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(xNot fi'or publication)

KLSULTG or' GODLIf^G MOTH INVESTIGATIOIiS, 1939

Part II

Work Conducted by the Bui-eau of Sntoriiolo^i;^''

and Plcin'b Quarantine,
U. S. Depart:aont of Agriculture.

This suinnary represents the contribution of the Division of Fruit
Insect Investigations of the Bureau of Entomology and Plant Quarantine to

the pool of inforLiation on the results of codling iiioth investigations carried
on during 1939? which has been prepared in accordance v/ith a rec-uest Liade by the
Conunittee on the Codling Moth of tjie A^iorican Association of Econonic Ento-
mologists. As in previous yeai'S, this is a prelii-;inary report^ circulatea for

the information of those interested. It is Sub.j.jct to revision as further
reviev7 of the data may indicate, and has the staLus of unpublished data, not
subject to quotati(-'n v/ithout permission.

The work of the Divisi>jn of Fruit Insect Investigations is carricod on

cooperatively with several Bureau and Dupartiiiont units, as well as vvith a number
of State agencies. The Division of insecticide Investigations has contributed
a great deal to the work reported herein, and joint field laboratories are
maintained at Yakina, If/ashington, and Vinconnes, Indiana. The chemists stationed
at the latter laboratory have also parti. cipatcd to a considerable extent in the
work at St. Joseph, Mo, The work in best Virginia is a joint effort carried
on by the West Virgi:Liia Agricultural Experiment Statiim and this Bureaii; the work
in l\iew Yoi-k State is can-led on slr.iilarly vvith the New York Agricultural Experimc^nt

Stations.

The Division of Foreign Parasite Introduction has continued to cooperate
in the work relating to parasites. Special attention has been devoted to certain
ijhases of the biological-mechaiaical control project under wo.y in West Virginia.
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STo JOSEPH, MISSOURI

Hov/ard Baker, In Charge

Seasonal Conditions

Temperatures which averaged above normal again for the year as a whole
v/ere near normal only in April and August and inucn above normal in January, May,

July, September, October, and December. Rainfall i;7as again deficient except in
March, June, and November,

From the standpoint of size the crop was one of the largest ever produced
in this area but from the standpoint of quality it was one of the poorest,
because of high temperatures and strong, hot winds which prevailed from the last
of August to the middle of Septembei', and because of a severe attack by the
third brood of the codling moth. The uarvested crop lacked normal size and
color and was very wormy. In addition, preharvest dropping of fruit was severe,

especially of the Jonathan variety.

The codling moth populati m v;as the heaviest on record, and throughout the

season conditions were ideal for almost unrestricted activity and development
whenever a population of any size was present. Tiie ten bait traps operated in

and adioiiiihg., the experimental spray block caught an average of 1303 moths each

during the season. This is nearly twice the number of moths caught per trap in
any previous season.

Bait trap catches of spring-brood .noths began i/iay 10, reached their peak
May 22_, and Yv'ore large during the period May 15 to June 1. Bait trap catches of
first Drood moths began about June 30, reached their peak July 12 and 22, and

were large throughout July, Bait trap catches of second brood moths began about
August 10, reached their peak August 27, and v/ere large during the period August
22 to September 4-' Only small numbers of moths were caugnt after September 8.

First brood vvorm damage was comparatively light, second brood damage v/as

moderate to hea\'y, and third brood damage v:as generally heavy to severe. Many
orchards in \vhich it appeared that excellent control of the first brood was ob-
tained were very v/ormy at the end of the season.

Field Te sts of Insecticides
f-

Tests of miscellaneous treatments

« Field spray tests of insecticides for control of tne codling moth vvere

carried out in a block of trees of tne Jonathan variety locat^..d near Troy, Kansas
The trees were 22 years old and had an excellent crop. Treatments 1 to 11, in-
clusive, v-erc applied to 4- replications of 3 trees each while treatment 12, v;hich

was ao.ded at the time of the second cover spray application, was applied to 8

scattered trees which were somewhat smaller in size than most other trces in the
experimental block. The codling mcth infestation was heav^'' as indicated by the
fact that the bait traps operated caught an average of 1303 moths each.



The entire block received a probloom scab spra.y of liquid lime sulphur
April 26 and a uniform ca].yx spray of lead arsenate^ hydrated lime, and dry
lime sulphur May 9. The experimental treatments vTere applied in seven cover

sprays as follovfs; Ist cover - May 22,23? 2nd cover - ilday 31; 3rd cover -

June 12; //ch cover - July 3; $th cover - July 1/+; 6th cover - July 31; and 7th
cover - August 17. Harvest vras started September 5 f^nd completed September 16.

The treatments tested and the results effected by th6:;m are given in

table 1. Table 1 follows v/ith the treatments listed in order according to the

total number of v/orms permitted per 100 apples.
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Te.blc- 1. Results of Fiold Exp.:ri;.iaits for Codj.ing Moth Control
St. Joseph, Alo . , 1939

.

Plat Truat:at;nt-- Apples Total per
1^0. (Quantities for 100 gallons unless per Percent 100 tlppIos

otncr^viso stated) tree C1 oan W

o

r .t. s St in g:s

5. Tank-mix nicotine bcntonitc:nicotin^. sul-
phate {/^0% nicotine) 1 pint, bcntonito 5 its.,
sodiiini laurT^l sul-ohate l/2 o2.,?md soybean
oil 1 qt.

'

2;:99 82.1 U.2 6.3

4. Lead arsenate + nj^drated lime or Bordeaux
.fixture as in Flat 1 + soybean flour l/u lb. 1865 69.5 15-9 25. 9

3. Load arsenate + hydrated lime or Bordc:..ux

mixture as in Plat 1 + mineral (suTiimer) oil

3 ots. in 3rd and 5th covers. 2124- 67.6 17.8 28.3
2, Lua.d arsenate + hydrcated lime or Bordeaux mix-

ture as in Plat 1 -f '.dneral (n.ujruier) oil

3 qts. in 3rd cover . 2402 62.2 22.5 35.6"

6. Tank-mix nicotine bentonite as in Plat 5 vjxcpt
nicotine and bentonite reduced onc-nalf in

5th, 6th, and "^th covers.
. 1943 74 « 4 23.2 7.8

1. Lead arsenate 3 lbs.,+ aydrat.a lime 3 lbs. in

1st and 4th covers; lead arsenate 4 lbG.+ hy-
drated lime 4 lbs. in 2nd and 3rd covers;lcad
arsenate 3 Ibs.t bordeaux mixture 3/4-1 1/2-100
in 5th, 6th, and 7th covers . 2168 58 .2 24.5 ^^.l . 1

12. Lead arsenate + hydrated lime or Bordeaux mix-
ture as in Plat 1 -t broTm sugar 8 lbs. in
2nd to 7th covv.rs, inclusivc 9,30^ 57.0 25.1 42.5

5. Tank-mix nicotine bentonite as in Plat 5 in
Ist 4 covers; nicotine sulphate {LOp nicotine)

2/3 pint, + bentonite 1 lb., + mmerr.l (su.iimer)

oil 2 qts. in 5th, 6th, and^th covers. 1777 71. 6 25 .8 8.8
11. Tank-mix nicotine bentoi^ite a.s in Plat 6 'vith

sodiui.. lauryl sulphate omitted from all r.ppli-

cations. 1999 71 >Jz 26.9 7A
7. Tank-mix nice tine bentonite as in Plat 5 in

Ist 4 covers; processed nicotj-nc bentonite
(4.75/^ nicotine) 4 lbs. t v'lineral (summer)
oil 2 qts. in 5tn, 6th, and 7th covers. 21$0 70 .7 29 . 4 7.6

9. Processed nicotin.j b..,ntonito (4-75^ nicotine)
8 lbs. in 1st coVv;r; 6 lbs. + mineral (su,maer)

oil 2 qts . in 2nd to 7th covers. I9I6 63.3 36.5 9.4
10. Processed nicotine bentonite (4.75^ nicotine)

as in Plat 9 in 1st 4 covers; 4 Us. + ;_.in^-ral

(surmner) oil 2 qts. in 5th, 6th, and 7th
covers

.

I94O 52.6 52.7 11.2

Wettable sulphur, 5 lbs., was ue-od Vtith all
tres.tments in the .Lst eovt^r for 3Cch control
and soybean oil was omitted froia the tank-mix
nicotnnj bentonite treat:.ients . Difference required 10.09 P=.01

for significance 7.62 P=.05
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Spray deposits

Analyses of tn-.. spray deposits o-'i stratified samples of fruit taken frora

the several plats befvjre and after e-:::.Cii cover spray and at harvest beginning vdth
after the first cover spray v/orc made- by Mr. Jack Fahcy of the Division of
Insecticide Invi^stigations

^
VincenneSj Ind. laboratory. In general there was a

close correlation between the ainount of the spray deposit that was built and
maintained and the degree of control effected by the several treatnents.

Injury to fruit and fcliage

None of the naterials or combinations of i.iaterials tested ca'ised any-

noticeable injury to fruit or foliage that v/as worth noting. HovfeVv;ar, a compari-
son of the size of the fruit harvestr^d frori the several plats, based on the nun-
bor of apples per bushel,, seov/ed soi^ie v:;:riati "in that may have been associated
with the treatments. In a general way bhe si so of the fruit was inversely pro-
portional to the efficiency of the treat^acnt. The average niiiuber of apples per
bushe]. is given below for each treatment except number 12 v/hich is not coinparable

Yvdth the others.

Treatment Number of apples: Treatment Number of apples
number^<- per buehel ; nu^iber per bushel

9 195 I 215
10 200 2 217
1 202 i 6 225

7 <i09 ' 237
8 210 : 5 241

11 211 :

For c')L-plete record of treatment see table 1,

Spray residues

Analyses made by Mr. Fahey of the Vincennes, Ind. laboratory indicated
that lead arsenate residues were rei.ioved satisfactorily by a j.ioderate v/ashing

treat.;ient except in the case of treati.ient 3 in v/liich oil was used in one second
brood application. It appears tncroforo that oil i.iay be used in this area with
lead arsenate in first brooa applications without miduly coi.iplicating tlie

removal of lead and arsenic residues and that it co.nnot be so used in later appli-

cations without coraplicating the reiaoval of such residues.

Nicoti.n^ residues are important chiefly from the standpoint of the extent
to which they detroct from the appearance of marketed fruit. In our plats
residue on fruit from plat 5 was lieavy and unsigiitly, tliot on fi-uit from plats
6 and 11 \vas less but still moderately Iieavy and unsightly, that on fruit from
plats 7 and 8 was light and not ospeci--:lly obj c.ctionrble, and that on fruit from

plats 9 '^nd 10 was hardly noticeable, oamjd.es 01 fruit frrui plats 5^6,7,8, and

11 were "jiped in two t^^pes of v/iperSj (i) an fid style cloth v/i];er, and (2) a

modem wiper equipped with No. 10 gr^.x/v'od brushes and capabJ.e of handling about

500 bushels of fruit daily. The old style cl'-.tn wiper did not do a satisfGctc:'ry
job in any instance. The modern brush v/iper clean 'oa tiie residue from fruit from

plats 7 and 8 equally welJ. iind th'^ivroughly 'wlien operating at capacity, it did not



clean tho residue from fruit fron plats 6 and 11 satisfactorily v.-hen oyjerating at

capacity cut did a good job, except for trio stein and caly:-: ends, when operating
at one-half of capacity, and it did not clean the residue iron fruit fron plat 5

sufficiently v.:ell to make it attractive for -.larketing. Residue on Winesaps v/hich

had received treatLient 5 '>^-s hardly i,ouched by the brush vTiper. Washing tests
were not attempted for the reason that it has already been demonstrated that an
efficient v/ashing treatment will remnvo nicotine residues satisfact ;rily regardless
of treatment or variety.

Triple-action spray block
.

Tlie triple-action spray program v/hich involves the use of lead arsenate,

oil, and nicotine in co.-ibination for control of the first brood 'v;as tested in a

24--year-old bluck of trees 18 rows wide by 29 to 4-0 trees long which provided two

replications of Delicious and one of Jonathan. The follo7/ing three treatments,
each IS rows wide, v/ere set up in this area; (].) 15 trees long in vmich nicotine
v/as used at the rate of 1 pint per IGO g'-llons of spray, (2) 8 to 19 trees long
(only 2 cuter rows less than 12 trees long) in which nicotine was used at the
rate of 1/2 pint per 100 gallons of spray and, (3) a cneck 6 rows long in which
no nicotine was used. The check treatment v/as similar to that uised by the grower
on his entire acreage. The preblooo and calyx sprays v;cre applied uniformly to

the entire block by the grov;er. The experimental trcaxmcnts were cenfined to the
three first brood cover sprays that were applied v/ith our assistance and under our
supervision. The grov/er applied four later cover sprays uniformly to the entire
bl^^ck. These later cover sprays contained lead arsenate but no nicotine or oil.
Special attention './as given to hitting the tops of tne trees with the spray first
and to getting a thorough coverage of the entire trc-O. Dead ..loths v;ere captured
on canvas covers placed beneatli some of the trees as they were sprayed and
practically no insects that were identified as codling moths flew from the trees
at the tir.e of spraying. The detailed program spplied as treatment 1 was as

follows: 1st cever (^^lay 19) j lead arsenate 3 lbs., -lydrated lime 3 lbs., nicotine
sulphate (40fc nicotine) 1 pt., and wettable sulphur 3 lbs, plus v/ater to make 100
gallons of spray I 2nd cover (May 29), l^ad arsenate 3 lbs., hydrated lime 3 lbs.,

free nicotine (50!^^ nicotine) 1 pt., soybean flour 1/4 lb., plus water to make 100
gallons of spray; and 3rd cover (June 9) ^ load arsenate 3 lbs., nicotine sulphate

(4-0^ xiicotine) 1 pt., mineral (sumi.xr) oil ll/l6 gal. plus water to n.cke 100
gal3.ons of spray. Treatments 2 and 3 Vv-ere similar to treati ent 1 except as

mentioned previously. It was unfortunate that it was not srfe to include oil in
the program until near the end of first brjod activity but that is a condition
that v;ould prevail more often then not in this section and will in all likelihood
continue to prevail until such time as a satisfactory fuiigicide is dr^veloped -.vhich

can be used safely with oil or followed by it at a short interval. Thus, the
program tested was r^ore a double-acti-.;n than a triple action one.

The degree of control of the codling i.ioth f^und to obtain in this block at

the end of the period of first brood activity is given in table 2.
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Table 2, Control of Flrat Brood of Codling Moth by Triple-action Spray Progran
as Indicated by Drop and Stratified Saj.rples of Tree Fruit Exauined at
the lAid of the Period of ?'irst i3rood Activity , Wathena, Kansas, 1939.

Treat- No. of Tree fruit-stratifled sahiplo Total vjorns per 100 apples
lucnt trees Total Percent of fruit Tree Drop

fruit Clean Vfer]. Stunjg; sai.iple fruit fruit

1. 15 3000 95.5 0.8 3.8 0.8 0.7 1.5

2. 15 3000 94.0 1.3 4.8 1.3 0.7 2.0

3. 15 3000 93.5 1.4 5.6 1.5 .
.

0.7 2.2

•>'- knaljsis of variance indicated that the differen c e b etv/e un treati:ients in
percent of v/oray fruit v/as not significant.

The degree of control of the codling uoth f(.und to obtain in this block at

the end

in table
of the season and including

3.

fruit that dr. )pped during th e season is given

Table 3. Control of Codling Moth in Triple-action Spray El'jck, 1(Yathena , Kan . ,1939

Treat- Nuiabcr Apples Percent Total per .100 apples
ment of trees per tree clean fruit Won. IS Stings

1. 15 4429 56.8 40.8 25.9

2. 15 52.2 48.3 26.7

3. - .-11 4977 55.0 27.6

The Jonathan harvest began Septeubcr /, and v;as c Depleted September 18
Willie the Delicious harvest began Scpta.iber 21 and was coupleted Septenber 27.
The SLiall nu;.iber of stings in proporti-11 to the number of virtus is taken as an
indication of the potency of the third brood and the fact that the young worus
of that brood apparently nade entrance into the fruit without difficulty despite
the ^ fact that tno last spray application was not .lade until August 16. It is
believed that that part of the block assigntid to trc;at.L:ont 1, j.n which nicotine
was us..d at the ratu of 1 pint per 100 g;.a.lons of spray during tne period of
first brood activity, has been wonaier then the renainder of the block in previous
years. For this reason troatoont 1 sliould probably be given credit for a better
showing tnan the results indicate.



Miscellaneous Studies

Protection of troos CLf^3.1nst injury by treatec^ bands

A nujiibor of i.iatcrials \-icrc tested in 1937 and 1938 for their ability to

protect si.iooth-barked scaffold lii.ibs against tim injury thao ordinarily results
froiii the application of cher.iically-treatud bonds to then, in these tests, paraf-
fin gave a high degree of protection and v:as superior to other i..aterials tested.

There ?/as soi.ie evidence that the paraffins with th^.. nigh^r ...elting points v/ero

slightly superior to those; \7ith the lov.er nelting points. These tests v/ore con-

tinued in 1939 on SLiooth-barked li:.ibs ranging in dia:,ictcr fron 3,8 to 7.0 inches

using paraffins of knovrn inciting points alone; and in coribination v/ith beesv/^ix and

bentonite. A high degree of, but not perfect, protection v/as secured in all

cases. In all likelihood the injury rhiat did occur vj\'uld be considered serious

by the average grov/er though in uost instancv..s it v/as slight. The melting point
of the paraffins tested ranged fi-on 4-5 to 56-58*^0. but each gave about the saino

degree of protection. Paraffin uixed -vith beesv/ax v/as not as s<":.tisfactory as

paraffin alone but uixod with bent .inite gave evidence that such a coiabination

aight bo slightly superior to paraffin alone

.

Catch of larvae in bands

A coLiparison of the nuiabor of .larvae caught in untreated 2" cc^rrugated

paper bands applied to the trunks of 30 2J.y-yi:.3x-old Jonathaji trees in a siaall

isolated orchard with the nui.iber that natured and luft the fruit v/as ;.iade. V'Jith

one exception the sai.ie 30 trees v^^ere used as v^ere used in a si:.:ilar test in 1938.

In 1938 tlie 30 record trees produced an average 01 1927 ajixjles and 1081 ..nature

larvae that exited froi.i the fruit of vhiich an average of 125, or 11.6^, v/erc

caught in the bands. In 1939 the 30 roc ord trees pr.jducou an average of 3894
apples and 1995 i.iature larvae that exited froj;. tlie fruit of vhiich an o-verage of
260, or 13.0^0, were caught in the bands.

A cciparison of the recovery of If-^erated narked larvae in untreated 2"

corrugo.tcl paper bands apolied to trunks v»as nade on trees classified according
to size. A total- of 1720 larvae v/as liberated on the ten trees included in each
of three size groups, size being detcTuined on the basis of the amount of ground
area covered by the spread of the tree branclics. On snail trees, whose average
ground area beneath the spread of branches v;as 251 squaro feet, I5.I percent of
the liberated larvae were recovered; on nediu.a sized tre'^s, vrhose average ground
area was 399 square feet, 10. 5 percent of the liberated larvae were rocovervd;
and en the larger trees, vhiose average ground area was 603 squai-e fv.et, 6.6
percent of the liberated larvae v/ere recovered. As expected, recoveries were in
inverse ratio to the size of the trees.

Survival of nature codling noth larvae and ei foct of scrar-ing and banding on sane .

The studies 01 the proportiv:)n of the i.iature larvae tnat survive after
leaving tne fruit, re.j^rted un previously, have boon continued. In corroboi'ation
of tliC results as revorted in provi''US ye^vrs, it v/as found (l) nortcility of the
codling noth is heavy bctv/cen tne tii.ie that it exits froi;i the fruit as a nature
larva and energes as a Lioth, (2) scraping of trees has little effect c^n the per-
centage of transfer;.ling larvae that nay develop into i.ioths but results in a
iaaterial reduction in the percentage of non-transfor..iing larvae tnat s.nt.. rs hiber-
nation, and (3) banding of scraped trees results in a sjiai'p i-eduction in both the
nuiioer of larvae that would, otherwise develop to e;;ierge as .aot.hs during the cur-
rent season and the nuiaber that enters hibernation.
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Moth c^e^)^eIlce, bait trap catches ^ and ef:f>; deyiosition

A study v;as started of the relationship of uoth einergencG to r.ioth activity
and egg deposition. There ves a close correlation bct^rccn tne tii:ie that j.ioths

oincrged and the tiue that eggs were deposited and botv;eon the nuiiber of aoths
that eiiGrgcd and the nii.;iber ci eggs deposited throughout the season. Und^^ubtedly

this correlation was aided by the favorable weather for moth activity that pre-
vailed aliaost without interruption whenever aoths were present in any nuixiber

fron the tine they first eiaerged until after the uiddle of Septenbor. The peak
catch of spring-brood j.ioths forecast, the ..tine of naxii.iULi deposition of first
brood eggs, the peak catch of first/ho ths followed after the tine of naximun
deposition of second brood eggs, and the 'peak catch of second brood noths coin-
cided with the tine of uaxiniun deposition of third brood eggs. A narked rise in

catches of first and second brood noths did not occur until after second and third
brood eggs were found deposited in increased nur.ibers but the lag w'as not so great
but that sprays applied according to the indications of the bait trap catcnes wore
put on in time for the first worns of these broods that hatcnod. The number of

noths caught in the bait traps did not indicate tha relative numbers of eggs
deposited. The catch of spring-brc>od jaoths, particularly, was out of line with
the nui-xber of noths that energed and the nu.ubor of eggs deposited as compared to

the relationship that existed the renainder of the season.

MOORESTOy^, NEW JERSEY

H. W. Allen, In Charge

Parasite Iiiye stigation

s

One additional release of the Australian ccxlling no tlx parasite,
Ga^fgrus stokesii Cv/fd . , was i.iade near Geneva, N ,Y. , iri cooperation with the
New York Agricultural Experinent Station . Tlie colony consisted of 137 males
and 149 fcnales.
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GEi^EVA, I^IEW YORK

D. L. Collins, In GenorLJ. Charge
Williai} MachadOj In Iciraediate Charge

Lignt and Bait Trao Stuuies

The field cxpcriLients in the Mclntv)sh crchard for the season of 1939 v;ere

enlarged, --jid arranged on a jilim. which differed »r.uncv7h;:.t frou that used in 1938,
The tv70 areas \7ibh light traps reaained as before, except foi- a difiarence in spray
treathicnt, but the baited area v;as enlarged to ."ijiclude all but 10 of the trees in
the rc3z of tne orchard. This increase in the nunbcr of bait traps vras undertaken
priinarilj- as a aeans of inhibitiiig the ncvenent c^f the moths fr'-^ii other parts of the
orchard into the experii-iental arees. It mc.s else thought tnat the placing of bait
traps. in all of the re:naining trees in the, orchard v^ould give sone indication of the

(liwtrlTution oi -uhe c-:l\ilt population of acths.

Most of the spraying uas done by tiic ov;ner of the orchard, who nade three
cover applications. The "v/orkers of the Station, however, applied the sprays to

five trees in each lighted or baitoa biccK, and to ten trees in the block where no
traps v;ere Liaintained, Only tvro cover sprays ^/ere applied to these tree;^. A
number of tre^^s had rather short cr^'ps, and "rsre not included in the final infesta-
tion records.

The light tra;^ s used uere of the electro outing type, v/ere equipped with
lOO-'^att, type A, Mazda laups, and v/ere hun.g as near as possible to the top and
center oi the tree. Thu bait traj s used '.7cre tne sarae type as those used in 1938,
consisting of a pair of glass qu^ixt jars filled vvith baits of different ages,
Feraenting cotirse brovm sugar syrup with ...il of sassafras erjulsion, as reconinended
by Mr. L. F. Steiner, was used as t-ie bait. The for:aula required four pounds, tv/o

ounces of brovTn sugar to five gallons uf v/ator. To tnis ';7as added 10 cc of natural
oil of sassafras and 1^0 cc of vraocr, tne oil being enulsified vvith sodiun lauryl
sulfate. The bait in one of the jars was changed each week so that a more or less
constant SoSte of fernentation could be maintained. A pair of jars was placed as

near the top and center of the tree as possible.

Untreated bands v/ere Liaintained on the trees ^ which nad previously been
scraped. Daily counts of the catches in the light traps v.-cre made, but due to the
large number of bait traps, these traps were examined approximately only every
other day. All drop apj^les wore systematically counted and exainined for codling
120th injury and removed from the orchard. At the harvest, two rt'Jidom bushels from
each of the count trees were picked, counted srid examined for injury. Counts of
the total numJDG-r of busliels from every tree were made nnd those figures were used
in calculating the total crcp.

The results of this ^ork ai-e sumi.:sriz8d in table 1, wiiich follovjs:



Table 1. Results of Bait and Light Trop Experiments, Geneva, I^.I., 1939.

caii'-'ht 5 Larvae: In;iui'ies i.er :

: of : of : per trai:^ : taken : 100 api)les ; Clean
Plat : Treatncnt : trees : C'JUil U J In : in : Deo:p : Apples

in : trees ;bait ;li'"Vit : ]-),'uirln : injuries: Stings;

block :

9

: traps
•
<•

: traps : per :

tree :

(w')ri:is) :

A Til x'^'Vrhc3 „ p pr.~7'pT'

Sprays (station) 5 10.6 13.0 5.2 5.4 91.5

B Lights - 3 cover
S" iravs I PTO'Wer

)

20 11 16.1 16.9 9.6 81 .

3

C Lights & baits -

2 cover sprays
( station) c

J 5
r-
/

.

U.4. 5.2 5.8 8. 3 89.1

D Lights & baits -

3 cover spreys
(grower) 20 18 2.5 21.2 10.4- 8.9 6.5 87.8

E Baits - 2 c-ver
sprays (station) 5 1 17.2 39 .

2

27.9 20.2 6/;,. 6

Baits - 3 cover
sprays (grower) 116 25 22.9 /^5.5 3B.2 13.9 60.2

G Two ccver spra^^^s

only (station) 10 10 ^2.7 33.2 17.5 62.1

As in 1938, the bait traps Co.ptured a higher percentage of fe:..iale Lioths

than the light traps. In 1939, the figures were: bait traps 7B.0)C females; light
traos 28.7/0 fer-iales.



-15-

GEKEVA, NEW YOItK

D. M, Diiniel^ In Charge

Biolo cal-Me chciiii cal Control

A nov; pro j ecb on biological-meciianical control haa boon undcrtakon
in wostorn Nov/ York. This is a .joint effort carried on coorjerativoly by the l^cw

York State Agricultural Experiment Station and the Bureau of Ent-j;.iology ixnd Plant
Quarantine. This project is in nany respects parajulel to the cooperative
biological-mechanical control project that has been under vvay in rJest Virginia for
several years. It is also an outgrovirth of experiinonts tliat have been carried on

by th^e Geneva Station since 1930. Those studies (Cox and Daniel, Jour. Econ. Eiit.

28:113, 1935) showed that, for a period of four years, blie average percentage of
parasitise in unsprayed orchards was iuore than tv/ice that in S]:)r3yed orchards.
They also sh.o\7ed tha.t the parasitoj Ascogast^:r , v;hen exposed to foliage sprayed
with arsenicals lived one-half as l::;ng and parasitized one-half as laany codling
r.ioth eggs as those exposed to clean foliage, and that parasitized larvae w'ere no
more susceptible than nor^nal larvae to sprayed fruit. Those experiiiients pointed
the v^ay to a general consideration of the effects of orchard ;i.)ractices on all the
biological control factors operating on the codling ia^^th,

Tv7o soi.iev/hat si:'nilar orchards have be^-^n solacted in the i.iidst of the inost

severely infested area in v^estern New York. One of these is receiving no lead
arsenate sprays, although necessary?- fungicides are being applied for tne cr.ntrol

of diseases. The second orchard is divided into four Id^ocks, one of v/hich is

receiving only fungicide sprays^ one the regular scucduJ.e of lead arsenate; one a

fixed nicotine program and the f urth a xanthone scnedule. This plcniAng in its
entirety is used as a sprayed check on the orchard receiving no insecticide
applications.

The records obtained in 1939 'will serve as a base line from vdiich to judge
the relative trends in the two orchards in subsequent seasons. Detailed figures
will not be given at this time.

One interesting developi:;ent was the finding of aboL^t 62 percent
parasitism by Trichograma in eggs on the fruit in the biological-mechanical
control orchard at picking time. No such parasitization developed in the Sj;'rayed

orchard.
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POUGKKELPSIE, NEW YORK

P. J, Chapman;, In General Charge
D, W. Hamilton, In Ijamediate Charge

Seasonal Conditions

Codling moth injury during 1939 was more severe with serious injury occur-
ring in a larger number of orcnards in the Hudson Fdver Valley than at any time
during the previous decade. li^Tiile many factors contributed to this increase in

infestation some of the outstanding ones vjere (l.) Mean teiaperatures during June^

July^ and August were above normal v/hicn created a more ideal temperature for
oviposition and codling moth activity and lengthened the period of attack. (2.)
Rainfall v/as below normal averaging 12.03 inches from May 1 to September 30, as

compared to 3B.13 inches during the same period in 1938. (3.) Trees in many of
the orchards have become mature, are laore difficult to spray properly, and have
more ideal places for larvae to hibernate in. {A-) ^ m.ild winter during 1938-39
caused a low mortality rate among over-wintering larvae.

As indicated by bait traps spring brood moth activity began May 23 at

Poughkccpsie, ana May 25 at Kinderhook. Peak captures of spring-brood moths oc-
curred May 27 to June 1, with moderately heavy adult activity continuing through
June. Captures between July 1 and July I5 v/cre comparatively light indicating
the end of spring-brood, activity. Pocik captures of first-brood moths occurred
July 31 to August 2, \,'itn comparatively heavy captures occurring from. July 23 to

August 13. No adults '/ere captured in the traps during September.

Larva.1 cnti'ances were first found at Poughkeepsie June 6, and at Kinderhook
June 7. Two Mcintosh trees near Poughkeepsie v;ere left unsprayed after May 31? and
tlie injured apples removed at 7-day intervals. Loss than 13 percent of the total
season's injury occurred during the first-brood period. About 70 percent of the
injury for the season i/as recorded during August, whicii indicates the severity of

the attack by second-brood worms. Much of the injury took place after the appli-
cation of the last spray for the season.

Insecticide Experim.cnts

Field tests of insecticides for codling moth control vvere conducted in an

orchard near Poughkeepsie. In addition to these tests a 3—-'-cre deiaonstrational
block using one of tlie more promising schedules v/as maintained in a severely in-
fested orchard near Kinderhook. As in the past few years, emphasis was placed on

schedules that avoided objectionable residues at harvest end ti]et offered, pro-
tection for apple maggot as well as codling moth.
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Tests at Poughkeepsie; -

Fourteen spray programs , with various natericls, xverc tested in tv7o-tree

plots, replicated four times, (table 1). The variety used '..'as Cortlca-id. Tr.'o

prcgrans conparing fixed nicotines v.^erc tjstcd on singlc-troe plots replicated five

times (table 2). These trees v/ere also Cortlands. T.vo prograiriS comparing the

effect of sugar vfhen added to stoD.ach poisons vvere tested on two-tree plots repli-

cated four ti:;ies (table 3) • The variety used v/as Rome Beeuty.

A caly>: treatment consisting of lead arsenoto 3 pounds, hydrated liinc 3

pounds, dusting sulfur 4 pounds, and skim milk 1/4 pound was a,pplied to all the
trees May 22. A curculio spray of the sa;:ie ma.terials was applied May 31. During
first brood the first cover spray vvas applied June 9. The second cover spray v/as

applied June 22 on all plots except 11 to 14-, v/hich :iad the second cover applied
on June 19. The third cover spray y*t.s applied July 12 on all plots except 11 to

14, V'/Irdch were sprayed July 1. A fourth cover spray 'vas applied to plot 12 July 12
During second brood the first second-brood spray was applied August 2 except on
plots 15 and 16 which were sprayed iUigust 10. The second second-brood spray was
applied to all plots except 15 siid 16 on August 12.

A suiiimary of the materials used and reeults obtained are presented in
tabljs 2, 3, and 4o



Table 1. Results of Experiments v/itli Insecticides for Cocling Moth Control
Var. Cortland

Injuries per

Plot Materials Applied in Apples 100 Apples Apples Harvt.st

Mo. Cover Sprays per Vv'orm Stings Clean Residues
(Quantities per lOO Gallons) Tree Holes As20q^ Pb.

percent P,r/lb gr/lb
1. -''- No second brood cover 3363 22,$-. 18. A 75.2. 6.012 0.012

2. -'- Processed nicotine bentonite.
8 lbs. 2 covers. 2nd brood 2895 15-3 U-A'. 80..4: ,011 .010

3. "' Processed nicotine bentonite
8 Ibs.^ 1st cover 2nd brood.
Nicotine sulj?ate 1 pt., sumi-ier

oil 3 qts, 2nd cover 2nd brood 2789 15.6 17.8 78.6- .012 .011

4. ''^ Nicotine sulfate 1 pt., suruncr

oil 3 qts,, 2 covers, 2nd brood 2973 16.8 17.3 78.6 .013 .009

5. "'^" Processud nicotine bentonite
.4 lbs.

J
suiimer oil 3 cpbs., 2

covers 2nd brood 2351 H.2 12.6 82.2 .013 .011

6. "'^" Xanthone 2 lb. liydrated lime

3/4- 1 13 o tar soap 1 lb.

2 covers 2nd brood 2811 13.3 18.8 78.5 .016 .012

7. ""' Proprietary i.iaterial containing
10^ derris resins, lO/o pine oil,

25^ etiianolaiiiine soap. l/2
gal. 2 covers 2nd brood 3031 17.9 16.8 79-1

8. -"- Suniier oil 3 qts.
2 covers 2nd brood 2759 20.4 16.4 78.2

9. '"" Processed nicotine U lbs.
suLiiner oil 3 qts. 2 covers
2nd brood 356O 17.0 14,7 80.2 .013 .009

10. --- Nicotine sulfate l/2 pt.

surui.ier oil 3 qts., 2 covers
2nd brood 3038 U.6 15.2 81.0

11. Nicotine sulfate 1 pt. benton-
ite 5 Ib.^ suj-fur 4 1^"^. 1st
covur. Nicotine sulfate 1 pt.,
bentonite 5 lb., soybean oil
Iqt. 2nd, 3rd, and 1st 2nd-breod
covers. Nicotine sulfate 3/4- pt.,

sui.L'Vio-r oil 3 qts. 2nd 2nd-brood
cover. 2756 11.5 11.3 83.1
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<

Table 1. (Cont'd) Pi,es\Ut3 of Experinonts v/ith Insecticides for Codling i.'ioth Control
i

Pjuglil^:ccpsie, l^.Y. -- 1939 Var . Cortland i

Injuries per i

Plot . Materials Applied in Apples 100 Appl-s Apples Harvest
No. Cover Sprays per. Vfcru Stings Clean Residues"''"'^" i

(Quantities per 100 Gallons) Tree Holes AS2O3 Pb.
;

percent gr/ib gr/lb i

12 Lead ars. 3 lbs., ^Vd* line

3 lbs.
5
proprietary oil stick-

er 1 pt., sulfur 4- lbs., 1st
cover o Lead arsenate 1.$ lbs.,
basic zinc ars. 1.5 lbs.,
xiyd, lime 3 lbs., copper sul-
fate 3/4 lbs., 2nd cover. Basic
zinc ars. 2 lbs., hyd. line
4. lbs., copper sulfate 3/4 lb.,

3rd cover. Processed niotine
bentonite 8 lbs., 4-tb cover.
Processed nicotine bentonite

4 lbs., sununer oil 3 qts., 1st
2nd-brood cover. Nicotine sul-
fate 1 pt., suirour oil 3 qts.,

2nd 2nd-brood cover.

13 Lead ars. 3 lb., iiyd. lime 3 lb
proprietary oil sticker 1 pt.,
sulfur 4- lbs., Ist cover.
Lead ars. 1.$ lbs., basic zinc
ars. 1.5 lbs,, iiyd. line 3 lbs.

copper sulfate 3/4 Ib.^ 2nd
cover. Basic zinc ars. 2 lbs.

hyd. line 4- lbs., copper sul-
fate 3/4- lb., 3r-d cover

14. Processed nicotine bentonite
8 lbs., sulfur 4 lbs., 1st
covur. Processed nicotine
bentonite 8 lbs., 2nd and 3rd

.
covers, and 1st ond 2nd 2nd-
brood covers

2i/ Plots 1-10 hs.d the follov/ing spray scliedulc during 1st brood. 1st cover lead i

ars. 3 lbs., hyd. liiae 3 lbs., sulfur 4 lbs., skihi .;iilk I/4 lb. 2nd and 3rd
\

eovors, caleiuii ars. 3 lbs., hyd. liuc 6 lbs., copper sulfate 3/4 lb. i

Analyses by G. W, Pearce and A. W. Avcns of the New York Agricultural Experiuent'
Station. .

j

2950 14.1 10.8 81.

5

3058 9.6 12.4 8A.5 0.013 0.019
i

i

s.
i

2566 15.9 16.2 79.2 .017 .023
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Table 2. Results of ExperiLients \;ith Insec
PouRhkeepsie, 11. Y.

ticides
- 1939

for Codlinp Moth
Var. Cv

Control
-irtland

Plot Materials Applied in Cover Sprays^ Appius
Injuries per

100 Apples Apples
No. (Quantities per 100 Gallons) per WorLi

Helcs Stinps
Cic.an

Percent

17.--- Nicotine sulfate 400 cc.;,

Reinecke salt 3^0 gratis,

"oroiirit'tai'v c^tI sticlter 1 ""jt.

2 covers 2nd brood 3740 18.8 14 • 4 78.5

18. Processed nicotine bentonite
4 lbs. J sumuer oil 3 qts.,
2 covers 2Rd brood 3591 15.8 14.1 81.0

"17
"

During 1st brood tno folicwing spray s cncciule was used. 1st cov.^r lead
ars. 3 lbs., liyd, lice 3 lbs., sulfur 4 lbs. 5 skiu ]:dlk I/4 lb. 2nd and
3rd covers co.lciuu ars. 3 lbs., iiyd. li;.ie 6 lbs., copper sulfate 3/4 lb.

121/ This fori.iula v;as dov^.loped and suggested by RojHansberry and L. B. Norton
of Cornell University and the New York Agricultural Exporiaent Station.

Table 3. The effect of Sugar on Stoaach Poisons for Codling Moth in Field Tests
Poughkeepsie, N .Y. - 1939. Var. Rune Beauty

Injuries iier

Plot Materials Applied in Cover Sprays Apples 100 ADi;los Apples

No. (Quantities per 100 gallons)
"

•
pc-r Worn Clean

Tree Holes Stiiirs Percent

15, Lead ars. 3 lbs., hyd. lii.ie

3 /lbs., sulfur 4 lbs., skin i.iilk
1/4 lb. 1st cover. Lead ars. 3
1 n-r- /d. line 3 lbs., cor^per
sulfate 3/4 lb. 2na cover.
Calciun ars. 3 lbs., nj-d. line
6 lbs., copper sulfate 3/4 lb.
3rd cover. Xantbone 2 lbs.,
nyd. line 3/4 lb., tar soap 1 lb.,
1 cover 2nd brood '

256I 4.6 19.4 83.8

16. Sane as for I5 except tk.at

12 lb. of No. 13 brown sugnr was
included in eacn cover 2767 6.3 25.6 80.

5
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Plots 1 to 10 had the standard scliedulc. of one cover of lead arsenate :

ftjllov;eu by two coverc of calciuiu arsenate ap,)liod to tiiO;.! during first brood.
This i/as follov/cd in uost instances by a nicotine schedule during second brood.

'

'iTiiile such a first broot.l schedule i.:ay nut bo as effecti"'>o against codling i.iOth as
]

a straight lead arsenate or fixed nicotine prograj;' it d -es offer protectiun against i

apple i.iaggot and usually has residues vdthin tlic tolerances at harvest. As vill be
noted fru/j table 1 arsenical residues on Cortland apples v;ere slighitly above the j

t'.)lc;rance v/ith this jorograia during 1939. This v;as partially due to ii.eavy spraying,
|

and tile dry season. Plot 12 consisting of one c-jvcr of lead arsenate, cno cover of i

lead arse.Liate and zinc arsenate C'jiabin'.jd, and one cover of zinc ai'senate at a light
!

dosage follo\;ed by a fixed nicotine and oil scheoule :;iaintained better control than
the other schedules and offei-od protrction against apple riaggot. ii./vvcvor, the :

arsenical residue v/as slightly aboY^i tolor:?nce. Plot 11 vihicii consisted of a tank-
|

uixed nicotine bentonite used thr:ughout the season gave better control than the *

other programs except plot 12. Hov/ever, the visible residue v/as vury heavy and it j

was necessary to wash the fruit with a sodium silicate solution befor.. it could bo
]

uarketed, and no protection was present for a.;plo maggot. Processed nicotine ben-
|

tonite (plot 5) v/ith siLi.;er oil ar.'peared to be more effective than the processed '

nicotine bentonite alone (plot 2). Xanthone (plot 6) reduced codling moth injury
[

and seemed worthy of further testing. vSu.i.ier oil alone (plot 8) and a proprietary
|

material (plet 7) containing derris resins, pine oil, and ethf-molamiine soap were
|

not very effective against the codling Lioth as used. One half pant of nicotine
\

sulfate per 100 gallons of spray gave as g^iod control as one pint of nicotine when
\

used with summer oil. Sugar v«hen added to a stomach poison did not incz'oase the
control of the codling moth, (table 3) .

,

Tests at Kinderhook:-
\
i

A three acre plot consisting of Mcintosh and Ro:;ie Beauty apples v/as used ]

foi" t^iis test. The Sj.Tay program used was the sai.ie as that used in plot 12 of the i

Poughkeepsie tests. Dates of application v/ere first cover J^ine 8, second cover
June 17, third cover June 30, fourth cover July 11, fifth cover (first second

\

brood) August 1, j:md sixth cover August 10. The calyx and curculio sprays 'were

applied by tl.ie grower.
\

liTnile control was not considered entirely satisfactory, triis orchard i/hi-eh i

h^.d '..iore than 80 percait inlur^.^ in 1938 had tlie infestation reducod to 28 percent ;

on Mcintosh apples. Vaori.: holes averaged 22.6 and stings 17.7 per 100 apples on I

the Mcintosh apples. The grov/er using two covers of lead arsenate followed by i

four covers of processed nicotine and sui.imer oil, wliich was a i.iore costly prograi-.i
\

and one that had less protection for apple j.iaggot, had 27.3 worm holes and 13.5
\

stings per 100 apples. The Rome Beauty plot averaged 25.3 wor..x holes and 8.7 j

stings per 100 apples. Residues of both lead and arsenic were within the
j

tolr.rances.
\

Band Exporii-ients
|

The large scale band experiment was continued for a second year. The area
banded was increased in size so that it consisted of appruximately 17.25 acres, i

and was 23 rows v;ide by 25 rov/s long. The ^67 trees in tiiis area were scraped \

thoroughly before codling ..loths began emerging. Infestation records on a similar ]

block of trous adjacent to this area, but unhanded, v;ere used as a coi.iparison. The i

growers practices including spraying were the sojao in both blocks. Infestetiun
j

records \;cre taken on Mclntosii, Duchess and Greening varioties. Chemical bands
j

f,
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containing bota-naplithol oil were placed on all trees in the banded area that v/ero

old enough to have rough bark. Other trees such as the Greenings v/ere banded with
burlap-paper bands .and oxaiained at ten-daj intervals.

The nUiViber of larvae captured per tree in t'^^e bmids for 1939 averaged 20

for large Mcintosh ^ 10 for average size Mcintosh, 7 for Duchess, 4 for young

Greenings^ and 6 for young Curtlands. The mmber of larvae re.-ioved fro;.i the -467

trees banded v/as 3324. This nuiaber appeared snail when coLipared to the nUi.iber of

worn holes present, Y/hich indicates that the thorough scraping of the trees

probably influenced the auount of injury aore than the banding.

In the banded area approxinately 84 percent of the fruit (based on an un-

\-;eightod average of all varieties) v/as clean, as coupared to 67 percunt of the

fruit in the non-banded area. Differences in the infostation between the tvjo

areas were greater at tiio end of the second year than it was at the end of the

first year, indicating an accuaulative effect. Table 4- shov/s the infestation in

the two areas by varieties for 1939.

The cost of scraping and banding based on labor at 28 cents an hour v/as

approximatly 20 cents for each mature tree and 9 cents for each young tree. The
latter figure includes the sxauination of the bands at ten-day intervals. This
cost v;as offset at the end of the season by an additional 3.41 bushels of clean
apples for each Mcintosh tree, 2.19 bushels for each. Duchess, and 0.8$ bushels for
ea.ch Greening tree that v/as scraped and banded.

Table 4-. Results of Large Scale Band Expc rii.ient, Kinderhook, n.Y. - 1939

Variety : Apples
:per Tree

. '/fori:!

; p
.

100^

Holes
or

AppAcs

: Stings per
: 100 Apples

: Percent of i

t Apples :

: clean i

Injuries
per Tree

:Band-:

: ed :

Un-
hand-
ed

:Band-

: ed

: Un-
: band-
: ed

:Band-:
: ed :

• •

Un-
hand-
ed

:Band-:
: cd :

• *

Un- :

band-:
od :

Band-:

ed ;

. Un-
hand-
ed

Duchess 3738 2977 5.9 15.3 9.0 19.6 90.3 81.5 516 907

Mcintosh
(large trees) 4089 494-2 15.7 42.6 9.5 21.0 83.4 64.8 1024 3140

Mcintosh
(ave. trees) 2206 2108 13.9 a.

8

5.8 17.0 86.6 64.6 439 1259

Mcintosh
(av..:. trees) 1695 1985 14-. 2 34.0 6.8 18.9 86.1 69.2 355 1045

Greening
(young trees) 611 418 19.5 52.4 13.2 36.5 76.9 56.0 192 338

All Varieties
Ave

.

2597 2596 13.8 37.1 9.5 23.8 84.3 67.3 532 1389



iiait TraD Experiments

A couparisoii of six difforont ijait s->lutions in a Latin-square arrancci.ient,

indicated that broi.istyrol (l/2 cc. per quart) in a ton percent brovm sugar solu-

tion v:as i.iore attractive to codling i.ioths during a hot dry season, such as 1939,

than tho oil of sassafras (1/2 cc. per quart) in ten percent brovm sugar solution

v/as. Proviously the oil of sassafras bait had been considered tno most effective

bait for this locality. The broiv.styrol bait averaged approximately .4-6 i.ioths per

trap during the season as co; iparod to ai)pro7:inately 21 moths per trajj for the oil

of sassafras bait.^ Anethol (l/2 cc. per quart) in ten percent brov.TL sugar solu-

tion also appeared to be superior to the oil of sassafras-sugar bait averaging

38 moths per trap. "

A 7.25 acre block of Mcintosh trees with a bait trap operated in each tree

had 79.88 percent clean fruit at harvest, as compared to 82.2 £tnd 76.4 percent
clean fruit in two similar areas, but unbaited,. adjacent to it. The part of the

orchard used as the check area v/as baited during 1937-38 whereas the 1939 bait
area was used as the check area. In 1938 the check area (1939 bait .area) had 83.5
percent clean fruit at harvest as compared to 89.9 percent clean fruit for the

bait area (1939 check area). Thus we find that in 1939 the percent of clean fruit
in the baited area \ms reduced only 3.6 percent below that of the previous year;

a.s compared to a reduction of 7.7 percent in the unbaited area. A total of 8764
codling moths v/ere captured during the season of 1939 in the 217 traps located
in the baited area. This v/as an average of 4-0 moths for each trap. The oil of
sas.-.afras and brov.n sugar bait v/as used through spring brood activity. This was
alternated by rows vrith the bromstyrol and bi-ovn-i sugar bait during first brood
activity.

Fumigation of Prop Poles for Killing Hibernating Codling Moth

Fumigation experiments were conducted on 2 piles of poles stacked in

"vdgv;am" fashion. Approximatoly 1000 poles cut from young trees, many still con-
taining rough bark, were in eac i pile. Stacks v/^re about 10 feet wide at the base,
20 feet high and contained about 1000 feet of space. Heavy truck tarpaulins were
placed over the poles and held in place by ropes for retaining the fumigant. Five
cheesecloth bags containing codling iuoth pupae were placed in each stack at
various distances from the ground for the purpose of checking results more readily.
Hydrocyanic acid gas v/as used as the fumigant. In one stack gas v/as generated by
placing 1 pound of sodium cyanide eggs in sulfuric acid in 2 battery jars on op-
posite sid^-s of the base. In the other stack 2 pounds of calciujm cyanide \/as

plac^jd on the ground ujider the poles. Tne fumigants ;;ere r;:.leased about 4- P.^'/h on
a still day and the tarpaulins left in place until 8 A.m. the following day. Wnere
sodium cyanide v/as used the kill v;as 100 percent, v/hc.reas 42 percent survived where
calciuj'n cyanide v/as used.
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Applo Maggot .InvoGt if.;"ations (O. H. liairimer)

Observations and experiences in previvoUvS years liavc led to the opinion that

the combination of ivoather conditions that occurred in 1939 in the Hudson Valley,
characterized by subnormal precipitation and above normal nean temperatures, is

unfavorable for optimum development of tlie apple maggot. l/Vhile the 1939 observa-
tions indicate that this yea.r v/as no exception, still the pest v/as abundant enough to
cause appreciable daraage in many poorly and untimely sprayed plantings.

Fly emergence records obtained by daily exa^nination of trap cages placed
over infested soil shov/ that adults began to emerge on June 19 in the vicinity of
Poughkeepsie, N.Y. The peak of emergence occurred on July 10 and emergence ceased
on August 16. Both of these tvvo phases in the life history of the apple maggot
came a fo'v; days earlier in 1939 than during what is considered a normal year based
on annual records for the r)ast ten years. It is quite probable that the peak
emergence on July 10 was not a true j^eak but emergence v;as limited due to lack of
soil moisture. It is probable also that emergence vjould iiavo continued later than
August 16 if the soil had been sufficiently iaoist to permit the flies to penetrate
it.

Control EXjOerii.ients

Apple maggot control tusts in the Hudson Valley in 1939 v/ere designed first
to determine the efficiencies of various insecticides against this pest; second
to determine their place, if any, in the codling moth control program; and third
to avoid a spray residue problem in controlling both sx)Gcies. In 1939 control ex-
periments v.'ere conducted in five Si.iall rjlantings each containing 25 to 100 apple
trees. Tne experimental Sj')ray and dust applications v/ere all timed especially to

give j.iaxii.ium protection against the maggot. Results of the '1939 orchard-control-
tests' are presented in table 5.

AS a fumigant against the soil-infesting stages of the apple maggot,

dichloroethyl ether , diluted 1 ounce and 1/2 ounce in 1 gallon of water and used
at tac rate of 1 gallon per square yard of soil area, was ineffective.
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Tablo 5. Results of Experiments in Apple Maggot Control, Hudson V/illcy, N.Y.,1939

Percent InfestedOrchard Bates of Treatments and Materials Variety of
K'ULibcr Used. For I>ast-parts per 100. For Fruit Exo-:iinod :

Sprays-"- iu-..ounts^ per 100 Gallons 1939 : 1938

1

4

5-x-x-

June 26, July 6, July 17, July 27
Dust :- phenothiazine 15 parts,
vralnut shell flour 25 parts,
dusting sulfur 60 parts

June 26 ;- x:h9nothiazine 1-1/2 lbs.

soybean flour 1/2 lb.

Jul:/ 10 & July 25 :- sarao as above
excepo only 1 lb. phenothiazine

Juiie 26, July 10, July 26:-

xanthone 2 lbs., lirie 3/4 lb.,

pine tar soap 1 lb.

June 26 ;- Basic zinc arsenate

3 lbs., lirr.c. 3 lbs., ski;.ir:dlk

p\7d. 1/4 lb.

July 11 :- phenothiazine 3 lbs.,
so7/bean flour 1/2 lb.; July 26 :-

phenothiazine 2 lbs., soybean
flour 1/2 lb.

June 26:- Basic copx>er arsenate

4 lbs., co::i::Lorci:l.» J--

.oproDtlciT 1 pt.
July 11 ; -Co:;jv>er arsenate 3 lbs.,
lime 4 lbs., SiciLi!".iilk pv/d. 1/4 lb.

July 25 :- Copper arsenate 2 lbs.,
limo 4 lbs., ski^.i^iiilk pwd. I/4 lb.

Red Astrachan 90.1
Mcintosh 21,6
Famous c 89.1

Yellow Trans. 46.3
Jonathan 66.8
Jonathan 68.7

Cortland
Cortland
Cortland
Cortland
Cortland

or 03

30.0 estii-iatod^^

66.2 record

75.0 estimated
90.0 estimated
90 oO estir.iated

Rod Astrachan 12.9 80.0 estimated
Red i.strachan 36.6 85.0 estimated
Rod Astrachan 11.3 80.0 OS uXLiS.oGc3.

Mcintosh 70.5 95.0 estimated
hclntosh 55.7 70.

0

est ii.iaoed

iviclntosh 5.5 60.0 estir.iated

Mcintosh 6.1 ' 60.0 estimated
Mcintosh 7.6 49.9 record
Mcintosh 2.4 55.0 estimated

M'clntosh 17.8 78.2 record

8.4
4.1
8.7
7.0.

7.3

Grov7er reported
complete loss
of crop from
apple maggot
infos tatijn

jr-J-l spra^'- materials are listed except sulfur w-hich was used at tho rate of 4
pounds of micronizcd material in 100 gallons of v/ater in all of the s;.rays.

The estimated percent infested v/as arrived at by casual oxaminativ^n of the
fruit at harvest in 1938.

^, W V /

The fruit in tmis orchard at b.arvost time boro an arsenic residue of 0.023
grains per 2:!Ound.



YMIMA, WASHINGTON

E. J. Newcomer^ In Charge.

Seasonal Conditions

The winter of 1938-39 was again nildj the i.iiniuiun ter.iperature at the
Weather Burc;au at lakina being 13^F., Winter uortalit^- of the codling aoth was
thus very lev;. Temperatures during the sujiii.ier months, vdth the exception of August,

were soinevi/hat lower than in 193S, and were only a little above the normal . In
August tlie temperature averaged rxboYC, August 1938, and nearly 5° above normal.
There were 21 days in August 1939 vv-ith i.iaxinum teuperatures of 90*^ or higher, as

compared v/ith only 9 in Aug-ust, 1938. The rainfall was less than usual, totalling
only 0.4-2 inch for June to Septenber, inclusive, as coi.ipared with 1.09 inches for
1938 and a normal of 1.59 inches.

The activity of the codling moth was greater than usual, and more noths were
caught in baits than in any previous season. For example, in one orchard about
17,000 ;:ioths v/ere caught in five baits in 1938; in 1939, although the crop v/as ^'^-x-

tremely light, 24,000 moths virere caught in the sane five baits. In another orchard,
over 4-4,000 moths were caught in five baits in 1939 •

Eiuergence of moths started late in April, 1939, reached a peak Just before
the middle of May, and continued throughout the rest of May and June. The peak of
egg deposition was not reached lontil Juno 28. First-brood moths apjpeared July 7,
with a peak emergence late in July, and moths continued to enter baits in consider;-

able numbers until Septenber 26. The season vjas thus a long one, and worm infesta-
tion was heavy.

Orchard Spraying Experiments

The chief spraying exr)eriments with insecticides were made in three orchards
in 1939, using the custom-ary set-up of three-tree plats replicated four times in
each orchard. The orchards used were: (A) Delicious, having a light infestation;
(B) Rome, having a heavy infestation; and (C) Winesap, having also a rather heavy
infestation. The crop was heavy in orchard B, tmd medium in the other two orchards.

Eight cover sprays were applied in orchard B, and six in each of the other
two, applications being m.ade as follov/s: Calyx , Apr. 27 - May 3; First Brood , 1st
cover. May 8-13; 2nd cover. May 17 - 23; 3rd cover. May 26 - June 2; 4-th cover,
June 5-13; 5th cover (orchard B only), June 26 - 27; Second Brood , 5th cover
(orchards A and C) , July 6 - 11; 6th cover, July 17 - Aug. 1; 7th cover (orchard B

only), Aug. 7; 8th cover (orchard B only), Aug. 21 - 22.

The treatments tested, and the results of the harvest counts, are given in

table 1. The percentages within orchards arc weighted, but the general averages of
the three orchards are unweighted.
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Table 1. ResiAlts of Eicanination of Orchard-sprayed Applos For the
Control of the Codling Moth. Yakina, Wachington, 1939

Free of
Plat Treatuieait Or- v/orms and

(Qaantit.tes ar o for lOO gals.) chard Worny Stun,^; stin.qs

1 Lead arsenate, 3 lha., cor,i:aarcial A 5-2 16.7 80.1
spreader 1 ]jt, B 15.7 38.0 55-2

• C 11.0 39.5 55.5
Av. 10.6 Jl,^ 63.6

7. Processed nicotine bentori?ite A 6.8 2.8 91.1
6 lbs. in 1st brood, 4 lbs. in 2d. B 29.0 17.3 60.2
Mineral oil, 3 qts. Ist brood; __C 22^2 12

.

6 68.5
2 qts. 2d.

'
Av. 19.7 10.9 73.3

2 Nicotine-bantonite, U.S.D.A. A I3.O 6.7 81.8
schedule.y B 31. 4 19-9 56.1

C 22.6 19.8 63.2
Av. 22 .3 15. 5 67.0

5 Micetine-bentonite 1st and 4th A 11.5 6.9 -. B2.9
sprays. I^lic:.tine-oil as in Plat 6 B 32.6 26.0 53.1
in all other sprays. KiC':)tine, 1 pt. C 26.4 21. 7 60.3
1st brood, 2/3 pt. 2d brood. Av . 23 . 5 18.2 65.4

3 Nicotine-bentonite 1st 3 sprays. A 15.3 10.8 76.9
lUcotine-oil as in Plat 6 last ' B 34-. 3 23.0 51.

8

3 s,.rays. C 36.3 23_;2 52.4
Av, 28 . 6 19 . 0 60.4

4 Same as 2 except 2/3 quantity of A 12.7 6.8 82.5
nicotine

.
B 39*5 20.1 45.9
C 3ivi 19^2 54.2
Av. 29.4 17.4^ 60.9

6 Nicotine, 1 pt., 1st brood A 16.2 11.0 75.1

2/3 pt., 2d brood. Oil, 3 qts. E 38.0 45.5 38.2
c 33.5 27.5 53.2
Av, 29.2 28.0 55. 5

1 Lead arsenate 3 lbs., Coi.iviercial
.

A 5.2 16.7 80.1
spreader, 1 pint C 11.0 39.9 55.5

Av. 8.1 28.3 67.

B

8 Sane as 1, 2d - 4th cover sprays A 3.4 10.2 87.2
delayed 10 days C 7.3 36.2 60.3

Av. 5 . <4- 73.8

2/Nicotine-cil in last tv/o cover sprays in (;rchard B; in last cover srTay only in

orchards A and G.
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An analysis of variance indicated the following cliffei-ences in percent of
wormy fruit required for significance:

P Value Orchard A Orchard B Orchard C

.05 K^l 7.5 9.0

.01 6.4 10.1 3.2.2

Thus, with the exception of Plat 7 in orchard A, all of the nicotine treat-
ments are significantly p-.yorer than the load arsenate treatment (Plat 1), and for

the most part plats 3, 4 and 6 are significantly poorer than plats 7, 2 and 5» The
variation in tine of spraying in plat 8, ?;hile resulting in uniformly cleaner fruit
than plat 1, was not proved in these experiments to be significantly better.

In addition to these tests, a Jonathan orchard was used for two additional
tests of nicotine as shovm in table 2.

Table 2. Results of Examination of Orchard-sprayed Jonathan Apples for
Control of Codling Ivioth. Yakima, Washington 1939.

Free of
Plat Treatment Vfcrmy Stung vrarms and

(Quantities are for 100 gals.) stings

1 Lead arsenate j 3 lbs., ComL-iercisl.

spreader, 1 pt. 38.2 31.3 44.0

9 Nicotine sulfate, 1 pt., bentonite,

5 lbs., mineral oil, 1 qt., sodium
lauryl sulfate 3 oz., 1st brood. Illcobine

sulfate, 2/3 pt., mineral oil, 3 qts.,
2nd brood. ' 39-7 . 9.6 55.1

10 Nicotine peat, 4 lbs., v/ood pulp,
8 lbs., wetting agents (Aimmonium

caseinate, I/3 pt. 2 sprays; glue, 1 lb.,

1 spray; commerci.al spreader, 1 pt.,
2 Sj^rays) . Nicotine sulfate, 2/3 pt.,
mineral oil, 3 qts., last spray 54*2 16.3 38.2

The analysis of variance vjas not figured for these tests, but it appears
that results with the nicotine, bentonite and mineral oil combination were as good
as with lead arsenate, but that the nicotine peat with wood puljj was inferior to

lead arsenate.

Spray Deposits : Analyscw^^ made by the Division of Insecticide Investigations
showed a somewhat heavier average deposit of load arsenate in Plat 1 than in the
same plat in 1938. This may in part accc^unt for the relatively poorer showing of
nicotine in 1939 as compared with previous years.
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In.iiir.7t The only injm^y noted occurrc-:-d in the Roue -'rchard in plats 5^ 6

and 7 in vj'-iich i.iinciral oil eaulsion was being \13ed. in the early cover, sprays. In

these plats there Cvas a ro.ther hea\n/ drop 01 fruit foilov/ing the usual June dr^.p.

The drop was heaviest in plats 6 .and 7 and therefore a record vjas kept, fron six
trees in each of these plats, of the niinber of apples subsequently thinned iroij

the trees and of tiie crop at harvest. Tnis record^ which is given below, indicate:

that a considerable drop nust have occurred in plats 6 and 7, that it was

heaviest in Plat 6j

Averarx- No. ap-les per tree

.Thinned Harvest Total

Pl.at 1
6
n
I

2,737
1,078
2,058

1, 661

1,329
1,475

4,398
2,4-07
"A

^"^"^

Size of fruit : The average niunber of apples per box occurring in the
various plats is gi^.^m bej.ow:

Plat Treatment Size ( Av. Mc. xVpplos per Box)
Delici^.'US Winesap Rone

1

2

3

I

Lead arsenate

Nic otine-b entonite ( U . 3 . D . A . ^
•" il

eaulsion in last spray only._-^/

Do., oil in 2nd bi-ocd sprays

Do., reduced streni;th

89

86

84

91

116

106

115

110

73

79

73

77

5 Kicotine-bentcnito j oil if^

ulsion in 2, 3, 5 and 6.-^

6 Ni cotin e-oil

95

87

-15

124

76

77

7 Processed nicotine-bentonite .

oil
md

93 108 73

Lead arsenate 3n 112

Av. All Plats (except 8) 89.3 113.4 75-4

1/ Last two on Eones. 2/' In 2, 3, 6, 7 and 3 on Rones.

There is no evidence here of any effect of any of the sprays .:.n size, except
possibljr in the Winesaps, where the use of r.iineral oil einulsion in all sprays in
plat 6 seen:S to have reduced the size of the fruit somev/hat.
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Color of fruit : The conparative degree of color in some of the plats
was determined. It was evident, howev-.r, that the use of nicctine-bantonite, with
only one ap])lication of mineral oil had no significant effect on ccslor, either way,
and that as the ni:;nbor of oil s^irays a,;plied increased, the i?ercentage of color
decreased sonewh^at

.

Residue rei:ioval; Winesap apples frcia plats 2 (nicotine-bentcnite, U.S„D.A.
schedule), 5 (saLie alternated with nicotine-oil), and 7 (Processed ni cotine-benton-
ite and oil) were run through a cleaning treati.ient by A.L. Ryall, Bureau of Plant
Industry, and later exanined. Sodium silicate, 70 lbs. to 100 gals., at IIJ^F. for

15 seconds, follovjed by 1.5;o hydrochloric acid at 70°P\ was used in a machine con-

taining sone brushes. It is not thought that the cold acid had any beneficial ef-
fect. This treatment satisfact'-'rily cleaned the fruit froia plat 55 did a fair job

of cleaning the fruit from plat 7, tut failed to clean satisfactorily the fruit
froi;i plat 2. The latter, of course, iiad the heaviest residue of bentonite, and
after cleaning, much of this bentonite was still visible on this fruit. After re-
maining in cold storage for a month the development of wax on these apples w^as so

great that the residue even on the unvfashed checks was more or less obscured.

Bait Trap Experiments

Results of Tests with Attractive Chemicals.

Tests were made vdth the folloviring chem.icals: ben2!iyl alcohol, iso
butyraldehyde, acetic acid, formaldehyde, benzaldehyde, n-butyric acid, phenyl
propionaldehyde, n-x:ropyl alcohol and normal am.yl alcohol. The materials were used
o.t various dilutions in water containing 2% sap;onin, and the saponin was also used
alone as a check. With the exception of the acetic acid the materials gave negative
results. Baits containing 2 cc, of acetic acid to 1 quart of the 2;^ saponin
solution caught 314 moths as compared with 328 moths caught under similar conditions
in a 10^ molasses bait. Therefore the; tests with acetic acid were repeated on a

larger scale from August 11 to 24 and it was determined that a mixtni'e of 2 cc. of
acetic acid in 1 quart of saponin solution caught more mvoths than a larger or
smaller quantity of acetic acid. This dilution caught 1709 moths in 10 baits as

com.pared with 2352 moths caught in 10 molasses baits. These results are interest-
ing in view of the fact that no one chemical of the i:iany others tested has shovm
this degree of attraction. The saponin lowers the surface tension of the water
sufficiently to wet the moths easily, and improves the methc^d of making tests,
without in itself attracting an a;()preciable number of moths.

Results of Tests with Poi soned B^.it

,

A small bag made of towelling was saturated vdth a solution of 5O grains of
sugar end 10 grams of sodiuia arsenate in 100 cc. of water. The bag was placed uver

a v/ire frame in a battery jar and put in a box having an electric light that wo^dld

shine up inside of the bag. Codling moths v;ere placed on the bag and allov/ed to

feed, the light preventing them. frc;a trying to escape. They were then transferred
to other cages and the length of life compared with moths that had not fed on a

poisoned bait. About 130 laoths were used in the feeding test and a similar number
in the check.

Two-thirds of the poisoned moths died in 1 day, and three fourths in 2 days,

although these pr.jportions of the check motbiS were dead only at the end of 5 and 6

days, respecjtively.
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Biological Studie s

Ccrtc.in biclogicol studies have been nade in the orchards to deterniinc the
reliatilitj" of halts as indicators of zic-th emergence and egg laving.

Mcth Einer^;enco Records .

Moths began energing April 22 and emergence reached a peak during the periov"

May 10 to 14-. Eiaergence was about co.:i^leted from cages and bands in the orchards
by the end of May, bux there v/ere still aany to emerge from the ground and from
cool places about the trunks. At tne end of May many larvae and pupae were found
and only 1G% of these ';7ere pupae. This does not :aean that 84^ pupated after the
end of May, as later observations showed that nany of these larvae failed to
pupate at all. Diid apparently many of then died without pupating, as the number of
living larvae decreased at each observation.

Bait Record s.

Moths first appeared in bf;its April 26, and reached a peak May 8 to 16,
during a period of ^irarm 7/eather, when an average of 910 uoths per night were caught
in 5 baits. With cooler weather foll'O-v.-ing and fe^fjer uoths emerging, the numbers
caught in the baits were lessened and thoy did not again roach a high point until
first-brood noths began coming in numbers late in J'oly. At times, dui'ing cool
spells, the numbers dropped albncst to zero, and the average number caught daily
from May 17 to June 30 was only 160 5 loss than 1/5 the average during the peak
period,

Ku'uber of Moths in Orchard .

By carefully covering trees in an unsprayed orchard 7:ith flunigating tents
at inter '^'c-.ls and volatilizing nicotine under the tents, the moths in the trees
would drop to a sneet spread on the ground, sjid some idea 01 the relative numbers
present in the orchard could be had. The number of moths so obtained from S trees
fumigated once a Wc;ck vras as fcllov/s:

90 June 12 67
16 137 20 84
23 36 27 59
31 108 July 5 60

June 6 ^6
-- 13 17

The date v/hen the largest niimber of moths viras found corresponds to the
maxim-iji-i emergence and the period of maxirrom entrance into baits. It should be
noted, however, that relatively large nu:::bers of moths v/ere present until July 5?

and that the average number caught after the peak period, that is, in June, v;as

over half that at the peak, while the numbers caught in baits v/ere loss then I/5
the nuiTibers caught at the peak, shovdng that the moth population is not accurately
indicated by the baits.
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E;y^ Deposition Records

.

The j?irst eggs were observed on April 29, and eggs deposited early in May
hatched in 10 days. The 3)eak of e^7,i^ deposition was not reached until June 28

^

although, as shown ahove, the greatest numhei' of moths was present in the orchards
in May. It is thus evident that more eggs are deposited per moth in late June than
in May,

HatchinK' of Egg:5 .

The first eggs hatched about May 10. Data on the hatching of eggs was
secured thereafter by mailing careful examinations every three or four days of 715
marked apples on an unsprayed tree in a sprayed orchard. The total number of
worms found to have entered these ai/ples prior to each examination is shewn belov;:

Date No, v/orms Date .No. worms Date No

.

worms

May 16 2 June 6 115 June 25 433
19 5 9 132 28 498
23 2/-f 12 16B July 1 544
26 243 5 380

29 49 -i-/ 2B3 8 630
June 3 83 22 320 12 846

i5 907

Thus, the; niimber of v/oTuis entering tiiese a^,)ples by :x=;riods of ahout
weeks v/as as follows: May 15 - 31 5-5

June 1 - 15 1B8
June 15 - 30 295
July 1-15 369

All of these observations show (l) that the number of moths caught in the
baits during the early part of the season is not an accurate indication of the
number of eggs deposited, (2) that most of the eggs are deposited after the peak
of moth catch in the baits has occurred, and (3) that large nuinbers of eggs must
be deposited at tines when comparatively few moths are entering the baits. Acting
on this information (simi].ar records had been obtained in 1937 and 1938), a
variation in the spray schedule was tried (see Plat 8, tf^ble 1) in vi/hich the
second, third and fourth cover sprays -were delayed about 10 days. Wo significant
improvement in control was sho^m, but the res^olts were no worse and may have been
better.

Records of Second-Brood Activity .

The earliest moths of the first brood appeared on July 7 and the peak of
emergence occurred from July 23 t'-. July 27. Second-brood larvae v;ere entering the

fruit in maximum nuinbt-rs ab-.-ut August B. The records indicate that the first
moths of the second brood emerged about AU},:USt 4 with a peak about August 20, and
that the third brood of larvae Vv-as rather large this year.
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Orchard Sanitaticn Sxt erinents

Experi.ncntvS on banding said orcnai'd sanitation T^ero continued in the Gilbert
orchard for the 5th season, and in the Bounds orchard for the 2nd season. A neri

set-up in the Buchanan orchard was c:)erated for thv^ first tine. In each case the
set-up consistud of approxiiiioxely 10 acres of scraped and banded trees and an ad-
joining 10-acre check plot, both plots being sprayed alike (except in one case

discueBed later) . In the Gilbert orchard (Table 3) although the general level of
infcstaoion was higher than in 1938^ the sanitation plot showed a definite decreas-

in codling r/roth infestation ccnp.cj.-ed with the check. In this case the increased
control vvas in spite of one less cover spray (the third) in the sanioation plot.

The Jonath.ans in the check had I4.4 percent acre fruit while tne check Fjinesaps hac

6.8 percent loss.

The Bounds orchard, '.vhich v/as cleaner thcai in 1938, showed a very definite
control for the sanitation program over the check in spite of a higher eld of

fruit in the check for thiree varieties out of four.

The Buchanan sanitation plot, for which there is no yield conpariscn v/ith

last year, also showed a decided contr'^1 co..ipared with the check, although three
of the icur varieties showed a higher yield in the check plot.

Summarizing five seasons' tests, every one of the 34- comparisons, by
varieties, shows a definite control value for the sanitation program.

Average Worm Capture in B ands

.

In all three orchards, bands on Jonathan trees captured the highest average
ninnbei- of larvae yev tree; froa 4.7 to 5. 7 tines as nany as Winesaps, the cleanest
croD. illl Jonathans averaged 14S) larvae per tree. and all V^inesaps, 28.

Table 3 -— Results of S?:hitation and Banding Experiments, Yakina, IVashington, 1939

• ercent of a];^:le3 : Percent of apples : Percent of apples
« wormy stung : clean

Orchard:Variety : Sanitation: Cheek : Sanitati: n: Cheek : Sanitati :.n: Check
• Plot : Plot : Plot : Plot : Plot : Pl-t

Gilbert Jonathan IS.

3

17.5 30.7 45.8 58.4 49.1
7/inesap 3.4 4.6 28.6 32.7 70.0 65.7

Bounds Jonathan 11.4 20.1 28.8 47.8 65.6 46.7
Winesap 2.2 5.1 37.8 76.9 61.1
Delicious 13.2 17.5 38.4 55.9 55.3 38.9
Ark. Black B.5 13.1 33.4 56.0 64.1 40.9

Buchs.nan Jonathan 18.1 35.2 48.0 70.4 46.1 A.2 «

Winesap 1.7 4.9 23.1 34.1 76.4 64.9
Delicious 11.5 15.6 59.9 51.2 37.1
Rome Beauty 11.2 27.5 38.2 69.1 57.2 27.0



Percent of Exited Larvae Caup:ht in Bands.

In tes'bs to det'jrinine the jjercent of exited larvae caught in bands on

trunks or trunks and linbs of scro,pcd trees, out of a total of 4,405 larvae that

had left the fruit on 32 trees, 1,958 larvae were captured in bands, or 44.4 per-
cent. (Last year 45.0 percent). Of these the trunk bands caught 35*9 percent
and the trLink and lir.b bands 52.5 percent. The highest percentage caught was on

Jonathans in the Buchanan orchard, 71.0 percent, and the lowest on Delicious in the
same orchard, 28.0 percent Bands on Jonathans catch a larger i)roportion of the
larva.e leaving the fruit than they do on other varieties, partly due to the
thorougbjiess with v^hich this variety can be readily scraped.

Compsrison of Bands on Trunks ^ Limbs rmd Both .

Tests as to the relative value of bands on trunks with bands on limbs and
both, were continued, employing the equiponderant nethod, wherein the bands were
alternated betvv'cen the three arrangements weekly. This test was made on 18
Jonathan trees in the sprayed Stevenson orchard, 15 Jonathcans, 6 Winesaps, 6

Delicious, and 6 Romes in the ansprayed Breeding orchard. The bands were shifted
every 7 days, froin June 23 to September 9> cl total of 12 tines. Of the 106,007
larvae caught, 26,3 percent were caught in bands on trunks, 34«2 percent in limb
bands, and 39.5 percent in the coinbination of trunk and linb bands.

Of 17,692 larvae caught on 354 trees banded with both trunk f3xid limb bands
throughout the seasc^n, without changing, 4j449, or 25.1 percent were in the trunk
bands, and 13,243? or 74.9 percent were in the limb bands.

Locati'3n of Hibernating Larvae

.

A. As to part of tree. Minute examination of every inch of surface of 24
trees scraped and banded in 1938, sh'.jwed the Icca'cion of hibernating larvae in the
spring of 1939 as showi in Table 4^1.

B, As to kind of lo'cation . These same data were reassembled as to kind of
location (Table 4B)

.

Table 4 — Location of hibernating larvae as to jjart of tree^ and as to nature
of location. Survey of 24 trees scraped and banded the previous season.
The data for both parts of table are from the sane trees.

A. Locatiun of hibernating B. Location of hibernating larvae
larvae as to part of tree as to kind o f location

Location Percent of total Location Percent of total

Trunk I5.4 Rough bark 32.3
Scaffold limbs 17.5 Fruna.ng woimds and 25.5

broken limbs
Branches 40.7 Crotches 9.9
Miscellaneous 11.1 Holes and crevices 5.6
Trash-"- 14 »G Miscellaneous 11.1
Soil-5^ 1.5 Trash^^ 14-0

Soil-^'- 1.5
5^- Calculated upon the data obtained in I/4 ai'ea of tree.
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Conparison oi LGC£ti;'n of HioprnotinK Lar^:^ae on l]nscra.r ; G-i Trees and Trees Scraped
and r£-.ndcd in 193S.

This coLiparisv-^n was nade by uinutely exa^iining in April every inch of sur-
face of 6 Winesap trees in a scraped and banded j.lot and a like number in an un-
scraped chock plot adjoining. Oi"> scraped trees 70.8 percent of the hibernating
larvae v.ere on brancheb^ where evidently there were more suitable hibernating
quarters than elsewhere. Uns craped trees shov;ed a more equal distributir;n of
larvae over the whole tree. Unscraped trees held 130 larvae per 'oree coripared wit'.

only 11.3 on scraped trees.

Tests Shovrinft' Larvae Pass Over or Tb.rou.s:h Cheniically Trea.ted Bands .

Three badly infested trees banded with bota-naphthcl-oil-treatcd bands, one

series between an upper and a l-'V/er series on the sane scaffold linbs, showed that

76 percent of the captured Ibxy'ic ?;ere caught in the upper bands, I4. i:eTCQnt in the
middle bands and 10 percent in the lov/or bands. Larvae in the middle series either
passed over or through upper or lower bands or both.

L!an3' Bands vs. Bands on Trunks, Linbs, or Both

A replicate of 4 trees for each arraiigenent where nany (25) bands on trunks
and limbs was compared v^ith trunk bands, linb bands and both showed increase catch
of larvae as follovjs: Many bands, 70 percent increase ca^:tui*e compared with trunk
bands, 4-7 percent increase over linb bands sr^d 36 percent more than for tr-onk and
liinb bands.

Codling Moth Larvae from 1936 Failing- to Transform in 1939.

In an orchard that was badly infested in 1938, and vmich had many fruitless
trees in 1939, and others 'with only a bushel or so: of applies, thousands of over-
Vjintering larvae from 193^ had failed to pu^T^ato in the soil at the base of trees as

late as July 6. It was thought that these might not transform during the season.

After all pupation was over for the season (and even as late as Wc^vember 10) hun-

dreds of these 1938 larvae were still alive in their cocoons in the soil at the

base of the trees. Cages were built about several tree trunks to study further the

possibility of these larvae surviving the second vdnter and transforming to moths
in 19.40.
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KEARjNiEYSVILLE, ^5ST VIRGINIA

Edwin Gould, In General Charge
G. H. Geisslex', In Innediate Charge

Those investigations were carried on jointly by the Bureau of Entomology
and Plant Quarantine and the West Virginia Agricultural Experiment Station.

i • Seasonal Conditions and Codling Moth Abundance During the 1939 Season.

In the Shenandoah-Cunberland j?ruit belt abnormal seasonal conditions were in
evidence during the greater part of 1939* BIooli on apples was iDode?"ately heax'^'-,

but cold vvet v;eather during the blooming period together with heavy frosts resulted
in less than one-half of a normal crop. This fact coupled with early maturing and
a poor iiiarket found the najority of growers coi.iplcting harvest operations at least
two weeks earlier than nornal.

Cold wet v/eather during early ilay delayed the peak of codling moth activityj
but a period of hot dry Vireather frO:.i May 15 - 25 accelerated development and result-
ed in a L-ioderately heavy infestation. Wet weather during the greater part of June
very likely accounts for the better than usual success of first brood control of
Vvoros by means of spraying. The total rainfall during May was only .96 inches.
This was the second lightest May rainfall in the past 20 years. The opposite was
true during June with a total rainfall of 8,4-6 inches. The peak of bait pail
activity was arreiited on May 12 by cold ?/eather. Activity was resuraed as soon as

higher temperatures prevailed ;:'nd the highest first brood activity was reached on

May 2-4 when en average of 21 moths per pail were captured. It is interesting to

note tiiat the bulk of entry occurred not from the peak of activity on May 2L, but
rather from the sm.allcr and eai'lier peak of May 12. The peak of activity occurring
May 2L, failed to piroduce a proportionate number of entries, due to the large amount
of rainfall immediately following. During the favorable conditions for flight and
oviposition during the period May 15 - 25 liatching iroia emergence earlier in the

season was taking place.

Long dry periods of weather from July 1 to Sep'tember 30 resulted in con-

siderable egg laying and hatch. This should account for a carryover of v^orms equal

to or greater than that found in previous light crop years.

2 . Field Experiments with Insecticides

.

The spray testing experi.-ients for 1939 were designed m.ainly toward elimi-

nating first brood. Fifteen treatiaents were included in the group. Three of these

treatments were applied on a lar;_,e scale in blocks 12 trees long and 6 trees wide

and were in the nature of a cleairap jjirogram. All spraying was discontinued after

1st brood except treatment Mo. 4- which vjas given one second brood spray. Ten' of

these 15 treatments were applied in duplicate orchards using the single tree plot

system, with 5 one-tree replicates in eacli oixhard. Two of the treatinents (Nos. 11

and 12) v/ere applied in one orchard only. First brood counts wci-e made of all treat-

ments in addition to the usual drop and harvest counts. The following summary

tables give the results of all m.atcrials mider treatment.
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Table 1. Results of Field Exj^erix-ients with insecticides for Codling Moth Control,
Stewart Orchard, Kearneysviile, W. Va., 1939. •

•

rrsat s Materials (Aincimts p^r 100 gals.) : Total
No. : 1./, 2j : apples

so'.md apples
• 1 c;-!-
. D .J

: brood Total

Total injury
rer 100 apples

Yvorms : Stines

1.

2.

3.

5t cover: L.A, . Flot. SUj. . , LllaO .

2nd, 3rd & 4th covers: L.A., Bordo. 4-?-23

1st & 2nd covers: T.M.Mic-Bent . ,L. A.

3rd & 4th covers; L.A., bordc.

lst-4th covers: T.M.Mic.-B;

621

S

4980

62.3 23.7 156 114

63.2 28.2

71.7 23.7

107

188

132

47

1st cover : L . A
.

, Flot . Sul
.

, Line
2nd,3rd,&4th covers: L.A, Bordo.
5th cover (2nd Drcod) : L.A.,Bord.. 5181 69.3 41.'^ E7 12:

6.

'7

8.

9.

1st cover: L.A.,?/eak B^rdo.
2nd & 3rd covers: L. A. ,3ordo,r«ic.

,

Sura. Oil.

4th cover: L.A,, Bordo

1st cover: L.A.,l/eaic Bordo.

2nd & 3rd covers: L.A,, Bordo.,
Sum. Oil

' -1-1-. cover:- L.A., B.-rdo.

1st cover: L.A., line(6lbs. )i:]ic.

2nd, 3rd &4th covers:L. A. .Bordo
.

,

_,,Kic., Sun.Gil .

:?th cov^r:i^ic.t3/4pint)Suin.0il (3qts)

1st cover: L.A., Weak Ecrdo.
2nd cover: Nic, Sul:. Oil.
3rd, 4th & 5th covers: Proc. I^ic.Btnt.

Kic.(l/2 pint) Sun. Oil.

1st cover: L. A., Weak Bordo.
2nd cover: Pvr . -Berr

. (ipint) , Sun . Oil

.

3rd, 4th & 5th covers: Proc.Wic-Bent
Sun. Oil, P3^r. -Dorr. (1/2 pint)

5a3

00

//.J :^9.j

5929 84.1 45.6

87.9 46.1

628 80.2 '~\r-'

69

45

71

I4I

102

4330 69.9 30.2 124 105

77

65

10. 1st cover: L.A., Flot. Sul. ,Line
2nd cover: L.A., Bordo., Wic.
3rd Cover: Calciun arsenate, 3 lbs.,

Bordo., fiiic. 4578 55.6 21.5 179 106



Table 1 (Continued)

Treat : j'ilaterials (Aiiiounbs per lOO f,;ais.)

•

: Total :

Percent :

. sound apples !

Total injury
per 100 apples

Mo. T / O/
±J f -6:/

: apj^les ;, 1st I

: brood i Total :

•
•

WoriiS : StinjTS

11. No Calxx
1st cover : L.A., Flot . Sul

.
j Liue

?i"ifi "^"rd Rr /til c'C'~'n^T^-\t Ti A Hordc^. J J7 J 38.2 19.6 1S6 1?*^-L/CJ

12. no Calyx
1st cover : L . A

.
, Flot . Sul

.
, Liinie

2nd ccvor: L.A. Bordo.
3rd Si 4-th covers: L. A., Bordo.

No. B Brovm Sugar, 8 lbs. 4^1..-:' 57.6 19.3 157 138

All treatuents except 11 end ±2 inciudod a cfOLjx spray of lead arsenate, 3 lbs.

lime-sulfur, 2 gallons lime, 6 lbs.

2/
Abbreviations used in this tabic include the foilov/ing:

Bordo. 2-4-100 Bordeaux Mixtuj.'es

VJeak Bordo, - l/2 -1-100 Bordeaux Mixture
Flot. Sul. = Flotation Sulfur, 5 lbs.
L.A. - Lead Arsenate, 3 lbs.
Line - Hydrated Line, 3 lbs.

Nic. - Nicotins Sulfate {L0% nicotine) 1 pint
Pyr.-Derr.= Proprietary uatorial containing Pyrctliruui and Derris extracts.
Sum. Oil. " VJliite or Suiiiinor Oil Emulsion 1 gallon

„

T.M. Nic. -Bent.- Tank-L:ixed Nicotine-Bontonite: Bentonite, 5 lbs.; Nicotine
Sulfate (40% nice tine) 1 pint; Soy Bean Oil, 1 qt.; Sodiuri

Lauryl Sulfate 1/2 02.

Proc. Nic. -Bent. ~ Factory-processed Nicotine-Bentonite, 4 lbs.
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Table 2. Results of Field Experiments with Insecticides for Codling Moth Control,
Shryock Orchard, Kearneysville, W. Va., 1939.

Treat'. : Materials (Anounts per 100 gals.)

•
•

: Total
: Pcrc
: sound

-nt :

aT);5les :

Total in

per 100 apijles

No. : a'o'^o'i es : 1st :

: brood : Total : Worr

•
•

iS t Stint's

1. 1st cover: L.x^., Flo t, Sul. ,Line
2nd, 3rd &4-th covers: Ij.A,,3ordo.

14, 838 77.1 59.4 23 59

2. 1st & 2nd covers: T.M. Kic—Bont,L.
3rd (§c 4-th covers: L.A,,Bordo.

A.

14,668 76.6 61.8 15 59

3. 1st -4th covers: T.M.Wic.-Bent. 11,650 89.7 64.2 25

*+ • 1st covpr: L. A. .Flot.Si:i"L- nr-

2ad,3rd,<S:4th covers: L.A.,Bordo.
5th cover ( 2nd brood) : L . A . B ordo

.

17,557 72.9 58.3 7 65

1st cover : L , A
.

, Weak Bordo

.

2nd vS: 3rd covers: L. A. ,Bordc .I^lic.

,

Sum. Oil.
4.th cover: L.A. , Bordo. 16,127 83.9 61.5 15 58

6. 1st cover: L. A., Weak Dordo
2nd & 3rd covers: L. A. , Bordo. , Sum.

Oil.

4.th cover : L . A
. , Bordo 13,965 85.1 68.4 12

7. 1st cover: L.A.,Ijime (6 lbs.) Mic.
2nd, 3rd & 4th covers: L.A.jEordo.^

Nic.,Sum. Oil
5th cover: Nic.(3/4 pint) Sum. Oil.

(3 qts.) 21,395 87.4 73.0 8 39

8. 1st cover: L.A.,VJeak Bordo.
2nd cover: Nic, vSum. Oil.
3rd, 4th & 5th covers: Prcc. Nic.-Bent.,

iMic. (1/2 pint) Suiri. Oil. 8,291 93.4 70.4 19 29

9. 1st cover: L. A., Weak Bordo.
2nd cover: Pyr,-Derr.(l pint), Sun. Oil.
3rd, 4th & 5th covers: Proc. Nic.-Bent.,

SuLi. Oil, Pyr.-Derr.(l/2 pint) 10,902 85.1 50.3 65 42

10. 1st cover: L.A., Flot. Sul. , Lime
•2nd cover: L. A., Bordo., Nic.
3rd cover: Calcium ilrsenate, 3 lbs.,

Bordo. .Nic. 17,457 62.1 53.5 U2 83

V "
^

All treatments included a calyx spray of lead arsenate, 3 lbs.; lime-sulfur,
2 gallons; lime, 6 lbs.

^ Abbreviations and amounts as in Footnote 2, Table 1.
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In practical-ly all cases the percentage of total infestation over that of
1st brood was greater in tho more heavily infest od Stewart orchard than in the
Shryock, This i::ore clearly shjv/s the valuo of 1st brood counts in proporly inter-
]jreting the value of a given treatnent a.nd also the value of duplicate, experiments
with varying moth populations.

The three cleanup blocks A, B and C are summarised in table i\lo. 3. They
were applied in large blocks without replicati^'jn.

Table 3, Summary of Spray Treatments - C].

Kearnevsvillo, W. Va
eanup Pro

1939.

gram - Shryock Orchard,

m

Treat,

:

Materials (Amounts ,jer 100 Gals."! I Tc: tal

: Percent
: sound apples

: Total injury
: per 100 apples

No. :
o /
£7 : apples

•
•

: 1st :

: brood : Toted.

* •
• •

: Worms : Stings

A

B.

1st cover: L,A.,Nic,, Lime (6 lbs.) ,

2ndj 3rd & Zth covers: L.A., iUc.

,

Sum. Oil. Bordo, '

19,9.49 84.8 65.9
5th cover: JJic. (3/4 pt.) ,Sa':i.Oil. (3 nts,)
1st, 2nd, & 3rd covers: Liu. iNiic-

Bent.
4th cover: L , A, , iiic . ^ Sun.. Oil .

j

Bordo .

5th cover: Kic. (3/4 P"'^')> Suun.

Oil. (3 qts.)

17 44

17,014 83.7 54.6 35 5B

C.

17

1 Gt cover : L . A
.

, V/ettab^l 0 Sulfur

,

5 lbs.

2nd - 5th covers: L.A., Bordo. U0O6 63.5 47.2 20 89

Lead arsenate, 3 lbs., lime-sulfur 3, 2 gal., lime 6 lbs.,

all treatm,.ent3.

caij'x spray m

Abbreviations same as those in Table 1.

The niC'-tine->-'il"lead schociule (A) gave significantly better control
than the standard Bordeaux-lead schedule. Treatnient A resulted in 58.2 percent
less Ist-brood infestation thcin the standard (C) treatment. Hovvrever, 2nd-brood
buildup was proportionately greater and offset soLiev/hat the superior c^jntrol of the

nicotine-oil-lead troatment.

Treatment "-l consisted of 3 covers of tank-mix nicotine bentonite supplemented

by a 4th cover of Bordeau:x~lead-oil-nico tine and a 5th cover of cil-nicotine. This

treatiac-nt is coi.iparable to A di.ur*ing 1st brood but the 2nd-broQd buildup was far

greater.



These results clearly indicate that a toxic residue is necessary to prevent
2nd-brood buildup. The practicability of such Ist-brood treatments lies in re-
ducing dense populations in special cases, but cannot be considered as an annual
practice.

3. Biological-Mechanical Control

.

This project was beg^on in 1935 aj^d was planned for the control of codling
moth by a virtually non-spray program of raechanical control measures and by
stinulation of parasite and predator populations.

During the 1939 season the orchard was pruned and scraped as is the annual
practice. A pink spray of line-sulf^ar 1-50 was applied April 15 - 19 and a petal-
fall application of lime-sulfur 1-50, lime 6 pounds and lead arsenate 3 pounds per
100 gallons May 4 - 11. Prolonged periods of application were due to irregular
bloom. All trees, trunks and scaffold limbs, were banded June I4 - 16 v/ith 2-inch
corrugated paper and were changed once each week until pupation had entirely
ceased.

These two tables below give a coaplete sujiimary of the more important results
recorded during the past five years.

Biological-Mechaiiical Control Pro j net

Swi'daary of Annual Records

lear
Ave. Yield

per Count Tree
%

Wormy
%

^
s . & w

,

of

stung Parasitized Predatored

1935
1936
1937
193B

1939

998
5070
1923
34O8

1357

48.0
47.7
37.9
45.0
34.7

22.0

4.7
22.2
13.7
19.2

7.9
3.0

11.7
3.8
7.8

6.5
6.6

_ 4.7

2.3
10.5
12.6
13.3

Total Crop % Crop Percent Fruits Injured
Year in Bushels Dropped Drops Harvest Total

1935
1936
1937
193s
1939

6593
3421
5106
3352

50.3
60.9

44.5
66.3
50.4

91.2
71.3
88.7
75.7
76.6

66.4
33.7
58.3

36.4
46.6

77.9

55.4
71.8

62.5
61.7
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A compa.rison of the cinnual v;criii inj'ory as siiovm in tkc above taLiles in-
dicates that 1939 had the second lightest infestation in 5 years with a total of
61.7 percent of the fruits injured. Important is the fact that 34.7 percent of
the total drop-harvest counts were wormy (lowest in 5 years) and 19.2 percent in
the sfcujig and woray class, Cniy 7.B percent of the fruits were stung.

In coiiiparing the annual parasite catch under bands in past years, the 1939
figure of 4-. 7 percent is less than 1933 (6.6/0) im:!! 1937 (6,5^) but greater than

1936 (3.5%). These figures are still too low to have any but slight bearing on
control. ,

,

Comparison of the annual predator catch shovvs 1939 higher than any previous
year. A total of 13.3 i.^ei'cent of the larvae v'^ei'e destroyed under bands this
season as. against 2.3 percent in 1936. Since this represents only a small part
of a given worm population destroyed by predators, it is o'i.vious that these in-
sects rlay a large part in reducing the popuJ^abion.

The sinnmary of 1st .'J. i.'vJv.!. 0. id drop Jaarvest counts is given jelov'j.

Total
Fruits

C'
'0

Sound Stung
1°

v?oi'?ny

fiStung

& Wormy

'-1

Vv

100
S

100

First Brood 135,764 38.0 62.0 10.9 18.6 0. ^) 39 25

Drop-Harvest 135,722 61.7
••> r> '">

/ «

0

/ »-,)

.19.2 113 38
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VINCENi^ES , i:;!DIAMA

L, F. Steinor, In Charge

Seasonal. Ccnaitions

Mortality of hibernp-ting Larvae during the winter of 193^5-39, vvhlch cip-

proximated 25 to 30 percent, v;as caased iarg;.;ly by disease and prolonged warm fall
v/eather. Winter tenperabi-ires were luild but the carry-over of larvae appeared less
than normal apparently because the early 193B harvest found a larger :^ro]-}ortion of
larvae still in the fruit.

Teiajjeratures and development in 1939 were noriaal imtil September, when the
hottest weather of the year prevailed, tiie naxiaum being 106°F. c;n Sopteraber 8.

Rainfall for the first six months totalled 23.79 inches ,7ith 7. 3^4 inches in April
and 5.^6 in June, A serious apple scab situatiLTi developed as a result. Rainfall
in July, August and Septeraber totalled 2.70, 2.04- and 1.07 inches respectively and
the change to drouth conditions and higher toiiperatures in Septe.:iber caused
serious defoliation and preuature dror- of fruit in soLie orchards. Approxinately
4-0 percent of the fruit dropped before harvest in :me orchard v/nere the ::ioisture

deficiency was less acute than in most.

Spring-brood niobb. eiiergence began about r.b-jy 6 and \ms practically coraplete

in the orchards by June 7. Moths mrre ab-mdant thrv-Qghout June, ir^wevei;, since
adults of the first brood begcja emerging Juno 23. Hatch of eggs first took place
about May 20 and reached a sharp p^ealc 'bhe first vveek in June. Mature larvae were
leaving apples June 8, 20 days after the first hatch, as in 1938.

Bands yielded their peak catches dui^ing the 7-day period ending July 5.

These catches were not again exceeded until late in Augus'c.

In general lead arsenate gave poor result;- during the biot dry August and
September so that wherever used the third-brood attach was severe. The present
hibernating brood is larger tb^an normal throughout southwestern Indiana.

Control by Insecticide s

Insecticide' tests were of three types, laboratory, laboratory-field, and
large scale control tests. All types v/ore supplemented by chemical snalyses of
spray deposits made by the bivisi.jn of Insectici-de Investigations.

Laboratory Exper i.:i ent s

Some 53 J
000 nev.dy hatched larvae were employed in v/inter laboratory tests

of numerous variations of fixed nicotin-,.- formulae and of new insecticide materials
so that some basis C':.uld be had for the final selection of treatments for field
testing.



Labor atorY--Field Ex-periaents

H early $0 forDiilae and variations in schedules were tested by this laethod

yvhich has oeon described in previous rcpurts and in multigraphed circular E-4.B8

(Sept. 1939).

Briefly, it requires the exposure under ccntrollod conditions of stratified
samples of field sprayed fruit (80 per treatment) to a known nutiber (usually 64O)

of newly hatched larvae in the laboratory. Ffficiency is calciolated by comparing
entrances in the treated fruit with these inade in untreated checks. Experiments
were Cvnaucted before, after ^ and occai3i-";naliy between the various spray applica-
tions.

The principal series of tests Tvore conducted on Ro'iie beauty in a 17-year~
old orchard. Plots were ai'i'anged fM- convenience in s.>ra;>'ing since no harvest
counts were intended. Spra.ys were applied vclth a portable outfit from a 10 ft.

tower and fron the groi.mdj each cover spray being a coinplete inside-outside ap-
plicative. All parts of the troer were sprayed to the point where run-off began.
This required approxiraately 22 gals, i-ev treoo The spray outfit was operated at

500 lbs. pressure wi.th disk openings in tbe tower gm and ground brooLi of a size

that v/ould permit an output of 12 to 15 gals, per ninute . A total of 24-5^000
'larvae were used in the 1939 laburatory-fleld tests.

Some of the nore inportant results ho.ve boon avora^rod and suiiinarized in
Table 1. iThile tliis Liethod of presentation f£d.ls t'.- shriw the extent of differencef:

at critical periods during tne season, it laakos possible simple comparisons of the

treatr.ients

.



Table 1. Average Percent Larviciclal Efficiency Before end After Cover SprayrJ

and at Harve.st. Vincennes, Indiana. 1939.

Abbreviations used. LA-lead arsenabo
Bentonite - Wyoming bentonite, Bdx."3/4-
l-l/2-lOO bordeaux mixture, STM - vStandard

tank mix of 1 pt. nicotine s-olfate, 5 lbs. 2nd to ^th 5th to 7th
bent., 1 qt. soybean oil with nicotine sul- cover ST'rays cover sprays
fate and bent, reduced to 2/3 strength in 5/29, 6/6, 19 . 7/5, 19. B/l

5th to 7th cover sprays. Before After Before After Harvest
9/13

Plot Materials per IPG .r;alG.

1. LA.-Bdx, 1st cover; /^. lbs. mineral
oil 2 qts.| soap 1 lb. 2nd to 4th
covers using 45 gals, per tree. Mot
sprayed after 6/l9.

2. Ind.-Ill. schedule. 1st cover, same
as Plot 1; 2nd and 3rd, 4 lbs. LA,

2 qts. mineral oil, Bdx. ; 4th, 4 lbs.
LA, Bdx.; 5th to 7th, 3 lbs. LA, Bdx.

3. Fact. Proc. Nic.-bent. 6 lbs. with
2 qts. nineral oil. (1st cover B lbs.

with 3 lbs. sulfur, 2nd cover 6 lbs.

v/ith 1 qt. soybean oil).

3a. SaTiO as 3 plus 4 bzs. copper phos-
phate in 2nd and 3rd covers, 6 oas.

in later sprays.

sod.
4. STM with 1/2 OS./ lauryl sulfate

5. STM
5a. wSTM 1st to 4th covers, 2/3 pt. .Nic-

sulfate 2 qts. nineral oil. Bent.

1/2 lb., 5th to 7th covers.

5b. STM 1st to 6th covers. Sane as 5a
in 7th

6. S"^-'! plus 1/4 lb. soap, 1st to 4th
covers, discontinued later.

7. Sane as 6 in 1st to 4th, sane as
5b later except U ozs. copper phos-
phate in 2nd and 3rd covers, 6 ozs.
in all later sprsys.

PAoO GO no(<

51 66 Bl 87 62

53 81 81 93 83

47 7-) 77 92 43

64 87 89 94 85

69 90 88 96 85

69 90 85 93 75

69 90 88 96 79

64 87

85 76 90 46



Table 1. (continued)
Plot Materials per 100 gals.

8. 1 pt. nic. sulfate, 5 lbs. bent.,

1/4 lb. soap, 1/2 lb. Phenothiazine,
1st to 4-th covers; nicotine and ben-
tonite reduced to 2/3 strength in
later covers.

9. Same as 5 except extra quart soybean
oil in 2nd to 4-th covers, I/4 lb.

soap substituted for soybean oil
later.

10. Split schedule; Same as '} in 1st to

4th covers except herring oil sub-
stituted for soybean. 5th cover 6 lbs.

LA, 2-4-100 bordeaux. 6th and 7th
covers 3 lbs. LA, 2-4-100 bordeaux.

11. Same as 5 except corn oil substituted
for soybean oil.

12. Same as 5 except heavy bodied soybean
oil substituted for regular grade be-
ginning with 4th cover.

13 o STM with 1/4 lb. soy^jean flour, 1st-
4th covers. (Discontinued).

Before After Before After

60

69

6/

66

69

67

81

92

85

90

89

88

91

84

90

88

83 91

94

84

96

94

Harvest
9/13

75

88

75

85

84

Average of differences required for sig-

nificance
1% Odds. n



The larvicldal efficiencies of lead c.rsona"':e treatments cannot be compared
directly with thotieof nicotine continati„.ns in evaluating their relative effective-
ness because of other factors besides larvicidal efficiency vvhicn contribute to
control. However, reliable co::iparisons witnin each class can be made. Tests which
involved the. placing of 500 newly hatched . larvae on the foliage of 100 bearing
spurs v;ell distributed ' over the trees in these pl>:its indicated that in weather
highly favorable for v/orm activity an efficiency of 88 percent for lead arsenate
as deterained in the laboratory prevented the entrance of aore than 99 percent of
the larvae, while to obtain similar ccntrj-l Vvdth nicotine-bentonite on efficiency
of 96 percent was required. These fi^'ures do not take into account the ovicidrrJ.

and ether effects of che treatLionts. A labor.at>)ry efficiency as low as 78 percent
for the nicotine treatioent gave 93 percent control. vVnile efficiencies of B7 and
B8 percent for Plots 1 and 2 (lead arsenate) in three tests permitted survival of
only 0.3 to 1.2 percent of the wcras obey vvere not sufficient to prevent severe
sting injury. Fron 2U'U to 3^.4 percent of the v;criiis stung the fruit. The nico-
tine-bentonite permitted only ^.o to 6.4 percent 3tin4_;s, Fron 59.2 to 65.0 per-
cent of the wcrns placed on urisprayed trees sur\ived and from S.C to 10.6 percent
made stin;^s. In unfavorable weather the larvicidal efficiency does not need be so

high for 2iearly jjerfect control.

It is evident fron Table 1 tb^at Plot 1, the oil-soap-lead conbination -.vhich

received che saine total voluioe of spray riaterial as Plot 2 was capable of giving
nearly coLr.lete control of v/orms tux. not of stings and though all of the material
was applied in the first-brood period, protection later in the season was superior
to that from the recoriiaended Indiana schedule.

Plot 10, which was given a split schedule of n icotine-bentonite-herring oil
followed by lead arsenate-bcrdeaux, was equal or sujerior in efficiency to Plot 2

throughout the season, L^ad residues at harvest on Plots 1, 2, and 10 as deter-
mined by Mr. Fshey weru C,205j 0«117 and 0.121 grains per lb. of fruit respective-
ly. These residues were reduced to C.O48, 0.017, and 0.009 grs. per lb. by a

washing treatment of 1.5% ^CL for 30 seconds at BO^F. in an underbrush machine,
iJ-lustrating again, as in the past the greater ease of removal of residues from
deX'Osits applied late in tne season.

The standard tank-mix nicotine-bentL>nite-^joybea2l oil combination (Plot 5)

was again outstanding drspita efforts to improve it. The addition of sodium lauryJ

sulfate (plot 4)? soap (Plot 6) or v.-?cybean flour (plot I5) to smooth out the early
deposits faileci to inc.reaso the efficiency. Like^/^^ise the use of extra soybean oil
(plot 9) or the subsuitutl^n for sayl:ean oil of herring oil (plot 10 during first-
brood) , corn oil (Plot 11) , or heavy bodied soybean oil (plot 12) failed to in-

crease the efficiency. It is important to note, iiov/ever, that che substitution of

1/4. lb. neutral soap for soybean cil in the last three sprcys (Plot 9) did not
cause any reduction in efficiency. This was also noted in 1935 tests. Use of

soap early in the season is detrimental. Herring oil at times during the first-
brood period caused significant reductions in efficiency. Corn udl can safely be

substituted for soybean although farther tests are needed. This would be of ad-

vantage only in seasons when it costs less than so^T-bean oil.

The substitution of mineral 3il-nicotine sulfate in the second-brood period

for the standard tank mix treatment (Plot 5a) avoided all residue difficulties but

resulted in a greater loss in efficiency through the period of third-brood attack.
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I

One factory-processed r:ia.terial (Plots 3 and 3a) "las included to study the
effect on efficiency resulting frori the addition of a snail quantity of a neutral
co.ppar fungicide, the idea being to build up a snail but uniform copijer load as a

protection against bitter rot by using lower dosages in more applications. Al-
though the figures shovm in Table 1 for Plots 3"'^-d 3a do not appear significantly
different except at harvest, the efficier?.cios v/here copper phosphate was added
were consistently lower which Litilces the difference significant. The same was true
of Plots 6 and 7 in the first brood and 5h and 7 later, copper phosphate having
the same deleterious effect on efficiency of the fixed nicotines when used in snail
quantities as when used in the larger dosages as reported in 193^. In a test not
shown in Table 1, 6 ozs. of copper phosphate per 10^ gals, was added to the 7th
cover spraj?" of aineral-oil nicotine sulir.te on part of Plot 5^-^» Without the
copper phosphate the efficieiicjr dropped from 97 percent after the spray to 88 per-
cent 4 weeks later but with it addud it dropped fron 97 to 79 percent.

No injury resulted on any of the i::lots fron the use of the small quantity
of copper phosphate althougn aiialyses by Mr. -Fahey showed that we had built and

maintained copper deposits equal to those on Plot 2.

The substitution of 1/2 lb. phenothiazine as a fungicide and I/4 lb, soap
(plot S) for soybean oil in the stijndard tank laix (Plot 5) gave significantly
lower efficiencies throughout the season althou.gh the diffei'ence was less during
the second-brood period.

Growers using the tank-nix combinati.^n in a bitter rot area r:iust, until
a suitable substitute for bordeaux mixture is found, be prepared to change to a

heavjr bordeaux or lead-bordeaux prog;ran if tiie disease makes its appearance during
the season. Tests in 1939 indicated that the adverse affect of bordeaux or lime
applied over the nicotine deposits v/as less, early in September than in July. On

Plot 10 for example, the nicotine load was reduced frou 2.6 to 0.7 mmgs. per sq.

cm. overnight after application of the first bordeaux spray July 5« On Sept. 5

bordeaux and line sprays were applied to- Den Davis fruit cari'ying nicotine loads
of 1.6 mmg. per square cm. After the spray the nicotine load remained unchanged
and 2 days later had only dropped to 1,0 mmg. per sq, cm. This suggests that wax
formation beg.an to submerge the nicotine deposits, thus protecting them fron the

alkaline spray.

Maintenance of Efficiency Over Long Periods

:

Fixed nicotines if tnoroughly applied in the first-brood period are capable

of maintaining a reasonably high efficiency for two !'.iC;nths or longer.

Since Plot 1 received no secr.nd brood sprays poxts of certain other plots
¥/ere left unsprayed from June 19 to Aug. 30 when a spray of 2/3 pt. nicotine sul- ^

fate and 2/3 gal. mineral oil per IgO gals, was appO-ied to the nicotine plots,

Larvicidal efficiencies at intervals between June 19 and Sept. 8 are shovm in

Table 2. The plot numbers given in this table refer to the corresponding treat-
ments in Table 1 ending with the 4th cover spray.
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Tafcle 2. Larvicidal Efficiencies at Intervals after Fc-oi- rir3t-3rc;:.d .and One
Third-Brood Spray Application.

Plot Date of s-onple and age of newest deposits
6/20

1 day
7/25

36 days
8/16

58 days
8/30

72 day
8/30

s af-Ler

spray

9/8

1 . 0 i1-1ead- soap 90 91 91 78 72

2. Ind-Ill, LA. schedule 76 66 61 47 32

5. STM 93 78 64 79 77

8 . TM-phenothiazin

e

90 59 50 34 76 59

9. STM with extra soy oil 96 76 65 43 82 63

10. Ti^ - herring oil 88 62 56 (discont'd)

11. TM - corn oil 94 7S 61 46 11 62

Least significant Jifference-
l}fe Odds 4 7 8 9 9 8

Rainfall between dates 2.28" 2.51" 0.23" 0

Among other things these results verify the finding as shov.Ti in Table 1

that herring oil is not a satisfactory substitute for soybean oil and also in-
dicate that corn oil uiay be less satisfactory. It is significant that the appli-
cation of a third-brood spray v/as sufficient tu raise the efficiency of the
standard tank-uix to the level of the best lead arsenate treatnent.

Influence of Dentonite on Toxicity of Fhenothiazine;

On Aupust 21 certain pnenothiazine treatments were ap.^^Hed to single Den
Davis trees of uniforia size v^hich had been sprayed with nicotine bentonite earlier
in the season.

The object of this ex^^eriLiont v/as to test the value of a i^^ak nicotine-
bentonite mixture as an adhesive for phenothiaziino and to test the value of a

phenothiazine-talc dust as ?/ell as to study further the effect of bentonite i^n

the toxicity of phoncthiasine. The data are s'OLiaarized in Table 3.
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Table 3. Larvicidal Eificdency and Deposits froui Phenotbdazine-Bentonite
CoKil'inations . Vincermes,- Indiana. 1939«-

(Deposits in rung, per sq. cm. hy Insecticide Division)

/21 c/ ^1

Residual efficiencj^" prior to plicno-

thiazine sprays • Trees last sprayed
by gr'wer in July.

Plot 20 - Plienothiazine 4- lbs.

Plot 21 - Phcno, 4 lbs. Dent. ^ lbs,

Plot 22 - Pheno. 4 I'^s. Rent. 1 lb.

Plot 23 - Pheno. .4 l^s. Nic. Sul,l/:

pt. Dent. 1 lb.

Plot 2/j. - Pheno. -talc y 1 to 4- dust

Least sip;nificant difference in

effici.ency ly:- Odds

Rainfall between ssnj3.e dates

% Effic, 44^1

9/5

9/lS
Harvest

% Effic. 93. 90.2 76 .

7

52.6

Pheno. 19.9 19.2 11.1 6.6

% Fffic. y - . '-^ Thl 64^ 52 .

4

Phcno

.

^'^ uOf./ 42.5 26.2 24.2

% Effic. 90 .

0

77.6 67.9 4-9.5

Phono

.

19.7 1?.2 16.9 11, B

% Effic. 92,.o„ 87,9 6$.0 , 4
Phcno. 30.0 33.0 20.3 12,6

% Effic. 16,0 32.5 20.3
Pheno. '> 2.0 "1.5 1.0

6.0 5.5 9.8 10.7

u. 03" 0.;33" 0.75"

Note: The liquid applications averaged about 30 gals, per tree or slightly nore
than 1 lb. of phenothiazine. Five pounds of the dust containing 1 lb. of pheno-
thiazine were nixed and the duster circled th.^ tree until the entire quantity
was used. Since the wind velocity was 6 niles per hour uost of the dust was
carried away. The tree was slightly wet with dew.

The apples froiH the dusted ]dot were samples for analysis in paper bags and

a certain ainount of the deposit was pro1:ably brushed off. The deposit, however,
was scarcely visible while on Plots 21 o.nd 23 it was so h^^avy as to be objection-
able at hai'vest.
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The results of these tests sUj;'port the original finding by this laijorritcry

in 1935 that bentonite adversely affects the efficiency of pht.-nothiazine and
although it rr.ay be a good adhesive it acts, as do all successful adhesives so far
tested, in reducing the toxicity to such an extent that the loss jnore than offsets
the gain in deposit. If the analytical method is accurate- and decomposed non-

,

toxic aaterial is not included in tiie quantities nieasured tht:n the results support
the evidence obtained in previous seasons that phenothiasine kills codling uoth
larvae largely by contact, the black decomposed surface layer acting as a protec-
tion for the larvae against the toxic material underneath. It was pointed out in

I93B that rains, by apparently roQoving the siu'iace layer, iiniiediately reduced the.

deposit but did not always imediately reduce efficiency. Presur.iably the efficiency
held up because pure phenothiazine was eXpo'Sed and then fell one or tv;o days later
after deconposition on the surface rediiced toxicity. The very high initial
toxicity of the alnost invisible dust deposit (Plot 2.4) is further evidence that
the contact effect is very important.

Had nornal rainfall occurred after the application of those treatuents we

would have had a better couparison of the sticking qualities of the different
combinations. As an initial deposit builder tho iieavj/ bentonite dosage and the
weak nicotine-bentonite combination were superior. It is inijrobable that the
nicotine in the latter fornula added i.iuch to the efficiency. It appears tnat by
reacting with the bentonite the nicotine sulfate prevented the latter from having
its usual deleteriou.s effect on efficitincy for a few days at least. It is probable
that the 20 percent efficiency for Plot 24 at harvest constituted the residual uff-j

lect of the original nicotine deposit.

i^UiUber of Spray Application s in Relati c-n to Efficienc?^^:

Probably because of the v.ddo v.ariation in types and distribution of spray
deposits un the fruit particularly eai'ly in the season; there is surprisingly
little correlation between ai.iount of doposiu and efficiency at that time. Al-

.

though probably the most effective means of achieving a uniform deposit is by the
application of large quantities of a deposit building form-.ila tho average grower
in this region obtains eventual coverage of nearly all parts of all apples through
repeated spraying.

For exaifiple, on Plot 5 the nicutinc deposit was 4«0 mg. per sq. cm. on
May 29, 9 days after the first cover and was the sane on June 12, 6 days after the
second cover yet the efficiency w^as 49.1 and 7B.3 percent on the tv;o dates
respectively. In a commercial orchard on May 29 where two sprays 01 the sam.e

materials had already been applied a deposit of 3»7 imag. gave an efficiency of
70.7 percent.

Preliminary tests have indicated, hvjwever, that the production of deposits
of higher toxicity by repeated applications is not attained when the vcliLme of
material used is less than sufficient to th.^roughly wet that part of the tree
being sprayed. For exam.ple the part of Plot 5 which had received only foui" first-
brood sprays retained an efficiency 01 54 percent on August 30, 72 days after the
last spray application. These trees required 22 gals, per spray application for
thorough coverage or a total of 88 gals. A total of approximately 90 gals, ^-ler

tree of the same materials was applied by the gr>.n7er in six cover sprays in another



part of the orchard. His deposits on August 21 only ,30 days after his final spray
had an efficioncy of 4-6 percent. On July 12 5 a few days after the fifth applica-
tion, his deposits had an efficiency of 55 percont V'/hiic at the sane time those
on Plot 5> 23 days after the last spray had 3.n efficiency of 78 percent. It may. be
concluded that repeated spraying to 3.ess than the point of run-off on all parts of
the tree is likely to result in poor distribution of the spray deposits on the
individual apples, the sitrface hardest to hit being the. parts that are missed
ropieatedly while an excess of deposit nay be built upon the surfaces easiest to
w<"t

.

Importance of the Calyx Spray; ' '

"
-

Under field ct^nditions in May .and June actual control is often better than
would bo expected frojii the low efficiency of the treatnents as determined in the
laboratory. This appears due partly t,.' less favorable weather conditions, making
it inpossible for as :fiany larvae to enter ujisprayed fruit, <md -jartly the smaller
size of the fruit wiiich evidently is the factor r^overning the proportion which
attenpts entrance at the calyx. Two exv:erincnts in 1939? one on May 23? at the
beginning of the first-brood tittack v?hen Transpajrent apples averaged about 1 inch
in dianicter, and the other a month later when the fruit averaged 2 inches in
diaiaeter indicated that on unsprayed trees 61.6 percent of the 56 percent which
survived on May 23, entered at the calyx and only 19.2 percent of the 50.2 per-
cent v/hich survived on June 23 entered at that point. Five hundred ne.'wly hatched
lai'vae were placed on the foliage of 50O bearing spurs. in each experiment. About

40 percent of those which entered the side of the apples did so on the cheek facing
the trunk of the tree.

Both the Indiana-Illinois ST.)ray schedules new specify a full calyx applica-
tion followed a few days later by a spray of the sane formula applied to the upper
two-thirds of the tree. On May 4, 1939, Vdnesaps spra^red 3 'lays earlier with a

single cal^/x application of 3 lbs. lead arsenate, 3 lbs. line and 8 lbs. wettable
sulfur carried an AS2O3 load of 37.0 .nng. per app-lo. Part of the plot to which a

top-off spray of the sane solution was also applied Mav 3? aver&^ged 51.0 nug, per
ap'[)le. Fifty days later this had decreased about 50 percent. Deposits in the top
of the tree equalled those lower clown, while with the single sjjray top dojjosits

averaged about 50 percent less. Since the calyx often starts closing on early
blooming fruits on a tree before all the later blossoms have -rpened one spray sel-
dom can be tii.ied to protect all the fruit. Since it .:iay be the early bloon that
sets one year and the later bloon .aiiother the protection afforded by a single calyx
s;.'ray is likely, over a period of years, to be quite varifsble.

LG.rge-Scale Compo-rison of Fixed Nicotine and Lead Ars enat e:

Through the courtesy of the W.C. Reed and Son Orcliard Co. vie were able
to compare the results fron coinncrciai use of the tank-nix nicotine bentonite soy^
bean oi3. and the Indiana-Illinois lead arsenate prog-rans for the third year.

. The sane 25-acre load arsenate area as used in 1938 v/as again employed.
This was compared v/ith nicotine spi'ayod areas to the noi'th and south and to an
11-acro block on the west which received a split-schedule consisting of the
regular nicotine treatment until the 6th cover spray and thereafter the same
fori.-iula as was ajrplied t.j the lead arsenate area. All 3i.)ray ;.iaterials were fur-
nished by the Company and ap,.lied through a stntionary plant by the orchard crew.
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Sprays were timed by us with the aid of efriergence cages,bait traps, and weekly
population counts. Infestation data v/ore obbaijied ironi 119 trees of 5 varieties
(Grines, Jonathan, Rone Beauty, Starking and Winesap) at the end of the first
brood and at harvest. Larvicidal efficiency deteriiiinations v/erc made on several
occasions using a total of 4-0,000 larvae. In addition, deposit analyses v;ere

made by the Division of Insecticide Investigations before and after r:iOst fjpray

applications.

After petal fall the lead arsenate area received 7 cover sprays (3 V7ith

mineral oil) and a special top-off, and the nicotine area 8 cover sprays (last
two of 1/2 pt, nicotine and 0.6 gal, Tdneral oil per lO^' ^^als,) and 2 top-offs.
Trees in the lead arsenate area received from 16 to 22.9 gals, per complete ap-
plication for a total of 1A9 gals, per brae o.fter petal fall. The trees sprayed
v/ith the nicotine mixt'ures received from l/^.6 to 19 gals, per complete ap};lication

and a total of 153 gals.

Partly because of a larger crop in the nicotine area there vms no difference
in total worm entrances per 1:,ree in 1938. Before the cover spray jirogram started
in 1939j 40 bait traps averaged 34 >-'ioths per tr.ee in the nicotine area and 30 per
tree in the lead arsenate area. Thereafter, possibly because the nicotine s^jrays

killed some of the adults or reduced the attractiveness ->f the bait, the catches
were heaviest in the lead arsenate area. The season totoj.s avei-aged 309 per trap
in the former and 433 in the latter areas. Weekly popul^xtion counts indicated
that after the miadle of July iiiuths were cj^nsistently more abunoant in the lead
arsenate area.

Doth the efficiencj'' tests anu deposit analyses indicated that the protec-
tion vvas less than we consider necessary for satisfactory control. It more
nearly approached the optimuin in the nicotine area, however. Observations indicat-
ed that tne mineral oil used in the lead arsenate area early in the season was
compensating for the low larvicidal efficiency with its ovicidal effect and its
kill of larvae that had already jisnctrated the skin. The result Wc?,s that control
for 4- of the 5 varieties on the basis of Yforms per tree v/as best in the lead
arsenate area on June 30 ^

however, the lighter crop made a highex' percentage of the
fruit wormy.

The infestatio?i at the end of the season, though h.ea"vy in both areas, was
most severe in the lead arsenate area. The averages of certain infestation data
for the 5 varieties are as follows:

Number v: er tree Percent of fruit

Area Apples l7orms Stings Clean Wormy Stung

Lead arsenate 2,992

i^icotine 4,144-

SI5

6(

1,929

366

51.7

78.3

22.1

15.2

37.9

8.0
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The heavy infestation rcGulted partly from failure to reuove all early
apples froLi the orchard at harvest in July and to the increasing difficulty in
obtaining 2;roper coverage of the larger trees with the stationary outfit. These
two factors affected both areas alike. Efficiency of trio nicotine v/as also re-
duced hj the addition of a neutral copper fungicide in July.

By charting the infestation to show its density in different parts of the
orchard at the end of the first brood attack and at harvest it becarae evident that
there v/as a considerable shift in location of the population. Those trees v/hich

vjere most heavily infested June 30 v/ere net the ones i.iost heavily infested at har-
vest. The infestation at harvest was nuch hiore uniform than in late June.

The split-schedule trcati.ient, although it yielded cleaner fruit than the
lead arsenate program, was not satisfactory from the control standpoint because the
rate of increase late in the season ira.3 much more I'apid than with either the lead
arsenate or nicotine programs. Probably because of its location it had the ad- ''

vantage of a lo'wer fii'st-brood infostati'on than the other nicotine and lead arse-
nate areas.

A third-brood spray of mineral oil alone on Winesaps equaled an oil-nicotine
combination in effectiveness but nearly 50 percent more solution was ap;^.'lied per
tree. Both, gave enough extra, clean fruit to pay for their cost and as a further
gain they reduced the potential 194-0 v/orm. pr.pulation with 209 and 160 less worm
entrances per tree respectively,,

Crop size differences between the lead arsenate and nicotine areas on trees
used both years becarae still greater in 1939 than it had been in 193B. The
evidence is almost conclusive that the former treatment v/as responsible for the

reduction in crop.

Use of the nicotine program m^as highly profitable on all varieties wnen
compared v/ith the lead arsenate. The cost of materials used after petal fall
including labor for extra spray applications averaged vO.47 per tree more for
nicotine than lead arsenate sprtiys^ yet, despite the low 1939 prices, the fruit on

record trees was worth from vl.79 more for Starking to U5»58 more for Grimes. This
was partly the result of the larger crop, hov/ever, the nicotine sprayed fruit v/as

worth from 0.09 to 0.14-9 more per bushel because of its higher quality. To pay for

the extra cost of the nicotine sprays it v/as necessary that the different variaties
yield from 3.1 to 6.5 bushels fruit per tree. The average production for fall and
v/inter apples in the 212-acre orchard was 10 bushels per tree.

No difficulties v/ith residue removal were encountered. Fruit sprayed with
nicotine-bentonite was cleaned by brushing. Fruit sprayed v/itn lead arsenate v/as

cleaned satisfactorily by using 1.5 percent HCL for 30 seconds at SO'^F. in an
underbrush machine, however, the lead load on the Jonathan variety was only re-

duced to 0.025 grs. per pound.

Spray injury from load arsenate v/as less than normal in 1939> but some

copper injury resulted from, the use of bordeaux mixture in the lead arsenate area.
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Fumi,qation of Trees vjith Nicotine;

Testj5 Y/ith' a nicotine vaporiz er-pov/er duster . coiiibination indicate that

there Is little iiope of successful open. air fuFiigation Kith nicotine for codling

moth control. Most of the moths become paralyzed and drop to the ;^round vvithout

* getting a lethal dose. They generally recover froia the. paralysis within a few

hours. For population co^onts the .vaporizer appears as satisfactory as a nicotine-

lime dust providing 80:^^ nicotine,/ vaporized .and blovai into the tree at the rate

of 80 cc. per min. for 1-1/2 rdnut.es.. In . dense trees, however, not all the moths
drop to the ground. Indications arc t:iat they, crav^l into curled leo-ves, or on

top of level locations frou which they do not dislodge thonsolves vmen they become

paralyzed. This requires further in'v^estigation. -

Foliage Injury :

The tank-nix nicotine bentonite was used successfully by 6 cciiiTaercial

grov/ers in this area in 1939. In two of the commercial orchards severe injury

developed characterised by rapid yeilovd.ng and abscission of foliage.

All of it in one case and part of it in the other was definitely C8.used

by the deficiency in moistui'*e but the possibility tbiat the tank-mix de;.'Osits can

increase the rate of transpiration and sceelerabe leaf loss in dry v^eather must

be inX'-estigated further. The other inju.ry occurred in May arid June in a Kentucky
orchard and similar injury was observed in orchards sprayed with the tank-mix
nicotine in Georgia. This injury consisted of a leaf-spotting similar to "frog-

eye" but the leaf tissue between and around the spots was also burned, injury of

exactly the same type but somewhat less severe was present in two Instances on

trees sprayed with lead-bordeaux, and was also found on foliage sprayed only with
liquid lime sulfur in one pre-bloom spray. Possible causes that require further
investigation were the use of liquid lij:;e sulfur in the sprays pri^^r to the first
cover spray, the use of lead arsenate in the ca3-yx- and a first cover S]-ray leaving
arsenical residues not buffered by safoners later on, the presence of frog-eye
and apple scab, which might increase penetration of leaf tissues by the spray
materials, or the hot, humid and rainy weather in omme. The only condition common

to all orchards where the early injur;/ occurred was the frog-eye loaf spotting and

the hot rainy weather.

Apiolications of all ingredients in the t-ink-mix formula at double strength
separately a.nd in various comlDinations to young Jonathan trees in July and again
in August with the temperature at 95^F. and the relative humidity 50 T)ercent both
times failed to produce an;>' injury even wnere the ti-eatment consisted of 1 qt.

nicotine sulfate, 10 lbs. bentonite and 1 gal. soybean oil per 100 gals, and the
foliage WD.S sex^erely injured by scab, blight and leaf spotting.'

Bait Trap Experiments

Traps v;ere operated in foiar orchards to aid in timing sprays, for popula-
tion studies, tests of the relative attractiveness of different solutions and as a

test of their control value.

Except for one test all traps v/ere of the double, quart-jar type. Baits
were normially changed at 3~'^veek intervals, the bait in one or the other side being
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replaced every 10 or 11 days. During periods when on abundance of other insects
were coining to the traps, they were clesmed out at ouon exaininatlon . In the con-
trol area except for the 20 percent of the traps exai.dned reg^alarly, no traps were
cleaned out between regular replacements. No water or bait solution was added
betvv'een changes except in one experiment.

Tests of Handling Methods .
. .-

In a test of handling raethods using AO tra-js, best results were obtained
by conpletely changing the solution in alternate halves of each trap at lO-day
intervals rather than filling the trap with fresh bait two o-r three times weekly.

The average catch per trap dui'ing the season was 388 and 323 for the two methods
respectively. The coinplete change iiiethod was superior in every month during the
period of noth activity.

Relative Attractiveness of Different Baits

Coiaparisons of 17 bait formulae were made in 1939, each test extending
the full length of the season since p:-.3t ex])erience has proven that tests of
short duration ai'e unreliable regardless of the size of the population. The
reason for this is that the relative efficiency of certain baits may change con-
siderably with a change in v^reather conditi-:.")ns.

All baits were tested in series of 4- to 6 with B replications of each.

Each replication was rotated tnrough a separate group of 4 to 6 trees, the moves
being made twice v\reekly.

The seasonal results are given in Table 4-. One bait solution was repeated
in each series for use as a standard of comparison.

The check bait (No. 1) of bromo styrol, nicotine sulfate and bro^vn sugar
ViTas not significantly inferior to any of the baits tested in Series D-2, D-3 and
D-4. In vSeries D-1 Bait 2, consisting of the check bait in the first brood period
and Bait 14 later, gave improved results although Bait 14 was of less value when
used all season. The outstanding baits were Bos, 16 smd 17 consisting of oil of
sassafras, sodium arsenite and 10 percent dark broTO sugar.

Control Value :

Prior to 1939, most of our control tests have been conducted in poorly
cared for orchards and although substantial reductions in infestation were ob-
tained early in the season these differences were largely nullified by later
migration. Studies in 1938, suggested that hea-^/y spray deposits, either by
repelling moths or jjerhaps by reducing their urge to oviposit, might increase the
efficiency of traps, consequently the 1939 test was set up in a vv'ell sprayed
orchard

.

One rectangular 30-acre section of this orchard was divided into two 19 x
23 row blocks, one of which was baited with one double-trap per tree using a

10 percent solution of dark brovm sugar with 1 cc. of nicotine sulfate and 1/2
cc. bromo styrol per quart. Three other experimentsl solutions were exposed in
the t¥ifo rows adjacent to the unbaited area.
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Table 4-« Average Number kcths Captured per Trap in Experimental Daits.
May to Septenber. Vincennec, Indiana. 1939

Abbreviations: BS= brono sxyrol, OS = oil of sassafras, CM - oil of i.iGce,

i^ic. - Kic':tine sulfate 4-"J^, S= #13 soft sugar.

Series:^ - D-1 D-2 D-3 D-A

1. - BS-1/2 cc. + 1 cc, iUc. per at. of IC;^ S. 88. 6 126.0 61.6 110.5

2. - #1 during 1st br. ,fl4 2nd brood. 191.5

3. - 3S 1/2 cc. per qt. of 10% G. 87.2

^. - OS 1/2 cc. " " " " 107.1

5. - OM 1/2 cc. " " " " "
.

99.0

6. - OS 1/2 cc. + Kic. 1 cc. per qt. 10^ S» 59.5

7. - Sane as 6 but changed every 2 weeks. 62.2

8. - OM 1/2 cc. + lilc, 1 cc. per qt. of 10,X S. 54- • 5

9. - #A during 1 st. br. #3 2nd brood. 138.6

10. - OS 1 cc. per qt. of 10^ S.
"

125.4-

11. - OS 1 cc. + 1 cc. Kic. per qt. of 10" S. 121.8

12. - OM 1 cc. per qt. 1Q< S. 8$.9

13. - OLl 1 cc. Nic. per qt. uf 10^ S, 71.0

U. - 3S 1/2 cc. per qt. of 20^ S. 82.3

15. - bS 1/2 cc. t 1 cc. Nic. per qt. 20^0 S, 75.8

16. - OS 1/2 cc. + 1/2 gm. I\!aAs02 per nt. of
10% 3.

' 136.1

17. - Sane as #16 except poison 7dthho.ld

until 3rd day after change of bait, 123.9

Least difference required for significance.
Odds 5^ 11 13 11 19

Yh 15 17 15 26



Both areas were spi'ayed alike by the grower using the tank-mix nicotine-
bentonite soybean oil. The principaD. varieties we3re Vfinesap and Rome Beauty.

Infestation data bas3d on counts from 10 trees of each V3,riety in each
T 1 mi'.'i G T* 1 r7 Om' '] Y \

i-j LUiiiUCL J. J.^!r;U. LLi cl I ' J- _^ •

Table 5. Codlinf I'lio i'.b In fest -iti on in 15-Acre Bai'ted and Unbaited Blocks.

s, Indiana, 1939.

Total worms
xl.i. L- cl IT'-I 7- '1 o'f* "^T"U iX -L 'J bj' Vi^) 9 oi-l^p-LUo Percent of ayDples and stinp;s per

per tree Clean Woriay Stuns 100 apples Tree

Unbaited Vi/inesap 3 , 132 84 «

2

8.4 8.3- 19.3 569
Rome 4,551 81.8 10.6 ,7.4 ,.

0? n 961

Baited Winesap 2, 55-4 93.0 2.9 4.0 8.0 193
Rome 92.6 4.3 8.4 314

Unbaited Average 3,841 83.0 9.5 7.8 21.0 765
Baited ^vera.ge .,.,_3AV4 92.8 3._6_.„.... 3.6 8.2 254

Percent reduction in 62.1 53.8 61.0 66.8
injury in baited area.

At the end of the fii'st brood period the nuiiiber of worm entrances per tree
averaged 16 for the oaited and 77 for the unbaited area. The rate of increase
therefore was somewhat greater in the baited area later in the season probably as

a result of migration from the unbaited to baited blocks. This being the first
year's work in the orchard no previous record of the distribution of the population
is available. l'\irther tests vrLll be necessary to determine if the reduction must
be credited to the traps or to normal population differences. There was a marked
difference in infestation on either side of tiie line dividing the tvro areas with
a fairly uniform infestation within each area hence there is no reason to believe
that the baits were not responsible i'or the differences snown.

Biologi

o

al Studi os

In studies of the distribution, survival, and development of the over-
wintering brood, pupation of native lar^rae reached 93 percent and emergence 74
percent by May 24. Emergence from 10 trees under observation was coriplctod June 7.

Emergence in cages was considerably in advance cf natural conditions indicating the

danger of placing too much reliance on records of development in' artificial loca-
tions. It had reached 97 percent on May 24- Co;aplete exaifiinations of 5 trees and
samples of the ground area underneatii indico.ted that as in all preceding years
except 1938, one-third or more of the sui-viving population was in the ground
debris. In 1938 there v/as evidence of a considerable migration of larvae from
overwintering cocoons on the ground tc; locativ-ns '.'n the truOo Bands placed on a

few trees early in 1939 showed that a limited amomit of such migratic-n tj-.'k place
this season both from groujid debris to tiie trunk and from different parts of the
tree to the band.
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In egg studies cn trees in the laboratory-field pl.^ts it was found that of

2^816 eggs observed at l^ast 6.6 percent v/ere destroyed, largely by chryS'.''_,~'id

larvae within 5 days after they were deposited. In this period fr'.riA 1.3 tc 4.9
percent of the eggs scaled off on the different spray x-^lots. Apj^roxinately 10

percent of the eggs could net be found until two or ruore exaiainations had been

made where nicotine-bentonite or lead arsenate-bordeaux sprays v/erfc used. Ergs
v/hich were killed or injured by oil sprays remained in the red ring stage for a

longer than normal period. So^oe of these injured eggs eventually hatched but the
larvae were weak and stunted. After 5 days wlien some eggs began to hatch it was
not possible to nake certain of their fate. If they diso-ppeared it could not be
determined whether they were destroyed or had hatched before the shell came loose.

It was certain, however, tboit the percentages which scaled .-ff or were destroyed
became greater as the eggs increased in age before natching.

The examinations were made on low hanging branches v\±Lere the e:;qiO"Sure to
rain, wind and sun was less then average. These factors through their effect on

spray deposits and the eggs appear resp.'nsible for the lo>\-sening and dropping of

eggs. Many eggs early in. the season v»ere deposited on small basal leaves wnich
were dropped by apple scab before the eggs hatched.
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BEI^TSVILLE, MARYLAl^D

E, H, Siegler, In Charge

CodllriR- Moth Larval Attractants •

A number of years ago the writer conceived a theory of coQibating the
codling moth by stimulating surface feeding on the part of the newly-hatched larva.

This conception was foianded on the desira-Dility of modifying the normal feeding
habits of the larva to the extent that it would ingest a lethal dose of the in-
secticide pre/ious to its attack on the skin of the apple. Also it was thought
tnat by the use of a suitable attractant many larvae would probably be killed as

a result of increased feeding on the foliage.

Until the present year, the results of experimentation have not appeared
promising. We now havcj however, data which indicate that the addition of certain
compounds to the insecticide greatly increases the effectiveness of the latter
under laboratory conditions (apple-plug method) . Space does not permit a com-
prehensive discussion of the experimental data for which reason only a brief sum-
mary is herewith given.

Of the several compounds tested, brovm sugar, because of its availabilitj^

and low cost, appears to offer the most promise as a larval attractant. Its

addition to lead arsenate, ca.lcii:im arsenate, nicotine-bentonite, and phenothiazine
considerably enhanced the toxicity of these insecticides. In combination with
Paris green, its principal effect was in the reduction of stings. With pyrethrum,
brow:a sugar was not notably effective and with derris it had no value. This may
possibly indicate that derris and pyrethrum kill the codling moth larva largely
by contact action.

The hexcihydroxy alcohol, sorbite]., was used only with lead arsenate. This
combination was markedly toxic. Other compounds which definitely improved the

effectiveness of lead arsenate were sucrose, corn syrup, d-fructosc, glycerine
and malic acid, iUthough lesser differences in larval sui'vivals resulted from
the combination of lead arsenate vd.th honey, dextrose, and galactose, these
materials reduced appreciably the number of stings. Molasses, wiiich was used only
with nicotine-bentonite and phenothiazine, was helpful to these insecticides.

Summer-oil emulsion was tested in combina'tion with broim sugar and lead
arsenate because of its possible value in increasing the adherecQce of brown
sugar find lead arsenate. This spray gave excellent results, indicating that the

presence of sur;imer--oil does not inhibit the attractiveness of brovfli sugar.

Throughout this study the data ho.ve shovm that the percentage of stings was

usually markedly reduced b;-' the addition of a larval attractant to the insecticide.
This is a good indication that the attract-mt stimulated the larva to consume a

toxic dose of the poison before it ii.ttackeu tne skin of the fruit.

The reason why certain substances are effective as larval attractants is not
knovm, but there is C'. nsidcrable indication that many materials which are sweet to

our taste are .also palatable to nev/ly-liatcned codling i.iotn lai'vae.
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During the course of the s'buciy it h'..s been found that the presence of

either bentenite or .lime nullifies the effectiveness of broirn su^^ar in cor.ibinaticn

with lead arseneit'O.

Seme typical data of the i.icre pronising results obtained during the past
jeur are given in Table 1.

Table 1.—Results of Laboratory Studies on Codling Moth Larval Attractants.

Spray Material Euiuber of
Pounds x3er 100 Api^le • Percenta,^e of Apple F1up:s

Gallons Plugs Woruiy Stuing Clean

Water (Check) 316 1.6

Brovm sugar 16 215 93 .

4

1.4 5.1

Suimer-oil
emulsion 8 319 85.9 2.8 11.3

Lead arsenate 4 310 28.7 4-3.9 27.4

Lead arsenate
Surarner-oil

emulsion

/..)

)

S)

311 23.8 18.6 57.6

Leo.d arsenate
SuiaiVier-o 13. ein

.

Brov/n sugar

4)

8)

16)

316 0.9 3.5 95.6

Water (Check) 105 96.

2

1.9
.

1.9

Lead arsenate 4 107 33.7 19.6 46.7

Lead arsenate 4-)

Sorbitol (tech- )

nical) 16 107 3.7 1.9 94.4



Table 1. (cont'd)

Spray Materiel
Pounds per 100

Number of
Apj..->le Fercenta;:e Kl:Ul::s.._

Gallons Plugs Wor-T.v Stung CI ean

CalciUiTi arson-ate k 102 37.2 26.5 36.3

Calciuiii arsenate
Brown sugar 16) 105 7.6 81.0

Nicotine
bentonite-''^ . 103 77.7 16.5

Nicotine
b entonit e-"*

Brcivn sugar 16 10$ 10.5 1.9 87.6

Nicotine
bentcnite-"^

Molasses 16 107 28,0 7.5 64-5

Phenotliiazine 1 107 56.1 •I o -1

JL^, . J- 31.8

Phenothiazin e

Brcvm sugar
1)

16) 104 23.1 2.9 74.0

Piienothiazin e
Molasses

1)

16)

102 17.6 4-«9 77.5

Containing 0.025 per cent of nicotine.

Yveathering of Cheniically-Treated Codling Moth Bands

The study of the resistance to vjeather-ing of cherdcaily-treated bands,
variously treated, at the Beltsviile, Md., laboratory was continued during 1939.
This investigation v/as conducted by the so-called "post. ;nothcd'' in which the
bands v/ere applied to round wooden posts, about 6 inches in diameter, instead of

to trees. Posts provide greater uniformity than trees with respect to washing by

rains.

During the period of exposure (July 1 to November 3) the t-^tal rainfall
amounted to 12.79 inches.

A suiruaary of the results (obtained graviLiotriCc'illy) is given in Table 2.
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Table 2. Weathering of Chemically-Treated Codlin g ivioth Bands. Boltsville, Md.,19:

Chenical Treatment No. of
bands

Chenical load
in ounces
per foot

Perceuta^'e
of chenical
load lost

(Plot dip]3ed)

Beta naphthol (tech'l) - 1 lb.

Oil (Lubricating) 300 vS.U.V. -

1-1/2 pts. 5 0.31 48

ditto 5 0.40 54

ditto 5 0 . 51 56

(Hot dipi-ed)

Beta naphthol (toch'l) - 1 lb.

Oil lubricating; luu o.U.V. -

1-1/2 pts. 5 0.32 59

ditto 10 O.4O 65

ditto 5 u . 47 67

ditto 5 0.72 58

(Hot dipped)

Beta naphtncl (^tech'l^ - 1 lo.

Oil (lubricating) 100 S.U.V. -

1-1/2 pts.
AD.uiiiinun stearate - 0.5 oz. 5 0.30 63

ditto 10 0.40 67

ditto 0.49

(Cold dipped)

Beta naphthol (tech'l) - 1 lb.

Oil (lubricating) 100 S.U.V. -

1-1/2 pts.
Diluted with gasoline

ditto

5

10

0.31

0.40

62

58

ditto 5 0.49 5B



The average less of chemical load was as follows

s

... (Hot-dipped) B.^, + Oil 30G SUV —; -— 52 per cent

(Cold-dipped) B.N. + Oil ].00 SUV : 59 per cent

(Hot-dipped) E.N. + Oil 100 5UV 63 per cent

(Hot-dipped) B.N. + Al. St. + Oil 100 SUf •• 66 per c^nt

iiTi an.alysis of variance of the data, uaing thcvSe riean loyces, cind odds

at 100 to 1^ has shovm that the first for.TiUla listed above v/as significantly
better tl'ian any of the others in retaining its chemical loo.d. The required dif-
ference for significance (3.6) was clearly exceeded in each comparison.

The cold-dip fornula .^as barely superior to the hot—dip fornula containing:;

100 vi.scosity oil (difference required for significance 3.3) but was sigtiifleant-
ly better than the hot-dip forniula in which alui.ainuf:i stearate and oil of 100
viscosity was used.

The Liean dif.ference between the t',vo hot-dip formulas j one with and the
other v.dthout alur.iinui^ stearate, is not significant.
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1. Xanthone 3.75 lo. per 100 Inroe'rial gallons vn th anL-nonium cleat

zinc sulphate and with ammonium oleate-zinc sulphate-kerosene' gave con-

trol results similar to the check materials (lead arsenate-casein-lime

and cryolite-casein-lime) at similar c.i^hcentrationw. ..

E, Control hy r^eans -Qther- Than S?ra:n.ng- ' - '7 •

ijo thing -to: .report.

Harold T. Stultz, Dominion Sntomological Laboratory, Arjaapol is F-oyal,

Nova Scotia. r: .

'
'

I . Se? sonal gondi ti ons
. and g^ pimdance of the insect during the 1940 season .

In the Annapolis 'valley development during the earlv part of the

1940 season was delayed "because of a cool April, the mean temperature "being

aoout 1.5 degrees less than average. Development proceeded rapidly during
M'ay "I'/hich had a mean tem"perature nearly 3.5 degrees higher than average.
The m.ean temperature for June, as a ''-hole, was ahout avere.ge although the

period cetween June- 11th aond 26 th was, for "the m.ost.part, cooler than
usual. The miean temperature for July -exceeded the average oy about 2

degrees with the hottest period occurring July 25-29. August ^-/as slightly
cooler than the average for the' month. ,Septem.her was aoout normal.

'. In the earlier s.ections or 'the Annapol-is Yalley, the first I-Iclntosh

"bloom appeared on May 29.th. By June -S'rd the hlopm. was Just pa.st its peak
and On June 7th petal fall for this variety was practically complete. The
Ben Davis was in full oloom on June 10th. The.calyx cups of the Ben Davis
were not quite closed on June 22nd.

.

G-enerally speaking the codling moth showed som^e increase over 1939
although we ha.ve records of decreased codling moth- in individual orchards.
In some orchards j .which have not "been sprayed for m.any years, there '-jr.s a
pronounced increase in injured apples'^^while in -others there was a -definite
decrease. In 1339'.parasitism' "b^.' Asco5:aster carpocarsae was fairly high in
orchards of - this.-, tj^e showing a decrease in codling moth in 19 40.' ' The
predktor ^beetle,^ Tene.hroi.des cbrticalis Ilelsh. was a.lso quite a'bundant.
Both these' inse'cts- haye, increased in numbers during 1940. In several con-
sistently unsprayed orchards at least 55 percent of the larvae are
parasitized -hy Av car-Qoca-psae . On the o ther hand, in one sprayed orchard,
out of 1818 larx^ae collected in hands, .'7.670 are parasitized hy Asco.^aster
cari3oca'psae whereas, in 1939, there was less than one percent parasitism.
iJo hjrperparasi tes v.rere recovere-d fromi 153 parasitized larvae collected in
1939.
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In the most heaviljr infested orchard, the percentage of fruit
entered was 96 percent for the Mcintosh variety and 86 for Golden Russet
with an average of over tvro entries per injured apple. O^i^ orchardVas
somevrhat indifferently sprayed.

II. Studies on codling moth biology .

This is the first year that a life history study of the codling
moth has been made in ITova Scotia. During 1940 rather close observations
vjere kept on codling moth development in the above mentioned heavily in-
fested orchard. The insect was also reared in the insectary. The first
moths of the season were taken in bait pans and from rearing cages on
June 10th. The peak of the catch in bait pans occurred during the second
vreek in July. By July 25th, 85 percent, and by August 17th, 99 percent
of the season's catch had been taken. The last moth of the season ^^/as

Caught September 6th. In the case of caged material the heaviest emergence
occurred during the third and fourth weeks in June and July 13th, 85
percent had emerged. None emerged in the cages after July 28th. Over-
wintering cocoons were uncovered in the bark of trees from time to time
in order to check on emergence. Approximately 15 percent of 261 over-
wintering cocoons found on July 26th still contained living larvae or
pupae. It will be noted tba.t it x^Tas on this date that all but 15 percent
of the total catch of moths in the bait pans had. been taken.

Following the first appearance of codling moths there was a period
of ten days or more before much egg laying occurred. This was probably
due to the large percentage of male moths emerging at this time and the
low sundown temperatures. The incubation period, in the insectary, varied
from 8 to 13 days, being 12 to 13 days during the latter part of June,
decreasing to 8 and 9 days for eggs hatching July 27th to August 4th, and
increasing by the middle of August to 10 - 11 days.

.

The first side entry was found on July 3rd, the last fresh entry
found was made about August 30th. Out of 2,964 entries recorded for two
G-olden Susset trees and one Mcintosh, 85 to 90 percent were made bet^'^een

July 10th and August 21st. Approximately 8 percent had entered previous
to July 10th. Larvae first entered tree bands some time between August
2nd and 5th. Eightj^-three percent of the larvae entering bands, did so
between iiugust 12th and Septem.ber 29th. Previous to August 12th 7.5 per-
cent had entered the bands.

In the insectarj?- the larval feeding period varied from 23 to over
60 days, vdth 73 percent taking 28 to 41 days, 15.87 percent taking 42 to

50 days and only 2.8 percent taking less than 28 days- • None of the In-
sectarjr reared Is.rvae pupated in 1940. In the field there was no evidence
of a second generation. Out of 1318 larvae taken from bands this season,
not one pupated. The uncovering of several hundred 1940 cocoons from
trunks of heavily infested trees during August did not disclose any evidence
that larvae were pupating. It is possible, of course, that an earlier
season might cause larvae to pupate and start the development of a second
generation.


