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EXPERIMENTS WITH INSECTICIDES
FOR CODLING-MOTH CONTROI,

By E. J. NgwcouER, Senior Entomologist, and M. A. Yoruers, dssociale Fnto-
mologisl, Diviston of Deciduous Fruil Insects, Burean of Entomology
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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 Stateg. The
numerous investigations of this pest that have Leen made have long
agoe 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 economicel
and more effective treatments, however, have mads coutinuous
experimentation imperative.

Laboratory and orchard experiments in controlling the codling
moth with sprays have been conducted by the Bureau of Entomolog
at Yakima, Wash., from 1919 to 1929, inclusive.! Someofthe experi-
ments are of only local or transient interest; the results of many
others have o 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
giready deseribed by one of the writers (6} Experiments with
insecticides for destroying the eggs were made by thoro ughly spraying
pear leaves or apples upon which eggs had been deposited, hanging
them ous of doors under a roof in a free circulation 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. Qualntance, st that time in charge of the Division of
Declduous Fruit Insects, Burean of Entomelory, From 1§19 Lo 1822 the senior writer was assjsted In thasa
experiments by W. D. Whitcomb, formerly of tie Buresn of Entomology, and (rom 1923 to 1629 by M. A,
Yotbers, of the borasn, The orchard oexperimenis were mads in several commercial apple orchards noar
Yakims tbrongh the ganerons coonoration of the ownors of these orchards

# Italio numboers in parenthsesis refor to Literature Cited, p. 235,

82246~=32—~~1
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The results of the experiments with ege-destroying compounds
in the laboratory are given as percentage ol eggs dead.” With larvi-
cides, the results are given in terros of percentage of worms entering
the fruit, percentage causing only stings, total percentage causing
blemishes, and ratio of stings to total blemishes. The latter is used
merely as a general indication of the relative value of the treatments.
In the combination experiments with eggs and larvae, the percentage
of worms entering the Irvit is based on the total number of eggs 1
the experiment rather than on the total number of larvae hatching.

For the orchard experiments, plats containing from 12 fo 75 trees
were used. The spraying was done with a type of gasoline power
sprayer commonly employed in commereial work. Spray guns and
two lines of hose were used for most of fhe experiments. In some of
the earlier work the pressure was koph &b from 250 to 300 pounds at
the pump; later, pressures of from 300 0 350 pounds were maintained.

Biological observations were made encl season to determine the
proper times for spraying. The same number of applications was

iven all the plats in apy one year, but the number varied somewhat
in different years, owing to variations in seasons and in the different
orchards used. Ordinarily one calyx spray and four or five cover
sprays were applied. In most of the experiments results were esti-
mated by exanuning 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 fre given, for the most
part, in terms of percentage of fruit wormy, percentage of fruit stung,
percentage of sound fruit, whieh is the frutt 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 imjury
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 usunally much Jower when eg -de-
stroying sprays are used than when the treatment consists only of
larvicides, since few of the latter are able to kill the larva hefore if
has started to feed. The percentage of sound fruit is o rather prac-
tical indication of the value of the treatment. A valuable guide also
to the efficacy of the material used consists of a ratio. Melander
(4) suggested using the ratio of worms to stings. In this bulletin it
seems preferable to employ the tatio of stings to total blemishes.
When strictly stomach poisens are used this ratio is higher for the
more offective materials, as a larger percentage of larvae are killed
after having fed long enough to produce & sting. In most cases com-
parison is made with 2 standard treatment of lead arsenate, 1 pound
to 50 gallons, and also with an unsprayed check if one 1s available,

LEAD ARSENATE

The experiments with lead arsenate have included tests of lead-
arsenate sprays of different strengths and tests of lead arsenate with
spreaders snd stickers.

One pound of powdered lead arsenate to 50 gallons of water has
been used for many years and has become almost o standard ditubion.
The question is often raised whether a larger quantity would not pro-
duce results sufficiently better to warrant its usc. Im 1019 a field
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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, as
compared with fruit 5.4 per cent wormy in a test of lead arsenate at
& dilution of 1 pound to 50 galions. There were more than twice as
many stings and shout twice az many calyx worms in the latter test
agin the former. This indicated an advantage in the larger quantity
of lead arsenate.

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

25 I
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legd arsenate to 50 gellons of water {pounds)

F1avR% 1.—The effect of lead arsensta at varions dilutions, with and without casain spreader, on
entrances of codling-math larveas into [ruit, Yakima, Wash,, 1624

are o measure only of the freshly applied material, and shew & very
definite negative correlation befween the degree of infestation and
the strength of the lead arsenate.

Following these experiments orchard tests were made in 1927 and
1028, It was evident from the laboratory experiments that less than
1 pound of lead arsenate to 50 gallons would he ineffective, and, on
account of the necessity of keeping the amount of arsenical residue
at & minimum, there was no practical advantage in experimenting
with more than 2 pounds to 50 gallons. Therefore, the orchard teste
included only & comparison of 1 pound and 2 pounds of lead arsenate
to 50 gallons of water. The results of these tests are shown in Table 1
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TapLe 1.—Orchard experiments with leod arsenate for the codling moth, Yakima,
Wash., 1927 and 1988

1927

| quantity
ot R%i‘.wo[ otfarse(:i:ic
*otal stings | Ericoxido
nsmlgsg L ,Sl‘::u?eté blem- totofs!| per
PR aDREE jghes blera- | poitnd of
ishes |harvestod
frait

Dikition

Pounds to
Mgl
17,788

.5 10,142 | 33,3 | &2.2 | 24,581 | 18,00
w2 7e | 1,102 5599 | 247 | T2.6)10,568 | 8,770

13n this and In the succseding tables that refer to erchord experiments all npples having both stings and
sntrances gte recorded tiics, the same apple beinaz recorded as wormy and again as stung.

Doubling the strength of the material obvicusly improves the degree
of control.  As 3 per cent of an aversage crop of apples will pay for the
sdditional material used in the double-strength treabment, it is
apparent that this treatment would havs been an economical one in
two of the three comparisons in Tebie 1. The amount of arsenical

residue is incressed, however. It is also indicated in this table that
an additionsl application of the Sin%}e-strengt.h lead arsenate may

produce results as good es the sma ler number of applications of
the double-strength material without increasing the arsenical Tesi-
due over that left by the latter treatment. The cost of this additional
application would be less than the cost of the additional msaterial in

the other applications.
SPREADERS AND STICKERS
CASEIN

The velue of adding spreaders to lead arsenate has been & much-
debated question. A spreader is a material that lowers the suriace
tension of the soray liquid sufficiently to produce s continuous coating
or flm of lead arsenate on the surface of the fruit or foliage. (PL 1,
B.) Theoretically, such a spray liquid should be more dgro’t.e\'stiw.
then one which contains no spreeder end which forms oplets of
irregular size on the surface with unprotected areas between. (Pl 1,
A and 2,A.) Smith (?) did not get very much better results with the
flm type of coverage when he used a casein spreader containing 25
per cent casein and 75 per cent celeium hydrate in the propertion of
1 pound to 106 gallens of lquid than with the spotted type. In
experiments made by the senior writer in 1923 and 1024 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 &
coating of poison that was thinner bub that was also smoother and
more sdherent, giving the larva less opportunity for accumulating
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Tech. Bul. 281, 1i. 5. Dept. of Agriculturs PLATE 2

A, Apple spraved with lend arsenate nlene; 13, lend arsenate and Nonr puste; 2, lond arsenate
nipd seags; 1, dend arsenuie ond glue; K, upple iirned by nicotine oleale; P, apple borned
hy derris axtract
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particles of poison before beginning to feed. Spuler (8, p. 81) got
glightly better results with lead arsenate alone than with lead arsenate
énd casein spreader, but he shows that the difference is too small to
be significant. 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
correletion between the quantity of spreader used and the degree of
infestation. (Fig. 2.) In order to explain the increased profection
afforded by decreasing the quantity of spreader used, it is reasonable
to assume that the larger quantity of spreader causes a greater
run-off and consequently resu(lts in a thinner coat of lead arsenate on
the fruit. This assumption has not yet been proved, and the facts
in regard to the experiments are given here as en indication of some
such cause. Reference to the senior writer’s previous publication
on this subject () will show that these results were obtained in two

&~ /T
82 v Y

%"E va W

1‘3@ ve

Lorval enfronces (per cent)

FIGURE 2.—Effect of queantity of sprzader used with lend srsepate on lorval entraness of the
carling moth, Yakima, Wash., 1924

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

TanLr 2.—Laboralory czperiments with lead arsenale and casein spreader on the
larvae of the codling moth, ¥Yakima, Wash., 1925 and 1928

1925
1 i
| r (pota (0 of
Tes Worms cntering) Worras cousing | (000t | Stings
Matorlal used ¢ Blem- !to totel
Neo. . frult tl ngs ishes - biam-
! , . ishes
{ i T
Mumber Per cent Number| Per conl: Per cent.
) DR Lend arsenote, 1-50, no sprerdor_____ . ... 25 o 77 22,0 - 32.0 .19
L Lead arsenate, 1-50, casein spreader 46-50____ 7 3.5 P 13.5: 170 )
3. _....] Lead nrsenate, I-50, ensoin spreader 15-50._ . 9 4.5 BT 1.8 2o’ LTH
[ Chock (unsprayed) - - 121 40,3 ] 1831 588G .M
- L s S SO SR PR B . .
192G
. ' -
Lead arsenata, 1-50, no spreader. .. .o.... | 2 8.0 a3, 220 E 0.0 Q.74
.| Lead orsanate, 1-50, casein spreador 34g-50__ 10 0.7 30 Mo wWy L5
.{ Load arsenate, 1-50, casein sprender Le-50... | 13 8.7 21, w0, 227 a2
Lead arsenate, 2-50, no spreader________..___ 7 4.7 91 M3y 2n0 LBl
Lead arsenate, 2-50, easain spreader Mo-60.. 3 20 L. &7 w7 M
Lead srsenate, 2-50, casoin spreader b6-50.__ 4 a7 a3 2o 2L7 .50
Checlr (unsprayed). ... ... .. | 80 543 10 - 15.7][ £0.0 5t

1 Proportlons, pounds to gallong,
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Thig Iaboratory 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 ouf:
whether the use of casein spreader has any practical value. Such
experiments were made in four different years, 4 or § ounces of casein
being used to 200 gallons of spray, the casein being dissolved in water
by means of borax, sodium bicarbonate, or calcium hydrate. The
results of the use of lead arsenate alone and with easein spreader are
very similar, whether a comparison is made of the percentage of
wormy, stung, or sound fruif, or of the ratio of stings to fotel blem-
ishes. (Table 3.) There is generally a consistent slight difference
in favor of tl.o Jead arsenate and spreader, but this is so slight that
it can not be said that the asddition 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~Orchard experimenis with lead arsenale and casein spreader for the codling
wnoth, Yakima, Wash., 1919-1938

ot R:tttio of
Taln stings
Total Wormy Stung Bound Total
Material nsed Yeor| pndes | opples? spples! | appiles] ?;;‘; stings tgl'fe“é‘_‘i
i ishes
Num- | Num-| Per | Num | Per | Per | Num- | Num-
Y.0ad nrscnate, I poand to &0 ber ber | cent | ber | cemi | cemf ber bz
BelIOnS . e ———— 1619 | 13,968 749§ 5.4 1,026 | 1:32.8| B2.5| 3,518 2,043 .75
1021 [ 23,217 78I 34| L& e 849.2 ] 3,177 | 2,303 Li2
Woe [ 15000 1 L0344 10.6 4 4,858 1 3.3 ) 006 | 11,V | 0,60 .82
923 | 6,278 85| 7.7 L34 | 2LI) V42| 2672 1,087 .4
Total or overaps_ oo |eceeo oo ooi]ocaae LA} 3154 | 2771 | o1, 108 lig, 556 1,78

Lead scronate, 1 pound £o 30

gaiions, plus casein spresder | 1919 | 15,887 53| 3.3| 1,400 | 8| BR7| 2,358} 1,7E) LT
1071 110,676 ) 5180 261,266 .41 BLEF 2,117 L,53Y .73

22| g7z L,008 | 10.4 3,008 | 21.0| 64.2] 6,080 | 5718 .82

1923 | 6,6461 420 8.4 1,740 | 28.7| €0.61 3,305 2,753 .83

Tots] or averege booeaeo{ 15,7 [menn. (V18,3 | 178.5 | 14,760 {11,758 3,50
Choclr (unsprayed). oovevoon | 1015 | 9,008 5524 [ 52.5| 1,192 | a8 230.3 | 13,043 | 1,422 W1
1925 1 95,512 116,710 | 42.0 | 1,801 } 7.4 ) 50,3 25798 | 2,807 .0

1020 | 6,084 | 3,007 [ 84.5] 400 | 7.8 B4.5| 10,957 | 542 .05

00| e o5Vl o280 8.6| 28| T417; 3 .05

Total o average. ... 5B [emnenan 28,7 :30.55‘5?,037]4,621] 108

L

2
Y

i Al sppies having both stings and sntrances ave recorded twios, the same apple being recorded as wormy
aod sgnlo B3 stang,

1 ghmple average.

t Percantaga of total,

The quantity of casein used in these experiments is approximately
what occurs in 1 pound of casein spreader. Therefore, these results
aTe similar to these 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 galions of spray was used. In this experiment the
fruit sprayed with lead arsenate alome became swormier 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 Tabls 4.
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Tanre 4.—Resulls of application of lead arsenale with and withou! spreader in
orchard tests for the conirel of the codling moth, Yakima, Wash., 1928

— I

! rpota) Rstlltio of
. t: stings
Test ; Tatel | Wormy Stung_  |Sound’ [0 | Tatal
Ne. Material used apples | apples apples T apple'-?;‘t’lg; stings t%fgé“}
izhes
! Num- l\?'tlufn-t Per |Num-t Per | Per | Xum-| Num-

A Lend arsenate, 1 pound {o 50 ber ber ’ccm ber | cent | cemt | ler ber

gallons . 20,020 4181 21| 687 | 4.2 | 9521 1,318| 788 0.00
2 Lead nrsenate, I pound, plus I

casein sprender. 14 pound, to

S0 gallons. o momee Lo 21,782 | 303) L4} 508 2.6 06.3[ 1,020 675 , 08

1 All apples having both stings and entrances are recorded twice, the same 2pple being recorded as woriny
and agnin 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 Tolinge 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. 38) 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 orcherd in 1928. In the laboratory,
when 1 pound of Iead arsenate was used to 50 gelions of water, and
fish oil in the proportion of one-half pint to 50 gallons, 10.7 per cent
of the larvae entered the {ruit 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 fsh 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 arsenical resi-
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.
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TaBLE 5.—Orchard experiments with lead arsenate and fisk ail for the codling matk,
Yakima, Wash., 1928

Totol Rgitio of
- . 5:3 stings
Test . Total |  Wormy Stang  |Sound| o2t | Total

i¥o. Matorlel used apples |  applest apples!  {applos| T2 ! sting :g]‘o";f_l

i ishes

Num-} Per | Num-| Per | Per | Num- Num-
) F—— mg‘arsanate,lpound to 50 |Number| fer | cenf | ber | cemd b ocend ber ' ber

SPHAYS.- 11, 4 Y041 6.2} 232 {21; 714,100, 3,28 0.78
- I— Lezd arsenata, I pound to 50 i
eallons; ftst 2 sprays !

L1 544 | 2108 1 8571 1,538 | 28.3 ) 49.5 T4 0 5, 531 .33
T Lead arsonats, 1 pound ta 50 i
gellnns, plos Ash ofl, M per d i

cont; frst fapraysonly | 11,700 | 2,243y 10,2 | 5,014 § 258 : 62,2 | 4,837 ! 4,475 .57

¥ Al spples having bobh stings and entrances sra recorded twice, the snimo apDie being recorded 08 wormy
ard again a3 slung.

OTHER EPREADERS

Experiments were also made with other materials including glne,
flour paste, and soap. The glue was added to the lead-arsenate spray
in the proportions of one-fourth pourd snd one-balf pound to 160
gallons, flour paste was used in the proportion of 13 pounds to 100
gallons, and linseed oil and fish oil soap were used at the rate of 1}
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.— Fzperiments with glue, flour pasie, and soap added as stickers lo lead
arsengle for the control of the codling moth, Yokima, Wash., 192010282

Pereontages ;af wormy epples
n—

Wloterial used i e
020 ;e it

Lagd ar L 7 P
Taod nrsonato plUs EI8 . . oo e cmer e s et mnaa
Lnad arsennto plug Oonr pasie
L60d SrSetate BILS 508D c e ccam e - memmcc e e mao e mmm— S :

The results with the flour paste and the soap were decidedly unsat-
isfactory. The paste dried, cracked, and pecled off, taking much of
the lead arsenate with it (pl. 2, B), and the soap apparently left too
thin o conting of poison on the apples. (Pl 2, C.) Only the glue
(pl. 2, D) gave resuits approaching those obtained from the lead
arsenate alone, but it is apparent that there is no advantage in adding

the glue.
OTHER ARSENICALS

In 1927 a number of nonlesd arsenicals were tested with the hope
of finding something that might replacelead arsenate. Althoughsome
of these had previously been found to be inferior, it was thought
that improvements might have been made by new methods of man-
ufscturs. In the laboratory experiments werc 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 deteiled in Table 7.
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TaABLE 7.—Laboralory esperiments with nonlead arsenicals for the larvae of the
codling moth, Yakime, Wash., 1987

DILUTED, 1 POUND TO 50 QGALLONS

" . il | Batioof
'chos‘ Materin} used W?;glfrg?i.ar- W‘“gﬁn‘g"smg blom- Stiﬂ%; to
Ishes biomishes
~ i
Numher|Per cent|INumber Per gent| Per cent
Lend e ———— 50 343 20 i 13.3 48.0 .28
Calcium arsengte EA) e mmaaan 7| 5.G &, 33, g .06
Calcium arsenate (1) Wl o407 177 13| 580 20
Tricnlcium arsennts 63| 42,0 13 871 &7 .17
Alominnm ay ¢ . 88 57.3 4, 2.7 60.0 04
Barhum argenabe oo aes 53 35 3 19 127 48,0 * L2
Forrle arsenate. oo eeeee 37| ssu 5, 3381 6L3 05
Zine ar $ . B 30,6 97 127 48,7 .28
Copperarsesate . _____._____ T2 43.0 1! T 48.7 Kol
Titanium sesenate..... 8, 573 1l v sde .0l
Magnesium asrsenats 91 0.7 6 E 1] oL Y 08
Mangenese arsennta_. . 5 a0 10 2y 48. 7 .28
Cheek (nneprayed). .o coooocoacaanos 11§ i3 2 96| 3 L0
Lead arsenute 45 0.0 28 14.G 44.0 .32
Caleinm arsonite. - 70 40,7 10 8.7 53,3 13
Zinemrsenibo. .o caa. . 62 413 2 R0 49.3 .16
Checlr {nnsprayed) e oo oo 108 72,7 3 2.0 74,7 .03
DILUTED, 2 POUNDS TO 5 (QALLONS

Leud arsvoate. oo oo.... ! 28 28,0 H 7.0 36,0 0. 20
Coleinm arsemate {(A)_. i 2| 320 2 29| 4.0 06
Caleinm arsenate (B) __ 48 46,4 4 4.0 5. ¢ 08
Tricosicinm arsengta a5 36.0 5 B0 41.40 12
Alnminwin arsenala. 58 30,0 2 2.0 58.0 .03
Larivin arsenate_ .. a5 35.0 4 4.0 8.0 g
Ferrig arsenato. : 45 45.¢ q 0.0 45.0 .00
Zine ar 7 TP, ! 22 2,6 i3 3.0 350 L 47
Copoper arsenais . 30 39.0 3 3.0 42,9 07
Tianitm ursOmME . oo oo 2] 50.0 i] 0.8 28 .an
Magnosiume arsennto_ 56 6.0 2 2.0 58. 0 .03
Mispganese prspnata,, 38 30.0 2 .0 45, ¢ .05
Cheelr {unsprayed) 80 80,0 0 0.6 0. .30
Lead arsenste. 28| 289 8 N 36,0 , 22

.| Caleinm arsenite. o .0 4 4.0 .0 W12
-| Zine arseqile ... 2 2.0 12 12.0 34.0 .35
Cheek (osprayed) e ce e cceecea___. w| Bo a 0.8 70.9 00

None of the arsenates tried equsled 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 ineh, 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 counsisted chiefly of sunken
black aress about the calyx end where the greatest quantity of
arsenical collected (pl. 3, A); foliage injury took the form of & typical
arsenical burn appearing in patches of various sizes, (Pl. 3, B.)

82245-—32——2
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TaBLE 8—Orchard experiments with nonlead orsenicals for the codling moth,
Yakima, Wash., 1827

Quantity
of
arsenic

trioxide
Materinl used Total Stung | Suvund

apples apples? |zpples| to pg:;d

of hay-
vesied
frnit $

Mum-| Per
. ber | cent
Lopd arsonate 00 124
Caleim arsenato E;\g - L7680 2,840 130
Caleium arsenate (B). . 11§
Tricslcinm arsenete. .| . 160
Aluminum srsenste. .- .88 4Bl 238
Barham arsenata . 172
Ferrle arsooato. . . . 282
Zinc arsenata L83, 2 112
Magnesiim arsenglo_ | . 447
Mangonese arsenate.. . N 56
Zine arsenite b‘?’g

Fad
&

s

s b
3 20 e £ 2 2O SR 4B

00 o L3+ D 031 0 0 Cad Wi

=]
B

-iEtSi 26,4

! Quantity of each material used contained amonnt of AmOs equal to thal in 1 pound of lead arsenats,
excopt that ferric arsenate was used at double streoyth. i

1 All apples having both stings and enbranees nre recorded twice, bhe samo apple boing recorded a8 wWormy
snd apaln a9 stung, i

1 Analyses by T, 0. Palmer, Food and Drug Administiation.

The injury to the fruit was determined by actusl 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-scluble arsenic in the totsl quantity of arsenic present on
the lesves 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 occutred only in the
sluminum arsenste and zinc-arsenite plats, bus 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 srsenicals, Both ferric arsenate and aluminum arsenate, with
high original water-soluble arsenic content, produced relatively
little foliage injury, whereas several materials originally free of
water-soluble arsenie, or nearly so, caused severe burning. The
degree of injury is more nearly correlated with the percentage of
water-solizble arsenic found on the leaves after the injury occurred.
These results suggest that some of these materials were less stable
than others, ang that consequently verying quantities of water-
soluble arsenic were formed safter the spraying was doue, 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. FHowever, experiments
with $wo of these materials wers continned in 1928, The aluminum
arsenate wos 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 Isboratory tests, these materials were
not so effective as single-strength lead arsenate (Table 10}, the atlumi-
num arsenzate being the poorer of the two. In an orchard fest, 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 grester quantity of the sluminum
arsenate and zinc arsenate to the fruit than of the lead arsenate, the
number of grains per pound of harvested fruit being 0.043, 0.044, and
0.036, respectively.? No injury occurred in 1928.

TaBLE 9.—Injury io apple fruil and foliage from applications of nonlead arsenicals '
Yakima, Wash., 1927

Parceni-

. ago of tha
e Leaves | arsenic
Mlaterinl used arsenic | Frult dLeave% (ml]?i:m mmt-ihde

pentoxidel injured 2| UrOPPRC | tof those | on the
to original Opt, 18 r?gg;:z:- tﬂe%ves

: at was
inraterial 1 waler-
golubia 1

Per cend | Per cent Per cend
Lead arsenst .12 1
Caleium arsconte (A; -
Calelum arsenate (B} .
Tricaleium srsonate...
Aluminois arsenato_
Barivm arsenats. .
Faorzie arsenato b
Zino arsenate___
Magnesium arsenate__
-} Manganess arsenata_
Zinc arsenite

‘:(DQ L]
-

LS DOOT
[

DoOQUHOOOOMDOD

-
=
@
-

! As given by manufocturer.

2 By notial conat.

2 Egtimated.

¢ Annlyses hy C. D). Dolmnn, chemist, State of Washington Division of Horticulture,
& Doithio strength,

Tasre 10.—Laboratery experimenis with nonlead arsenicals on the lgruae of the
codling moth, Yakima, Wash., 1928

Ratic
Total fofstings
blem- | to total
ishes | blem-
ishes

Worms entsr- | Worms eausing

Matorial nsed - ing froit stings

Lead preensto 1-50 -
Aluminum arsepats 2-59, ish oil, 1 quart-200

Number|Per cent Pyr cend)
30 20, 3 X 40.7

[ - 553 - i L 53.3
Zinc arsenato 2-50, e 2 nonnds 48 . , 43,4
Chack (vnspreyed) 81 . L 3 60.0

¢ Proportions, with exception of fish oil, ate pounds to gallons.

3 Analyses by C. R, Gross, Burean of Chomistry and Sofls,
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TaBLE 11.~—Orchard experimenis with nonlead arsenieals for the codling moth,
Yakima, Wash.,, 1828

; Total ] Wormy Sound Total
Materlal psed ! apples; applest anploes) stings

Num- | Num-| Per - Per - | Num|
bar ber | cent cenl ber
Lead arsenate 1-50 &502 0 1,25 | 227 2.2 3 1,780 0,49
-| Alutminum arsenats 2-50, fish oil,
1 quari to 200 galions i Brsé
four SPreys 2788 | 1,151 [ 42.0 2.1 3 , 502 .30
.| Zlno arsevale 2-50, Hme 2 pounds..] 3,816 1 1,181 [ 33.0 [ 080 [ 10,3 3 f11 .32

1 Propertions, excepting fish oil, are pounds to gallens.
? Al apples hoving both stings and entrances ave recorded twlce, the same spple hejpg recordad a8 wormy
ang again as stung,

LUBRICATING OILS
LABORATORY EXFERIMENTS

Mineral oils of the lubricating type were first thought of In connec-
tion with ecodling-moth comtrol as egg destroyers. Laboratory
experiments were made {rom 1923 to 1927 primarily to determine
the percentage of codling-moth egps that would fail to hatech when
sprayed with an oil emulsion. Other experiments were made fo
determine the effect on eggs deposited after spraying, as well as the
influence on the oviposition of the moths,

EFFECT OF OIL BPRAYS AFPPLIED TQ THE EGGS

In a preliminary test in 1923 with an smulsion of red engine oil,!
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 hateh,
ss compared with 26 per cent of the unsprayed egps. In 1924, 1925,
and 1926 more extensive experiments were made with various oils,
such #s red engine,* brown neutral ® and crystal ¢ oils. The effect
of these oils was similar, except that the heavier oils caused & 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 givenin Table
12,  Apparently a bigh wmortality can be obtained with less than 1 per
cent of oil. The addition of casein spreader or lead arsenate, as in
tests 10 and 11, lowered the effectiveness of the spray, probably
hecause 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 in{ended 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 & complete mortality, There was little difference between the oil
emulsion and the miscible oil. (Tsable 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 arranged
aceording to the interval between oviposition and spraying, a definite
negative correlation is found to exist between the interval and the
percentage falling to hatch., (Fig. 3.)

+ No. 1 (see p. 27). s No. 2, ¢ Mo, 3,




Tech. Bul. 281, U. 5. Dept. of Agriculture PLATE 3

A, Tofroic 13, o foli

INJURY BY ZINC ARSENITE SPRAY




EXPERIMENTS FOR THE CONTROL OF THE CODLING MOTH 13

TaBLE 12.—Laborafory ezperiments with subricaling-oil sprays on the eggs of the
codling moth, Yakima, Wash., 1524 and 1987

1924
! Dilu-
Test No. Meterinl nsed : t!oplof {E’égl Egpes dead
ol
— 1 —_— e e s 1
. i Per cent) Number| Nurnber Per cent
Lubg:cntlng-oﬂ temulsion {cessin-lirme emelsifiery . ____ | 2 312 :E-”é : g!).?
———— . 1 543 23 ) 5.3
do._ o7 | 38 371 862
Cheelt. ... 485 3 4.7
Lubéieuting-o:i Verouision {casein- lime ermusifier) I 252 25 : g? [}
_____ L+ SN [ 67 ] 428 ; 0.8
..... do. P 518 sl 740
! 437 11 17.4
413 M2 8.2
430| a8, w2
202 2 5.8
48 1 1 3.0
1927
I

Luh;imting—ol! i amuision {caseln-Hme emulsifior) .._.____ L 55 I ;1 ; g.g gs. 7
e et e ———— —m e ————————— o mmme L 1 L&
Mfsgibia ofl 1 Ls |1 18 % 8.0
_____ [+ S Al i 7. 0
Lub;icating—oﬂ ¢t omulslon {easein-lime emulsiflor) ... _._._ 1 ;.-5 i 1{111 X 11?} lgg. 0
O e e e e - 111 180.0
Misolola oif . 15 | B, i o

_____ {r S [ ———— .75 100,
Check. | P, -..E Gii - 93 5.0

i rown nowrod off, No. 2 {sea p. 273, i Mineral seal olf No. 4 {(see 1, 27).
t Pounds to gallons. ¢ Technienl oil No, &,

THE EFFECT ON EQGS DEPOSITED AFTER 3PRAYING

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

TanLe 13.—Eflect of oil emulsion covcring foliage on codling-moth cggs laid af
varicus tnfervals after spraying, Yakima, Wash., 1934

Intervsl botween sprey- , Totnl ’ Interval hetween sproy- ; ‘Toial

tng and deposition ofeggs| eggs Egesdead | 1o ind doposition of cggs) epgs . LRKs dend

1 : .

' Number| Number' Per cent Number Numbee| Per cent
LR [ 884 024 943 - ddaFs o | 5 534 £6.3
lday.._. 802 a0 .G . - 187 G20
2 days. 815 761 60.3 . Ch 856 2. 4
3 days. . 784 720 | 918 b

1 Eggr deposited a fow hours after sprayiog.

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

T No. 1 (see D, 27).
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apples were slpmyed with emulsions containing 1 and 2 per cent of
heavy crystal® oil. The first test was made in%\/Iﬂ,y, eggs being depos-
ited within two days after spraying. With the 2 per cent oii of 481
egpes sprayed, 87 per cent failed to hatch; with the 1 per cent oil, of
137 eggs, 73 per cent friled to hatch; and in a check sprayed with
lead arsenate, of 429 eggs, 26.3 per cent failed to hatek, 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 spraying and deposition increased. This is shown
im Table 14,

Tavun 14— Bfect of crysial oif emulsion covering apples on codling-moll. eggs laid
al various inlersals after spruying, Yokima, Wash.,, August, 1926

- 1 per cend erystal eii o per cenl orystal oit
Intervu] between spraying snd
depeaition of egus

Tolpl eges Epgs dead Totnl eggs }

Engs dend

Number MNumber ¢ Perocent Number | Number Per cent
44 6! U6 4 B 64 50.0

uz2
253

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

TaprLeE 15—Efect of various oil emulsions tovering apples on codiing-mall eggs
laid at various iniervals afier spraying, Yakima, Wash., 1927

Feps daad (per cent) lollowing use of—

Tnterval Letween spraying and deposi-

e oaar Miveralsealofi Crysta) oft " averse

i
i
i
i
H
H
1
1
'
|

34 per reul |14 per ceot. 3§ per cent ilyﬁ per ¢ent

3 doys ! 96, 4
B Y e m e e e e —e—mmm e w e mm e ] 1.9
i 39.2

Average

THE EFFECT OF AN CGIL DEPOSIT ON OVIPOSITION

Experiments were also made to determine what effect spraying
with oil might have on eviposition. In otlier words, would the pres-
ence of an otl spray on leaves and fruit deter the moths from depositing
egga?

In May, 1924, fresh pear leaves were throughly spreyed with an
emulsion containing 1 per cent of red engine ® oil. Equal numbers

i No. 3 (see p. 27}, 1 No. 1 {sea p. 27}
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of sprayed and unsprayed leaves were placed with the moths in ovi-
posttion jars within two days after spraying. Of 5,603 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 oviposifion jars within two days after spraying. In one test
material sprayed with an emulsion containing 1 per cent of a heavy
crystal oil '® was compared with material sprayed with lead arsenate,
Of 204 eggs, 76.5 per cent were deposited on the oil-sprayed lcaves
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 o third test, comparing the 2 per cent oil with
the 1 per centoil, of 161 egys, 55.3 per cent were on the material sprayed
with the 2 per cent oil.

In Jure, 1326, fresh 790
pear leaves were thor-
oughly sprayed with
emulsions eontaining 1
and 2 per cent of crys-
tal oil, respectively.
Leaves from each lot
were placed in oviposi-
tion jars with equal
guantities of unsprayed
leaves within three days
after spraying. In the
test comparing the 1 per
cent oll-sprayed leaves
with unsprayed leaves,
of 1,277 egfs, 45.7 per

o
Q

4.3
o

Eggs falling fo hatch ﬁo ercent)

cent were deposited on

the oil-sprayed leaves. 70

In the test of 2 per cent / 2 3 & 5 6 7
oil, of 1,565 eggs, 37.4 intervol between aviposition and
per cent were deposited sproying (days}

on the OII-SI)I' ﬂ.}"ed leaves. F1GUAE 3.— Percontage of mortality in codiing-moth cges sprayed
The COHCIUSIOH to he with an ofl emulsion at various numbers of deys afier Gnate of

drawn from these oxper eviposition, Yekima, Wash., 1028 aud 1027

iments is that, under laboratory conditions, the oil does not especially
deter the codling meth from ovipositing. Orchard trees sprayed with
oll 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 experiments that spraying with oil will not par-
ticularly reduce the number of eggs deposited.

THE EFFECT OF AN OIL DEPOBIT ON LARVAL ENTRANCE

In order to find out whether the oil sprays prevented larvae from
entering apples an experiment was made in 1926, a crystal oil #
emulsion being 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 snd the number making
stings only,

8 No. 3 (s00 p, 27, i No, 3 (se8 p. 270,
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TasLe 16.—-Record of larval atlacks on apples sprayed with oil emulsion and with
lead arsenale, Yakima, Wash., 1926

Interval | Larvae | Larvae Tatal
Material need after | enteriog | meking blemishes
sprayiog [ Irait stings
Dagr | Per cenl | Per cent | Per cend
[ 1 62 z &4
g o4 4 ik
1 per cant erystal ofl 8 48 2 50
14 5B 4 62
12 08 1] 68
2 24 2 o
4 38 12 1]
# per cent crystal ol emmmmmrdmmAmsimmmmrawarso—eesass=se- 6 38 4 40
[ 66 i} 60
10 52 4 56
Lead arsenate, 1 pound fo 50 gellons i... - - 19 18 85
Chetk (unsprayed) L. _— c3 1 it

1 Average of 2 tests.

These experiments indicated that the 1 per cent oil had practically
no effect, and that the 2 per cent oil was ineffective after a few days.
 In an experiment in 1927 with 1% per cent mineral seal oil'? the
percentage of total blemishes after three days was 72, as compared
with 42 on fruit sprayed with lead arsenate and 74 on unsprayed fruit.

ORCHARD EXPERIMENTS

Some preliminary orchard tests in 1924 and 1925 had indicated
thet there might be an advantage in adding an oil emulsion to some of
the lead-nrsenate applications. In

T 70 1026, therefore, o test was made in
T 60 / | which a calyx spray and five cover
3 sprays of lead arsenate were used,
\;(- s |— and in certain plats 1, 2, and 4 per
9 cent technical oil, respectively, was
L 40 added in the form of an emulsion.
q. Table 17 shows that a very definite
2 0 l— L improvement in control resulted in
& the plats where oil was used, the
< a0 percentage of both wormy and stung

None 4 2 « apples decreasing as the percentage

9itin Sproy (jper cent) of oil was increased. However, con-

j‘r:rmg 4T |1:elct&dgég r?oyjluhgu\.qéthagn ag]]_ltlgigg Siderl}bl‘t’%‘ in]i]ury resu}tedrr‘}flroml trhe
a peats O oy 160 QrERRle use ¢ 15 heavy oil e oi re-
thesize of . -ples produced, Yakima, Wash., 102 duced the size of the frui b, the num-
ber of apples per box increasing as the amount of oil increased.  (Fig.
4.) In the Rome Boauty variety a very decided darkening of the
area about the calyx was caused by the oil. (Pl 4, A.) Other vari-
oties were injured in various ways, the Jonathan, for example, davelop-
ing irregular brown spots (pl. 4, B), and the Yellow Newtown becom-
ing russetted about the calyx end. (P14, C.)

%n 1927, therefors (see Table 17), experiments were made with the
lighter minera) seal oil, in comparison with the technical oil, both
alone and in combination with lcad arsenate. The heavy dosage of
the technical oil (Table 17, 1927, test 4) was apparently given in a
wormier porsion 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

B Na. 4 (seap, 27




EXAMPLES OF INJURY TO APPLES FROM THE Useg
A, Rome Beauty showing “Calyx ring™;. B, Jonathan.apple burned by spray; C

OF A HEAVY OIL IN-SPRAYING
, yellow Newtown showing russeting caused by spray.

n3noLBy o rdaq g 1) 197 Ing o,
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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 srsenate slone, although
the fact that the crop was light in 1927 reduces somewhat the con-
clusiveness of these experiments.

TABLE 17.—Orchoerd experiments with lubricaling-0il emulsions, alone and in
combination with lead arsenate, for the codling moth, Yakima, Wash., 1986 and
1987

1526

: 1
! ! iRatlo of
Fest:  Materinl nsed and number of - Total Btung i Sound Total-tstf&%sl
No. ; anplications .apples apples | | apples StiRES “hiem-

; Ishes

¢

I
| Num- - 1 - Num-|
Lead arsenate 1-20, calyx and 5 . fer ber i
y , COVEr Spruys 15, 022 8 504 821 G.G5
: The same as in test 1, plus 1 pex | 1

. jn fivst 4 cover YprRYS..oooooooo. 0, 384 . .3 X 235
i The same as {n test 1, plus 2 per ! j
cent technical ¢il (emnlsified), ! : '
I ip first £ eover sprays ' 9,333
4.._._! The same as in test 1, plus £ per .
:  cent techmical of] (emulsifed), |
E in Arat 4 covTer SPIAFS o neeeee.n. 4, 521

68

cent tenhnival oil 1 {cmulsitled), : {

Lubricating-cll (mincral seal) 1 I

emulsion, 075 percent of oil 4__ ! 2,041 | 182 | 55 £4.4
Lubrieating-cli (mineral seal) ! |

emalsion, 1.5 per cent ol oil +.__ ! 5,835 | 181 | 3.1 50 8L & : it
Lubricating-ofl (technical): \

emulsion, 0.75 per eent of 0il £... 2,630 | 34| 1.3 3¢ 90 ; .77
Lubricatiog-0i] {technoierl)? i |

emulsion, Lo percent of ofl .- 0 4,803 | 109 | 3.0 8.3 88. R | ]
Lubricatiog-oil * emujsion  used .

alene In 3 cover sprays y 136 | 29 G I 8.6 : L0h
Lubricating-oll emuision ® plus |

lead prsenate 1-50 wsed in 3 g |

COVET SPrays. 13,7 40| 1.1 59 W51 36, B4

ead mrscoate, 1 pound to 50 gal- ; i

loms. : 2,62 6| 26; 2Wa| 82| 60.0] ;8 i

LAl an]es hrving both stingez and entrances are recorded twics, the ssma applo being rocorded as worm y
and agaln s stung,

T Neo. b Esea p. 2?;.

1 No. 4 {see p, 27},

¢ O§] emuisions used for calyx, Arst, second. and third cover sprays; lead arsenatn, 1 pound to 50 gallons
edded Lo calyz spray and nsed alenae in fourth cover spray.

¢ Tha figures [nclude both mineral scal and techuical oils at 3 per cont and 134 por cent dilutions, Lead-
arsenste and oil emulsion used in calyx spray; lead srsconte nloba 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
oil, 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 slone 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 sll of the cover
sEra.ys 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 clsewhere in this bulletin.

TaBLE 18.—Effect of the use of oil in sprays on lhe size of and injury {o apples,
Yakimae, Wash., 1927

Appiles .-\Iglples
shiow- show-
ing Malerlal used Su]rl[gjlgi ing
calyx 1 ovalyx
ring ring

Apples

lnterinl nsel ner box

Nuniber| Per cent Number, Per cent
Lond = ta alons 68.3 i Tachnical oil,* 34 per cent. 049, 2 44. 4
Minern] senl oil,! 34 per cent 44.5 r Technienl oil,? 134 per cent 80, 4 53,0
Mlineral seal oil,l 134 per cent- ... 0L 4

1 No. 4 (see 1. 27). t No. & (sae . 979,

TasLs 19—0rchard experiments with lubricating-oil emulsions for the codling moth,
Yakime, Wask., 1928 end 1928

1928

Total| Wormy Stung  |Sound. 1ot8l moeq)

applesf  upples’ apples upples.-?slﬁz' stings

v

Mluteriol used!

—_———

Nitsir- Per '\ Num-
ber cent 1 ber
Lend arsenate 1-50 alone 4, §78 3.1 L2
Lead arsenate 1-50, enlyx and {ourth
cover spray; lubrienting-oll {min-
eml seal)? emnlsion 114, fipst three
¢OVer SProys 7,850 | 782 806.0
‘The same us test No, 2 exespt timt
technical oil 4 was bsed 4,080 38l L 8.8
I

1925

IT,end arsenate 1-50, pins minernl
i senl ofl¥ {smuisified) (Q.78 per
cent of cil} added to sll cover

0,332 - . 3.1 [2,676 |1,185

Lead arsencla 1-50, plus summer
il # (emulsifiod) (0,76 per cent of .
oil) pdded to all cover sprays 7,830 | 810 104! . L7 [2,312 1,130

Leat arsenate 1-50, plus minernl
sepl oii? (emulsified} (1.5 per
cent of oil} added to all cover

13,300 | 647 X 2,983 [1, 525

SPIaYs_ -
Lead arsennte 1-30, plus summer
oll ¥ (eronulsifled) {L.5 per cent of
oll} added io sll cover sprays....| 0,746 | 31| 3.5 | 501 . A LG F0L
d erzenmts 1-50, plus seminer
oll* (amulsified) {0.75 per cent of
oll} added to sepend aod Afth
COVEr SProye Only oo aaas 11,720 |3, 552 | 13.2 (L, 890 3 778 |2, 063
Land nreenate 1-50._.. S(12,211 11,807 | 15.6 |2, 120 2, BEd L2
ChictK (Un8prayed) o comceeeecccaas 3,408 {2,460 | 71.0 | 483 587 Ayt

| Proportjons coe pounds to gellons.
t A1l epples bovioe both stings and entrances are recorded twlee, the satue apple being rocorded a5 wortny
and sgafn s stung.
L No. 4 (see p. 27). 1 No. 5 {sen p. 27). i No. 6 {see p. 27).
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1t is concluded from s&ll of these tests that for effective control of
the codling moth without significent injury to the fruit or trees a
medium oiT, having a Saybolt viscosity of from 65 to 75 seconds, and
a high sulphonation test, should be used in the proportion of slightly
less fhan 1 per cent. It should be added to not more than three or four
of the lead-arsensite cover sprays, in those applications occurring when
the highest percentege of egys 1s on the trees.® Thisis in accord with
the findings of the western cooperative oil-spray project (3).

NICOTINE

In 1915 and 1916 De Sellem (1), working at Yakims, experimented
with nicotine sulphate for codling-moth control end obtained some very
good results, a}) though 20 .
the orchards nsed were
not particnlarly wormy
in 1918. Lovett {3, o.
50} reported a very high
mortality of codling-
moth eges when sprayed
with nicotine, the num-
ber of eggs used in his
tests, however, being
very limited,

e
O

3

-
Q

o
<

LABORATORY EXPERIMENTS

ha
O

A test was made with
codling-moth eggs by
the writers in 1923, using
40 per cent nicotine sui-
phate at 1 to 800, with ;
casein spreader, 1 pound Q
to 200 gallons. Thirty 70 7% 78 82 86 S0 I
per cent of the sprayed Mean moximum temperature (°F)
eggs failed tf} hatch 85 runs s—Eftect of temperagure on the value of picotine saiphate
compared with 28 per %323 ;oaI% 2:‘\:rhen used to destroy codiing-moth eggs, Yakims,
cent of the unsprayed v
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; end that although the mortality dropped in cool weather, this
drop was offset by the addition of sodium bisulphate. The effect of
temperature was examined further, and a graph of all of the fests 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.

—
L)

£99s failing to hatch fpercent)

B Experiments by H.C. Diekl, Bursau of Plant Industry, not vet published, havo shown that ofl used in
th!s manner does not materially Inferfere with spray-residus reftoval.
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Tanue 20.—Laboratory experiments with niceiine sulphaie on the egge and larvae
of the codling moth, Yakima, Wash., 1827 and 1828

1827

Tatal eaes
producing
lnrvae
that
entered
fruit

| Total

Mialerial vsed ioeggs

Eggs dead

i
:

Nunber)| WNumber{ Per cendl Per cend
Nicefina suiphate {40 per conl) 1-1,000. .. 185 1] 37.2 L
NleotIne sulphate (40 per cent) 1-86 . 50 a0 LN
Nicotine suipbate (40 per cent) 1-8%0, plus fish-oil soap, 3
unds to 100 gallons 102 57 55.9

.| Chaealk —— 118 21 17.8
Niegtina solphaie EA!U per coot) 1-800, plies flsh-oll soap, 3
olnds 10 100 gallons 342 54 15.8
Hieoting sulphaie (40 per cent) 1-800, plus easelnspreader, 3 -

108 22,

ood to 100 gallons . -
Mleotinasnlphata {40 per cent) 1-800, plus sodium bisuiphate,

1% pownds to 100 gallops o204 54.1
Chegle. .. 8 4.2

Nleotine sulphate (40 per cent) 11,600

Nicatine suiphate (4@ per cent) 1-1,600, plus sodiomn bisul-
phate, 3% pound to 100 gallaps. .. -

Nicatlue suiphata {40 par cent) 1-1,600, plas aluminnn sul-
phate, 14 {)ound 1o 104 gallops

Nicotlne suiphaie 540 por cent} 1-1,000, plus 3{ per cent rainer-
al send oil T {emu,

Cheek . ... -

Nicotine sulphate (40 per ceut} 11,600

TFree nicoting (60 per cent) 1-500

=]

aifled)

Ermid:

P B e OO

Free picoline E.’iﬂ per cent) 1-1,600
Free nicotine (50 por cent) 1-1,600, plus slumfoum sulpbate,
r‘r%é Eound to 100 galivas

il

[= =T el L]

I
M
]

| F8 22RE8 B

* Mo, 4 (seop. 27).

NoOTE.~In the 1927 texis 1 o 4, the mear aximum temperature hetween spraying and the hatching of
1ho cggs was 02° F,; fn tesis 510 8, Hwas 75°%,  Tu tests of 1828 the mmean toaximum temperature for one week
giler Spraying wos Bee ¥,

As thess 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 {ruit.
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 entering the fruit
equal the tofal number of eggs used, some larvee being lost. The
number lost was invariably greater on the sprayed apples than on those
unsprayed, indicating that the nicotine is toxic to some of the larvae
after they hatch, ang before they bagin 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 without feeding. More eggs hatched on both sprayed
and unsprayed apples in cool westher than in warm weather, but
fewer of the larvae were able to enter the apples, probably owing to
the slower volatilization of the nicotine in cool weather. The results
with nicotine snlphate and sodium bisulphate were particularly good.,

TESTE WITH NICOTINE IN COMBINATIONS

In 1928, during warm weather, nicofine sulphate was tested at o
concentration of 1-1,600, alone and with sodium bisulphate, alumi-
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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 o lethal effect on the eggs which the other two ma-
terials do not have. The sodium bisulphate, used one-third as strong
88 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 larvase from entering the fruit. Free nico-
tine was slso 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 with lead arsenate, the
latter having no effect on hatching, Of the larvae that did emerge,
ap roximn,te%y 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 larvac entering the fruit, based on
the ofiginal number of eggs, was twice as high in the lead arsenate
test as in the nicotine sulphate test.

TasLe 21.—Laboralory experiments comparing the effect of nicofine sulphate and
lead arsenate on the egys and larvae of the codling moth, Yakima, Wash., 1928

1 '

! ; i Epus

| Tges producing

prodirging i i

: Inrvoe that | arweif, ’3%

Material urzd Totsl cpga Epps hatched eatered fruit, enbt:sr;(i ;‘;‘ £
based on ¢ ¢ v

gumber thaty 17180 :‘;;:
Liatohed ©ip best

i MNumber MNumber ]

Wicotine suiphate 1-1,600 182 W] :
: Lead arsengto 1-50._ 197 173 | 87.8
Check 63 i 4

Per cent . Percent
2.8

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. Bven under these conditions more
eggs failed to hatch and fewer larvae entered the fruit than in the
check (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 additicn of
sodium bisulphate did not increase the mortality of eges but did
reduce the percentage of larvae entering the fruit, indieating that the
nicotine is retained better by the sodium bisulphate than by the soap.

These results suggested that sodium bisulphate or aluminum sul-

hate might be of value in retarding the volatilization of the nicotine.
gince for codling-moth control j* is necessary to retain the toxicity for
two or three weeks, an experinient was made in which nicotine sulphate
with soap and with sodium bisulphate were directly compared under
similar conditions of temperature, trestment, etc. Apples were
sprayed with the two combinations, and at intervels 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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TapLe 2Z—Laboralory experimsnta with nicoline sulphate on eggs of the codling
moth deposiled. after spraying, Yokima, Wash., 1927

Interval
hetwean

Matorial usod spraylog Egss
position
of eges

desd

Fzes
prodicing
larvaa thot
entered fruit
based on
totsl num-
ber of eggs
in test

Nicotine solphate 1-800, plus fish-oll soap, 3 | Days |(Number| Number|
pounds to 100 gullons . 2-6 51 155
Niegtine sulphats 1-833, plos sodinm bisulphata,
iﬂil!P‘ill[_:nmmﬂss to 100 gallons L] 215 GD
H i3]+

61% 111

Per ¢ent
8.9

27,3
17.9

Per cent
3.2

70

65

60

55

)
o

)
Q

Larvee surviving @er cent)
Mg I
5 %]

]
<

ol T

O Nicotine and scop
X Nicotine gnd sodium bisuiphote

o 4 & 8 {0 2 e I8

Interval offer sproying (days)

8 20

FI1GURE §.—Percentages of codiinf-moth larvae surviving after be[ng placed at Intervals on gpples
S\Braiedl‘&l;h vicoting sulphste in combination with soap and with sodium bisulphate, Yekima,
M "
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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 spraysd with
lead arsenate and on unsprayed apples were 42 and 66, respectively,
regardless of the time.

ORCHARD EXPERIMENTS

Orchard tests are necessary to show the true value of & =nray con-
taining nicotine, because the varying weather conditions and the
growth of the fruit can not be reproduced in the Iaboratory. In 1921
end 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 o 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 srsenate heing used for the first two sprays and nicotine sulphate
(1-800) with nothing added for the remaining cover sprays. Twice
as much fruif becams wormy in this plat as in an adjoining plat
sprayed throughout the season with lead srsenate. It was evident
that these combinations were not suceessful.

TasLE 23.~—0rchard esperiments with nicoline sulphaie, alone and in combinalion
with glycerine and oil, for the codling moth, Yakima, Wash., 1928 and 1929

1938

i Ratio
Tofol | Wormy Stung Sound Totnl Totnl of stings

apples| epples? | apples: |apples E’Sigg; stings] tgiggf?l

ishos

Maderial nsed 1

1 H
Num- | Num-, Per |Num-' Per N
ber ber .cent| ber {cend der
Nienline snlphato 1-500] 13, 5M° 1,146 8.4 8y 27 L6 1,301 23
.-dn 1-1, 600 15, 24!i L70% 11,2 (M0, 4.3 A1 3,015 7 A
The sama a3 I test 2, pias | 14, 60| 17, 032’
aluminum  sulphata, 1
ound to 200 gallons. '
The same a5 in tost 2, plus | -1, Go4f 10, 169 3, 3.2 L0 1,030 3T 37
35 per cent mineral seal I

823 7.5 mi 3.4 1, 530) .28

oil? (pmulsified).

1628

. T i T h
! Nicotino sulphate (4 ner | 1-800f 055 5,041] 52.8 1,858 0.8 do.2hz 78 o 557
cenit), plus 34 per cent gly- | | i i :
cerin, . )
Micotine aulphate (40 per 1-800) 16, 43H 2, 245( 21, 4t I,?Sﬂ: 122 90,7
cent), plus 34 per ceunt
summer ofi 4 (omulsitad)., i i
Nicotine sulpbate (48 par | I-1, G0 11,582 3 742] 32.3) 1,518 121 60, 9| 8,507 1,984
centy, pius 4¢ per cont ‘ i -

5,211 1,584

sumner oil 1 femuigifed). i ! .
Lead arsenate I povnd to 80 | 1-1, 660{ 11,856' 1,67) 16,6 2,307| 20.2,  08.1! 6,486 3,452

galloms; micotina sulpbats i B

and 3{ per cent summey I

oil | added to second snd

fifth covar sprays. i i '
5. .__.| Lood arsenats, 1 poand to 50 12, 748 3,247 25. 5] 4,508 30.11 50, ¥4, 261 B, 024 . 56
| gailons, i [ | :

! Lead arsenate, 1 pound to 50 galions, used sloge for celyx and first covor spraysinalitests, Inailsub-
sequent spF}lcntfons only the materinls shown were usod.

? Allnpples having both stings and entiances aro rocercdad twice, tho samo apnie being recorded ss wormy
and again as stubg.

N0, 4 Essa D27

i Mo, 8 (so8 b, 27).
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In 1928, therefors, orchard experiments were made with aluminum
sulphate and with oil emulsion sdded to the nicotine sulphate in com-
parison with the nicotine used alone. Those materials were used in
all applications following a calyx spray end & first cover spray of lead
arsenate. Direct comparison could not be made with plats that were

80

Nicotine suiphate
= = — Nicotine sulphate and oif emulsion
- Nicgtine sulphote gnd corn Sirup
- Micorine tannafe
— e e Nicofine tonnate ond ¥ish off
e s NicOY/ne Sulphare and glycerine

th
Q

Loss fpercent)
N
Q

w
Q

o
2 28

inferval offer spraying ( doys 5}

Fraure 7.—~Percentage of nicotine lost from a;gplo foliaga at infervails after spraying, Yskima,
Wash,, 1920

being sprayed with lead arsenate because of a difference in infesta-
tion, but much better control resulted from the sddition 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 olsate
and nicofine fannate were also tested. Chemical deferminations '

i Mede by Bareatt ¢f Chemistry and Solls Iaboratory, Yakima, Waash,
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(fig. 7) indicated that neither corn sirup nor glycerin retained the
nicotine as effectively as oil.

Nicotine tannate showed promise, both alone and with fish oil, and
further experiments will be made with these sprays. Nicotine oleate
burned the fruit (pl. 2, E) and foliage severaly.

In the orchard experiments were conducted with nicotine sulphate
combined with 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 resuits in terms of
percentage of clean apples, and where this combination was used in
four cover sprays (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 contrel value sgainst the egg, and
some immediate larvieidal value, can not be depended on for eontrol
of the codling moth; but 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, known as dipyridyls, were very toxic to aphids. A crude
mixture of the sulphates of these compounds and & 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 toxicity to lead arsenate or nicotine sulphate,
except the crude benzyl pyridine ot 1 to 100. (Test 4.) At this
strength, however, this matericl caused brown spots te appear on the
sprayed {ruit,

Tasre 24 —TLaboralory experiments with pyridine derivalives on the larcae of the
eodling moth, ¥Yakima, Wash., 1528

! Ratio of

Warms 1+ Worms  ‘Total stings
entering ' cnusing  blem- to tolal
fruit  slings  ishes blem-

ishes

. Dilag-
- tioo

MAlaterin: used

Num- Per :.-‘\'um— FPer Per

| cium casetnate ) pram Lo 15 cubic centimeters_ !

1t Crode benzyl pyridine (1-200) smulsified with eal-
cium easeinate | gram to 15 enbic contimeters. _

Cruds benzyl pyridine (1-400) emulsified with cal-
cium caseinate 1 gram to 15 eabic cantimeters

Nieotine sulplate {40 per cont)

Lead rzanste.

Check...




26 TECHNICAL BULLETIN 281, U.S. DEPT. OF AGRICGLTURE
DERRIS AND PYRETHRUM

A commercial extract of Derris, labeled as containing 5 per cent
active ingredients, was tested againsé the eges at a concentration of
1 to 800. Of 251 eggs sprayed, 27.8 per cent failed to haich, as
compered with 23 per cent of 374 unsprayec eggs. The same extract,
ab concentrations of 1 to 400 and 1 to 800, was tested as a larvicide.
Other maferials tested in this mannoer included an aleoholic extract of
Derris root,'® a kerosene extract of pyrethrum, and a commercial
pyrethrum extract, labeled ss containing 92 per cent active ingredi-
ents. With the excepsion of the lafter material, none of these
extracts had any sppreciable larvicidal value when tested within
48 hours after spraying.

Experiments were then made with the commereial Derris extract,
and with three commerecial pyrethrum extracts, used with and without
a lubricating-oil emulsion, and sprayed on fruits to {ind out whether
the oil would cause these materigls to remain toxic longer. {(Table
25.) All of the pyrethrum extracis were very toxic within 24 hours
of spraying, bui apparenily had lost most of their toxicity o week
later. The Derris was quite inelfective, even when freshly applied.
The addition of oil emulsion had no beneficial effect.

Tasre 25 —ZLaboralory experiments wilh Derris and pyrelhrum on lhe larvae of
the codling moth, Yaktma, Wash., 1929

Percentage of
 woris aptering
fruit—

Test Mo, Mnlerial used

1day | 7doys
afler after
spraying] spraying

¥ Ci ial Drerris extract 1-100,

.- Tomipercial Derris extract 1-100, plies 3¢ per cenl lubrieating il {ferulsifled) .
Comunercial Derrisextract 1-800, plis 3{ por cent Inbricating oil femuisified)_
Pyrethrum extract No. 3, 1-200 .o icol icmiereeemecerma———
Pyrethrum extract No, 1, 1-200, plus 35 per cont jubr.enting oil {omulsiffed).
Pyrethram oxtract No. I, I=100, plus 3 per cent lubrienting ofl (emulsiflod).
Pyrethrup extract Mo, 2, 1-108

Pyrethrum extract No. 2, 1-100, phus 34 nor ceng ubrieating oll (einnlsifieel).
Pyrethrom extract No, 4, 1400
Pyrethram extract No. 3, 1-800
Pyrethrum extract No, 3,

_-| Lead arsenate B-50.__

heek e

The aleoholic extract 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
commercizl pyrethrum extract No, I, and lubricating-oil emulsion,
37.3 per cent of the frult became wormy, as compared with 25.5 per
cent 1n & plat sprayed with lead arsenate. Judging {rom the labora-
tory results, much of this control may be attributed to the effect ol
the oil on the cggs. An orchard experiment with the commercial
Derris extract was discontinued because injury to the fruit (pl. 2, F)
and foliage developed and much of the fruit was becoming wormy.

8 This srmple of Derris root wha leter found o be low [n tots) extract nd to contsin not more than
traces of rotenchs, which exploius the vory poor rozuita obtolned with ik,
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COMPOSITION OF SPRAY MATERIALS

The characteristies of the oils used and the formula for the nicotine
tannate are given below:
No. 1. Red engine oil: -
Volatility (4 hours at 110° G o ____ pereent_._ 0.4
Viscosity (Sayboltat 100° F.)_ . _____________._____ seconds___ 230
Specific gravity at 20° C 0, 921
Unsulphonsated residue (38 N acid) 50
. 2. Browa neutral oil:
Volatility percent___ 2,7
Viseosity seconds_. . 116
Specific gravity 0. 922
Unsulphonated residue 49
. 3. Crystal oil;
Volatility percent.__. 0, 84
Viscosity scconds__ . 122
Specific gravity 0. 871
nsulphonated residue 95. 2
. 4, Minera] seal oil:
Viscosity segonds_ __ 52
Unsulphonated residue per eanb___ 4
. 5. Technical oil:
Viscosity seconds. ... 129
Unsulphonated residue per cent__ 80
. 6. Summer oil:
Viseosity seeonds__ i
Unsuiphonated residue . per cent___ 77
No. 7. Nicotine tannate:
Tannic acid pounds._._. 3
Nicotine {50 per cent) 1
Water 100

InNo.7 the tannic acid is sifted into 25 gallons of water while it is
being agitated, the nicotine is added, and then the remsinder 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-
crersed number of applications &t 1 pound to 50 gallons, improved
the control, but also resulted in more arsenical residue.

Casein spreader, in smsll 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 ‘the lead
arsenate, but made residue removal more difficult. Soap, glue, and
flour peste 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
demaged the fruit or foliage severely. Barium arsenate, zinc arse-
nate, and mangenese 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 after
spraying, but did not repel oviposifing moths. There was Iittle
effect on the larvae. Heavy or relatively unrefined oils were often
injurious to the fruit or folinge. Qil sprays alone were not so efficient
23 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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85 to 75 seconds and a large proportion of unsulphonatable residue
should be added in a proportion of slightly less than 1 per cent to not
more than three or four lead arsenate cover sprays.

Nicotine sulphete was somewhat toxic to codling-moth eggs and
larvee in warm weather, but by itself wes of less velue than lead
arsenate. Of the materials tested o 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 Jubricating-oil spray. This
combination is of value when substituted for lead arsenate in one or
™more COVer Sprays. . . i

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