containing 0.5 per cent summer 

petroleum oil, applied during May and June, have not caused any visibly 

deleterious effects to fruit or foliage of th~ apple under the arid con-

ditions of the Wenatchee valle,y. 

24. Residue removal is complicated by the presence of petroleum oil in in-

verted mixtures, and by the fact that they result in very high arseni-

cal deposits if heavily applied. Such mixtures containing petroleum 

oil should not be used later than July 1. If applied heavily in May 

and June, however, they have not caused unusual difficulties in residue 

removal. 

25. The cost of controlling very severe codling moth infestations with 

inverted mixtures, should be less than that of any other type of spray 

mixture at present commerci~y available. They have been both more 
'" 

effective, and more efficient, than no~inverted mixtures. Nevertheless, 
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because they are more difficult to handle than the ordinary type of 

mixture, their use is not indicated at present, unless codling moth 

control is a serious problem. 

26. Commercial "tricalcium" arsenate has been used in the form of an in­

verted mixture by the addi tion of a small but variable amount of zinc 

sulphate, as well as univalent soap and summer petroleum oil. This 

combination appears promising as a means of eliminating lead from 

apple sprays, but there are points concerning it which require further 

investigation. 

27. Nothing is known concerning the behaviour of these inverted arsenical 

mixtures in a~ district but the arid fruit growing area of central 

Washington. 
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-:X. APPENDIX 

A. Table of Areas of Apple Discs for Deposit Analyses 

Formula for calculation of area of discs from the surface of a 

sphere: 
21fR (R _fi2 - 12) 

where R = radius of sphere and 
r = radius of disc 

Table 1 

(A) Diameter of disc = 1.15 cm. (for small fruits) 

Diameter of fruit Area in square centimeters 

in centimeters One disc Five discs Six discs 

2.00 1.144 5.72 6.86 
2.26 1.117 5.58 6.70 
2.50 1.'100 5.50 6.60 
2.76 1.093 5.46 6.55 
3.00 1.084 5.42 6.50 
3.26 1.075 5.37 6.45-
3.50 1.066 5.33 6.39 
3.76 1.063 5.31 6.37 
4.00 1.060 5.30 6.36 

-r-- (B) Diameter of disc = 1.83 cm. (for large fruits) 

3.57 2.8,30 14.15 16.98 
3.73 2.811 14.05 16.86 
4.01 2.783 13.91 16.70 
4.25 2.764 13.82 16.58 
4.52 2.747 13.73 16.48 
4.76 2.735 13.67 16.41 
5.00 2.724- 13.62 16.34-
5.24 2.715 13.57 16.29 
5.50 2.707 13.53 16.24-
5.76 2.700 13.50 16.20 
6.01 2.694 13.47 16.16 
6.25 2.689 13.44- 16.13 
6.51 2.684 13.42 16.10 
6.75 2.680 13.40 16.08 
6.99 2.677 13.38 16.06 
7.26 2_.673 13.36 16.04 
7.50 2.671 13.35 16.02 
7.75 2.668 13.,34 16.01 
8.00 2.666 13.33 15.99 
8.26 2.663 13.31 15~98 

8 • .37 2.662 13.31 15.97 
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B. Procedure in Preparing Analytical Samples and 

Determination of Arsenic 

1. Using care to touch only their stem and calyx ends, fruits are 

taken by random sampling in the outer and inner portions of the tree, about 

midway between the upper and lower -branches. 

2. The fruits are impaled upon nails driven through boards and removed 

to the laboratory. Ten fruits constitute a satisfactory sample. 

3. Keasurements are made of the diameter of each fruit in the sample 

and the average diameter is determined. This is very conveniently done with 

a steel Vernier caliper. 

4. Using a well sharpened brass cork borer and touching the frui ts 

only at .¥te .stem and calyx ends, a predetermined number of borings is made 

approximate~ equidistant from one another around the equator or cheek of 

each frui t. Generally five borings per fruit are sufficient. They should -

be about one centimeter in depth. 

5. Discs are removed from the surface of the fruit by slicing with 

a thin bladed knife direct~ be~eath the borings. If only a few samples 

are to be analyzed, the discs may be dropped at once into Kjeldahl flasks; 

if ~ considerable munber, they are best handled by storing until required 

in large mouthed sample bottles (see Fig. 1). The discs need never be 

touched by hand, though some find it helpful to give them a slight tap 

on the edge as they are transferred from the blade of the knife to the flask 

or sample bottle. Wi th _ a little practice this can be done rapidly and 

accurately. 

6. In transferring discs from sample bottles to Kj"eldahl flasks, the 

bottles are rinsed with about 25-50 IDl. of dilute nitric acid (1:4) 

7. Digestion is accomplished b,y boiling the discs in concentrated 
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nitric and sulphuric acids, and distillation of arsenic by introducing hydrazine 

sulpha~e; sodium bromide, hydrochloric acid, and sodium chloride.1 Arsenic 

is determined by titrating with potassium bromate in the presence of methyl 

orange. (See A.O.A.C. Methods) 

In practice, it has been found desirable to run about one blank or 

standard for every 10-15 determinations, though the method calls for only 

one blank for each fresh bottle of sulphuric acid. 

8. After the amount of arsenic has been determined and the necessar,y 

blank correction applied, reference is made to the table of areas. 

The average diameter for a given sample is noted in the first column 

and if five discs have been removed from each fruit, the combined surface 

area of these will be found in the third column. The total surface area of , 

the discs in- a ten apple sample is obtained at once by shifting the decimal 

point. The number of micrograms of arsenic trioxide per 8:luare centimeter 

of fruit surface is then computed by di vlding the amount of arsenic by the 

surface area involved. 

1-
Ordinary dairy salt is sui table. It may be added directly to the cooled 

fiask. 
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c.~ Variation in Deposit of Lead Arsenate Used Alone 

Lead arsenate, 3 1bs. ) 
Water, 100 gallons ) 

in Water 

Table 2 

Applied wi th an experimental machine 
of 5-gallon capacity at 400 pounds 
per square inch. Apples sprayed for 
15 seconds while rotating. Analyses 
extending over a two-year period, 
1935-1936, with a single brand of 
lead arsenate. 

Average deviation from the mean 

Probable error = 4:. 0.3 _ 

9.9 
9.2 

12.7 
14.8 
12.8 
11.8 
13.8 
10.1 
9.5 
8.5 

16.0 
5.0 

10.0 
11.1 
9.1 

10.5 
13.2 
10.5 
10.8 
9.0 
8.7 

10.0 
10.5 
12.8 
11.9 
8.6 
6.5 
7.8 

10.0 
305.1 

10.5 

1.78 

Average determination 10.5 ~ 0.3 microgr~ As203 per 
square centimeter. 
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D. Analyses of Materials 

~e following analyses and constanta were supplied by Doctor Kermit 

Groves, division of chemistry, Washington Experiment Station: 

-:-

Lead acid arsenate Lead (Pb) 60.3~ (Theor. 59.7%) 
Arsenic (As20,3) 26.5~ (Theor. 28.5%) 
Water soluble arsenic Less than 0.2~ 

Calcium arsenate - Total arsenic (As20,3) 39.~ 
Commercial tricalcium Total calcium 46.1~ 

Moisture 1.0~ 
Water soluble calcium 

(Ca(OH)2) 2.5~ to 4.0% 
Water soluble arsenic 

(A~O.A.C. Method) less than O.l~ 

Zinc arseni te 

Calcium hydroxide -
Special reground product 

Zinc sulphate - Crystals 

Arsenic (trivalent) 
Arsenic (total) as 

"2°3 Zinc a~ Zno 
Zinc (Zn) 

Calcium as Ca(OH2) 
Magnesium as JlgO 

Medium summer petroleum oil - Standard No. 6 
Unsulphonatable 

residue 
Viscosit,y Saybolt at 

37.80 c. 

Light summer petroleum oil - Standard No. 4 
. Unsulphonatab1e 

residue 
Viscosit,y Saybo1t 

at 37.80 C. 
Percentage distilled at 271 0 C. 

" "" 335.50 c. 
" "" 351.5

0 
C. 

Ii' ~ ~ 

Special light-mediUm summer petroleum oil 
. Unsulphonatable 

residue 
Viscosity Saybo1t 

at 37.80 C. 

40.0% 

40.1~ 
57.8% 
46.4% 

92.4% 
1.0% 

23.0~ zinc 

90.0% 

70-75 seconds 

91.0% 

56 seconds 
none 
63.~ 
81.0% 

70.0% 

64 seconds 
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Special light summer petroleum oil 
Unsulphonatable 

residue 67.0% 
Viscosity Saybo1t 

at 37.So c. 52 seconds 
~ercentage distilled at 2710 c. 22.0% ,>~ 

II II II 335.50 c. 67.0% 
II II n 351.50 c. 77.0% 

Kerosene - Illuminating grade 
Unsulphonatable 

residue 
Viscosity S~bo1t 

at 37.So c •. 

93.0% - 94.0% 

32-34 seconds 

Herring oil - Pacific Coast production 
Free fatty acid 0.60% to 1.75% 
Iodine number (Hanus) 124 - 135 

Oleic acid Unaaponifiable matter 4.0% 
Equivalent weight 284 

TriethanQ1amine Equivalent weight 132 
Technical grade contai ning about 2% 
mono ethanolamine and 11% diethanolamine 

Ammonium hydroxide 28% strength 

Casein Grade, prime lactic 

Ferric chloride 
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Fig_ 14 . Entomological field laboratory, Washington F~peri ent Station, 
enatchee , =ashington. Left, sprayer shed ; center, insectary; 

right , chemical laborat0~ 
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Fig _ 14 . Laboratory sprayer , sho ri divided s_ray tank and valves. 
G~p~city 2-3 gallons per minute ~t 350 pou s ressure 
l)er squa re inch . 



Fig 15 

1.2.8 

-
-----

Stationary electric sprayer for preliminary field experiments 
ca~acity 16 gallons ~or min te at 450 pounds pressure per 
s~uare inch . This machine operates two spray guns. 



Fig . 16 . 
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StatIonary electric sprayer for main field experiments , capaci~ 
32 gallond oer min~te at 650 pounds pressure per square inch . 
This machine operates four spray guns . 



Fig . 17 
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Field telephone, one of several used to facilitate cOlnmunica­
tio· between spray shed and spray gun operators . 
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Fig . 18 . Equi]ment used in field checking of harvested fruits . 
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Fig 19 . Checking crew at work during harvest . 
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Fig 20 . A demonstration of the spray coverage obtained by neavy 
a~plication of an inverted mixture . As seen here the 
spray deposit was removed , this apple was red . 






	1938_MARSHALL_0000
	1938_MARSHALL_0001
	1938_MARSHALL_0002
	1938_MARSHALL_0003
	1938_MARSHALL_0004
	1938_MARSHALL_0005
	1938_MARSHALL_0006
	1938_MARSHALL_0007
	1938_MARSHALL_0008
	1938_MARSHALL_0009
	1938_MARSHALL_0010
	1938_MARSHALL_0011
	1938_MARSHALL_0012
	1938_MARSHALL_0013
	1938_MARSHALL_0014
	1938_MARSHALL_0015
	1938_MARSHALL_0016
	1938_MARSHALL_0017
	1938_MARSHALL_0018
	1938_MARSHALL_0019
	1938_MARSHALL_0020
	1938_MARSHALL_0021
	1938_MARSHALL_0022
	1938_MARSHALL_0023
	1938_MARSHALL_0024
	1938_MARSHALL_0025
	1938_MARSHALL_0026
	1938_MARSHALL_0027
	1938_MARSHALL_0028
	1938_MARSHALL_0029
	1938_MARSHALL_0030
	1938_MARSHALL_0031
	1938_MARSHALL_0032
	1938_MARSHALL_0033
	1938_MARSHALL_0034
	1938_MARSHALL_0035
	1938_MARSHALL_0036
	1938_MARSHALL_0037
	1938_MARSHALL_0038
	1938_MARSHALL_0039
	1938_MARSHALL_0040
	1938_MARSHALL_0041
	1938_MARSHALL_0042
	1938_MARSHALL_0043
	1938_MARSHALL_0044
	1938_MARSHALL_0045
	1938_MARSHALL_0046
	1938_MARSHALL_0047
	1938_MARSHALL_0048
	1938_MARSHALL_0049
	1938_MARSHALL_0050
	1938_MARSHALL_0051
	1938_MARSHALL_0052
	1938_MARSHALL_0053
	1938_MARSHALL_0054
	1938_MARSHALL_0055
	1938_MARSHALL_0056
	1938_MARSHALL_0057
	1938_MARSHALL_0058
	1938_MARSHALL_0059
	1938_MARSHALL_0060
	1938_MARSHALL_0061
	1938_MARSHALL_0062
	1938_MARSHALL_0063
	1938_MARSHALL_0064
	1938_MARSHALL_0065
	1938_MARSHALL_0066
	1938_MARSHALL_0067
	1938_MARSHALL_0068
	1938_MARSHALL_0069
	1938_MARSHALL_0070
	1938_MARSHALL_0071
	1938_MARSHALL_0072
	1938_MARSHALL_0073
	1938_MARSHALL_0074
	1938_MARSHALL_0075
	1938_MARSHALL_0076
	1938_MARSHALL_0077
	1938_MARSHALL_0078
	1938_MARSHALL_0079
	1938_MARSHALL_0080
	1938_MARSHALL_0081
	1938_MARSHALL_0082
	1938_MARSHALL_0083
	1938_MARSHALL_0084
	1938_MARSHALL_0085
	1938_MARSHALL_0086
	1938_MARSHALL_0087
	1938_MARSHALL_0088
	1938_MARSHALL_0089
	1938_MARSHALL_0090
	1938_MARSHALL_0091
	1938_MARSHALL_0092
	1938_MARSHALL_0093
	1938_MARSHALL_0094
	1938_MARSHALL_0095
	1938_MARSHALL_0096
	1938_MARSHALL_0097
	1938_MARSHALL_0098
	1938_MARSHALL_0099
	1938_MARSHALL_0100
	1938_MARSHALL_0101
	1938_MARSHALL_0102
	1938_MARSHALL_0103
	1938_MARSHALL_0104
	1938_MARSHALL_0105
	1938_MARSHALL_0106
	1938_MARSHALL_0107
	1938_MARSHALL_0108
	1938_MARSHALL_0109
	1938_MARSHALL_0110
	1938_MARSHALL_0111
	1938_MARSHALL_0112
	1938_MARSHALL_0113
	1938_MARSHALL_0114
	1938_MARSHALL_0115
	1938_MARSHALL_0116
	1938_MARSHALL_0117
	1938_MARSHALL_0118
	1938_MARSHALL_0119
	1938_MARSHALL_0120
	1938_MARSHALL_0121
	1938_MARSHALL_0122
	1938_MARSHALL_0123
	1938_MARSHALL_0124
	1938_MARSHALL_0125
	1938_MARSHALL_0126
	1938_MARSHALL_0127
	1938_MARSHALL_0128
	1938_MARSHALL_0129
	1938_MARSHALL_0130
	1938_MARSHALL_0131
	1938_MARSHALL_0132
	1938_MARSHALL_0133
	1938_MARSHALL_0134
	1938_MARSHALL_0135
	1938_MARSHALL_0136
	1938_MARSHALL_0137
	1938_MARSHALL_0138
	1938_MARSHALL_0139
	1938_MARSHALL_0140

