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Success and Failure in Spraying for Scab 
and Codling Moth 

C. I ~ . TU CKS AND \ \1. TOEN ] ES 

It is a matter of C0 1l1lllUn kn owledge a1llo ng cUlllm er cial fruit grow­
er s living in th e sa m e di stri ct , growin g the same varieti es, having 
much th e same kind o f land. empl oy in g essentiall y the same cultural 
prac tices, u sing th e sam e kinds of spray materials, and attempting to 
follow the same spray ing sch edule . that \vid e variations in the grade 
o r quality of the product are present. These differences are indeed 
somet im es a lm ost unbeli evab le . Thus. for exa mple, Gaston1 found that 
in the Fennv ill e district. ove r a fiv e-ycar peri ud, certa in growe rs pro­
duced 71 per ce nt A-grade apples while others in the same community 
produced just half that percentage of that gracI e. Gardn er,:! studying 
in so m ewhat greate r d etail the fiv e -yea r records of a g r o up of 100 
represe ntative apple g rowe r s of vVestern lVl ichigan , repo rted some 
as producing upward s to 75 per cent whil e o ther s produced less than 
25 per cent of A-g rade fruit. 

Some of th ese var ia tion s " 'c r e dllC to differences in s ize or coloration 
of fruit or in brui ses occas ioned by carckss handlin g hut many were 
clue to differenc es in in sect a11d di sease co ntro l. Thus in 1924, 13 per 
cent of on e Fen nvill e grc)\\"lT's Baldwins were culled uut hecause of 
scab while less than 1 per cent of hi s n cighhor's Bald\Vins showed scah 
il1 ~ecti() l1; in 1929, th e corr es ponding figure s f()r hH) comm erci a l Bcdcl ­
""111 g rowers of the sam e district were 58 and 3 and in both se t s of 
instances th e same sp r ay in g calendar \\'as foll o w ed. 

Exact data as to " 'h y these var iat ions occur ha ve hee n almost wholly 
lacking. Often those \\"h u ha ve obtained poor control hav e h ee n in ­
clined to lay th e hlam e on some suppos ed dete rioratiull of the spray 
mater ials ur to th e wcather or t o an inadequacy of the spraying calen­
dar, or perhaps to SOl1le oth er fancied reason whi le thuse who have 
obtained good contro l are cqually ull certain as to jnst why their results 
have been so sat isfactury while tho se of th eir neighbors h ave not. 

Object 
The object of th e inquiry. upo n ,,· hi ch this is a r eport. has been t o 

determine th e r elative importan ce of t he seve ral factor s in orchard 
management that mak e fo r success o r failure in th e co ntrol of insects 
and di sease s \\·hen essentiall y th e sa m e contrul program is used. 

Procedure 

111 the early sp ri ng 0 f 1929. r eprese n tati ve C0 111111 e rcial o r chard s. 17 
in a ll. were selected in j\ll egan and Van Buren connt ies for detailed 

l ]'vli ch. Exp. Sta. Spcc i;ti Bulktill [\;(). 1(iO. 
2~ 1 i c h . l~xp. Sta. Specia l l ~ lllkti l1 N o. 1M . 
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s tud y. T h e size of trees a nd fer t ility of so il we r e comparatively uni­
for m fo r the d is tri ct , b ut centra l pack ing ho use g rading r ecords lor 
preceding yea r s sh owed tha t the culli ng r equired becau se of insect 
a nd di sease injury va ri ed g r ea tly. Gcn er a l obse r vation s ,ve r e m ade on 
the location of the orch a r ds, the methods of so il m a nagement, the 
g ener a l condition of tr ees, prunin g, di st a nce of p lanting, a nd immecli­
a t e surroundings. No t es were t a k en on the kind, capacity, a nd con­
dition of th e spraying ou tfits . A rra ngem ent s wer e t h en m ade w ith t h e 
own er s t o k eep, th ro ug ho u t t h e season o n specia lly p r epa r ed blanks, 
r ecord s sh ow ing th e kinds a nd conccnt rat ions of sp ray m a t erial s t hat 
w er e u sed, da t es of appli cat ion , tota l ga llo ns applied each day, a nd 
sid e of th e trees cover ed. Each o r cllard was vis ited once during the 
appli cati on of each sp ray a nd ob se r vat ioJls we r e m ade as fo llows :­
Tim e (a s m easured by a stop " 'a t ch ) r ec lui rec1 to sp ray a n ave rage t r ee, 
p r essure u sed, m eth ods of tr ee cover ag'e . a nc! t horoug hn ess uf cove rage. 

In 1930, th e study w as repeated in ] :2 of th e o ri g in a l orcha r ds a nd 
four n e,,,, o r ch a rds w er e in clude d . I n ] 93 1, t wo other o r cha rd s were 
included, makin g a to t a l of ]8 for t hat season. 

2.17 
F ig. I. - Loss D ue to Apple Scab by Seasons. 

Thi s fi g ure pr ese nts an ave rage of all Baldwin orchards st udied. Scab 
a ttacks occur w hen wea th er co nd itioll s arc favo rable. 

In each o r ch a rd , three ave rage trees (yield in g a t ot a l of 3,000 to 
8,000 apples) of each va ri ety wer e selected for t h e pu rp ose of tak in g 
data on p es t control. T h e trees were div ided into t op a nd bottom 
halves fo r t h e purpose of cleterm ini ng in w h a t portion h est control 
w a s secured. F r om each b alE of each of t h e trees selected, all f r u its, 
includin g those t h a t d r opped, were ca r efully examined for injuries as 
fo llow s : scah , st in gs, wo rm s, rllsset in g, aphi s, and leaf-roller. 

In th e r ep ort t h a t fo ll ows, no attempt is m ade t o deta il or even s ll m­
marize a ll the data t hat were obta ined; but , r a ther, there are pre­
sented o r cited r epresen tat ive records t hat will ser ve to bring out the 
m or e s ig nifi cant lesson s of the study. 

Sea.sonal and Individual Differences in Sca.b Control 

S cab, as a ll growe r s kno w , is easy t o control in some seasons, while 
in o ther s it is ve ry di ffic ul t (See F ig . 1). T h is is due, m ainly, to d if­
fer ences in w ca th e r . Conditio ns in th e spri1l g of ] 929 we r e favo rahlc 
to scab clevclop 1l1 Cll t a ll d scab was ullusna ll y a lJtl1lclallt ill mallY (Jr-
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charcls, but th er e -wer e g rO\\-er s who suffer ed little lo ss from thi s 
disease even in that year. Figure 2 shows how marked the contrast 
was in the re sults of control methods used by severa l different g row­
er s. Since all these grower s lived w ithin a few miles of one another, 
their differences in control cannot be expla ined hy weather conditions. 

More or le ss obviously, the control of apple scab depends on the 
spray material used, its concentration, th e tim e of application , and the 
thoroughness of cove rage . \iVith this in mind, try to determine why 
ther e \~r as so \vide a difference in control ach ieved by grower s No. 11 
and No.3 (See F ig. 2), one of whom ohtained excellent comm ercial 
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Fig. 2.- Los s Due to Apple Scab iJ y Di ffc rellt Cnmcrs. 

50 

Vari ety is Baldwil1. Certa in g ro\\e r s suffer very little los s due to scaiJ, wh ile 
th eir n e ig hb o r s arc h arvest in g fr uit which s ho\\' over half scab. \ Vhy? The 
a nswer is incomplete coverage. 

control and the ()t her o( \\·hose effo rt s resulted in almost complete 
failure. Their o rchards are located three miles apart in the F ennville 
district. J\ number or \'arictie s are included in each orchard but Bald­
win is the principal one. The trees in both orchards are at leas t 50 
yea rs old and ran ge in h e ig ht fr()m ~~ to 28 feet. The spray ing out fit s 
employed by these g row er s had been in use for a number of yea rs. 
Th e one in or chard No. 11 had a rated delivery capacity of eight gal­
lons per minute and maintained a pressure of 250 pounds. The one in 
orchard No.3, bad a rated capacity of 12 gallons per minute, was 
pow ered by a }Vl ode1 T F'ord motor and maintained a pressure of 375 
pound s. The mater ia l u sed hy each g rower was liquid lime-su lphur, 
at the concentration of 20 gallons per 100 gallons of sp ray ing so lu­
tion. Seventeen ga llon s of sprayin g so lution per application were ap­
plied on the ave rage tree by Grower No. 3 and only ] 2 hy grower 
No. 11. Ne ith er grower made a debyec1 do rmant appli ca ti on. TahJc 
1, g iv es th e dates ur t he pr c-pil1k, pink, petal - fall, a nd fir st cover 
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Table I.- Time o f a pp licatio n o f spraying materials to orchards 11 and 3 in t he 
1929 season and scab c o n trol records. 

Pre-pink . . . 
P ink . . .. . . 
P e t a l-raJ!. . . 
Fi rst co ve r . 

Total C rop .. .. . . . . 

Top ... . 
Bottolll . 
D rops . 

( 'o lll rol 

G rower N o . 11 

A pril 15-16-10-24 
May 6 
May 27-28-29-3 1 
Ju ne 10-14-15 

G rower NO. 3 

Apri lUi-19 
May 3-7-S 
May 30- Ju ne 6-7 
June 11-14 

Per cen t Scab 

58 . 06 

68.!ifi 
48 . 30 
56 . S6 

2. 94 

!i. 0 5 
0 . 34 
3 . 1S 

appli cations. It w ill be no t ed t hat a ll application s w er e made on p r ac­
ti ca lly tb e sam e da t es. 

S ince the m a t e ri a ls, concentra ti o n, and the times of application we r e 
esse ntially th e sam e. th er e is onl y on e o t h er major fact or , cove rage, 
left that could account fo r th e contra st . Fie ld no t es taken while t h e 
appl icatio n s we r e beill g m ade in o r chard No. 11 , show t hat t he ce nte r 
t ops 'o f the t r ees were no t b e in g w ell cov er ed . Early infection occurred 
un th e n ew leaves in tha t po rti on o f the trees and , with di sse minat ion 
o f scab spor es dur ing eve ry r a in y p eriod, ne \V inf ections t ook place on 
th e fr ui t a ne! leav es in th e lowe r pa r ts o f th e tr ees. On t he o t h er h an (!. 
th e owner of o r cha rd 1'\0.3. r ea lly hael c\)Ve r ed a ll of th e exposed 
surfaces o f hi s tr ees \\' h ell h e fini shed spray ing . 

Seasonal and Individual Differenc,es in Codling Moth Control 

r~ o s ses clue t o codlin g 1lloth inc r easecl ve r y ral)idly in t he Fen n vi ll e 
di s tr ict or M ich igan dur ing th e t hree-year p eriod cov er ed by t h is 
study. Thi s is b ro ught out gra phica ll y in Fi g ure 3. Ta kin g 1929 a s 
100 p er cent , th e per centage o{ \\'u rlll Y apples in 1931 was 240 per cen t. 
P r esuma bly , thi s incr ease w a s d ue in large pa rt to esp ecia lly favorabl e 
w eath e r co nd it ion s, for t h e fa ct th a t th e in cr ease in wo r my app les 
w as r elat ive ly less t ha n th e in crea se in s tings indicates t ha t on t h e 
w ho le th e g row e r s d id a b ett e r job of spray in g. For a g ive n year, the 
rat io b etw ee n st ings and w o rmy apples represe nt s th e sp raying ef­
fi ciency . In 1929, th er e we r e a lmost as m a ny w o rmy apples a s app les 
having s t in gs, bu t in 1931 th e rat io was a lm os t two t o o ne ind icatin g 
t hat t he spraying effi ciency had b een incr eased. 

A ca refu l spray- ma n co mba t ing a h eav y in fes tat ion of cod lin g m oth s 
will se cure a rat io of a t least 10 stin gs t o one w o rm y apple. I t is pos ­
s ible 'w ith a m oder a t ely h eav y popula t ion t o secure a rat io of 30 t o 1. 
In a gen era l way, st ings plu s th e w orm y apples, r ep r esen t s th e codl ing 
m oth populat ion. A ha r ves t ed cr op show ing a hi g h percentage o f 
stings and low p ercentage o f wormy apples indicat e s good spraying 
for that particu la r c rop yea r l)Ut it a lsu ind icates t ha t t he sp rayi ng was 
faulty in the precedin g sea suns heca use t h e populat ion had bu il t up . 

I 

SEASON PERCENT 

1929 6 .40 I 
7.46 ' ~ 

1930 992 I 
1'3.76 r/. 

1901 15.00 I 
29.54 ~ 

_WORN 
F ig. 3.-Loss Dl 
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coverage secured. 
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_WORMY W&m15TINGS 

Fig. J.-Loss Due to lo'l lin g ~ 'I oth 1).\ Seasons. 

This fi g ur e pr ese nt ,; a n averag;e of all Ba lcl \\·ill o r chard s st udi ed. The loss clu e 
to \\'ormy f ruit has in cr ease cl 20 tilll e;; ill b\'o "\\'Orill " yea r s. 

7 

] [ the spraying has b ee n ca r efu ll y pedorm ec1, n ea rl y all th e '\\'Or111 S 
will be kill ed a nd if this is carri ed (J1l ove r a period of y ear s. the p op u ­
lati o n will he r educed to th e mini1l1um. Th e r e fore. the 1l10st accura t e 
m eas ure of spraying fo r the co ntrol ()I- c(Jclling 1ll o th is th e per ce ll t of 
wor m y appl es . HO\\'evcr. th o u g h the losses clu e to cod lin g m o th in ­
creased rapidly in th e di st ri ct as a wh o le . S0 1ll e g ro\\'e rs suff e r ed mll ch 
less than oth er s. Ce rtain o n es h eld th e in sec t in ch eck. F igure -t hrings 
o ut th e fa ct that so m e g rower s hac! !ll ) less than s ix tim es as man )' 
w o rmy app les as th eir neighl)()r s, th()ugh th ey u sed th e sam e spray 
mate rials 011 trees of the sa me va ri eties a nd of ahotlt t h e sam e s ize. 

I 
I 2.91 

Fig. 4.-Loss Due to \ VonllY Apples by Different C rowC1's. 

Variety is Baldwin. Ce r tain g ro\\'ers hac! s ix t im es more w o rm y fruit than 
their n eig hb or s_ Th e pe r ce n tage of wor1l1 Y apples was fo ull d to va ry w ith th e 
cove r age secured. 



Since determining the r easons for variati on ill control by different 
growers was on e of the obj ect s of this inquiry, the methods of a suc­
cessful g rower will b e comparcd with those of one who more or ~ess 
failed. The trees, which arc at lea t 50 years old and 25 to 30 feet hIgh, 
are in orchards located about two and one-half miles apart. Clean cul­
tivation was practiced in both orchards. Grower No. 12, had an old 
spray ing outfit with a rated delivery capacity o f eig ht gallons p er 
minute but it maintained 350 to 425 pounds pressure. Grower No.6 had 
a newer sprayi ng outfit with a ratcd delivcry capacity of 15 gallons 
per minute, which was op erated at 350 to 375 pounds hut was able t o 
maintain 450 pound s pressure. Tn both cases, lead arsenate was u sed at 
the rate of thr ee pounds per 100 gallon s oE spray in g s'O luti on, together 
with lime-sulphur for the purpose of scab control. Crower No. 12 
applied 30 gall o ns of sp ray ing so luti on, a nd Gro\\'er T\ ). 6, 20 gallon s 
on an average tr ee per application. 

Table 2.-Spraying dates and codling moth control record for two orchards in the 
Fennville district, Michigan, in 1930 and 1931. 

Application 

P etal-fall. ... ... . 
Firs t cover . . . , , . 
fleco nd cove r ... . 

Tltir<l cover .... . 

Fourth c:ovcr . .. . 

Fifth cover ..... . 

Cont rol 

Total Crop ...... 

Top ..... . . ..... 
Bottorn ....... .. 
Drop s . .. . . .... . 

la30 

Grower No. 12 Growcr No. G 

l\I n,y 12-17 l\f :l,y 1 G-27 

~L~~~ ~~~~ llll e:1 .... ·.TLiric ' ri -'JO~ j i" 

Jul y 11- 17 JUIlC 27 

.lill y 2!'l - Aug. '1 .TIll y 21-2!J 

Alrg. 1!j-18 Aug.lS-1G 

1a31 

Grower No . 12 

.J u nc 1-2-3-1 

June Hi- 1 7-20-2~ 

June 2a-30-
Jul y 1-2 
Jul y 14- ] ."i-] 8-21-

22-23 
Aug. !J-I0-11-11-

17-2 1 

Grower No. (i 

JUIlC 2 -'1-.') 

:ri r'Il'c' 'J (i~ ; 7~22-2:)~' 
2ii 

.lIlly 3-G 

A u/j. 3-4.-G-7 

Al rg-. la-20 

Per cent Wormy 

0 . 54 13.57 2.!Jl 19.30 

0.28 4 . 2G 0.:10 G. O.') 
0 1 .. 5.') 0.08 3.1~ 

2.1a 36.11 18.67 54. 00 

Data on spray in o ' dates and codling moth control for both growers 
and for the two ybear s are presented in ]'able 2. Attention is called 
fir st to the fact that in 1930 g rower No.6, did n ot put on the fir st 
cover spray and neither grower No. 12 nor gr ~:)\ver ~ o. 6, ma~lc t~1at 
application in 193 1. F urthermore, there were slIght ~Iffe rences 111 11111 -

in O' the other applications. It is impossib le to aSSIgn to each con­
tributinO' factor it s share in th e d ifference in worm control b etween 
the tw'Ob orchards. Differences in timing the applicat ions certainly did 
not seem t o be mainl y responsihle, 110r is the fact that the on e orchard 
rccc ived on e m or e ea rly seaso n cover spray o f maj or importance. 1\s 
1n the case of orchard s No. 11 and No.3, just compared from the 
standpoint 'of scab contro l, the main diffcrence se(,~Jllecl t o be in the 
thoro ug h 11 ess 0 r coverag'c 0 f the top ccn tral port lo 11 s 0 r the trees, 

SP n :\ IT\ (; Fe 

fie ld observations il1c1icati 
th ose p ortions. 

Table 3.-Control of 

( fi g l1 l 

------- ===--

V;Lriety 

J )1Ic!LCSH . 
W ealtlly .... . 
McIntosh .... . 
R. 1. Greening 
Jonathan . .. . . 
Baldwin .. 

Average. 

la2a 

:l2.in 2l.0;) 
* 

r..77 4.7 L 
26.67 1a.a4 

* 30 . 1 a 1.~: 87' .. 2: 

-1--
23 .87 15 .3a 2 

NOTE :- This T a ble presents an a\'er 
orchards varied in age from 18 to 20 y' 
70 years. 

*Records were not secured on these' 

That the problem 'of sec 
parts of trees, as illustrat, 
o f the entire di stri ct is b 
Table 3 and Figures 5 an 
vari etie s are probably to 1 
the size of th e tr ees , it bcil 
tops of low than it is th e t 
that McIntosh is more Stl S( 

former variety is sp rayed 1 

for Baldwin (See Table 3). 

Why Some Grower 
Fail in ( 

Some seasons that are J 
unfavorable for the develoJ 
the reverse of th ese b\'o CO! 

the season of 1929 ,vas fa , 
where thi s study was lll ad 
especially fav orable for coe 
noted that those g r'o \\'ers 
year s, also produce worm 
growers who produce reb 
or may not produ ce ,\'orm 
ficult t o und er st and \\·In· t 
a lso fa il o n worms. bec"aw 
of th e tr ees, but. whell he 
fai ls t o control coel lin g lllCi 

who controls scab is carcfu 
t h e worms do not get hi s (l 

g r uwer is likely, hO\\'cvcr 
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field observat ion s indicatin g that most of the "drops" came from 
those portions. 

Variety 

Table 3.-Control of apple scab in different parts of the trees. 

(Pigurcs indicatc pcr CCllt s cab.) 

==-=---===-=--= -- - =====-==-= 
1!J2!J H)30 1!J31 

TOl) I l\ottOIIl Drops _'~ UOLiOIIl I ])]"OJ) S __ ' I_'()[l_ 

-- --_._-_._--
n()~~1 Drops 

. 

Dllcltess ... ... :l2 . in 21. 03 :32 .18 1:;.84 R. 17 lO . O:{ 0 . 41 f). Hi O.2R 
Wealthy . . ... * McIntosh .... . :;.77 4.7L 5.80' 

!l.76 (-i. 3D f-i.W; L.07 O. !)O 1.48 
2.00 1.12 1. 21 10.06 ~-{ . 31 5.55 

R. 1. Greening 26.67 1!J.!J4 
Jonathan .. .. . * 

24.65 2 .37 0 .93 0 .03 2 .02 0.86 2.85 
3.10 1. 69 1.67 1.43 0.46 0 . 38 

Baldwin . .. .. . 30 . 1!J 15.87 22.64 1. 51 0 . 33 0.99 0 .86 0.43 0 .83 

Average. . . . . . 23 . 87 

NOTE:- This Table presents an average control of a,l] growers and varieties studied. The McIntosh 
orchards varied in age from 18 to 20 years while orchards containing other variet ies varied from 35 to 
70 years. 

*Records were not secured on these varieties for H)2!J . 

That the problem 'of securing thorough coverage of the top central 
parts of tre es, as illustrated by orchards 11 and 6, is representative 
of the entire district is borne out by the information presented in 
Table 3 and Figures 5 and G. The eli fferences between the several 
varieties are probably to he explained as being dne to differ ences in 
the size of th e tr ees, j t being r elatively eas ier to spray thoroughly the 
tops of low than it is the t ops of high trees. It is c'ommon knowledge 
tha t McInto sh is more snscep tible to scab than Bald win but when the 
former variety is sprayed more thoroughly the loss may be less than 
for Baldwin (See Table 3). 

Why Some Growers Succeed in Controlling Scab and 
F ail in Controlling Codling Moth 

Some seasons that are lavorable for the development of scab are 
unfavorable for the development of codling moth, others are not, and 
the rever se of these t,,·o conditions may be 'obtained. As already stated, 
the season of 1929 ,vas la vorable for scab development in the section 
where thi s study wa s made, 'while the seasons of 1930 and 1931 were 
especially favorable for codling moth but unfavorable for scab. It was 
noted that those gr'owers 'who produce scabby apples during "scab" 
years, also produce wormy apples during "worm" years. However, 
growers who produce relatively scab-free apples in "scab" years may 
or may not produce worm-free apples in "worm" yea r s. It is not dif­
ficult to understand why the gTO\\Cr \\ho fails to u :mtrol scab would 
also fail on worms, because he usually covers poorly the center tops 
of th e trees, but. when he contro ls scab in an epidemic year and then 
fails to control codling lll()th, it is sOl1lc\\·hat 'ur a puzzle. The grower 
who controls scab is careful to cover the tops o[ the trees ; therefore, 
the worms do not .[!,TL hi s apples hecall se or fa ilur e in that respect. This 
gr'o\~r er is likely, howevcr , to use a mi st or fog-like non-penetrating 
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spray. The 1110st i1llportant scab applications a re made at the pre­
blossom and petal-iall perioc1s \\·hell the foliage is very light and it 
is relatively easy to penetrat e the full dia1lleter o£ the trees. But 
\\'o rllls make their attack \\·he ll th e trees arc 1110re or less fully clothed 
\\·ith their foliag e so that a fog -like spray will l1()t usually penetrate 
heyond the tr ee centcr. and tllll s the fruits ar e \\'c ll c'overed on ly on 
the out\\'anl s iclc. that porti on of the surface nearest the outs ic1 e peri­
ph ery of the tree. 

Fig . 5.- Location o[ Scabby App les. 

The average growe r har vests the hig hest perce ntage of scabby fruit from the 
center top s of the trees; therefore, he should im prove the coverage th ere. 

Preliminary ubse rvati on s mack in mall Y orchards led to the belief 
that the cod ling m oth \\'orms \\'ere entering the apples principally from 
th e inward sid e, o n the s ide of the apple that is turn ed toward the 
cen t er of the tr ee . In som e 'urc ha rds counts were made and the per­
centages of in \\'arc1 s ide en tri es c1 e t ermined. Th e obs ervations \\'e r e 
made by standing n ca r the tr ee trunk and looking uutward. The ob­
server moved aruund the tree trunk and counted a ll the worm holes 
he could see on th e lower half of the tr ee. Then h e moved to th e 
out side, generally within about s ix feet. uf the branches, and as he 
moved around th e tr ee and looked toward th e trunk, he counted all 
worm h oles that could he seell. The plan \\ ' <1S to co unt 500 \\'ormy 

Fig. G.-\Vor11lY 

This figure presents an a 
1930 and 1931. Growers I 
trees . 

apples in each orchard. Tr 
be noted that almost t\\'o­
inward side. 

The ow ner 'of orchard '0 
three Northern Spy trees 
recorded . The trees were 
about 18 feet. A ll apples in 
merely stung) and which ( 
foot s tep ladd er \\'e r e picke 
were found to have been el 

The question th en arose 

Table 4.-Location of 

c 

Variety 

McIntosh . . 
McIntosh . . . 
McIntosh .. . 
Baldwin .. . . . 
Baldwin . .... . . . 

Average ....... . 

*Entering on the sid e of t he apple th 
before harvest time. . 
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Fig. G.- vVor1ll Y Apple s in Top a nd BOUn ll1 of T r ees. 

This fi g ure present s a n a verage of all o r chards an d va ri etie s s tudi ed ill 
1930 and 1931. Grower s should imp rove th e cove rage in th e top of th e 
tre es. 

It 

apples in each o rchard. The r esult s are presen t ed in Table 4. It will 
be not ed that almost hvo-third s of the worm s had entered fr0111 th e 
inward s ide . 

Th e ow ner 'of o rchard No . 9, suggested that th e wor my apples on 
three N orth ern Spy trees he pick ed anel th e location of wor111 entry 
recorded. The trees were 20 years old and had an average h eight o f 
about 18 feet. A ll apple s in w hi ch the worms had actually entered (not 
merely stung) and which coul el b e r eac hed fr om the top of an eight­
foot st ep ladder we r e pick ed. Seve nt y per cent of the blemished apples 
we r e found t o have been ent er ed from the in 'ward sid e (See Fig. 7) . 

The question th en aro se as t o wh ether th e 'worm s prefer to enter 

Table 4.-Location of worm entry into the fruit on sprayed tr'ee,s. 

(Inco1l1 p lete Coverage) 

Variety Orcharc1 N o . I P e r cent s icl e* I Per cent s ide I faclIlg III fac ing out 

-----·---------------------------------1------------
McIntosh ....... . . 
McIntosh . ... . 
McIntosh .. . 
Bald win .. . . 
Baldwin . .. . 

Average . . .. .... ..... ... .. . . . 

7 
] ;""j 

o 
fi 

17 

nl 
()4 

70 
G4 
no 

nt!-

30 
:~n 
:30 
:36 
40 

3G ·1-----····1 
--------------------~--------------- ~-----------------------

*En tering on the s id e of the apple thn,t is t llrned toward th e cent.er of (he tree. Determinations made 
before harvest time. 
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on t.h e cool shady s ide o f t.h e apple. A n unsprayed J ona than tree was 
locat ed and th e w orm y appl es \\'e r e pickeel fr o m it in the sam e manner 
a s fr om the No rt.h ern Spy tr ees. Three -fo urth s o f the la r vae had en­
tered the apples h o m th e outer s icl e, the surface that fa ce el the 'o ut side 
p eripher y o f t.h e tr ee (See .Fi g . 8). P erhaps t.hi s prefe r ence is a ssoci ­
ated with th e fa ct that th e outer s icl e of the fruit is 111 0 r e exposed t o 
sunlight . 1\t a ny r a t e, t.he ev iden ce is clear that the poo r er control 
that som e g rower s have over coelling m oth a s compar ed w ith their 
conU"ol over scab is du e t o r eb tively poo r er coverage of p or t ion s of 
th e individual fruit s w it h th e la t er SUlllm er sprays. 

F ig. 7.-Location of \Vorm Entr y on Sprayed T rees . 

( Incomplete Coverage.) All apples in th e crates a r c wormy. The fruit 
entered fro m t he inn er s id e fi lled fo ur cr a tes , \·hile o nl y one alld one-fourth 
cr a tes we r e req uir ed fo r t he oute r sid e entri es . Th e fruit wa s pi ckeel fr om 
th e lower part of t h ree 20-yea r -o ld Nort her n Spy t rees . 

The Relation of Spraying Equipment to Pest Control 

In th e orchards inclucl ed in t.hi s stndy, man y cliHer ent t ypes o [ spray­
in g eCluipm ent we r e in u sc, r a ng i ng fr om ] (i -yea r -() Ie! two-cy linder 
small -capaci ty pumps m oun t. ed on 1 SO-gallon tank s and pow er ed b y 
4 h . p. one-cylind er eng in es tn t.h e m os t lll\ )dern o[ hi g h-powe r ed large­
capacity outfit s (See Fig. 9). H \\'as t.houg ht tha t a ch ec k o n t h e w ork 
clone hy t.h ese diHer ent. OUt.fltS \\·o nld r evea l g reat diff er ences in t.h e ir 
effectiv en ess in controllin g pe s t. s. Th ey \\'e re founel t o prese nt a g r eat 
ran ge in efll cien cy, as 111 cas u r ed hy th e t. i m e r ecJ u i r eel to cove r a gi ve n 
acreage 'o r the a bilit.y t o maintain hi g h pressures o r t.h e alllount uf 
att ention that they r equir ed fo r operat ion. On t he o th er hand , n o 
relation ship was di scove red betw ee n t.h eir age, s ize, capacity, or co st 
and th e contro l o [ pests ac t.uall y ol)ta in ccl f rom th eir usc. So m e o[ the 
old es t an d S 11] all es t nut fi t s, we r e d () i 11 g so III e 0 f the b e s two r k. W it h i 11 

t.h e r<lnge of equipm ent presen te d hy t hi s s tlld y, far m ore depended on 
the op erator than on th e m ech a ni ca l IJC rf ec ti on o r n ewn ess o [ hi s 
o utfit. 

:-; P l ~ .\ Y 1 i\ (; FO 
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Larger numbers of \\"Orl11 S enter app les on th e oUt\\"ard- faci ng si de. \Vh en on ly this side is covered, they enter from the inward- W 

facing side. \\'h e n both sides are cove red prac ti ca ll y all \\·or111S are ki ll ed. 
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So m e o b sc r va ti o n s \\'c r e m ade \\' hi ch indi cat e that . in t h e purch ase 
of n ew o utfit s . g n rw cr s hav in g C{) 1l11l1 e rci a l o r ~ h a r<l~ 0 r a v e rage s ize 
w o uld do w ell t o secur e o n c \\'ith a r a t ed capac It y 0 1 at leas t ] 2 t o In 
gallo n s p e r minllt e a nd ca pabl c of m a int a inin g a pressur c of a t lea st 
300 t o 350 p o und s, 

c D 

F ig, 9.- Typcs of Spraying l ~ ql1 i plllcnt S tudi ed, 

A-12 ga ll o ns pe r m inu te p l1 lllp and 200 ga ll o n ta nk ; B-A~ h0111 e asse mbl ed 
o utfi t, 12 ga llons per m inut e p Ulll P and 200 ga ll o n t a nk .; C- 12 ga ll o ns p~ r 
minute p um p a n d 200 ga ll on ta ll k; D- 15 ga ll o ns per mI nut e p Ulll P a nd 2JO 
ga llon tank; E-16 ga ll o ns per m in ute pU lll P and 200 ga ll on ta nk ; F-Po\\'er ­
take-off, 12 ga llons per minute pump and 300 ga llon t a nk. 

SPH,A\T\(~ FOR 

Gcn eral UhSerYClti()ns i11die< 
h a d nl'o r e dr iv ing pu\\'er t han 
fo ur to c ig h t nozz les pc r 1'01 

guod cove r agc in t h e ea rly pc 
sized t r ees . b u t , when tb e trc 
lll uiti - ll ozz le r od s lac k ed t h{ 
t h e a pples \\' h i ch "as t'U\\' 

aga in s t t h e coel lin g llWlh \\ ' 
s m a ll to m ediulll s ized t ree: 
th e lllulti - nozz le r( )c1s. hut s\ 
in g surface a n d t hi s w ill de 
c e cl u rei s n () t ]> r'( >Ii ta b Ie, lJ 
tC )])S 'o f large tr ees di d not 
n ozz le ru cl s we r e u sed in any 

Crucial Tests 

Tn t h e co urse of t hen rst 
u pi1li o n s \\ 'e re fo r1ll ed as t() 1 
fo r s u c c e s s 'u r fa i I u r e i n t h e 
m o t,h, in w es t e r n lVl ichigan, 
a cl clltlOn to o bta inin g g rol\'cr 
]930. ce rta in exp e rim e1l ta l t( 
opinio n s 'o r hy potheses to a 
so ug h t t o th e q uest ions (1) 
age w hil e u s in g on ly a r eas 
cffect ive s u ch coverage is u 
co mpa r ed w it h t h e mo re 11 ~ 
e Ffo r t ( d esc rib ed later) \\-as 

The Orchards- Fou r orch 
se lec t ed fo r t h e ex perime nts 
ti o n a nd a la rge coel lin g 111 

h a r vested in o r cha rd j'\O, II , 
1930 . -+2 p er cen t \\"U r llly; () 
1929, and 13 p e r ce n t ,,-m m 
cen t scah i 11 ] 930. a nd 22 pe l.' 
good o r chard sa ni ta ry lll eas u 
fo ur u r cha rd s, 

O r ch a rd s No , ] 1 a ncJ Xu, 
will b e di scusseel as a un it, ] 
in h e ig h t f r u 1ll 25 to 30 feet 
a r e ra th e r d ense\\-it h la rge 
reac h "' ithi n ]8 in ch es of the 
C lean cul t il' at ion is p ract icec 
in th e late S Ulll11HT. l\[ odc rat( 
h ave ge n er a ll y been app li ed , 
s ix h, p. eng i11es. had a r atcc 
o p e r at in g press u re rangeel fr 
clo n e wi th guns hay i1lg a s illg 

O r cha r d K(J, () is ()f the I) 
t r ees ra nge in height fr{)1ll .z 
feet. The reason the ), h;n e n 
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Ge ne ral o hse r vat ioJl s i11dicated that t h e s in g le o r elouble n ozz le g uns 
had n1'ur e drivin g po\\'e r than th e l11ulti -n() /.:/.: le ruel s . which range el from 
four to e ig ht nozzles p e r rocl. I n gene ral. the lllulti-nozzle roels gav r-;: 

gooel coverage in t h e ear ly part ()f the se a so n (scah season ) o n medium 
sized trees. b u t. '\\'h e n th e tree s \\ 'e r e covered \\ 'ith heavy foliage, these 
multi-nozzle rods lack eel th e p enetrating p{)\\"C.:r to give the sid e o f 
th e apples \\ 'bi ch \\ 'a s t"I)\ \'a rd th e tr ee trunk sufficient protection 
aga in st th e cod lin g llloth\\'o rm s, Of co urse, it is poss ibl e t o prl1n ~ 
small to m ed ium s i/.:e d trees h ea \'y eno ugh t o per1l1it coverage 'with 
the multi - llOZ/.:1e r()ds. hut su ch pruning will greatl y r educe th e b~ar­
ing surface a nd this wi ll d ecrease t h e y ield so much that this' pro­
c e d u l' e i s n () t ]> 1' 0 fj tab Ie , I) u e t () 1 a c k () f d r i v i n gpo \\' e r , the c e n t e r 
tCJps 'uf large tr ees (lid not rece ive good coverage where th ~ multi­
noz z le r oel s \\'e r e u sC'( l in any app li catio n . 

Crucial T e-sts for Codling Moth Control 

In the co ur se uf the first t\\·o y ea r s' study, certa in fa irl y d e finit e 
opinion s \\'{~ r c for11led as t() th e factor s that arc principal ly r espon s ible 
fo r su ccess '0 1' fa illlr e in the c01llm ercial co n tro l of scab and codling 
moth in western ,l\'I ichi gan. ft \\ 'as dec id ed, there fo r e, that in 1931 , in 
a dditi o n to obta inin g gTO \\'C r s ' records ()f th e ty pe secured in 1929 and 
] 930. certai n exper i 111 e ll ta l tests \\'() uld h e m ade that \\'ould put these 
op inio n s 'ur hypot heses to a cruc ia l test . Specifi ca ll y, an a n s w er was 
sought t o th e quest iun s ( 1) how to obta in the best poss ible cov e r ­
age whil e u s ing o nl y a r eas()nable CL m ()U nt of m ate rial , a nd (2) hmv 
effect iv e s uch cove r age is un cler cond iti ons of extrem e infes tatio n as 
c01l1pare<1 \\'ith the m o re u sua l inco mpl e t e cove rage- tho ug h sp ecial 
ef( o r t ( cl esc rib ed late 1' ) \\' as 111 ad e tu t i 111 e t h e app 1 ica tion s accurately. 

The Orchards- Four o rchanls having poor control r eco rd s \\'e r e 
se lected fu r th e ex pe rim ent s. Th ese o r cha rd s h ad a h eavy scab infec­
ti o n and a large coel lin g 1lloth po pulation . Fur exa mple, the apple ::; 
harv ested in o rchard No, ] 1. show ed 58 pe r ce nt scab in 1929, and in 
1930, +2 p er ce nt \\'\l rlllY ; o rchar< l ~() . (). sh o \\ 'ed 1+ pe r cent scah in 
1929. and 13 pe r cent \\ 'o r11l Y ill 1930; o rchard No. l (), s ho w ed 20 per 
cent scab in 1930. and.2.2 pe r ce nt \\'ormy the sam e yea r. 1<urth er m ore, 
o'ood o rchard san ita r y m eas ur es had not be en employed in any of these 
four orchards. 

O r chard s No. ] 1 a lld No. ] 7 adjoin. a re s imilar in many ways, and 
\\'i ll be c1is cu 'sec! as a unit. T h e trees ran ge in age from 55 to 70 yea r s, 
in h eig h t from 25 to 30 fee t , and in spread -fr011l 35 to 45 feet . They 
are rath e r d ense \\'ith large over-hang-iu g branches, some of which 
reach within 18 in ch es o f th e g ro ulld. Th e principal variety is Baldwin . 
Clean cultivat ion is pract iced in t h e sp rin g and a cove r cr op is sown 
in th e late SU 1l1m e r. 1\ lode r<1t e Cjuantiti es of ni t r oge n-carry ing fe rtili ze r s 
have ge n e ra ll y hee n app li ed eac h year. Th e spray o ll thts, operated by 
six h . p. eng in es . had a rat ed ca pac it y of J 5 ga ll o ll s per minute" The 
operating pressur e rallged froll1 300 to 350 puunc1 s. A ll spray ing \\"<1 :, 

clon e \ \"ith g uns havin g a s in gle nozzle. 
Orchard S(). () is of the Ha ld\\·ill \'arid)" a l)() ut 60 yea r s old. Th e 

trees ra nge in h e ight frolll .25 to 30 fed alld in spread fro m 30 to 35 
f oct. The reasu n the y hav e nu g r eater sp r ead is that th ey a re too clo se 
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together, 33 x 33 feet. I any \) f the trees touch each other, t hough 
they have been kept fairly open by pruning. Clean cultivation is prac­
ticed. A sp ray ilJ g outfit with a rated capacity of ] 5 gallons per minute 
and operat ed with a 6 h. p. engine ,\·as used. The pressure ranged 
from 300 to 325 pounds. 1\ gun having a sing le nozzle was used [or 
spray ing. 

Orchard No. 16 is somewhat isolated, the nearest apple orchard be­
ing one-fourth mile away. There are a number of varieties in the 
orchard but the principal one is Baldwin. T he trees a r e about 45 years 
old . They range in height f r0111 20 to 27 feet and in sp read from 25 
to 35 feet. Clean cultivati"Oll is practiced ill the carly part of the season 
and a cover crop is usua lly sown in the late summer. A spraying out­
fit with a rated capacity of 12 ga llons per minute and operated with a 
6 h. p. engine was used. Thc outfi t was in only fair ccndition, as the 
pump had been used 14 years and the engine six years. The pressure 
varied from 275 to 300 pounds. A gun and 4-nozzle rod was compared 
in this orcha rd. The g un used was of a standard type, single n·ozzle. 
The 4-nozzle rod (quad) used was of a standard type. 

The procedure was to use the same spr ayin g equipment and the same 
spray materials as had been used during the pr eceding two years. A 
block consisting of two r ows running the full length of the orchard 
was selected, w ith the idea t hat there wo uld be a drifting in of codlin g 
moths from ad j·o inin g rows. Records that arc presented a re limited 
to codling moth cont rol because of the relativ ely small scab infection 
in 1931. 

Mate,rials U sed- Standard spraying mate r ials, as recommended i 11 

the Experiment Station Spray in g Cale ndar for 1931, were used as fol­
lows: for scab, liquid lime- sulphur 20 gallons to 100 gallons of spray­
ing solution; for codling m oth, lead arsenate 3 pounds to 100 gallons. 

Timing the Applications for Codling Moths by Bait Pot Traps- The 
codlin g moth appli cations ,,·e re t imed acco rding to th e catch of moths 
in bait pot traps. The pot u sed was a 3-pint enamel k ettle, covered 
with one-fourth inch m esh wire sc reen to k eep out large insects. J\ 
rather stiff wi r e was run from the top of the bail to the rim oE the 
kettle to prevent excessive tipping and to hold the w ir e .. creen in place. 
Eight pots ,y ere used in each orchard, suspend ed in the upper one-third 
of the trees by cord that ,yas run through two one-half inch screw 
eyes to-permit the pot to be lowered nea r t he ground so t hat the llYoth s 
might be removed a nd fresh hait added (See Fig. 10). To increase 
durability a nd ease of operation, the corel ,,·as cl ipped in hot paraffin. The 
moths were r emoved every clay o r every oth er day. When they were 
r emoved r egularly, most of them were 011 the surface ·of the bait 
(See Fig. 10). 

The bait used cons isted of 20 Ib s. malt syrup, 1 lb. sugar , water to 
make 5 gall ons, and ;:i cake of yeast per pot. T he yeast was added 
after the bait was placed ill the pot. The pot was filled ahout two­
thirds full and fre sh hait ,,·as adckd froll1 time to time to replace 
that lost by evapo ra ti on. J\b"uut ('vC:' ry t,,·o ,,·ee k s, the puts ,u~ rc washed 
with water and refi ll ed with fresh bait , including the additi()n of Y1 
cake of fresh yeast to each pol. 

The spray applications were genet'a ll y made three to se VCIl days 

. , 
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the different orchards (S 
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after a "peak" catch of moths. vVhen a big catch of moths was found 
in the pots, unhatched eggs were observed on the leaves and fruit. In 
the experimental plots of the se 'orchards, sometimes as many as five 
eggs were found on the upper surface of one leaf. vVhen high temper-

Fig. 1O.-Moths on the Surface of the Bait. 

Most of the moths will be found floating on the surface of the 
bait when they are r emoved regularly. 

atures pr<:vailed, the eggs hatched within a very few days. The plan 
was to have the app les complet ely covered with lead arsenate when the 
worms made their attack. 

In reality, codling l110th populatio1l and emerge nce varied greatly in 
the different orchards (See Fig. 11). The experimental block in orchard 
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No. 11 received a heav y side drift of summ er bro'od moths f rom an 
adjoining orchard (No . 17) . The expe rimenta l block in o rchard No. 6 
rece iv ed a h eavy drift of moths from both sides. as t h ere was poor 
cont ro l of sp ring brood \\"urms in th e balan ce of the orch~rcl. In or­
cha rd No. 16. th e sid e drift of sum mer brood 1l1oths was lI ght. as the 
balance 'o f the orchard had had good comme rcial control of sp rtn g 

Moths Cau1ht. (Ei1ht. Ba·,t Pots per Orchard) 
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Fig. ll.- Variati o n of Codling Moth Population and E m ergence . 

Th e orchard s a re locatcd within a n a rea w hose di ame t er is fo ur miles. This 
figure illus trate s th c di ffi cult task of lllaking ge neral r ecomm endation s. T herc­
fo re, if each grO\\i c r des ir es specific informati o n r ega rding th e activity of cod ling 
moth in hi s own o rchard , bait pots may be e mployed . 

brood ,\·o rm s. In order to off-set the great exposur e to moth infe s ta ­
tion in orchards No.6 and No. 11 , mor e spray applications were con­
s id e r ed necessa ry. 

Methods of Ap,plication- Four different procedures or methods were 
Llsed in these tests o n co mple t eness of coverage, as measured pnn-
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cipally by the control of ( 
arbitrarily as follo 'ws : 
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tra tes beyond the center. 
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cipally by th e control o f coel lin g m oth. They may h e classed rath er 
arbit rari ly as follows: 

1. Regular Tank Only- In this m ethocl. th e o ne in 111 0St C01ll1ll0n 
u se in l\![ ich igan. a ll t he sp rayin g IS done from th e tank. Procedure 
consis t s in movin g th e sp ra y g un up a ncl clown part of thc time and 

Fig. 12.-The " Improved Ta nk On ly" Method of Coverin g Tr ees. 

F irst stop. The sp ray rig is st opped oppos ite a po int lllid-v\'ay between th e 
tre e just complet ed and th e tr ee wh ich th e ope r a t o r is sta rtin g to spray. Th e 
ope rator cove rs th e outer portions of the tree fir st. with a pencil stream 
as indicated by th e black arrows . The st r eam is then changed to a long 
COne and the r emaind er of th e tree is cove r ed by m ov ing the st ream as 
indicated by the white a rrows. . 

back and forth horizonta ll y part o f th e t ime. Us ua ll y. th e cone of 
spray is moved rather rapidly ove r the center tops of the tree s and nl) 
special e ffo r ti s J11 a cl e to cl r i vet h e J11 ate ria 1 c Ie art h r 0 ug h tot 11 e 0 p­
posite sid e of the tree; as a matter of fact, compa rat ive ly litt le pene­
trates beyond the centcr. 
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2. Improved Tank- Th is method differs from the preceding one 
only in that th e operator is careful to effect good penetration through 
the tree, covering the inward side surfaces of th e fruits on the sid e 
'of the tree opposite from wh ich the spraying is being done, and like­
wise to effect complete coverage of fo liage and fruit in the center top 
portion of the tree. It is recogn ized, of course, that no sh<lrp line call 
be drawn between these two methods; and, in reality, the practices 
employed by individual fru it growers range between t he two ext remes. 
Their difference is in amount of care and degree 'of thoroughn ess 
rather than in kind. Nevert heless, t he differ ence is gTeat enough to 
\V<lrrant a few explanatory st<ltements. 

Fig. 13.-Seconc1 Stop "Imp roved Ta nk Only." <E3 icl e Vie\V. 

The tv\'o most important procedures in securi ng thoro ug'p' coverage a r e illu s­
tt·ated. Success in contro lling app le scab and codl ing mota dep ends upon the 
sp ray man 's ability t o cover the tr ees tho roughly. . " 

In spraying l<lrge tree s by the "Improv ed Tank" m ethod, thr ee stops 
are made per tr ee. The first is opposite a point about mid\Vay betwe en 
the tree just comple t ed and the one th e operator is s tarting to spray. 
From thi s positio11 , h e "angles in" to cover the out ermos t parts with 
a pencil stream and th e r emaining port ion t o he cover ed from this stop 
with a long "cone strea m," moving the g un in an up a nd dowll direc­
tion (See Fig. 12) . 

The second stop is opposite th e center of the tree. Again, the more 
distant visible p'o rtions of the tree are covered with a pencil stream 
or narrow cone, incidenta ll y mov ing th e stream slowly over the center 
top and directing it at a point two to. three f 'elet above the hig hest point 
to be covered (Fig. 13) . The r eason for aiming the stream higher than 

S rRAYT N C FO 

the target is that in traver 
fall s enough actually to hit 
at th e highest part of th e t l 
is being covered, becallse it 
material. However, on eli 
( i. e. aim ing the str eam dir e 
above it ), the obse rve r r epe 
poorly covered by rather 5: 

F ig . l.:t .- Seconcl St( 

The opera tor is directin g tl~ 
The app les on the oppos ite bal 
The tre e has a spread of 40 ft 

stream slo.wly over the cen 
g enerally more or less [la ' 
large portion (somet im es a 
out side sur fac e is th en co' 
t he gun in an up and down 
a narrow-long t o a broacI-s 
more, from thi s center stop 
d istan t part 'of the tree ar 
pencil st ream directed thr o1 
Fig. 14) . 

,-----------------------------------------------------------------------.... --.. .-------.. ----.. -----------------
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the target is that in travers ing the distance involved it "break s" and 
fa ll s enoug h actua lly to hit the target. ff the stream is a im ed directly 
at th e hig hest part 0 [ th e tree. it appears to the operator tIla t the par t 
is being covered, because it is hidden from vicw by the stream of spray 
mater ial. Ho"wever, on climhing large t.rees sprayed in th is mann er 
(i. e. a imin g the stream directly at t he top, instead of two or three feet 
above it ), the obse rve r repeateclly has found the center tops to h e very 
poorly covered by rather small drople t . T he reason for mov ing th e 

Fig. l-1- .- Seconcl Stop "Impro\'ecl Tank On ly." Rear V ie\\,. 

T he ope rator is directing the strea m through a "hole" to secure penetration. 
T he app les on th e opposi t e half of the tree are being covered on the inward sid e. 
T he tree has a sp read of 40 feet. 

s tr eam slowly over tbe center tops of la rge trees is tbat these t ops arc 
genera lly 1110re or less flatt ened and in reality comprise a r elatively 
large portion (sometimes a third ) of th e bear ing area. The r emainin g 
ont sid e stll· face is then cove r ed from this cent er p'Osition by moving 
th e gUll in all tip a lld down direction and u sing a stream ranging fr om 
a narrow-long to a broad-short co ne, depending on distance. vurther­
mor e, from thi s center stop the inward side surfaces of the opposite o r 
distant part 'OE the tree are covered hy means of a narrow cone o r 
pencil str eam directed through ope nin gs or " holcs"between limb s (See 
F ig. 14). 
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The th ird stop is mad e at a point l) cy() n<i the tr ee and the procedure 
is s imilar to that at th e first stop. 

3. Ground Only- lUllst ()rella rd sprayi ng in th e Paci fic North \\'est 
is done hom the g r ound and the m ethod is in limi ted usc in M ichigan 
app le o rchards. ] t was regularly used hy on e of th e gro\Vers included 
in this study. D eta ils of vrocedur e vary with differcnt indiv idual s em ­
ploying this m ethod . The writers' practice has bee n fir st to cover th e 
in s icl e surfaces ()f th e tree. \\'orking from po sitions near the trunk, 
then to cover the outside. The gUll was adjusted to throw a narrow or 
wide cone. dep ending on distanc e. Though special effort was mad e t o 
cover thoroughly the center tops of the tree s. it was found difficult 
to do this. eve n thoug'h a pre ssur e of .')00 to 350 po unds \\'as main ­
tained at all times . 

-t. Tank and Ground- Jn this method. t\\·o men did the sprayll1g, 
one stood on the tank and gave hi s attcntion principally to the o ut ­
sid e and c e n t e r tt ) P P () r t i () n s () f the t r e e . T 11 e () t 11 e r w 0 r k e cl fr 0 m th e 
g round. paying special attention to the inside pa rt of the tr ee . 

Methods of Obtaining Control Data- To aid ill studying the cont r ol 

Fig. 15.- Col1t r o l of Co ellin g Moth by " R egular Tank Only" Method. 
Large Open Trees. 

The kill of '\\' o rm s was fair o n th e outside h ottom, hut poo r in the 
ce nt er top o f th e tr ees . The r es ult o f inco mpl ete coverage is wormy 
appl es. Compare with Figure 16. 

:-;PR.\ \T\(; F 

uncler each treatm cnt. th e 
harv ested that codling 1ll( 

be compared \\'ith that in ; 

] . Inside Bottom- Til i s 
inner portion 'uf th e tr ee h 
tre es, fr om 10 to 12 feet f 

2. Outside Bottom- Til 
t he outer portion of th e tl 
f er ent tr ees . from ] 0 ttl 12 

Fig, I G.- CoJltro l of Cocl li 

L ess thall Y; o f 1 pe r cell t 
of the tr ees. \\,ith good 

3. Inside Top~This inc 
feet from the ground and 0 

4. Outside Top- Th i s in 
feet from th e g round and 
th e cent er top. 

5. Center Top- This inc 
an inverted co ne and rang i 
28 feet from the g round. 
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unde r each tr ea tment th e fruit fr()lll the experimental h locks \\"as sO 
ha r ves t ed that cod lin g moth infe stat i()n in one part of t h e tr ee co ul d 
be compa r ee! w ith t hat in another pa r t, as f() ll O\\'s: 

1. Inside Bottom - Thi s in clud ed that pa r t of t he c rop ho r n e on t he 
inn e r po r tiol1 'uf th e tree helm\' a hor i%() lltal plan c ra nging, in d iffer ent 
tre es, fr o m 10 to J 2 feel from t he g r () unc1. 

2. Outside Bottom- This includ ed that part o f t he crop horne on 
the oater portion oj the trec helm\' a lwri %() ntal plan e ranging, in dif ­
fer e n t t r e e s , fro III ] 0 tu 1 2 f e ct f r () III t h c g r 0 un d . 

F ig. 16.- Co11tro l of Cod lill g 1\lotil hy "rlllprovl'cl Tank O llly" :Mct ho d . 
Largc Open T r ec s . 

Less t h an Y; of 1 per CC llt \ \'Orll1 .\' ap ple s \\'cre picked f ro m a ll Y divisi o n 
of the tr ces . \Vith good covc r age ncarly a l1 the \\'Or111 S ca ll b e k illc d . 

3. Inside T op- This included that part of th e cr op bo rne 10 to 22 
fee t fr o m the g r ound and on the inside bearing surfac e. 

4. Outside Top- This includ ed that part o f th e crup hurn c 10 to 22 
feet from the g ro und a nd on th e outside bea ring surface except for 
t he center t op. 

5. Center Top- T hi s inclucled that part of the crup horne within 
an inve rted con e and ranging in diameter fro m 8 to 12 feet and 20 to 
28 feet from the ground . 
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Results-The effectiveness of the several methods of making spray 
applications that have just been de . cribed are presented diagram­
matically in Figures 15, 16, 17, 18, and 21. 

It will be noted that 'with the "Hegular Tank" m ethod of application 
(See Figs. 15 and 17) the percentage of wormy apples in the center 
tops of the trees " 'as about five times that in the lower 'outside section. 
Control in both t!1e lo-wer and upper inside sections depended on the 
openness of the trees. ,Vhere they were thick and brushy, penetration 
of sp ray 111 a terial was poor and control on the inner porti'on of the 

Fig. 17.-Control of Codlin g Moth by "Regular Tank Only." Large 
Dense Trees. 

AIIl1 0st seve n times more \\'orms elltered the apples from the inward 
sid e (trunk outward) than from the outward side, on the bottom part 
of the trees. Due to poor penetration the fru it was not covered on the 
inward side. 

tree correspondin o'ly unsat is r actor),. lVIoreover, the figures in the dia­
grams tell only a part of the story,'ior they are for the fruit that was 
picked at harv es t tim e. These tr ees lo st haH of their crop by prema­
ture d r'uppi ng and, by co un t , th r ee- fUll rths of the drops were due to 
codling moth 'HJl'1l1S. It should he understood that these figures repre­
sent the operator's ()\\'n control ill orchards 6 and 17 included in this 
study. 

Contrasted with these figures arc th ose obtained hy th e "1111proved 
Tank" lllethud in urchard l\u. 0, une 'uI the writers cluing the spraying 

but averaging only five to 
per application (Sec Fig. 
than half of 1 per ccnt c 
for the remainder of the 
Furthermore, the "drops" 
cent of the crop and only 

The control obtained fr 
tion (See Fig. 21) ,vas v 
except the top center whe 

Fig. IS.-Control of Codl 

Equal (0.31) per cent 0 

the outward side on the 
17. Where the moth ini< 
can be killed by th oroug 

be le ss complete. It is sig 
of the tree \\'c re wC'l1 prot 
in its favor. 

1\s might be expected, 
"Tank and Ground" meth 
many apples entered by w 
the center a f the tree, all 
"Regular Tank Only" as t 
"I'ank and Ground" tree 

~------------------------------------------------------------------------------------
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but a verag ing only five t o seven gallons more spray materi a l per tre e 
per application (See Fig. 16). In the t op center o f these tr ees, less 
than half of 1 pe r cent of the apples "were wormy and the average 
for the r emainder of the tr ee was le ss than a qua rt er of 1 per cent. 
F urtherm or e, the "drops" fr om these trees anYo unted t o only 14 per 
cent of the crop and only 17 per cent of them w er e wo rmy . 

'The control obtain ed fr om the "G round Only " m ethod of applica­
tion (See Fig. 21 ) wa s very sati sfact o ry in a ll portions of the tree 
except the t op center wher e it wo uld b e expected that coverage w ould 

Fig. l S.-Coll troI of Codlin g M oth by t he "Tank a nd Ground" M eth od. 
La rge D ense T rees. 

Equal (0.31 ) per cen t of "Wo rm s entered from t h e i11\\· a r cl side a s fr om 
the outward sid e on th e lower pa r t of t he tr ees. Compare with F ig ure 
17. Wher e th e mo th infes ta ti on is u ll usua lly heavy mos t of th e wo rms 
ca n be killed by th oroug h coverage. 

be le ss complete. It is sig nifi cant that the fruit s on the in side porti"O ns 
of th e tr ee w er e we ll prot ec t ed . Thi s method of application has much 
in it s favo r. 

1\s might be expected, excellent r esult s we r e obta ined fr om the 
"Tank and Ground" m ethod o f applica tion. T her e we r e 33 times a s 
many apples en ter ed by worm s fr om the inner side, t he surface facing 
the center 0 f the tree, on the lowe r pa rt of the tr ees sprayed by the 
"R egular Tank Only" as th er e we r e on co rrespondin g portions of the 
"Tank a nd Gr ound" trees. This r esult is the m or e r emarkable when 
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it is cons id ered that the "Tank and Ground" block r eceived a heavy 
side drift of SU111mer bruocl 111 o ths -from t he adj o ining "Regular Tank" 
block. One small ba it trap hanging in thi s block caught 500 moths 
in the course of the season. 

A Comparison of the Single Gun and 4-Nozzle Rod 

One block running th e full length of o r chard No . IG was sprayed all 
season w ith th e s in g le gun, A noth er block ,vas sprayeel a ll seas'On 
w ith a 4-nozz le rocl. Th e so-ca lled "jmprovecl Tank On ly" was th e 

Fig, 19,- Colltro l of Codlin g 1'l"oth l) y t he 4-Nozz1c Rod . La rge Trees. 

Th e ]-:il l of \\OrlllS \\'as fairl y gooel , except in t he ce nt e r top 0 1 the trees. 
Compare w ith Figu r e 20, 

method of tr ee coverage ll sed in both instances, F ig ures 19 and 20 
show c1i agrallllll at ica lly t he c01ltrol of cod li ng Jll o th \\'or1115 in the t\\'o 
blocks. Fairly guocl cO,lltro l was sec ur ed in all parts of ,the tr ees ex­
cept the ce nter tops \\' lt11 the -+- Ilo z:de r o el . A lmo st 10 t Im es as many 
wo rm y apple s were pick ed h()m that part of the tree as from co r ­
responding porti on s of t hose sprayed with the s in g le g un . T h e 4-nozzle 
roel c1 icl not 11 ave th e c1 ri v i 11 g po \\'('1' to cover t h e ce ll ter tops of the 
large tr ees. 
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Grower's Results from Changes in Spraying Methods 

As a lready point ed out, ill the average orchard in the Fennville dis­
s trict th e lus s clue to worlllS \\·as llluch great.er ill 1931, than in the 
precedin g years (Fig. 3); nevertheless, certain growers were able 
materi a lly t o improve their contrul as com pared \\·ith 1930. T hese 
g rowers timed their applicati uns \\·ith the aid of bait pots ope ra t ed 
in th eir own orcharcl s and a lso changeel their spray ing m ethods to 
secure much better coverage than in 1930. :\n ex perim ental hlock 

Fig. 20.-Control of Codl in g Moth bv the S in g le Gun. Large T r ees. 

A good k ill of worlllS was sccured ill al l divisio ns o f th e tre es. Due 
to its sup erior dr iving power, bettcr coverage, especia lly in tbe ce nt er 
tops, was obtain ed with the s in gle gUll than the 4-11ozz ie rod . 

was located in each of these urchards, hut the experim en t stati on 
workers were careful not to tell th e g row ers when or how t o spray, 
thoug h th e owners changes were due in part to watch in g methods 
employed in th e exper im ental plots and in r ea lity const ituted grow­
ers' t es t s of the efficiency of improved m et hod s of appl icati on. T he 
improv ement is shown ill Tahle 5. 

In 1931 , Grower ]'\0. ] e) did al l t he sp ray ing from the tanl-:: wi th a 
s ing le gun . Hi s m ctho(l of coverage was similar t o th at u sed "o n the 
expe rim enta l bl(Jck (flllpr()Ve<i Ta1lk Oll ly). Dates of appli cat io ns ,,·e r e 
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Table 5.-Impro vement in c o n trol o f codling moth obtained by growers b y better 
c o verage and timing applications by hait pots. 

Grower No. 16 Grower No. 11 

Picked apples ........ . .. .. .... . . . . . .. .... . ... . ... ' 
Drops ..... .... . .. . .. . . . . . . . .. . .... .. ... . .. . . .. . 

ID30 

16.00* 
67 . 50 

ID31 

3 . 00* 
17 . 70 

ID30 

27. 10* 
83 . 00 

ID31 

6.10* 
51.00 

Total crop . . .. ..... . .. . ... . ... . . . .. . ... . . .. . . )--2-2-.2-0-
11

--6-.5- 0-
1

--4-2-.0- 0-
1

--2-5-.0- 0-

*Figures indicate per cent wormy. 

the same as for the experimental block. In 1930, part of the applica­
tions were made with a "quad," but even when the gun was used the 
coverage was incomplete. The time of app licat ion was governed by 
inclination of the gT'o,ver and amount of general farm work to be done. 
Considering the picked apples on ly, in 1931 he reduced his loss due to 
worms to one-fourth of his 1930 figure and losses due to drops were 
reduced almost as much . 

Fig. 21.-Control of Coel ling Moth by the "Ground Only" Method. 
Large Trees. 

Nulc lbl' cUlllra ::i l 1J d\\l'Cll tilc cenler lop alllI lhc ill ::i idc iJullulIl. 
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from the sides. The contra 
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In 1931 , Growe r No. 11 , sprayed his large, rather dense trees from 
the "Tank and Ground." In 1930 the trees had been sprayed fr'om the 
"Ground Only." He secured good coverage in 1931. He made the ap­
plications a few days after a "peak" catch of moths. He improved 
his control almost as much as GrO\,ver No. 16. 

Individual Differences 

In 1931 , opportunity was afforded in Orchard No.6 t o c'ompar e the 
work of different ope rator s. One block in this orchard was sprayed 
by two men u sing the "Tank and Ground" method. The adjoining 
block was sprayed by one man using the "Improved Tank Only" 
m ethod. The sallle m a n that sprayed from the g round in the two-man 
block did all the spray ing in the one- man block. Table 6 shows the 
difference in .~qntrol of cod ling moth worms obtained under the two 
procedures. \' J,;;~ 

Table 6.- Codling moth control records in the same orchard when the spraying 
was done by different men. 

Tree Dil'i:; iu ll 

Center top ... .... ..... . .... .. . 
Inside top .. . . . . 
Outside top. . . . . 
Inside bottom ... . .... . 
Outsid e bottom . . . 
Drops ....... . 

Total c rop . ................. ·· .. 1 

P e r cent \VOTllI Y 

Sprayed by Sprayed by 
one lllan two men 

0 .41 
0 . 55 
01.') 
0 . 2!i 

o 
17 .!J4 

2 .7 1 

3 . 31 
0 . 80 
0 .8.5 
0.51. 
0 . 25 

28 .06 

5 . 21 

In the tw o-me n block, there were ove r 13 time s a s many wormy 
apples picked fro m the center tups as fr om the outside bottom of the 
trees, and eight tim es as many as from th e ce nter t ops of the one-man 
block. 'The differ ences cann ot be attributed t o differences in moth 
population because the ba it pot traps actua lly showed h eavier catche s 
in the one-man block. In both blocks, mos t of the l11'oths drifted in 
from the sid es. T he contrasts in cont rol can be attributed only to dif ­
ference in the coverage ill the center top s, whi ch could have r esult ed 
only from a differ ence in th e thoroughness '0 E the individual that ap­
plied the spray material. 

A Crucial Test of Complete Coverage in Codling Moth Control 

To det ermine the effect o f one year 's thorough spraying upon the 
codling m'oth populat ion, one tree in orchard No.6 in the block sprayed 
by the "Improved Tank Only" method and one in the "Regular Tank 
Only" block were scraped about one month afte r harves t time. The 
worms were counted a nd placed in vials (See Fig. 22). vVhere th e 
apple s on the tree had been k ept covered t h roughout t he season b y 
sp ray lllixture , onl y 11 wurms \Vere fo und ullder th e hark o[ the t ree. 
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vVhere the appl es were l1'Ot co mplet ely cove red , 320 worms \\'e r e found. 
P res uma bl y, as large a proporti on o f the total that ,voldd liv e over 
a nd cause infes t a ti on the n ext season was recove red in the one case 
as in th e other. It is easy t o see how much mo r e diffi cult wo uld b e 
the fight aga inst cod lin g m oth in th e second , than in the fir st 'Of 
these blocks the fo llowin g year. Furthermore . a t harv est tim e, 200 
bushels of apples ,\'ere pi ck ed fro m the tr ee with onl y eleven wor m s 
und er it s bark and 160 bu sh els was the y ield from th e tree with 320 
worms under it s ba rk. The trees are of about th e same size and the 
difference in y ield was due principall y t o coel lin g moth loss. For the 
'\'h o le season. th e spray mat erial cost 22 cent s mor e per tr ee for CO Ill ­

plete cove rage than for incomplete coverage. 

F ig. 22.-Effect of Comple te Coverage 0 11 Moth Population. 

O ne mo n th after harvest , 320 wor111 S were r emo ved frol11 under the bark of 
o ne tr ee w hi ch had r ece ived an incompl e te coverage of sp ra y materi a l. F ro m 
o ne tree, v, hi ch received comp lete coverage of lead arsenate, o nly 11 ,\'o rm s 
,vere r e moved. 

Discussion 

As the work upon 'which thi s is a r eport progressed , the c'onclusion 
toward which th e results a ll pointed st ood ou t more and more clearly : 
apple scab and codling moth control under :Michigan conditions, though 
a t times difficult , are both p'oss ible and practicable with the mater ia ls 
and m ethods now available, F urther more, thi s control can be obtained 
w ith practically no additional cash outlay. It calls principalJy for 
g r eat er care a nd tho roughness in the job of spraying, for that pains­
taking a tt ention t o details, to cl'o ing things jus t right, that is required 
in so man y other lin es of endeavor. In the parlance of the day, the 
g rowe r must be "o n hi s t oes" in hi s job of spraying and no thing w ill 
cu mpensate fo r failur e in thi s respect. 
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There is no implication in these statem ents that improve m ents in 
spray materials 'o r spr ay machinery or the spr ay ing calendar a r e not 
desirable or that they will not com e. They a r e des irab le and undoubt ­
ed ly they "vill come. In the meantime, however , the grower w ho make s 
the bes t possible use of present mat erials and m ethods, togeth er with 
such suppl em en t a ry san ita ry m ea sures as scr ap ing and banding of tree 
trunks, need have no cause for di smay . T hi s is th e conclu sion drawn 
f ro m the results obtained by the fru it g rowers themselves and fr'om a 
number of exper im enta l t es t s conducted by the s tat ion inves ti gato r s. 
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SUMMARY 

1. Certain commercial growers were found to suffer 19 times as 
great a loss due to scab and six times as great a loss due to wormy 
apples as their neighhors. 

2. The marked contrast in control of scab and codling moth se­
cured by different growers was found to vary principally with the 
thoroughness of coverage, rather than with differences in spraying 
schedule or in the materials used. 

3. Growers may succeed against scab and fail against codling moth. 
The reason is that in the early part of the season the foliage is light 
and penetration of the full diameter of the trees easily accomplished, 
but, when the trees are heav ily laden vvith leaves, special effort is re­
quired to drive the spray material beyond the tree trunk. If the spray 
material does not penetrate beyond the trunk, the apples are only 
covered on the outer side, next to the sprayman, and the worms enter ~ 
from the inner side where the least amount of spray material is present. 

4. In the average orchard, more scabby and wormy apples were 
picked from the top halves than from the bottom halves of the trees. 
The explanation is that the top portion of the trees was not pr'operly 
covered with spray materia l. 

5. The method of tree coverage in most common use and arbitrarily 
designated as "Regular Tank Only" did not give satisfactory kill of 
codling moth larvae in the center tops and inside bottoms of large 
trees. When large open trees were sprayed by the "Improved T'ank 
Only" method the results were satisfactory. The "Tank and Ground" 
method gave good kill of larvae on large dense trees. 

6. By thorough coverage, the codling moth popUlation was greatly 
reduced in 'one season . 

7. By better coverage and by timing their applications with the aid 
of bait pot traps certain grov.rers in 1931 reduced their codling moth 
worm infestation to a quarter of its 1930 figure, in the face of a general 
increase in codling moth populat ion in the district. 

8. A single nozzle gun gave better control of c'oclling moth on large 
trees than was obtained with a 4-nozzle rod. 

9. Success in spraying depends more upon the individual operating 
the spray gun than allY other single factor. 


