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INTRODUCTION 

The codling moth (Carpocapsa pomonella L.) is one of the most 
serious insect enemies of apples and pears in the United Stutes. The 
numerous investigations of this pest that have been made have long 
ago shown the chief factors to be considered in its control. The 
introduction of new insecticides and the necessity for avoiding objec
tionable spray residues, as well as the demand for more economical 
and more effective treatments, however, have made continuous 
experimentation imperative. 

Laboratory and orchard experiments in controlling the codling 
moth with sprays have b~en conducted b.y the Bureau of Entomolog;v 
at Yakima, Wash., from 1919 to 1929, inclusive.! SomeoftheexperI
ments are of only local or transient interest; the results of many 
others have a wider and more permanent application. The more 
important of these latter are brought together in this bulletin. 

METHODS 

The laboratory experiments with larvae were made in the manner 
already described by one of the writers (5).2 Experiments with 
insecticides for destroying the eggs were made by thorou~hly spraying 
pear leaves or apples upon which eggs had been depOSIted, hanging 
them out of doors under a roof in a free circuln,tion of air, and examin
ing them after unsprayed eggs of the same age had hatched. 

1 This work was done under the direction of A. L. Quaintance. at that time in charge of the Division of 
Deciduous Fruit Insects. Bureau of Entomolo!!,y. From 1919 to 1922 tbe senior writer was assisted in t!Jese 
experiments hy W. D. Whitcomb formerly of the Bureau of Entomology. and from 1923 to 1929 by M. A. 
Yotbers. of tbe bureau. 'l'be orchard experiments were made in seyeral commercial apple orchards ncar 
Yakima through tbe generous cooperation of the owners of these orchards. 

J ltBllc numbers in parenthesis refer to Literature Cited, p. 28. 
82245-32-~1 
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The results of the experiments with egg-dest.roying compounds 

in the laboratory are given as percentage or egg8 dead. With larvi

cides, the results [LIe given in terms of percentage of worms entering 

the fruit, percent[Lge causing only stings, total percentage causing 

blemishes, and ratio of stings to total blemishes. The latter is used 

merely [LS [L ~eneral indication of tbe'rela+,ive yalue of the treatments. 

In the combmation experiments with eggs and larvae, the percentage 

of worms entering the fruit is based on the total number of eggs in 

the experiment rather than on the total number of larvae hatching. 

For the orchard experiments, plo,ts containing from 12 to 75 trees 

were used. The spraying was d'me with [L type of gasoline power 

sprayer commonly employed in commercial work. Spray guns and 

two lines of hose were used for most of the experiments. In some of 

the earlier work the pressure was kept at from 250 to 300 pounds at 

the pump i later, pressures of from 300 to 350 pounds were maintained. 

Biological observ[Ltions were made each season to determine the 

proper times for spraying. The same number of applications was 

given all the plats in anyone year, but the number varied somewhat 

in differeut years, owing to variations in seasons and in the different 

orchards 11secL Ordina,rily one calyx spray and four or five cover 

sprays were applied. In most of the experiments results were esti

mated by examining all of the fruit from 6 to 10 trees in the center 

of the plat. In a few cases, where small plats were used, the fruit 

from only two or four trees was examined. 
The results of the orchard experiments are given, for the most 

part, in terms of percentage of fruit wormy, percentage of fruit stung, 

percentage of sound fruit, which is the fruit that is neither wormy nor 

stung, and ratio of stings to total blemishes; that is, to total entrances 

and stings. In the tables the two classes wormy and stung fruit will 

be found to overlap, as many apples having both types of injury 

will be counted in both classes. The percentage of wormy fruit is 

the most important criterion, but percentage of stung fruit is also 

important. This percentage is usually much lower when egg-de

stroying sprays are used than when the treatment consists only of 

larvicides, since few of the latter are able to kill the larva before it 

has started to feed. The percentage of sound fruit is a rather prac

tical indication of the value of the treatment. A valuable guide also 

to the efficacy of the material used consists of a l'u,tio. Melander
In tbis bulletin it(4) suggested using the ratio of worms to stings. 

seems preferable to employ the ratio of stings to total blemishes. 

When strictly stomach poisons are used this ratio is higher for the 

more effective materials, as a larger percentage of larvae are killed 

u;fter having fed long enough to produce a sting. In most cases com

pttrison is made with a standard treatment of lead arsenate, 1 pound 

to 50 gallons, and also with an unsprayed check if one is availn.ble. 

LEAD ARSENATE 

The experiments with lead arsenate have included tests of lead

arsenate sprays of different strengths and tests of lead arsenate with 

spreaders and stickers.
One pound of powdered lead a.rsenate to 50 gallons of water has 

been used for many years and has become almost a standard dilution. 

The question is often rn.ised whether a larger quantity would not pro
In 1919 a fieldduce results sufficiently better to Warrant its usc. 
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test of lead arsenate at a dilution of 3 pounds to 50 gallons was made.The fruit used in this test turned out to be 3.2 per cent wormy, ascom.pared with fruit 5.4 per cent wormy in a test of lead arsenate ata dilution of 1 pound to 50 gallons. There were more than twice asmany stings and about twice as many calyx worms in the latter testas in the former. This indicated an advantage in the larger quantityof lead arsenate.

Laboratory experiments were then made in 1923 and 1924, theresults of which have already been published (5, Table 4), but whichare shown graphically by the solid line in Figure 1. These results 
25 

Lead ars1nafe alone
- - Lead arsenafe and casein

spreader, 1/4-50L\20 I------+--\.-+----I------J

~
..... ---l
~ 

5 

'1---
o 

o~------~----~~--------------~---------------1/2 / 2 .3
Lead arsenafe to 50 r;a//ons oT wafer (pounds) 

FIGURE I.-The effect or lead arsenate at various dilutions, with and without casein spreader, onentmnces or codling·moth larvae into Cruit, Yakima, Wash., 1924 

are a measure only of the freshly applied material, and show ~ verydefinite negative correlation between the degree of infestation andthe stren~th of the lead arsenate.
Followmg these experiments orchard tests were made in 1927 and1928. It was evident from t.he laboratory experiments that less than1 pound of lead arsenate to 50 gallons would be ineffective, and, onaccount of the necessity of keeping the amount of arsenical residueat a minimum, there was no practical advantage in experimentingwith more than 2 pounds to 50 ganons. Therefore, the orchard testsincluded only a comparison of 1 pound and 2 pounds of lead amenatcto 50 gallons of wat0I;. The results of these tests are shown in Table 1. 
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TABLE 1.-0rchard experiments with lead arsenate for the codling moth, Yakima, 
Wash., 1927 and 1928 

1927 
.- , ~-

I Quantity
Ratio 01 olnrsenicISound '1'otal stings trioxide

Wormy Stung blem- Total perstings to total
apples 1 apples 1 blem- pound ofrpPles ishes 

ishes harvested
lruit 

-- ..------- ·--·--,--1--..,---1----------

Num- Pounds/o Num- Per Num- Per Per
ber cent ber cent cent Number Number Grain

ber gallons Numbf.r
L _____ _ 94.2 1,203 1,070 0.89 0.041

6 lto 50 17,789 120 0.7 938 5.3
2______ _ 5 1 to 50 12,190 153 1.3 1,139 9.3 89.8 1,583 1,400 .88 .035
3______ _ 740 11.2 84.5 1,361 890 .65 .018

4 1 to 50 6,593 382 5.8 
689 .86 .044

4_--___ 5 2 to 50 13,247 99 .7 589 4.41 95.0 798
5________ 91.7 1,176 948 .81 .033

4 HQ50 11,236 195 1.7 788 7.0 J
I 

1928 

0.0260.77!~-------I 50 130,64513,531 ! 11.5110,142 ! 33.1 1 62.21 24,581 118,911 I .837._____ _ 77" 12 toto 50 f 22,710 1,192 5.2 5,599 24. 7 72. 6 10,569 8, no .044 

1 In this and in the succeeding tables that refer to orchard experiments all apples having both stings and 

entrances are recorded twice, the same apple heing recorded as wormy and again as stung. 

Doubling the strength of the material obviously improves the degree 

of control. As 3 per cent of an average crop of apples will pay for the 

additional material used in the double-strength treatment, it is 

apparent that this treatment would haVf:!J been an economical one in 

two of the three comparisons in Table 1. The amount vf arsenical 

residue is increased, however. It is also indicated in this table that 

an additjonal application of the single-strength lead arsenate may 

produce results as good as the smaller number of applications of 

the double-strength material without increasing the arsenical resi

due over that left by the latter treatment. The cost of tilis additional 

application would be less than the cost of the additional material in 

the other applici\tions. 
SPREADERS AND STICKERS 

CASEIN 

The value of adding spreaders to lead arsenate has been a much

debated question. A spreader is a material that lowers the surface 

tension of the s)ray liquid sufficiently to produce a continuous coating 

or film of lead arsenate on the surface of the fruit or foliage. (PI. 1, 

B.) Theoretically, such a spray liquid should be more protective 

than one which contains no spreader and which forms droplets of 

irregular size on the surface with unprotected areas between. (PI. 1, 

A, and 2, A.) Smith ('7) did not get very much better results with the 

film type of coverage when he used a casein spreader containing 25 

pel' cent casein and 75 per cent calcium hydrate in the proportion of 

1 pound to lOG gallons of liquid than with the spotted type. In 

experiments made by the senior writer in 1923 and 1924 with the same 

material the results were similar to Smith's when the same proportion 

of spreader was used (5, Table 2). (Fig. 2.) The writers are in accord 

with Smith's conclusions that this may have been due primarily to a 

coating of poison that was thinner but that was also smoother and 

more adherent, giving the larva less opportunity for accumulating 
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A, Apple spruyed with lend nrsenate nlone; n, lend arscnate nnd flour paste; C, lend nrsenn!e 
nnd soap; D, leud nrsenate and glue; E, lIpple burned by nicotine olenta; F, npple burned 
by derns extruct 



EXPERIMENTS FOR THE CONTROL OF THE CODLING MOTH 5 

particles of poison before beginning to feed. Spuler (8, p. 31) got 
s,lightly better results with lead arsenate alone than with lead arsenate 
iind caseillL spreader, but he shows that the difference is too small to 
be significlant. In a letter Mr. Spuler stated that the casein spreader 
was used in the proportion of 1 pound to 200~gallons. 

In the writers' experiments it was found that there was a positive 
correlation between the quantity of spreader used and the degree of 
infestation. (Fig. 2.) In order to explain the increased protection 
afforded by decreasing the quantity of spreader used, it is reasonable 
to assume that the larger quantity of spreader causes a greater 
run-off Rn.d consequen.tly results in a thinner coat of lead arsenate on 
the fruit. This assumpt~un has not yet been proved, and the facts 
in regard to the experiments are given here as an indication of some 
such cause. Reference to the senior writer's previous publication 
on this subject (5) will show that these results were obtained in two 

~ 
o::r-, 
~ t:l Pound 
~ .... 
~~ none 
I?'t-. 

.~ c 

~ ~ 1/8
tlov:::: 
'I.. I:l IILf 
I:l!)oo. 

~C) 
~ It) 1/2
§~
;:,\l." 

10 15 20<::Y 25 30 
i:arval entrances (per cent) 

FIGURE 2.-Etrect of quantity of spnader used with lead arsenate on larval entrances oC tbe 
codling moth, Yakima, Wash., 1924 

successive years. Similar results were obtained in 1925 and 1920, 
the only exception being in test 6. (Table 2.) 

TABLE 2.-Laboratory experiments with lead arsenate and casein spreader on the 
larvae of the codling moth, Yakima, Wash., 1925 and 1926 

1925

: I 1-,----jRatiooc 
Test Worms entering "'orms causing Irotal stings
N MaterIal used t 'fruit stl ngs 1.'lcm.. 

I'. 

to total 
o. . I Ishes ' blem· 

I . ishes 

,Number1per ce.nt!Number Per cCllt!pc~':~~tl--
L •••... Lead arsenate, 1-50, no sprender ..........._. 35 10. °I 77 22.0' 32. ° o.lin 

2....... Lead arsenat.e, 1-50, casein spreader ~~·50....' 7 3.5 27 13.5 17.0 I .70 

3. _.... I,ead arsenate, 1-50, casein spreader H-50 .... · 9 4.5 :n 15.5 20.0 ' .78 
4._._... Check (unsprayed).......................... 121 40.3 55 18.3 58.0 1 .:>1 
___...!..______________._.__ ~_'_______..l_~ . ___" _"__.~... "._ 

ln20 

5....... Lead arsenate, 1-50, no spreader..._......... 12 ! 8.0 I 33 II 22. °I 30.0 0.7:1 

0....... I,ead arsanate, 1-50, casein spreader Ho-50.. 16 10.7 30 30.7 .05
20. () I7..._... Lead arsenate, 1-50, casein spreader H-50 .... 13 8.7 21; 14.0 22.7 • (12 
8....... Lead arsenate, 2-50, no spreader .........._.. 7 4.7 29 I 19.3 24.0 .81 
9....... Lead arsenate, 2-50, casein spreader Ho-50 ... 3 2.0 31, 20.7 22.7 .01 
10...... Lead arsenate, 2-50, casein spreader ~~-50.... 4 2.7 33: 22.01 2·1.7 .80 
11 .. _... Check (unsprayed) ......................... 80 53.3 10 . 0.7 00.0 .11 

t ProportiOns, pounds to gallons. 
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This laboratory work merely shows the effect of the addition of 
casein spreader when the spray has been freshly applied. It is 
necessary to carry these experiments to the orchard to find out'
whether the use of casein spreader has any practical value. Such 
experiments were made in four different years, 4 or 5 ounces of casein 
being used to 200 gallons of sprn.y, the casein bein~ dissolved in water 
by means of borax, sodium bicarbonate, or calcIUm hydrate. The 
results of the use of lead arsenate alone and with casein spreader are 
very similar, whether a comparison is made of the percentage of 
wormy, stung, or sound fruit, or of the ratio of stings to total blem
ishes. (Table 3.) There is generally a consistent slight difference 
in favor of t;l.e lead arsenate and spreader, but this is so slight that 
it can not be said that the addition of 4 or 5 ounces of casein to 200 
gallons of spray is of any benefit other than in preventing blotching 
of the fruit. 

TABLE 3.-0rchard experiments with lead arsenate and casein spreader for the codling 
moth, Yakima, Wash., 1919-1923 

----------------~~--~------~------~--~--~--~---
Ratio of 

Total stings 
Materiul used Year Total Wormy Stung Sound blem- T?tnl to total 

apples apples 1 apples 1 apples Ishes stmgs 	 blem
ishes

I----------1--· ---- ---·-~l--~-I-- ---- --.-----
Per INum- Num- Num Per Per Num- Num-

Lead arfienate, 1 pound to 50 
gallons______________________ 1910 

1021 

beT 
13,968 
23,217 

ber 
740 
781 

cent beT 
~.4 1,026 
3.4 1,868 

Ctnt 
13_ 8 
8.0 

cent 
82.5 
89.2 

ber 
3,516 
3,177 

beT 
2,643 
2,303 

0.75 
.72 

1922 15,021 1,634 10.0 4,858 32.3 62.6 11,743 9,623 .82 
1023 6,276 485 7.7 1,324 21.1 74.2 2,672 1,987 .74 

Total or average ______________________________ 16.9 _______ , 18.8 '77.1 21,108 16,556 3.78 

Lead arsonate, 1 pound to 50 ==1======== 
gallons, plus casein spreader _ 1010 15,087 533 3.3 1,400 8.8 88.7 2,358 I, 750 . 74 

1921 19,670 518 2.6 1,266 6.4 91. 3 2, 117 1,537 .73 
1022 9,721 1,008 10.4 3,018 31.0 64.2 6,980 5,718 .82 
1923 6,546 420 6.4 1,746 26.7 CO. 9 3,305 2,753, .83 

Total or average _____________________=1 _____='5.'1 _______ 218.3 '";'78.5 \14; 760 il; 75s1 ' . SO 

Check (unsprayed)____________ 1919 9,60815,524 57.5 	 1,132 11.8 30.3\13,643 1,421 I .11 
1921 25,512 10,710 42.0 I, Sill 7.4 56.3 25,720 2,327 .09 
192~1 I 6, 084 3,927 64. 5 460 7. 6 34.5 10,957 542 .05 
1023 3,621 2,537 70.1 290 8.0 27.8 7,317 331 .05 

Total or avernge _________ •_____ ==r=.= ;SS:6== 28.7 -;ao:5!57,037 4.621r~0s 

1 All apples having both stings and entrances are recorded twice, the same apple being recorded as wormy 
and again as stung.

, Simple average . 
• Percentage o[ total. 

The quantity of casein used in these experiments is approximately 
what occurs in 1 pound of casein spreader. Therefore, these results 
are similar to those obtained in the laboratory with one-fourth pound 
of casein spreader to 50 gallons of spray. (Fig. 2.) In 1928 an 
orchard experiment was made in which only one-half pound of casein 
spreader to 200 gallons of spray was used. In this experiment the 
fruit sprayed with lead arsenate alone became wormier than that 
sprayed with lead arsenate and casein spreader, indicating an ad
vantage in the smaller amount of spreader. The detailed results are 
shown in Table 4. 
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TABLE 4.-Results of application of lead arsenate with and without spreader in 
orchard tests for the control of the codling moth, Yakima, lVush., 1928 

I Ratio of 
Test Total Wormy Stung Total tSound! Total stings

Material used 	 otot81No. 	 apples apples apples 1 apple ~!~:. stings blem· 
ishes 

Num· Num. 1 Pu I Num. Per Per Num· Num· 

L_•• _••• Lead arsenate, 1 pouud to 50 ber ber cent ber cent cent ber ber 


gallons••...__._._..••••.•_.• 20,026 418 2.1 637 3.2 786 0.6005'21 1'3182._•••••. Lead arsenate, 1 pound, plus 
casein spreader, ~~ pound, to 
50 gallons•. _._ .••.•.•••••._. 21,782 303 1.4 569 2.6 96.3 1,029 675 .66 

1 All apples having both stings and entrances are recorded twice, the same apple being recorded as wormy 
and again as stung. 


FISH OIL 


Fish oil has been used successfully by Hood (2) as a sticker for 
lead arsenate to keep the latter from being washed from foliage by 
heavy rains. Although rains are infrequent in the arid regions of 
Washington, better adherence of the lead arsenate was considered 
desirable, and some experiments with a salmon oil were made. Spuler 
(8, p. 33) had obtained definitely better results with the addition of 
fish oil in field tests in 1927. The writers tested this material both 
in the laboratory and in the orchard in 1928. In the laboratory, 
when 1 pound of lead arsenate was used to 50 gallons of water, and 
fish oil in the proportion of one-half pint to 50 gallons, 10.7 per cent 
of the larvae entered the fruit as compared with 20.0 per cent when 
the lead arsenate was used alone. 

In the orchard test an attempt was made to show whether the 
addition of fish oil to the lead arsenate would make it possible to 

. 	 discontinue spraying at an earlier date than if the fish oil were not 
used. Therefore, the plat on which the fish oil was used was not 
sprayed after the fourth application, although three more applica
tions were made to the trees 'receiving lead arsenate alone. In other 
words, the fish-oil plat was sprayed only for the first brood of codling
moth larvae. This was done because it had been found that the use 
of fish oil with lead arsenate made the removal of the arsenicall'esi
due from the mature fruit very difficult,. As shown in Table 5, better 
results were obtained with seven applications of lead arsenate alone 
than with four of lead arsenate and fish oil, although the difference is 
not so great as would be expected if no fish oil had been used, judg
ing from the results obtained with only two applications of lead 
arsenate. It is evident that fish oil could be used to obtain better 
control of the codling moth if it were not for the subsequent difficulty 
of removing the residue. 



8 TECHNiCAL BtJLLETIN 281, tr. S. DEPT. OF AGRICULTURE 

TABLE 5.-0rchard experiments with lead arsenate and fish oil for the codling moth, 
Yakima, Wash., 1928 

I Ratio or 
Sound Total Total stings 

No. Material used apples apples 1 apples I apples l?lem- fstin"'s to totaJ 
Test Tetal 'Vormy Stung 

Ishes I ~ blem

I--..,..--I---.--i---.--I-- is~es_=\ Lead arsenate, 1 pound 't~~o- Number '~~r:- !;~ ~~r:- !;~t I!;~ .N?:cr:- ;~~r:-
gallons; 7 sprays___________ 11,1-14 704 6.3 2,353 21.1 I 75.1 4,199 I 3,258 0.782-------1 Lead arsenate, 1pound to 50 
~~\~_~~:__ ~~~:__~__:!~:~:~_ 5,444 2,108 3S.7 1,538 28.31 49.5 7,741! 2,531 .33 

3_______ Lead arsenate, 1 pound to 50 i 

I 
gallons, plus fish oil, ~a per I 

cent;firsttsprnysonly____ 11,701 2,242 10.2.13,014 25.8 I 62.2 7,837 ~ 4,475 .57 
! I 

I AU apples having both stings and entrances are recorded twice, the same apple being recorded as wormy 
and again as stung. 

OTHER SPREADERS 

Experiments were also made with other materials including glue, 
flour paste, and soap. The glue was added to the lead-arsenate spray 
in the proportions of one-fourth pound and one-half pound to 100 
gallons, flour paste was used in the proportion of l}~ pounds to 100 
gallons, and linseed oil and fish oil soap were used at the rate of n~ 
and 4 pounds to 100 gallons, respectively. It is unnecessary to pre
sent detailed results of these experiments, but the percentages of 
wormy apples are given in Table 6. 

TABLE 6.-Experiments with glue, flour paste, a.nd soap added as stickers to lead 
arsenate for the control of the codling moth, Yalcima, Wash., 1920-1922 

IPercentages of wotl!lY app. les 
in-

Material used 

1920 ! 1921 m;_____________________1___1______ 

I :Lead arsenate _________________________________________________ --- ________ i 4.2 I 3.1 lB. 5 
Lead arscnate plus !due __________________________________________________ I 5.2 I 5.3 _________ _ 
Lead arsenatc plus flour paste ____________________________________________!'_____ -----1 16.0 31. 8 
Lead arsenate plus soap ______________________.. __________________________; 8.6 1---------- 29.6 

The results with the flour paste and the soap ,vere decidedly unsn.t
isfactory. The paste dried, cracked, and peeled off, tn.king m1Jch of 
the lead arsenn.te with it (pI. 2, B), and the soap apparently left too 
thin a coating of poison on the apples. (PI. 2, Co) Only the glue 
(pt 2, D) gave results approaching those obtn.ined from the lend 
arsenate alone, but it is apparent that there is no advantage in adding 
the glue. 

OTHER ARSENICALS 

In 1927 a number of nonlead arsenicals were tested with the hope 
of finding something that might replace lead arsenate. Al though some 
of these had previously been found to be inferior, it was thought 
that improvements might have been made by new methods of man
ufacture. In the laboratory experiments were made with 11 
arsenates and 2 arsenites, in comparison with lead arsenate, at. 
dilutions of 1 pound and 2 pounds to 50 gallons. The results of 
these experiments are detailed in Table 7. 

http:arsenn.te
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TABLE 7.-Laboratory experiments with nonlead arsenicals for the larvae of the 
codling moth, Yakima, Wa8h., 1927 

DILUTED, 1 POUND TO 50 GALLONS 

'I Ratio ofTest Worms enter· Worms causing ~~~l stings to Material used No. ing fruit stings !shes' tot.alI----1-------------1 __....__ 1__-,____Ihlemlshes 
I 

Number Per cent Number;Per ctnt Per cent
I............ Lead arsenate......................... 50 33.3 20 I 13.3 46.6 0.29 
2............ Calcium arsenate (A) •••.•.••••••••.•. 75 50.0 5 I 3.3 53.3 .06 
3•.•••••••••• (1a!ciu~ arsenate (B) ...•....••••••••. 70 46.7 17 11. ~ 5R. 0 .20 
4............ TrIcalclUm arsenate................... 63 42.0 13, 8. I 50.7 .17 
5............ Aluminum arsenate................... 86 57.3 4 i 2.7 60.0 .04 

.26L::::::::: ~~i:~~~~:~~:::::::::=::=:::::=:=::: ~~ ~~: 3 l~ r 1~: ~ ~t g .05 
8............ Zinc arsenate.......................... 54 36.0 191 12.7 48.7 .26 


.01
~ii::::=::::=: ~?f:nY~:~~~~~~·t"e::::::::=::::::::::: ~~ ~~: g i ! : f ~~: ~ .01 

11••..••••••• Magnesium arsenate.................. 91 110.7 6 4.0 64.7 .06 

12........... Manganese arsenate................... 54 36.0 19 12.7 48.7 .26 

13........... Check (unsprayed).................... 116 77. 3 0 0.0 77.3 .00 

27........... Lead arsenate......................... 45 30.0 21 14.0 44.0 .32 

28........... Calcium arsenite...................... 70 46.7 10 6.7 53.3 .13 

29........... Zinc arsenite.......................... 62 41. 3 12 8. 0 49.3 .16 

30........... Check (unsprayed).................... 109 72.7 3 2.0 74.7 .03 


1 

DILUTED, 2 POUNDS TO 50 GALLONS 

14........... Lead arsenate .........................1 28 28.0 

!I 7.0 35.0 0.20 

15........... Calcium arsenate (A) ................. j 32 32.0 2.0 34.0 .06 

16........... Calcium arsenate (ll) ................. 46 46.0 4.0 50.0 .OS 

17........... Tricalcium arsenate ...................1 36 36.0 5 5.0 41.0 .12 

18........... Alum!nwn arsenate ................... ' b6 56.0 2 2.0 58.0 .03 

19........... Bari!lm arsenate ......................; 35 35.0 4 4.0 39.0 .10 

20........... FerriC arsenato ........................: 45 45.0 0 0.0 45.0 .00 

21........... Zinc arsenate .......................... ' 22 22.0 13 13.0 35.0 .37 

22........... Copper arsenate ......................., 39 39.0 3 3.0 42.0 .07 

23........... Titanium arsenate.................... ' 59 59.0 0 0.0 59.0 .00 

24........... Magnesium arsenate .................. 56 56.0 2 2.0 58.0 .03 

25........... JI,fangBnese arsena te ............._...... 39 30.0 2 2.0 41.0 .05 

26........... Check (unspraycd) ................_...: 80 80.0 0 0.0 80.0 .00 

31........... Lead arscnate ......................... 28 28.0 8 8.0 36.0 .22 

32........... Calcium arsenite .........._.._........· 30 30.0 4 4.0 34.0 .12 

33........... Zinc arsenito .......................... 22 22.0 12 12.0 34.0 .35 

34._......... Check (unsprnycd) ........._.......... 76 76.0 0 0.0 76.0 .00 


None of the arsenates tried equaled lead arsenate in these tests. 
The barium, zinc, and manganese arsenates were the best, considering 
both dilutions. The two arsenites, at double strength, were also good. 

All of these materials, with the exception of the copper and titanium 
arsenates and the calcium arsenite, were tested in the orchard, and, 
as shown in Table 8, none of them gave as good control as lead 
arsenate. 

Some very interesting information on the injury caused by these 
arsenicals was obtained from the orchard plats of 1927. The rainfall 
in September was unusually heavy, and, although the precipitation 
for the month was only about an inch, it was distributed over the 
first third of the month, and was accompanied by cloudy, moist 
weather. Soon after this injury began to appear in most of the 
plats on both fruit and foliage. A little was found even in the lead
arsenate plat, although usually lead arsenate does not cause any 
noticeable injury. Injury to the fruit consisted chiefly of sunken 
black areas about the calyx end where the greatest quantity of 
arsenical collected (pI. 3, A) i foliage injury took the form of a typical 
arsenicnl burn appearing in patches of various sizes. (PI. 3, B.) 

82245-32--2 
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TABLE 8.-0rchard experiments with nonlead arsenicals for the codling moth, 
Yakima, Wash., 1927 

Quantity
Quan· Ratio of 
tlty of arsenic 
used Suund Total Total stings trioxideTest Total Wormy StungMaterial used per blem· to perNo. 60 apples apples' apples' apples ishes stings total pound
gal· blem· of har· 

Ions I ishes vested 
fruit I 

Num· Num· Per Num· Per Per Num· Num· 
Lbs. ber ber cent ber cent cent ber ber Grain 

I..._ Lead arsonate ••.• _____ I.OOi 17,789 120 0.7 938 6.3 94.2 1,203 I,DiO 0.89 0.041 
2__ "_ Calcium arsenato ~Al- .76i 2,840 136 4.8 487 17.1 80.2\ 9b7 787 .82 .0263____ Calcium arsenato B _ 111 4.4 394 15.6 81. 3 721 584 .81 .0304____ 1. 0012' 523Tricalcium arsenate ___ .76 2,660 160 6.3 509 19.9 76.7 954 739 .77 .025
5____ Aluminum arsenate ___ .88 1,980 238 12.0 461 23.2 69.1 1,052 707 .67 .0290____ Barium arsqnate ______ 1.00 2,446 172 7.0 588 24.0 72.8 1,128 880 .78 .0437____ 
8____ Ferric arsenate ________ 1.67 1,489 282 18.9 3li 21. 3 67.6 936 502 .54 .025Zinc arsenate __________ .88 2,307 112 4.9 343 14.9 82.2 598 456 .76 .007
9___- Magnesium arsenate __ 1.00 2,635 467 17.7 587 22.3 67.7 1,526 877 .57 .07710___ Manganese arsenate ___ .76 1,985 59 3.01 270 13.6 84.7 420 346 .82 .044
11.__ Zinc arsenite __________ .75 2,117 73 3.4, 391 18.5 79.4 643 545 .85 .08012___ Cbeck_________________ ------- 1,843 679 36.8i 486 26.4 49.5 1,823 730 .40 ----------

I Quantity of eaob material used contained amount of As,O, equal to that in 1 pound of lead arsenate, 
except that ferric arsenate was used at double strength. 

I All apples having hoth stings and entrances are recorded twice, the same apple being recorded as wormy
and again as stung. 

I Analyses by J. O. Palmer, Food and Drug Administration. 

The injury to the fruit was determined by actual count, and the 
leaf injury was estimated on October 18 by carefully examining the 
trees in each plat. A determination was also made of the percentage 
of water-soluble arsenic in the total quantity of arsenic present on 
the leaves from most of the plats. These determinations are given 
in Table 9, along WIth a statement of the water-soluble arsenic in 
the original arsenicals. Injury to the fruit occurred only in the 
aluminum arsenate and zinc-arsenite plats, but foliage injury was 
found in all of the plats. There was no positive correlation between 
the degree of injury and the percentage of water-soluble arsenic in 
the arsenicals. Both ferric arsenate and aluminum arsenate, with 
high originnl water-soluble arsenic content, produced relatively 
little foliage injury, whereas several materials originally free of 
water-soluble arsenic, or nearly so, caused severe burning. The 
degree of injury is more nearly correlated with the percentage of 
water-soluble arsenic found on the leaves after the injury occurred. 
These results suggest that some of these materials were less stable 
than others, and that consequently vf1rying quantities of water
soluble arsenic were formed after the spraying was done, without 
regard to the original water-soluble content. 

The poor control obtained with these nonlead arsenicals and the 
relatively high degree of injury resulting from their use practically 
eliminated all of them from consideration. However, experiments 
with two of these materials were continued in 1928. The aluminum 
arsenate was tested at double strength with one-eighth of 1 per cent 
fish oil in an effort to make it adhere better; and the zinc arsenate 
was also used at double strength, with the addition of an equal 
amount of hydrated lime for the purpose of preventing injury. 
When used in this manner, in laboratory tests, these materials were 
not so effective as single-strength lead arsenate (Table 10), the alumi
num arsenate being the poorer of the two. In an orchard test, under 
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very wormy conditions, the use of aluminum arsenate resulted in 
nearly twice as much wormy fruit as when lead arsenate was used, 
and spraying with zinc arsenate resulted in 50 per cent more wormy 
fruit than spraying with lead arsenate. (Table 11.) This was in 
spite of the apparent adherence of a greater quantity of the aluminum 
arsenate and zinc arsenate to the fruit than of the lead arsenate, the 
number of gr~ins per pound of harvested fruit being 0.043, 0.044, and 
0.036, respectively.3 No injury occurred in 1928. 

TABLE 9.-1njury to apple fruit and foliage from applications of nonlead arsenicals, 
Yakima, Wash., 1927 

Percent
age of theWater Leaves arsenicsoluble Leaves injured trioxidearsenic FruitTest No. Material used dropped (of those on the pentoxlde injured 2 Oct. 18 a remain- leavesin original ing) 3 that wasmaterial I water
soluble I 

-----1-----------·1--- ----------1----
L _____________ Per cent Per ce'/lt Per cent Per centLead arsenate _____________________ 0.12 0 0 1 0.0072______________
3______________ Calcium arsenate (Al-.--------.-- Free. 0 0 30 .020

Calcium arsenate (B _____________ do. 0 1 65 .0514______________ Tricalcium arsenate ________ . ______ do. 0 0 80 -----------u______________ Aluminum arsenate _______________6______________ 3.80 7.1 0 10 .016Barium arsenate __________________
7______________ .16 0 0 80 ------------Ferric arsenate , ______________ .____ 2.86 0 0 2 .0388______________ Zinc arsenate _____________________ 

0______________ Magnesium arsenate ______________ .16 0 15 50 -----------

.23 0 0 510_____________ Manganese arsenate _______________ -----------

.50 0 0 10 .03111_____________ Zinc arsenite ______________________ .03 42. 3 40 00 .142 

---' 
I As given by manufacturer. 
2 By actual count. 

a Estimated . 

• Analyses by C. D. Dolman, chemist, State of Washington Division of Horticulture. 
, Double strength. 

TABLE 10.-Laboratory experiments with nonlead arsenicals on the larvae of the 
codling moth, Yakima, lVash., 1928 

Ratio 
'.rest Worms enter- Worms causing Total ofstings

l\faterial used· to total No. ing fruit stings ~~': blem
ishes 

--·1----------------1----,---1---..,---------
Number Per cent Number Per cenl Per cent1____ _ Lead arsenate 1-50____________________________ 30 20.0 31 20.7 40.7 0.512____ _ Aluminum arsenate 2-50, fish oil, 1 quart-200 gallons _____________________________________ _ 65 43.3 15 53.3 .193____ _ Zinc arsenate 2-50, lime 2 pounds_____________ _ 26.7 16.710.0 I .3840 25 43.4L ____ Chock (unsprayed) ___________________________ _ 81 54.0 o 6.0 60.0 .10 

• Proportions, with exception of fish oil, are pounds to gallons. 

a Analyses by C. R. Gross, Bureau of Chemistry and Soils. 
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TABLE H.-Orchard experiments with nonlead arsenicals for the codling moth, 
Yakima, Wash., 1928 

. 
I Uatio 

Total Total ofst/ngsTest Total Wormy Stung SoundMaterial used I blem- to total No. apples apples' apples • apples stingsIshes blem-
Isbes 

Num- Num- Per Num- Per Per Num· Num· 
ber ber cent ber cenl cent ber berL.__

2____ Lead arsenate 1-50 ________________ 5,502 1,251 22.7 1,333 24.2 60.1 3,630 1,780 0.49 
Aluminum arsenate 2-50, fish oil, 

I quart to 200 gallons in tlrst 
tour sprays______________________ 2,738 1,151 42.0 631 23.1 802 .303____ 46.1 12,636 

Zinc arsenate 2-50,llme 2 pounds__ 3,516 1,161 33.0 (J80 19.3 55.0 2,517 811 .3:1 
I I 

1 Proportions, excepting flsh 011, are pounds to gallons. 
I All appJes hnvlng both stings and entrances are recorded twice, the same appJe being recorded as wormy

and again 8S stung. 

LUBRICATING OILS 
LABORATORY EXPERIMENTS 

Mineral oils of the lubricating type were first thought of in connec
tion with codling-moth control as egg destroyers. Laboratory 
experiments were made from 1923 to 1927 primarily to determine 
the percentage of codling-moth eggs that would fail to hatch when 
sprayed with an oil emulsion. Other experiments were made to 
determine the effect on eggs deposited after spraying, as well as tho 
influence on the oviposition of the moths. 

EFFECT OF OIL SPRAYS APPLIED TO THE EGGS 

In a preliminary test in 1923 with an emulsion of red engine oil,4 
75 per cent of the eggs sprayed with 1 per cent oil failed to hatch, 
and 97.6 per cent of those sprayed with 2 per cent oil failed to hatch, 
as compared with 26 per cent of the unsprayed eggs. In 1924, 1925, 
and 1926 more extensive eA-periments were made with various oils, 
such as red engine,4 brown neutral 5 and crystal 6 oils. The effect 
of these oils was similar, except that the heavier oils caused a some
what higher mortality of eggs than the lighter ones. In order to show 
these effects the results of some tests of a medium oil are given in Table 
12. Apparently a high mortality can be obtained with less than 1 per 
cent of oil. The addition of casein spreader 01' lead arsenate, as in 
tests 10 and 11, lowered the effectiveness of the spray, probably 
because these materials absorbed some of the oil. 

In 1927 tests were made with more highly refined oils of the types 
now employed in commercial-oil emulsions intended for summer spray
ing. The relatively light mineral seal oil destroyed fewer eggs than the 
less highly refined oils previously tested, while the heavy oil resulted 
in a complete mortality. There was little difference between the oil 
emulsion and the miscible oil. (Table 12.) 

In many of these tests, eggs of different ages were used, ranging 
from eggs less than a day old to those almost ready to hatch. If the 
data from 15 experiments, representing over 8,000 eggs, are ananged 
according to the interval between oviposition and spraying, a definite 
negative correlation is found to exist between the interval and the 
percentage failing to hatch. (Fig. 3.) 

I No.1 (see p. 27). 'No.2. a No. 3. 
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TABLE 12.-Laboratory experiment8 with lubricating-oil sprays on the eggs of the 
codling moth, Yakima, Wash., 1924- and 1927 

192·1 

-_.--:-------------------_._----------------
Test NO.1 I tDioinluo-c Total Eggs dead Material used oil eggs 

,-------- Per cent Nu:~er Nu~;;;:;:~~ 

~~~~~~-~-~~~~I:~:~~~~~~~~~~:~~~~~~~~~:~~~~-~~~~~:~~~~~~~~~~~~~~~~~L~:~~_ m i!! I 'H 
5__________ Lubricating-oil I emulsion (casein-lime emulsifier) ________ 1 1 422 395 1 93.0 

t:::::::: :6~~~~::~::::::::::::::::::::::::~:::::===::====:::::::::t __ :~~_ !~~ i~ I r~: ~ 
S __________ Lubricating-oil I emulsion (casein-lime emulsifier) _________ : .67 415 302 ! 81.2 
10___ ____ Material used in test 9, plus casein Fpreader 1 to 200 , ______ , .67 436 3281' 75.2 
lL________ 1 Materials used in tast 10, plus lead arsenate 1 to 50 ,_______ .67 202 121 59.9 
12--------- Cheek_________________________________________________ ---1-------- 33 I 1 I 3.0 

1 

1927 

1__________ ' I,ubrlcating-oll' emulsion (casein-lime emulslfier)_________ 1. 5 71 : 63 88.7I 
~=::=:::::: ~~~~I~~~~!~~:::=:=::=::::::::::::::::::::::::::::::::::::: 1:~: I ~~ i 1~ itg
6__________ Lubrlcating-oil' emulsion (casein-lime emulslfier)_________ 1_ 5 I IOI! 101 100_ 0 
0_______________do____________________________________________________ - 75 ' 111! 111 100_0
7__________ Miscible oil ,______________________________________________ 1.5 65 . 651 100.0 

~::::::::::rc~e~t=::-::::=:=::::=:::::::::::::~::::~:::::::~~~==:: ____~~-j _~~~; __I~~_ I~: g 
I Brown n61;:~al oil, No.2 (see p. 27). I l\finernl seal oil No.4 (See p. 2i). 
, Pounds to galions. 'Teehnicnl on No.5. 

THE EFFECT ON EGGS DEPOSITED AFTER SPRAYING 

The first experiments on the effect of oil emulsions on eggs depos
ited after spraying were made in 1924. Pear leaves were .,prayed 
with an emulsion containing 1 per cent of red engine oil,7 and equal 
numbers of sprayed and unsprayed leaves were placed before the 
moths in oviposition jars at intervals of from a few hours to eight 
dayr. after spraying, each lot being left in the jars 24 hours. The 
mortality of eggs deposited on the sprayed leaves was high for the 
first three dlLYs, and considerably lower after that, as is shown in 
Table 13. 

TABLE l3.-Effect of oil emulsion cOL'ering foliage on codling-moth eggs laid at 
various intervals after spraying, Yakima, lVash., 19fdJ,. 

Interval between spray-: Total --~-~s d~~d '1. IIl~rvnl l:etweeD spray- 1Tota; Eggs dead' -
Ing and deposition 0( eggs ~ eggs j' ing and deposition oC eggs I eggs 

------ jNum~ Num~;r!~;:e:' :------ - -.- -----i-Nu-m-b;1 NumbfT'Pcr cent 
o I days __________________1 080 024 1 94.3', 4 duys___________________1 SOli; 534 CO. 3 
1 day ____________________ 902 iOO iO.O 8 days___________________ 203 12i 62.0 
2days___________________ 815 736 90.3' Cheek___________________ 3,219 850 26.4 

~~_.s-_--_~~~~..::.~_--_-~--~---~ i84 720 1. 9~~8 __ . __ • 

I Egg!' deposited a Cew hours aCter spraying. 

It was thought that the use of leaves might not give a fair test, 
because of drying during the comse of the experiment, so in 1926 
-----------------~----.----- -----------~.--

r No.1 (see p. 27). 
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apples were sprayed with emulsions containing 1 and 2 per cent of 
heavy crystalS oil. The first test was made in May, eggs being depos
ited within two days after spraying. With the 2 per cent oil, of 461 
eggs sprayed, 87 per cent failed to hatch; with the 1 per cent oil, of 
137 eggs, 73 per cent fdled to hatch; and in a check sprayed with 
lead arsenate, of 429 eggs, 26.3 per cent failed to hatch. In August, 
when the weather was warmer, another test was made, and it was 
found that the 2 per cent oil was much more effective than the 1 per 
cent, and the percentage of eggs failing to hatch decreased as the 
interval between spr!1ying and deposition increased. This is shown 
in Table 14. 

TABLE 14.-E;D·ect of crystal oil emulsion covering cLpples on corlling-moth eggs laid 
at various intervals after slJraying, Ya/':'ima, Wash., August, 1926 

.," 

1 per cent crystal oil 2 per cent. t'rystnl oil 
Intervul between spraying and 1----.,..-------1

deposition of eggs .-----\ 
Total eggs Eggs dead 'I'otal eggs' Eggs dead 

---------1----\-------1--·· .-..J-----,,---
NIL1/1ber NIL1/lber \ Per cent NlLmbe;'.n· ,I 1'"lt/llber Per cellt

3 days. _..___......__.....__.. 44 16 \ 36.4 r au 64 !ill. 05 days_ • _________________ .____ 92 30 :12.6 • 191 : 136 iI.27 dRYS_ _______________________ 2113 100 3S.0 I 54 I 35 64.8 
9 days. _______.----------_____ 265 61l , 26.0 I 26 i_~__ 46.2 
Check ___________________ •___• ::-::====::-::==:____________1 

392 I ·16 11.7 

Similar tests were made in 1927, both the heavy crystal oil and the 
light mineral seal oil being u:::ed. In spite of some discrepancies that 
appear in Table 15, it is evident that only a Telatively low percentage 
of eggs are killed, when deposited on oil-sprayed surfaces, unless a 
heavy oil is nsed and the deposition occurs within a few days after 
spraying. 

TABLE 15-Effect of various oit emulsions !;.ov6r'ing apples on codling-moth eggs 
laid at various intervals after spraying, Yakima, lVush., 1927 

I Eggs dead (per cent) [ollowing use of
!--------,---_._

Interval between spraying lind deposi I 1\linernl se.~l 011 Crystnlolltion of eggs 
L
j ---'--~~--, i 

r % per cent H2 per cent % per cent ilJ.-1 per cent 

3 duys _______________•____ •____•___________1 26.4 34. i f 36.6 I 58.0 43.06 doys _____________________- __...._______._ 12.2 n. i 1 2.7 ' 48.1 16.\1
9 days _____________________________________ 39.2 i 76.7! ;=.93. 17.1 \ ' :l5.4 

1---
Average ________________________• _____ -' 28.8 21. 4 21.9 I OO.!. i 33.5 

~==-====~,-~--------I~~ =-·~---:~~~-=.:,==·l=_~~-~~~--='i __~ 
THE EFFECT OF AN OIL .DEPOSIT ON OVIPOSl'rroN 

E).'Periments were also made to determine what efrect spraying 
with oil might have on oviposition. In other words, would the pres
ence of an oil spray on leaves and fruit deter the moths from depositing 
eggs? 

In May, 1924, fresh pear leaves were throughly sprayed with an 
emulsion containing 1 per cent of red engine 9 oiL Equal nnmbers 

• No.3 (see p. 27). • No.1 (see p. 27). 
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of sprayed and unsprayed leaves were placed with the moths in ovi
position jars within two days after spraying. Of 5,693 eggs deposited 
on these leaves, 3,210, or 56.4 per cent, were deposited on the oil
sprayed leaves. 

In May, 1926, apples and leaves from oil-sprayed trees were placed 
in ovip')sition jars within two days after spraying. In one test 
material sprayed wIth an emulsion containing 1 per cent of a heavy 
crystal oil 10 was compared with material sprayed with lead arsenate. 
Of 204 eggs, 76.5 per cent were deposited on the oil-sprayed leaves 
and fruit. In another test 2 per cent. oil was compared with lead 
arsenate, and of 1,287 eggs, 45.7 per cent were deposited on the oil
sprayed material. In a third test, comparing the 2 per cent oil \"lith 
the 1 per cent oil, of 161 eggs, 55.3 percent were on the material sprayed 
with the 2 per cen toiL 

In June, 1026, fresh 100 

pear leaves were thor
oughly sprayed wi th 
emulsion~ containing 1 ~~ro 
and 2 per cent of crys
tal oil, respectively. '-Leaves from each lot 

were placed in oviposi l~ 

tion jars with equal 

quantities of unsprayed ~ 

leaves within three days (>, 


after spraying. In the .!:: 80 
 "",,-
"'test comparing the 1 per ~ 0 

0 

cent oil-sprayed leaves 

I 
0 
I 

with unsprayed leaves, ~ I 

of 1,277 eggs, 45.7 per ~ 
cent were deposited ou 
the oil-sprayed leaves. 70 
In the test of 2 per cent 2 3 5 6 7 
oil, of 1,565 eggs, 37.4 Interval between oviposition and 

r '" 
per cent were deposited spr0!lin~ (do/jS) 
on the oil-sprayed leaves. :FIGURE 3.-Percentage of mortality in codling-moth eggs sprayed

The concl usion to be with an oil emulsion at various numbers of days after date of 
ovipOsition, Yakima, Wash., 1926 and 1927

drawn from these oxper
iments is that, under laboratory conditions, the oil does not especially 
deter the codling mo th from ovipositing. Orchard trees sprayed with 
oil emulsion alone become wormier than those sprayed with lead 
arsenate alone, and it may be inferred from this and from the results 
of these laboratory ex-periments that spraying with oil will not par
ticularly reduce the number of eggs deposited. 

THE EFFECT OF AN OIL DEPOSIT ON LAHVAL ENTHANCE 

In order to find out whether the oil sprays prevented larvae from 
entering apples an experiment was made in 1926, a crystal oil 11 

emulsion boing used at dilutions of 1 and 2 per cent and worms placed 
on the fruit at intervals after spraying. Table 16 shows the number 
of larvae that succeeded in entering the fruit and the number making 
stings only. 

10 No.3 (see p. 27). 11 No.3 (see p. 27). 
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TABLE 16,-Record of larval attacks on apples 8prayed with oil emulBion and with 
lead arsenate, Yakima, Wash., 19£6 

Interval ILarvae Larvae Total 
MateriallL~ed after entering making blemishes 

spraying fruit stings _____________________.____________1._____ 

DaUt Per cent Per cent Per cent 
62 2 64 
64 4 68 

1 per cent crystal Oil••••••.••••••••••••••••••••••••••••••••••••••! ~i 48 2 60 
58 4 62 
68 o 68 
26 2 28 
38 12 60 

2 per cent crystal Oil............................................! j 
 38 4 4Q 
66 o 66 
52 4 66 

Lead arsenate, 1 pound to 50 gll\lons I .......................... 19 16 35 

Check (unsprayed) , ..................................................... 63 1 64 


1 Average of 2 tests. 

These experiments indicated that the 1 per cent oil had pr.1ctically 
no effect, Slnd that the 2 per cent oil was ineffective after a few days . 
. In an experiment in 1927 with 1~ per cent mineral seal Oil,t2 the 
percentage of total blemishes after three days was 72, as compared 
with 42 on fruit sprayed with lead arsr-nate and 74 on unsprayed fruit. 

ORCHARD EXPERIMENTS 

Some preliminary orchard tests in 1924 and 1925 had indicated 
that there might be an advantage in adding an oil emulsion to some of 

the lead-arsenate applications. In 
]' 170 /......,.,-----,------,.-----.,--  1926, therefore, a test was made in 

which a calyx spray and five cover § 160 ~~---+----+~-/~~ sprays of lead arsenate were used, 
~ ) and in certain plats 1, 2, and 4 per 
~ /50 ~~---+---/.+_--~ cent technical oil, respectively, was 

added in the form of an emulsion. ~ ',,"0 r---!-----+ /1--+-----1 Table 1 '7 shows that a very definite Q.. V 
improvement in control resulted in~ 130 I-r~ the plats where oil was used, the 

~ 
~ /20 L-~____~____~__~ percentage of both wormy and stung 

None / 24 apples decreasing as the percentage 
7il in spray (percent) of oil was increased. However, con-

FIGURB 4.-J'tfect or spraying witb an emulsion siderable injury resulted from the 
or 8 beav, oil added t.o tbe lead arsenate on use of tw's heavy 011 The 01'1 re 
tbasize oCli"ples produced, Yakima, Wasb.,192(j . duced the size of the fruit, the num

ber of apples per box increasing as the amount of oil increased. (Fig, 
4.) In the Rome Beauty variety a very decided darkening of the 
area about the calyx was caused by the oil. (PI. 4, A.) Other vari
eties were injured in various ways, the Jonathan, for example, develop
ing irregular brown spots (pI. 4, B), and the Yellow Newtown becom
ing russetted about the calyx end. (PI. 4, C.) 

In 1927, therefore (see Table 17), experiments were made with the 
lighter mineral seal oil, in comparison with the technical oil, both 
alone and in combination with lead arsenate. The heavy dosage of 
the technical oil (Table 17, 1927, test 4) was apparently given in a 
wormier portion of the orchard than the other plats, but aside from 
this these tests show that the light oil is not so effective as the heavy 
oil. They also indicate that the addition of oil to the cover sprays of 

UNo. 4 (see p. 27). 
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EXAMPLES OF INJURY TO ApPLES FROM THE USE OF A HEAVY OIL IN SPRAYING 
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lead arsenate results in better control and that the use of oil alone 
results in poorer control than the use of lead arsenate alone, although 
the fact that the crop was light in 1927 reduces somewhat the con
clusiveness of these experiments. 

TABLE 17.-0rchard experiment8 with lubricating-oil emulsions, alone and in 
combination with lead arsenate, for the codling moth, Yakima, Wash., 1926 and 
1927 

---------r-- .. 1926 ----. I ,
I fRatio of 

Test! Material used and number oC ; Total Wormy Stung 'I Sound '.Potal Total: stings 
No. i applieations !apples appies I apples I I' apples ~ig~' stings:t~fg~.l 

,- ! 	 I Isbes 
--; 	 ,--1---,---1---,--1-- ----'-- 

,' 	 :iNurn· Num· Per Num· Per I Per Num· Num·I 
L··..	I Lead arsenate 1-50, calyx and 5 i ber ber cent ber cent I cent ber ber 

i cover sprays ..-------------------!15, 022 714 4.8 1,253 8.3 88.0 2,505 1,621, 0.65 
2.----', Tbe same as in test 1, plus 1 per, 	

I, 

: I 
, cent technical oil' (emulsified),
; In firsH eoversprays____________ 6,384 105 1.6 210 3.31 95.4 375 21j51 .68 

3-----i The same as in test 1, plus 2 per: I' 
; cent technical oil (emulsified), ! ' 
: In first 4 cover sprays------------: 9,333 94 1.0 203 2.2 90.9 345 237:: .69

L ____ , The same as In test 1, plus 4 per, 

r cent technical 011 (emulsified), i 
 1.4lIn firs~~~:~r_sprays------------: 4,521 20 63 1.4 I 98.2 92 _ 7lL~ .77 

1927 
--- -----.---------~- ~ .......~ - --~-.--	 ---,-"---'
.. -

L ____ 
 Lubrleating-oll (mineral seal) I I 

emUlsion, 0.75 per cent oC oil ,___ 2,941 162 5.5 33g 11. :; 84.4 648 ' 429 0.662_____ 
Lubricating-oil (mineral seal)',

emulsion, 1.5 per cent oC oil ,____ 5,835 181 3.1 345 5.9 91.8 672 429 .643_____ Lubrieating-oil ( tee h n I cal) l 
emulsion, 0.75 per cent oC all , ___ 2,630 34 1.3 102 3.9 95.0 166 \ 127 .774_____ Lubricating'oil (to c h n I ca I) J 	 Iemulsion, 1.5 per cent of all , ____ 4,303 109 3.9 358 S.3 38.8 715 497 .70L ____ 	 1Lubricating-oil emulsion' used
alone in 3 cover sprays __________2_____ 	 4,672 136 2.9 287 6.1 91.0 556 : 365 .66 

Lubricating-oil emulsion I plus Ilead arsenate 1-50 used in 3 cover sprays _____________________, 3,708 40 1.1 5.9 03.5 316 i 266 .843_____ Lead arsenate, 1 pound to 50 gal- I 2221
lons_____________________________! 2, 627 	 I 

66 2.5 216 8.2 go. 0 3G8 i 2S8 .77 
1 1 

I All apples having both stings and entrances are recorded twic9, the same apple being recorded as wormy 
and again as stung. 

, No.5 (see p. 27). 
I No.4 (see p. 27). 
I Oil emulsions used Cor calyx, first, second. and third cover sprays; lead arsenate, 1 pound to 50 gallons

added to calyx spray and used alone in fourth cover spray. 
, The figures Include both minerai seal and technical oils at % per cent and 1~ per cent dilutions. Lead. 

Brsenate and oil emulsIon used in calyx spray; lead arsenate alone In fourth cover spray. 

There was a definite difference in the degree of injury produced 
bY.' the two oils, the size of the fruit not being reduced by the light 
011, and the percentage of fruit showing a dark calyx ring being less. 
These effects of the use of oil are shown in Table 18. 

Again in 1928 experiments showed that oil used in several cover 
sprays alone resulted in more wormy fruit than a schedule of lead 
arsenate alone. (Table 19.) 

In 1929 orchard experiments with oil were confined to the addition 
of the oil to some other material. Adding oil to all of the cover 
sprays of lead arsenate improved the control somewhat, except in 
the case of the three-fourths of 1 per cent light oil. (Table 19.) 
A medium oil (tests 2 and 4, 1929) was used that was considerably 
better than the light mineral seal oil, and this did not cause any 

82245-32-3 
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reduction in size or the discoloration of the calyx end such as resulted 
from the use of a heavy oil. The addition of oil to only two cover 
sprays (test 5, 1929) also resulted in somewhat cleaner fruit than 
was obtained with lead arsenate alone. The use of oil with other 
materials than lead arsenate is discussed elsewhere in this bulletin. 

TABLE 18.-Effect of the use of oil in sprays on the size of and injury to apples, 
Yakima, Wash., 1927 

1 

Apples IApples 
.'pples show- Apples s~ow-

Materinl used ing Muterlal used 109per DOX calyx per box Icalyx
ring ring 

Number Percwt Nlt11lberlper cent Lond .'1rsenate alone _______________ U8.8 0 'Pcchnictll Oil,2 3~ per ecnt""M __ ""_. 09.2 44.4 
Minenl seal oil,' ~~ per cent _____ 64.5 12.7 'l'echnicul oil,' 1Y.i per ('tlnt________ HO.' 53.0 
Minerll seal oil,' 1~~ per cenL____ 61.4 22.3 

'No.4 (see p. 2il. • No.5 (see p. 27). 

TABLE 19.-0rchard experiments with lubricating-oil emul-sions fOI" the codling moth, 
Yakima, Wash., 1928 and 1929 

1928 

i 
1 IRatio 

Test Total Wormy Stung Sound! Total Total·ofsttugs
Muterial used I apples 2 apples : ~Jem- stings tbl~~~lNo. apples apples' i Isbes 

isbes1 
I-------------1-----

NU11I- Num- Per Num- Per Per INum- Num
ber ber cwt ber cent cent I ber btr1.____ Lead arsenate 1-50 alone ___________ 4,878 401 8.2 539 11.0 83.1 11, 240 716 0.58

2_____ Lead arsenate I-50, calyx and fourtb 

cover spray; lubricating-oil (miu- 1 


eral seall' emulsion l~~, first tbree 
cover sprays_____________________ 7,856 792 0.8 80.6 12,010 908 .483_____ 10.1 I771 
The same us test No.2 eXt'Elpt that

tecbnit'!ll oil' was used ___________ 4, ana i 391 9.6 433 10.6 81. 8 i1,108 597 .54 
I 1 

1929 

j 

i 
I1.__ ..1 I..ead arsenate I-50 plus mineral II seal oill li(emulsi ed) (0.75 per 

~~!y~~-~I~~-~~~~~--t~-~~I--~~~~~- 0,332 1,025 16.2 : SU4 14.1 73.1 2,576 1,155 0.45 
2_____ Lead arsenate 1-50~ plus summer 

011' (emulsified) 0.75 per cent of j 

3_____ oil) added to all cover sprays_____ 7,830 816 10.4 ! 874 11.2 SO. 7 2,312 1,139 .49 
Lead arsenate I-50, plus mineral 

tseal 011 3 &emulslfled) (1.5 per 

cent of 011 added to all cover
sprays___________________________-13, 300 f

647 ~.9 ),160 8.7 87.4 2,393 1,525 .644.____ Lead arsenate I-50, plus summer 
011' (emulsified) (1.5 per cellt of 
011) added to all cover sprays---- 9,746 314 3.5 561 J 5.S 91.4 1,140 701 .61

0_____ Lend arsenate I-50, plus summer 

oil' (emulsified) (0.75 per cent of 

oil) added to second and fiftb 
cover sprays only________________ 11,720 1,552 13.2 1,990 17.0 73.2 4,77S 2,663 .56

6_____ Lend arsenate 1-50_________________ 12,211 I, Sni 15.5 2,126 17.-1 70.8 5,504 2,869 .52 
7_____ Check (unsprayed)---------------- 3,408 2,450 71.9 485 14.2 24.0 5,686 587 .10 

1 

I Proportions ore pounds to gallons . 
•All apples bl>vtug both stings and entrances are recorded twice, the sallle apple beillg recorded as worm y 

and again as stung. 
• :No.4 (see p. 27). • No.5 (see p. 27). 'No.6 (see p. 27). 



\\ 

EXPERIMENTS FOR THE CONTROL OF THE CODLING MOTH 19 

It is concluded from all of these tests that for effective control of 
the codlinCl' moth without significant injury to the fruit or trees fl, 

medium oiY, having a Saybolt viscosity of from 65 to 75 seconds, and 
a high sulphonation test, should be used in the proportion of slightly 
less than I per cent. It should be added to not more than three or four 
of the lead-arsenate c')ver sprays, in those applications occurring when 
the highest percentage of eggs is on the trees. 13 This i!J in uccord with 
the findings of the western cDoperative oil-spray project (9). 

NICOTINE 

In 1915 and 1916 De Sellem (1), working at Yakima, experimen ted 
with nicotine sulphate for codling-moth control and obtained some very 
good results, although 70 . 
the orchards used were ~. 
not particularly wormy ~ 
in 1916. Lovett (3, p. {) 60 
50) reported a very high t -j
mortality of codling- ~ 
moth eggs when sprayed ~50 
with nicotine, the num- ~ :;I
ber of eggs used in his 1; LfO 
tests, however, being -t: 
very limited. <:) 0 

~ .30 
b-

/ 
LABORATORY EXPERIMENTS .~ 

~ 20 
[Z

A. test was made with ~ codlin~-moth eggs by ." 'l;o
the wnters in 1923, using ~/O f--

40 per cent nicotine sul- ~ 
phate at 1 to 800, with /Icasein spreader, 1 pound -9 
to 200 gallons. Thirty 70 71t 78 82 86 90 91f 
per cent of the sprayed Mean maximum temperature (QF.) 
eggs failed to hatch as FIGURE 5.-Effect of temperature on the value of nicotine sulphate 
compared with 26 per and soap when used to destroy codling-moth eggs, Yakima,

Wash., 1927
cent of the unsprayed 
eggs. This was so unpromising that no further tests were made until 
1927. At that time more thorough tests (Table 20) indicated that in 
warm weather 40 per cent nicotine sulphate, at a dilution of 1 to 800, 
would kill over 50 per cent of the eggs, whether or not soap was 
added; and that although the mortality- dropped in cool weather, this 
drop was offset by the addition of sodmm bisulphate. The effect of 
temperature was examined further, and a graph of all of the tests of 
nicotine sulphate and soap (fig. 5) shows a definite increase in mor
tality with an increase in temperature. There was no indication of 
a difference in mortality dependent on the age of the eggs. 

II Experiments by H.O. Diehl, Bureau of Plant Industry, not yet published, havo shown that oil used in 
~hls manner does not materially Interfere with spray·resldue removal. 

http:trees.13
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TABLE 20.-Laboratory experiments with nicotine sulphate on the eggs and larvae 
of the codling moth, Yakima, Wash., 1927 and 1928 

1927 

i Totnleggs
llroducing

'I'est larvaeMlltcri,ll used !Total Eggs dead No. that! eggs entered 
fruit 

INumber Number Per cent Per centL _____ Nicoline sulphate (40 per cent) 1-1,600._____ ._______________ 188 70 37.2 37.2
2_..___ Nicotine sulphato (40 IJer cent) 1-80J____________________ ..._ 50 30 liO.8 27.1 
3____ Nicotine suiphate (40 per cent) 1-800, plus fish·oil soap, 3pounds to 100 gallons____________..._. __________________ .__ 102 57 55.9 24.5 

21 Ii. 8 72.0
L __.__ Check____________________________•____________ ..__________ . 118 

5______ Nicotine sulphate (40 per cent) 1-800, plll;l flsh·oil soap, 3 
54 15.8 18.7 

6 _____ NPc~~fn~st~J~t~a~~~n~cr-ccntii:Boo:-piuscUS(.li;s-prcaiier;M- 342 
38 22.6 13.7 

7___-- Nr~~fn~ ;~I~~a1~1~~g~ercentri.:soo:iiiiis-soiiiuiii bisiiiphatii; 168 
IH pounds to 100 gallons._._______ •_______ .._______ •___ .__ 294 2.4165 50.1

S.. .••. Check __ • _•___••••••• _____••••_._•.•._._._•._.__ •______ •__ ._ 191 8 4.2 55.0 

1928 

1.__ .•_ Nicotine sulphate (40 per cent) 1-1,600 •• __ ._.__ ._._.________ _ 381 228 69.8 16.3 
2___ •__ Nicotine sulphate (40 per cent) 1-1,600, plus sodium blsul

phate, ~ pound to 100 gallons__ •• ___ .••___._.____________ _ 382 149 39,0 14.9 
3__ ••__ NIcotine sulphato (40 per cent) 1-1,600, plus aluminum sui· 

phate, ~ pound to 100 gallons._._.__ •__ •• ________________ _ 365 220 60.3 10.4 
4._.__ • Nlcotlnesulpbate (40 per cent) 1-1,600, plus %per cent miner· nl sen! oil I (emulsified}_________•__________________•__••__ _ 521 449 80.2; 4.85.__ ._. Cheek____________________________________•______________•__ 

3:15 39 11.6 72.8 
6._____ Nicotine sulphnte (40 per cent) 1-1,600.____ ._._._._._._____._ 124 88 71.0 8.1 
, _____• Free nlcotino (50 per cent) 1..1300._._.___••_......_._........_ 251 136 64.2 J2.4 
S_.__•• Free nicotine (50 per cent) 1-1.000. __ ••• _. ___._._._.......... 162 57 35.2 32.1 
9___..__ Free nicotine (50 per cent) 1-1,600, pluB aluminum sulphate, 

~~ pound to 100 gallons.._._._._....._._.__..._...........__ 272 100 39.0 27. 9 

10_.__ .. Check.______•____ •'"''''''....._. __ •• _______••••_•••_....._.,. 413 60 14.5 57.4 

I No.4 (seo p. 27). 

NOTE.-In the 1927 tests 1 to 4, the menn maximum temperature between spraying and tbe hatching of 
tho eggs WIIS 92' }'.; In tests 5 to 8, It was 75'. In tests of 1928 the mean maximum temperature for ono week 
after spraying was 85' }'. 

As these tests were made with eggs deposited on apples, it was 
possible to carry them further and determine the percentage of the 
total number of eggs that produced larvae able to enter the fruit. 
These percentages are given in the final column of Table 20. In no 
case did the total of the dead eggs and of the larvae ente)\'ing the fruit 
equal the total number of eggs used, some larvae being lost. The 
number lost was invariably greater on the sprayed apples than on those 
unsprayed, indicatin~ that the nicotine is toxic to some of the larvae 
after they hatch, and. before they begin to feed. Observations have 
shown this to be the case, many larvae placed on apples recently 
sprayed with nicotine becoming apparently paralyzed and dropping 
from the fruit wi.thout feedin~. More eggs hatched on both sprayed 
and unsprayed apples in cool weather than in warm weather, but 
fewer of the larvae were n.ble to enter the apples, probably owing to 
the slower volatilization of the nicotine in cool weather. The results 
with nicotine sulphate and sodium bisulphate were particularly good .. 

TESTS WITli NICOTINE IN COMBINATIONS 

In 1928, during warm weather, nicotine sulphate was tested at a 
concentration of 1-1,600, alone and with sodium bisulphate, alumi

" 

" 

f< 

,oJ 

4 
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num sulphate, and an oil emulsion. (Table 20.) The best results 
were obtained with the combination of nicotine sulphate and oil, 
since the oil has a lethal effect on the eggs which the other two ma
terials do not have. The sodium bisulphate, used one-third as strong 
as in 1927, seemed to have little direct value, but both it and the 
aluminum sulphate apparently prolonged the action of the nicotine 
and thus prevented many larvae from entering the fruit. Free nico
tine was D..lSO tried, and its toxicity was found to be less than that of 
nicotine sulphate. (Table 20, 1928, tests 7 to 9.) 

A direct comparison was made of nicotine sulphate and lead arsenate 
(Table 21), sprayed on apples on which eggs had been deposited one 
or two days previously. A smaller percentage of the eggs sprayed 
with nicotine hatched than of those sprayed v..ith lead arsenate, the 
latter having no effect on hatching. Of the larvae that did emerge, 
approximately the same percentage entered the fruit in the two tests, 
indicating that the two treatments were equally effective in preventing 
entrance, even though this occurred 10 days after spraying. The net 
result was that the percentage of larvae entering the fruit, based on 
the original number of eggs, was twice as high in the lead arsenate 
test as in the nicotine sulphate test. 

TABLE 21.-Laboratory experiments comparing the effect of nicotine sulphate and 
lead arsenate on the eggs and larvae of the codling moth, Yakima, Wa8h., 1928 

1 Eggs I Egg~
! producing I prodUCing 

larvae that Ilarvae that
Test i 
No. Material u.":d Total eggs Eggs hatcbed entered Cruit entered Cruit 

based on !tgr:f~t1'~.
number that ber DC eggs

I hatched , in test 
i . - -
i 

~- --~-

Number Number Percellt Per cent Per cent 
I •••••••.! Nicotine sulphate I-J,6oo•._••• 182 78 42.9 25.6 ; 11.0 
2•.•..•••1 Lend arsenate I-50•••.•••...•. 197 173 8i.8 25.4 I 22.3 
3•••....• i Check•••••...•••••••.•••••_.• 63 50 70.1 82.0 ! 65.0 

! 

In 1927, during very warm weather, a test was made also of the 
toxic effect of nicotine sulphate on codling-moth eggs deposited from 
two to six days after spraying. Even under these conditions more 
e~gs failed to hatch and fewer larvae entered the fruit than in the 
cneck (Table 22), but the difference is not so great as in the case of 
apples sprayed after the deposition of eggs. (Compare test No.1, 
Table 22, with No.3, 1927, Table 20.) In this test the addition of 
sodium bisulphate did not increase the mortality of eggs but did 
reduce the percentage of larvae entering the fruit, indicating that the 
nicotine is retained better by the sodium bisulphate than by the soap. 

These results suggested that sodium bisulphate or aluminum sul
phate might be of value in retarding the volatilization of the nicotine. 
Since for codling-moth control jt, is necessary to retain the toxicity for 
two or three weeks, an experiment was made in which nicotine sulphate 
with soap and with sodium bisulphate were directly compared under 
similar conditions of temperature, treatment, etc. Apples were 
sprayed with the two combinations, and at intervals codling moth 
larvae were placed on them, 10 apples being used each time for each 
combination, and 10 larvae being placed on each apple. The per
centage of larvae surviving the nicotine-soap combination rose much 
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TABLl!l 22~-Laboratorye:cperiment8 with nicotine 8ulphate on egg8 of the codling 

moth deposited. after spraying, Yakima, Wa8h., 1927 


Eggs 
Interval producing
between 	 lanae that 

'I'est 	 spraying 'I'otal entered fruit Material used 	 Eggs dead No. 	 and de· eggs based on 
position 	 totalnum· 
of eggs ber or eggs

In test 

L .•... Nicotine sulphate 1-800, plus IIsh·oil soap, 3 Dalls Number Number Per cent Per cent 
pounds to 100 gallons•••••••.___••••._•••.__ ••• 2-6 577 155 26.9 39.2
2._____ Nicotine sulphate 1-800, plus sodium bisulphate, 
l~ poundS to 100 gallons_____•______ •_________ 6 216 69 27.3 15.3 


619 III 17.9 72. 0 

J 


3._____ Check__________________________________________ 

70 


'0 Nic~.tlnel and Isoo) 1 I

65 


- X Nico.tine and sodium bisulphate 

60 


55 
 0 

I j/["0--

k1 
0 o~ 

0 

~6 0 

0 

:....-20 

X 
 ~--x ~ I .-'IS 

~Ix~ 

/0 r-0 
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r· 
FIG liRE 6.-Percentages of codling·moth larvae surviving after being placed at intervals on apples 

sprayed with nicotine sulphate in combination with soap and with sodium bisulphate, Yakima, 
Wash., 1027 
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more rapidly than that of the larvae surviving the mixture of nicotine 
sulphate and sodium bisulphate. (Fig. 6.) For comparison the per
centages of larvae surviving after being placed on apples sprayed with 
lead arsenate and on unsprayed apples were 42 and 66, respectively, 
regardless of the time. 

ORCHARD EXPEr.IMENTS 

Orchard tests are necessary to show the true value of a ~~ray con
taining nicotine, because the varying weather conditions and the 
growth of the fruit can not be reproduced in the laboratory. In 1921 
and 1922 the addition of nicotine sulphate and fish-oil or linseed-oil 
soap to all of the cover sprays of a regular lead-arsenate schedule had 
been tried, and although the control was improved by this addition, 
the improvement was not sufficient to warrant the added expense. 
The experiment was tried again in 1927, except that no lead arsenate 
was used after the first cover spray. Results in a lightly infested 
orchard were fair, but not so good as from the use of lead arsenate 
alone. In a heavily infested orchard a similar experiment was tried, 
lead arsenate being used for the first two sprays and nicotine sulphate 
(1-800) with nothing added for the remaining cover sprays. Twice 
as much fruit became wormy in this plat as in an adjoining plat 
sprayed throughout the season with lead arsenate. It was evident 
that these combinations were not successful. 

TABLE 23.-0rchard experiments with nicotine sulphate, alone and in combination 
with glycerine and oil, for the codling moth, Yakima, Wash., 1928 and 1929 

1028 

I I! RatioDilu-
Test tion of Total "Tormy stung Sound Total 'rotal of stings 

Material used 1 applos ~ig~- stings to total No. nico- apples apples 2 apples 2 blem
ishos 

~.-~,..,~ 

tine 

'-,------- ---i 
~-

Num-: Per Per lVU711- NumNum- ~~;n-! re~beT beT 1cent cellt beT beT
L ____ Nicotine sulphato ___________ 1-S00 13,59·! 1,146: 8.4 89.6 1,801 410 0.23 

1-1,600 15,241 1,70S! 11.2 ~!,~I ~: ~ SU.l 3,015 76i .25
2_____ _____do_______________________ 
3_____ The same as in test 2, plus 1-1,600 11,032 373 3.4 00.0 1,530 432 .28 

aluminum sulpbate, 1 
8221 7.5 

pound to 200 gallons.
The same as in test 2, plus 1-1,600 10,160 550i 5.5 320 3.2 01.0 1,030 371; .37 

% per cont ruineral seal 

4_____ 

oil' (emulsified). 
_~ __~ ____ ~ ~ _L__~____________ ---

1029 

1-____ j Nicotine sulphate (40 per 1-S00 9,55015,041 52. sll, 8SS 10.S1 40. 2h2, 775~ 2, 55;;---0. 20 
cent), plus ~ per cent gly
cerln. ' I , i 

2____-' Nicotine sulphate (40 per 1-S00 10, 484 2,245 21.4 1, 280 12.2: 70.715,211; 1,58'1 .30 

I cent), plus % per cent 
summer oil I (emulsified).

3_____ Nicotine sulpbate (40 per 1-1,600 11,5821 3,742 32.3 1,518 13.1l 60.9J 8, 507: 1, 964 .23 
cent), plus % per cent 
summer oil I (emulsified). i,

4. _ _ __ Lead arsenate 1 pound to 50 1-1,600 11,856 1,971 16.6 2,397 20.2' 68.1 6,485' 3,472 .54I
gallons; nicotine sulpbate 
and % per cent summer j ;
oil I added to second and 
flftb cover sprays. ! I

5_____ILead arsenate, 1 pound to 50 ________ 12,749 3,247 25.5 4,59S 36.1 50. 7i14, 261, 8,024,. .56 
gailons. j I .1 

1 Lead arsenate, 1 pound to 50 gallons, used alono for calyx and first cover sprays in all tests. In all sub
sequent applications only the materials sbown were used. 

'All apples bavlng both stings and entrances aro recorded twice, tbo same apple being recorded as wormy 
and again as stung. 

3 No.4 (see p. 27). 
I No.6 (soe p. 27). 
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In 1928, therefore, orchard experiments were made with aluminum 
sulphate and with oil emulsion added to the nicotine sulphate in com
parison with the nicotine used alone. These materials were used in 
all applications following a calyx spray and a first cover spray of lead 
arsenate. Direct comparison could not be made with plats that were 

80 r----------.----------,----------r---------, 
--- Nicotin(;' SUlphate 
- -- Nicotine sUlphate and oil emulsion 
• - Nicotine sUlphate ond corn sirup

70 	 - - Nicotine tannate 

- - - Nicotine tannate and fish oil 

- -Nicotine sulphate and "Iycerine 


60 r---------~--------~------/-~--------~ 

20 

/0 

28 

FIGURE 7.-Percentage oC nicotine lost Crom apple Coliage at Intervals aCter spraying, Yakima, 

Wash., 1929 


being sprayed with lead arsenate because of a difference in infesta
tion, but much better control resulted from the addition of either of 
these materials to the nicotine (Table 23) than from the nicotine alone. 
The oil was the better of the two, probably on account of its effect on 
the eggs. 

Variations in the use of nicotine sulphate were experimented with 
in 1929. It was tried with corn sirup and glycerin. Nicotine oh'late 
and nicotine tannate were also tested. Chemical determinations 14 

11 Made by Bureau of Chemistry and Solis laboratory, Yalrlm8. Wash. 
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(fig. 7) indicated that neither corn sirup nor gJycerin retained the 
nicotine as effectively as oil. 

Nicotine tannate showed promise, both alone and with fish oil, and 
further experiments "rill be made with these sprays. Nicotine oleate 
burned the fruit (pI. 2, E) and foliage severely. 

In the orchard experiments were conducted with nicotine sulphate 
combined ''lith glycerin and with oil emulsion. (Table 23.) The 
results from the nicotine-glycerin combination were very poor. The 
nicotine-oil combinations, however, gave very good results in terms of 
percentage of clean apples, and where this combination was used in 
four cover spray!:: (Nos. 2 and 3,1929) the percentage of stung apples 
was materially reduced. 

From all these experiments it may be concluded that nicotine sul
phate alone, although it has some control value against the egg, and 
some immediate larvicidal value, can not be depended on for control 
of the codling moth; !Jut that the combination of nicotine sulphate 
and oil is a very effective one for control because it destroys many of 
the eggs, and sufficient nicotine is retained to kill larvae for some time. 
This combination may be substituted for lead arsenate in one or more 
cover sprays, or it may be added to the lead arsenate. 

PYRIDINE DERIVATIVES 

Richardson and Smith (6) found that certain compounds related 
to nicotine, knOW'll as dipyridyls, were very toxic to aphids. A crude 
mixture of the sulphates of these compounds and a crude sample of 
benzyl pyridine furnished by the Bureau of Chemistry and Soils were 
tried on codling-moth larvae by the writers. (Table 24.) Neither of 
them were equal in to:\.-icity to lead arsenate or nicotine sulphate, 
except the crude benzyl pyridine at 1 to 100. (Test 4.) At this 
strength, however, this mate:rid caused bro,,'ll spots to appear on the 
sprayed fruit. 

TABLE 24.-Laboratory experiments with pyridine derillatiues on the larvae of the 
codling moth, Yakima, Wash., 1928 

Ratio of 
Test 	 D 'I "'orms Worms Total stings

Materia: used , .1 u" ctlterinl; causing hlem· to total No. tlOn fruit stings isbes hlem· 
isbesi 

~--J--"'--- . 
• "tum· Per ,Nltm· Per Per 

ber cent I btr cent cent 
J..... Dipyridyl sulphate ............................... 1-100 . 27 54 2 4 58 I 0.07 

25 50. 7 14 04, .22 
33 8 i4, .11~===== =====~~============================~~=============== i tjgg 304..... Crude henzyl pyridine ............................ · 1-100 15 00 I 4 

4 8 38 .21 

5..........do............._............................... 1-200 22 44 5 ]0 54 .19 

0..........do..............__............................. ]-100. 22 44 0 18 . 62 , .29 

7..... Lead arsenate .....................................: 1·50: 10 32 , 10 20 . 52 . .38 

8..... Check.............................. _..................... i 20 52 3 0 58! .10 

0..... Crude benzyl pyridine ............................ , 1-100 : 	 18 18 13 13 31 ' .42 

J!J 10 10 ]0 29 .34 
21 21 ' 14 14 35 .10~?===::!=====~~=============================================i t!~ I'i. 12..... ', Nicotine sulphnte (40 per cent) .................... : 1·800 4 4, 5 5 0 .56 

13..... Lend arsenate .....................................: 1-.50, 15 15 ; 10 19 34 .50 
35 35 i 14 14 49 ' .29l~=====! g~~3~'bCiiZYIP~7fdiiie(i:'iiio)'cDiuisifiedwitll'cnl:'!"'"''I cium caseInate I gram to 15 cuhic centimeters .......... . 24 24 14 I 14 38 .37 

16__...\ Cr1!de benzyl pyridine (1-200) eml;llsiiled. with C31'" I
Clum casemate 1 gram to 15 cuble centImeters ... - ...... i 23 23 lsi, 15 38 .40 

17..... Crude benzyl pyridIne (1-400) emulsified with cal· I 
eium caseinate 1 gram to 15 cubic centimeters .../........ 35 35 8 ! 8 43, .19 

18..... Nicotine sulphate (40 per cent) .................... 1-800 I 7. 7' 4 I ·1 11 .30 
15 18 33 .5518 !45 l 45 ! 10 10 55 I .18 

~____...~__. ____ ___ __ __~g===:=__ ~t~:~~~~~========================:============___.. ,l'--_.,..~=~~.I'.. 
15 

'. 
. 

:"'._..!---'_--.!. 
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DERRIS AND PYRETHRUM 

A commercial extract of Derris, labeled as containing 5 per cent 
active ingredients, was tested against the eggs at a concentration of 
1 to SOO. Of 251 eggs sprayed, 27.S per cent failed to hatch, as 
compared with 23 per cent of 374 unsprayeL: eggs. The same extract, 
at concentrations of 1 to 400 and 1 to sao, was tested as a larvicide. 
Other materials tested in this manner included an alcoholic extract of 
Derris root,t5 a kerosene extract of pyrethrum, and a commercial 
pyrethrum extract, labeled as containing 92 per cent active ingredi
ents. With the excep'vion of the latter material, none of these 
extracts had any appreciable larvicidal value when tested within 
4S hours after spraying. 

Experiments were then made with the commercial Derris extract, 
and with three commercial pyrethrum extracts, used with and without 
a lubricating-oil emulsion, and sprayed on fruits to find out whether 
the oil would cause these materials to remain to).:ic longer. (Table 
25.) All of the pyrethrum extracts were very toxic within 24 hours 
of spraying, but apparently had lost most of their toxicity a week 
later. The Derris was quite ineLfective, even when fre"hly applied. 
'rhe addition of oil emulsion had no beneficial effect. 

TABLE 25.-Laboratory experiments with Derris and pyrethrum on the laruae of 
the codling moth, Yakima, TVash., 1929 

Percentage of 
worms entering 

fruit

'I'est No. Material used 
I day 7 days 
nfter after 

spraying spraying 
--- -~.-----"---~------ ~.~-~--"---, .. --.- --L--------I Commercial Derris extract 1-100 ________________________ •___ ._._. ___ ._____ 3~ 48 
2____••••_ Commercial Derris extract 1-100, plus ~~ per ccnt lubricating oil (emulsilled)_ 32 50 
3_________ Commercial Derris extract 1-800, plus ~~ percent lubricating oil (emulsified)_ 44 484________ l'yrethrum extract No. 1, l-200 ______ . ______________ ._____________________ 8 48 
5_________ Pyrethrum extract No. 1,1-200, plus~:( per cent lubr.~nting oil (emulsified)_ 8 50 
6_________ Pyrethrum extract No. 1,1-100, plus %' per cenL lubricnting oil (emulsifled)_ 8 447_________ Pyrethrum extract No.2, 1-100 _________________ .. __ ..____________________ 10 36 
8_________ pyrethrum extract No.2, 1-100, plus ~~ per cent lubricating oil (clIllIlsilied)_ 0 36
9_________ Pyrethrum extract No.3, 1-100__________________ ._________________________ 0 40 

10________1Pyrethrum extract No.3, I-SOD____________________________________________ i8 40 

tt==:==~= ~~:!~~~~:~~~~~!==3:~~~~~':~~~~~~!=~=~~~~t~;~;:~~~~~~'~~;~~~~~=I __~~___ S 
The alcoholic extrnct of Derris and the kerosene extract of pyre

thrum, in orchard experiments, were practically worthless, the fruit 
becoming extremely wormy. In an orchard experiment with the 
commercial pyrethrum extract No.1, and lubricating-oil emulsion, 
37.3 per cent of the fruit became wormy, as compared with 25.5 per 
cent in a plat sprayed with lead arsenate. Judging from the labora- I 
tOl'y results, much of this control may be attributed to the effect of 
the oil on the eggs. .An orchard experiment with the commercial 
Derris extract was discontinued because injury to the fruit (pI. 2, F) ~ 
and foliage developed and much of the fruit was becolning wormy. 

.. This sample of Derris root \VIIS later found to be low in total extract Bnd to contain not 1IIore thall 
traces of rotenone, which explains the very poor rosults obtained with it. 
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COMPOSITION OF SPRAY MATERIALS 

The characteristics of the oils used and the formula for the nicotine 
tannate are given below: 
No. 1. Red engine oil: 

Volatility (4 hours at 1100 C.) ________________________ per cellt___ 0.4 
Viscosity (Saybolt at 1000 F.) ________________________ seconds___ 230 
Specific gravity at 200 C. ______________________________________ 0.921 
Unsulphonated residue (38 N llcid) ____________________ per ceut___ 50 

No.2. Brown neutral oil:
Volatility__________________________________________ per cent___ 2. 7 
Viscosity ___________________________________________ seconds_ __ ll(j
Specific grllvity _______________________________________________ 0.922 
Unsulphonated residue _______________________________ per cenL__ 49 

No.3. Crystal oil:Volatility__________________________________________ per cellt___ O. 84 
Viscosity___________________________________________seconds_ _ _ 122 
Specific gravity_______________________________________________ O. 871 
Unsulphonated regidue_______________________________per cent___ 95.2 

No.4. Mineral seal oil: Viscosity___________________________________________ seconds__ _ 52
Unsulphonated residue _______________________________per ct)nt__ _ 82 

No.5. Technical oil: Viscosity___________________________________________seconds_ _ _ 129 
Unsulphonated residue_______________________________per cenL__ 89 

No.6. Summer oil:Viscosity ___________________________________________ seconds __ _ 78
Unsulphonated residue ____________ ,, __________________per cenL __ 77 

No.7. Nicotine tannate:Tannic acid ________________________________________pounds___ _ 3 
Nicotine (50 per cent) _______________________________ pound_____ 1
Wllter_____________________________________________ gallons____ 100 

lnNo.7 the tannic acid is sifted into 25 gallons of water while it is 
being agitated, the nicotine is added, and then the remainder of the 
water. 

SUMMARY 

The demand for more effective methods of controlling the codling 
moth that would not leave objectionable spray residues has been 
the chief reason for the studies described in this bulletin. 

The use of lead arsenate at 2 pounds to 50 gallons, or of an in
cl'eased number of applications at 1 pound to 50 gallons, improved 
the control, but also resulted in more arsenical residue. 

Casein spreader, in small quantities, caused the lead arsenate to 
~ be somewhat more effective, but in larger quantities it did not have 

this result. Fish oil also increased the effectiveness of ~he lead 
arsenate, but made residue removal more difficult. Soap, glue, and 
flour paste reduced the value of the arsenical. 

Thirteen nonlead arsenicals were tested, but none of them con
trolled the codling moth as well as lead arsenate, and several of them 
damaged the fruit or foliage severely. Barium arsenate, zinc arse
nate, and manganese arsenate were the most effective. 

Lubricating-oil sprays proved to be valuable against the eggs, and 
they also had some toxic effect on eggs deposited a few days aftH 
spraying, but did not repel ovipositing moths. There was little 
effect on the larvae. Heavy or relatively unrefined oils were often 
injurious to the fruit or foliage. Oil sprays alone were not so efficient 
as lead arsenate. 

It was concluded that in order to use oil safely and effectively 
for codling-moth control a medium oil with a Saybolt viscosity of 
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65 to 75 seconds and a large proportion of unsulphonatable residue 
should be added in a proportion of slightly less tha,n 1 per cent to not 
more than three or four lead arsenate cover sprays. 

Nicotine sulphate was somewhat to:\ic to codling-moth eggs and 
larvae in warm weather, but by itself was of less value than lead 
arsenate. Of the materials tested to prevent too rapid volatilization 
of the nicotine, lubricating oil gave the best results, and very good 
control was obtained with a combination of nicotine sulphate, diluted 
to 1-800 or 1-1,600, and a 1 per cent lubricating-oil spmy. This 
combination is of value when substituted for lead arsenate in one or 
more cover sprays. 

Poor results were obtained with crude dipyridyl sulphate and 
crude benzyl pyridine. Derris, in the forms tested, was ineffective, 
and pyrethrum extracts were effective only for a short time after 
being applied. 
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