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Effect of Spray Treatment on Foliage 
Injury, Pest Control, 

and Yield and Quality of Apples 
By E. J. RASMUSSEN,' ,,y ALTER TOENJES , and F. C. STRONG 

The toxicity of spray and dust n1aterials to insects and disease 
organisms was at first considered the in1portant property of fungi­
cides and insecticides. In their early developn1ent, little considera­
tion, if any, was given to the effect of these n1aterials on the host. 
Bordeaux was one of the first nwterials found to be effective for 
apple scab control. It often caused severe defoliation and russeting 
of fruit and under certain weather conditions the injury caused by an 
application of bordeaux was more serious than that caused by the 
disease (3) (5). 

Paris green (2) was one of the first n1aterials suggested for cod­
ling rnoth control and, likewise, it sometimes caused severe injury 
to fruit and foliage. It becan1e evident at the turn of the century that 
materials which would cause less injury to the plant and give a satis­
factory control of pests must be developed if good crops of high qual­
ity apples were to be produced. 

About 1907 lime-sulfur (3) was found to be effective for scab 
con trol and to cause less injury than bordeaux. It soon replaced 
bordeaux for scab control and continued to be the standard fungi­
cide on apples for over 30 years . 

The preparation of lead arsenate (2) about 1889 and the good 
results obtained with this n1aterial resulted in its en tirely replacing 
paris green as a ston1Clch poison on apples by 1906. 

Later, about 1925, the work of Magnus (8) and Haller and 
IV[agnus (4) on the relation of leaf area to growth and cOlnposition 
of apples en1phasized the in1portance of good foliage in the develop­
ment of quality fruits. The work of Hoffrnan (6) (7) and Christopher 
(1) in 1933 showed that spray treatn1ent influenced the capacity of 
apple foliage to rnanufacture plant food by interfering with the car-

l Resi g ned F e bruary 1947. Now E xtension Horticulturist, U ni versi ty of Ncw Hampshire, Durham . 
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bon dioxide intake. This work, along with the low price for apple:> 
and th e need for econonlical production , helped to nlake researc1.1 
workers and orchardists recognize the need for still less caustic spray 
nlaterials which would control orchard pests. 

The effect of spray treatnlent on quality and finish of fruit , yield 
and foliage injury was recognized by the Departnlent of Horticul­
ture as an inlportant one to the ~/Iichigan grower. Infornlation on 
the effect of spray treatnlent on apples under field conditions appeared 
worthwhile and in 1937 the work here reported was started. The 
project was continued -until 1946, thou gh a progress report was made 
in 1943 (9 ) . 

SPRAYING EXPERIMENTS AT THE GRAHAM STATION 

Preliminary spraying experinlents were started in 1938. Two vari­
eties, Nort]lern Spy and Delicious, were used in these experim ents. 

EXPEIUMENTS ON NORTHERN SPY 

A block of 19-year-old Northern Spy trees which had been sprayed 
previous to 1938 with a lime-sulfur , lead arsenate schedule for a num­
ber of years, and which had a nloderately low production record, 
sonletim es bearing a COlTIlllercial crop only once in 3 years, was 
divided into five plots in 1939 and sprayed with the materials out­
lined in Table 1. Each plot received the sanle treatm ent for .s con­
secutive years. 

Prior to this study it was observed that sonle of the most success­
ful growers of Northern Spy in ~!{ichigan continued to apply hordeaux 

T-\BLE I - Effect of seuera/ SI)l'O!! treatm ents OJ/. defoliation and Oil (JlI(llitU of 
No rthern S,Y!! ([JJI)/es, 1.9.'39 to 1.94.'3, inclllsive 

Trl:'at 11I(,11 1~ 

Lillle-:; lI ll'lIr , 2- 100 . . .. .. .. .. . 
Lillle-suHur - w eltalJ le ,; lilfur , 

1- 4- 100 .. .. .... . _ . _ . .... . 
"\\"ettable sulfur, R- I00 . " . .. . 
I';:olofog , G- 100 __ . _ _ .. _ __ ___ . 
Apple C oposil - lilll e, 2- 4- 100 _ 

!'( 'n't-Ilt I 

I -;;I~ ~;~;~~~~ -- - --- ---- --- - \\-ti)7)h t 
lea\-e;; ;0;(,<11, l:i lli ,,1! <lp'pll '" 

per I 00 I I I 
spurs --------I----------I IH)lIl1c\ S 

R. I 

12 . 7 
1:2 . 7 
17 . fi 
2\) _0 

]loll!! l l 
;;kil l 

l. 1 1!) 3 

:3. 3 14 . 4 
I ::\.R 17 . 00 
2 ·~ _ 1 13 _ 4 

;\ _ G :\7 . 7 

H.lIsset 

1.2 

1.') 
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1 . 1 
;; _ R 
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finisli 

7a . ,:; 

R4 . 
RO. 
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:;(j . 

4R.R 
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Fig. 1. Northern Spy tree showing the typical vigorous and abundant foHage 
in the wettable-sulfur- and copper-lime-sprayed plots. This foliage remained on 
the trees until late in the season. Foliage of this type encourages uniform dis­
tribution and production of fruit throughout the tree. Compare with Fig. 2. 
(Photographed October 1.5, 194.5.) 

for scab control and that this variety appeared 1110re resistant to 
copper injury than some other varieties, as Jonathan and McIntosh . 
Consequ ently, in setting up the preliminary spray progran1 for 1938, 
bordeaux was included as was also a new proprietary copper lTIaterial 
which shortly before had appeared on the nlarket . A third plot was 
s prc-l~ Ted with liquid lim e-sulfur. 

The effect of these lTIaterials , applied in 1938, on the 1939 yield 
is of interest . The lime-sulfur plot yielded an average of 87 pounds 
of fruit per tree in 1939, the bordeau x plot 121 pounds per tree, and 
the proprietary copper plot .519 pounds per tree. These results gave 
the first indication that fun gicides influence fruit bud formation and . 
yields the season followin g their application . 

Starting in 1939, the spray schedul e was revised. Bordeaux was 
excluded fron1 the progrmTI because of the rather sever fruit russet . 
ing it caused in 1938. Several fonlls of wettable sulfur were included 
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in the new progran1. All fungicide applications were started in the 
delayed don11ant period and were continued at 8- to 12-day inter­
vals until the first or second cover application. All plots were COl11-
pletely sprayed on the saI11e day whenever possible. Lead arsenate 
and fixed nicotine were included for codling moth control when 
needed. About 20 gallons of spray was applied per tree at each ap­
plication. The old lillle-sulfur timing schedule was followed in all 
plots because th e I11ain interest in th e project was to deternlin e tli E.' 

effect of the several nlaterials used on yield and quality of fruit. 

The effect of spray treatnlent on quality of Spy apples , on defoli­
ation, and on scab control likewise is shown in Table 1. The average 
nunlber of leaves per 100 spurs, during late August or early Septenl­
bel', was largest on the copper-sprayed trees and sn1allest on the linle­
sulfur-sprayed trees, 643 to 474, respectively. The Northern Spy 
variety being susceptible to arsenical injury, the arsenical correc-

Fig. 2. Northern Spy tree showing the comparatively sparse foliage in the 
lime-sulfur plot. Premature defoliation caused by lime-sulfur, particularly on the 
less vigorous lower and ins ide branches, is largely responsible for the less uniform 
distribution of fruit throughout the tree and the lighter tree yields obtained. 
Fruit produced on this kind of branches is smaller in size and lacks desired color. 
Cornpare \vith Fig.!. (Photographed October 15, 1945.) 

EFFECT OF SPHA \' T 

Fi'4. :3. Close-up sectional view oj 
No~·thern Spy tree representincr th e t 
of foliage found in the plots sp~'lyed : 
the less caustic fungicides. Comp2 
with Fig. 4. (Photographed Octoher 1 
1945.) 

tin: action of th e copper-lime ( 
for this difference. The foliaae 

b 

larger and darker green in coli 
lime-sulfur plots. There was n 
fur-sprayed trees when com par 
trees but not so much as in the Ii 

. The control of apple sC:lh va 
ferent treatments. The amount ( 
1 is not so serious as it first app 
fected regardless of size or !HIm : 

o~culTe~ as late-season or pin-f 
naJJ y affect tb e market value of 



., 

EFFECT OF SP HAY THEATMENT ON Q UA LITY OF ApPLES 7 

Fi'.!;. 3. Close-up sectional view of a 
Northern Spy tree representing the type 
of foliage found in the plots sprayed with 
the less caustic fungicides. Compare 
with Fig. 4. (Photographed October 15, 
1945.) 

Fig. 4. Lime-sulfur spray injury was 
responsible for this typical premature 
defoliation on Northern Spy. Trees and 
branches in this condition do not induce 
maximum and consistent fruit produc­
tion. Compare with Fig. 3. (Photo­
graphed October 1.5, 194.5.) 

tiye action of th e copper-lin1e c01nbination was partially responsible 
for this difference . The foliage on the copper-sprayed trees also was 
larger and darker green in color when con1pared with that of the 
lime-sulfur plots. There was 1110re defolbtion on the wettable-sul ­
fur-sprayed trees when c0l11pared with that on the copper-sprayed 
trees but not so n1u ch as in the bme-sulfur-sprayed plots. 

The con trol of apple sC~lb varied from year to year and with dif ­
ferent treatments. The an10unt of scab-infected fruit shown in Table 
1 is not so seriolls as it first appears since a fruit was considered in­
fec ted regardless of siz or nun1ber of scab spots. ~Illch of the scab 
occurred as late-season or pin-point infection which did not n1ate­
ria]] y affect the Inarket value of the fruit. 
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Lime-sulfur gave the best control of scab, with an average of 9.2 
percent scabby at harvest til1le . The average an10lmt of scabby fruit 
on trees sprayed with other n1aterials varied frOln 16.0 to 41.7 per­
cent. Late infection was n10st serious on the wettable-sulfur- and 
Kolofog-sprayed plot, indicating that these n1aterials were not effec­
tive over as long a period as th e other products. These results on scab 
control en1ph asize the in1portance of more frequent and tin1ely ap ·· 
plication s when usin g the less caustic materials. 

The an10unt of russet and poor finish on the fruit also varied in 
different years and with different treatments. Less fruit with a smooth 
glossy surface was produced on trees sprayed with the copper n1ate­
rials ; 56.5 percent con1pared with 79.5 percent on th e lin1e-sulfur plots, 
and 80.4 percent on the wettable-sulfur-sprayed trees . It w as ob­
served that the trees with the light crops produced a larger percent­
age of the fruit with a rough finish than did trees producing heavy 
crops , also, that son1ewhat more fruit russeting occurred in the cop­
per-sprayed plot during th e cooler seasons than in the warm er seasons. 

The finish of the fruit is important especially if it is to be placed 
in storagE;, since fruit with a glossy slTIooth skin loses less n10isture 
in storage, consequently shrivels less and has a better appearance. 
The effect of finish on Spy apples on storage quality is shown in 
Table 2. 

The effect of spray treatment on the yield of Northern Sp~r is 
shown in Table 3. During the 5-year period, trees sprayed with lime­
sulfur, 2 gallons in 100, produced an average of 1,674 pounds of fruit 
p er tree. Trees sprayed with a combination of lin1e-sulfur and wet­
table sulfur yielded 2,130 pounds , or an increase of 27.2 percent 1110re 
than the lime-sulfur plot. The plots receiving spray application s of 
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T ABLE :3- EfJect of .SPI'{J U treatl/l ent 011 !field of No rtll em SpU, 19-10 to 1944, 'in ­
clusive 

Piol ·~o . 

Lillll'-sulfur. :2- l00 ..................... .. ........... . 
Lilil e-sulfllr- w et La ill o sulfur. 1- 4- 100 ....... . ........ . :, .... '''' pttabl e :-' lIlfur. 8- 100 .... .. . , .. .. .... .. .... .. .... . 

I . . h:olofo~ . f)- lOO ............... .. .................... . 
.-\ ppll' ('oposil-lillit'. 2- 4 - 1 no . .. . . .. . . . .... .. . 

.\\-t-·ragl' 
tree ,Y i eld 
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1940-44. 

i nclusivp 

I . ()74 
2. 1:30 
:2 . 1:") ] 
2 . 26:3 
2 . mo 

1'\> rn' II I 
yie ld 
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Plot No.1 

27 . 3 
:28 . .'} 
:~:j . :2 
:j :{ . ;j 

the less caustic wettable sulfur and Kolofog materials , produced 2,151 
and 2,263 pounds respectively, an increase of 28.5 and 35.2 percent. 
The larges t average yield per tree in this experin1ent was obtained 
on the trees sprayed with Apple Coposil and lin1e; here the increased 
\'ield amounted to .53.5 percent greater than in the lin1e-s lllfur plot. 

The close planting in the orchard n1ade it necessary to ren10ve 

half of the trees in the spring of 1944. The plots were then rearranged 
in such a way that the new treatm ents crossed the forn1er plots. S0111(, 
information, in addition to that acquired in the preceding 5 years, 
could then be obtain d as to the residual effect of the previous spray 
treatments on th e perforrnance of th e trees sprayed with a different 
material. 

The re.sidual effect of the 1944 spray treatn1ent first becan1e evi­
dent in the spring of 1945 when the trees cmne into bloom. Trees 
sprayed in 1944 w ith th e less caustic wettable sulfur and copper 
materials had a heavy hlo01l1, while those sprayed with lime-sulhl" 
had only a light-to-n10derate bloom. Following th e smne spray pro­
graIn again in 1945, similar differences amon g plots in the amOlll1t of 
bloom present in 1946 were once more in evidence as sllown in Fig .. 5. 

Tree yields for 194,5 and 1946 are given in Table 4. The light crop 

in 194.5 was due to low telnperatures which killed Incm y of the bloss0111 

l)Uds, and to th e very unfavorable pollina6ng conditions which fol­

lowed during th e balance of the blooming period. However, the dif­
ferences in the tree yields among plots are more or less in proportion 
to the abundance of blossom buds present in the different plots durin g 
the spring of 194.5. Further, the amount of bloon1 in 1945 indicates 

that th e previous spray treatments , appbed prior to 1944, did not 
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1 2 3 4 5 

Fig. 5. Air view of Northern Spy trees showing varying amounts of bloom in 
the diHerent spray plots in 1946, following application of different fungicides 

in 1945. Rows 1 and 4 from left, showing the heaviest bloom, were sprayed with 
Coposil-lime 2-4-100. Rows 2 and 5 with somewhat lighter bloom received wet­
table sulfur sprays 8-100. The row in the middle was sprayed with liquid lime­
sulfur 2-100. The extremely light bloom in the liquid lime-sulfur plot in 1946 
was not typical of previous years. However, it does demonstrate what effect 
caustic fungicides can and do have on the formation of fruit buds a~d ultimate 
yields. (Photographed May 9, 1946.) 

appear to influence the performance of the trees for more than one 
year following, since the different treatn1ents are in the san1e order ill 

relation to production of fruit as they were in the previous experin1ent. 

TABLE 4- Residual eff ect of spray treatm ent on yield of Northe1'1l Spy 

1£)44 ~ prn,y t reatm en t 

Li lll e-su lfur , 2- 100. . . . " . . .... . . . 
W ettabl e sllHm, 8- 100 ..... ... . . . .. . 
ApDl e Coposil- li m e, 2- 4- 100 .. . ..... . 
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1 . 06:~ 
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A block of 16-year-old Red Delicious trees was divided into four 
plots and sprayed with different concentrations of linle-sulfur and of 

wettable sulfur as shown in Table 5. 

The Red Delicious variety is not easy to grow under iVIichigan 
conditions. It requires nlore attention to cultural practices than such 
varieties as McIntosh and Jonathan. Under ordinary treatnlent the 
foliage is often snlall and the tendency is toward biennial bearing. 
Probably one of the reasons for poor foliage is the injury caused by 
the potato leafhopper, especially to leaves on shoot growth. The injury 
results in dwarfing and curling of the leaves. The Delicious is also 
a favorite of red mite, and the feeding injury of this pest nlay con­
tribute to poor foliage. 

The effect of linle-sulfur on quality of fruit , size of foliage, and 
amount of defoliation is sil11ilar to that found on Spy when compared 
with other sulfur fungicides. Trees sprayed with linle-sulfur 2-100 
produced fruit of poorer quality and yielded less than trees sprayed 
with wettable sulfurs. Linle-sulfur applied at the rate of 1 gallon to 
100 gallons of spray gave poor control of scab and caused nearly as 
much defoliation as linle-sulfur 2-100. Trees sprayed with wettable 
sulfur and flotation sulfur paste produced fruit of good finish and 
keeping quality but these materials were not so effective as linle-sulfur 
for scab control. Late scab infections caused more injury to the fruit 
in 2 years out of the 5 than did early infection. Later and 1110re 
frequent application of wettable sulfurs would no doubt have reduced 
the loss fr0111 this disease. 
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T ABLE 6- Efject of .sprou treatm e nt all uie1d of D elicious, 1940 to 1944, inclu sive 

Ploj Xo . 

1 . . . . . . . . . . . Lime-;; lIlfu r, 2- 100 . . . .. ..... ... . ... .. .... . . ... . . . . . . 
2 . .. . . . .. .. . LilTl e-s lIlfllr, 1- 100 .. . . . . . . . .... ... . 
:l . 'W ettabl e slll fur, 8- l00 . . . ... ..... . . .. .. ... ... . ... . .. . 
4 . Flotalioll ,; lIl f llr p;Lste , 14- 100 ...... .. .. .. .. .. ...... .. 

.\ \ "e r a gt' 
tree y ield 

ill POIIIHb , 
1040-44. 

i ll c ltl ~ i\ ' e 

1. 2:n 
I . :)~H 
I • r. 1 ~ I 
I .fi fifi 

Per('e! ll 
y ield 

ilirreao'E: 
o\'er 

Plot :\0 . 1 

The effect of spray treatn1ent on the yield of Delicious for the years 
1940 to 1944 inclusive, follows the same general trend as that found 
on Northern Spy. Trees sprayed with 2 gallons of lime-sulfur in 100 
likewise had the lightest bloon1 and produced the sn1allest yields , as 
shown in Table 6. Although reducing lime-sulfur 1 gallon in 100 in­
creased the tree yield by 30.2 percent over that of the former treat­
ment , it was not satisfactory in other respects, as previously n1entioned. 
The wettable sulfur and flotation sulfur plots yielded 32.4 and ,36.2 
percent n10re fruit , respectively, than did the trees sprayed with lime­
sulfur 2 gallons in 100. In the case of the flotation sulfur plot the 
increase in yield over the wettable sulfur plot probably should not 
be attributed solely to the material used. The trees in this plot were 
growing adjacent to rows of mixed varieties of apples which would pro­
vide more favorable conditions for cross pollination of the blosson1s. 

The increased yields obtained frOln the trees sprayed with the 
milder and less caustic materials are significant. The results decidedly 
bring out the fact that fungicides which severely injure apple foliage 
will likewise materially reduce potential fruit yields. Good orchard 
practices that will pron10te and n1aintain apple trees in a vigorous 
condition, carrying an abundance of healthy and uninjured foliage 
throughout the season, are essential for n1axin1un1 and consistent pro­
duction of apples. Practices that do not encourage or bring about 
th ese conditions , reduce the ultimate profits to the grower. 

SPRAYING EXPERIMENTS AT PAW PA\tV 1942-44 

In 1942 th e project was expanded to include experin1en tal work 
in con1n1ercial orchards at Paw Paw in order to obtain similar infor­
mation on vari eties other than Spy and Delicious. 

The project at Paw Paw was outlined to run for 5 years, but 
because of a crop failure in 194.5 it was discontinued after 3 years. 

EFFECT OF SPlIAY T Hl 
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in-hloon1, j\1ay 22; calyx, Ma' 
June 25; and a fifth cover, All 
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of a double-strength wettable 
tree only, because there had b 
15 gallons of spray was appli 
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on th e trees. The excellent 
Jonathan and Rhode Island Gl 
schedule as outlined for ~1ch 

Th ere was some leafhoppe 
some seasons but not enough 

The effect of spray treatme 
and Rhode Island Greenin g i ~ 
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This work was conducted in the orchards of John G. \iVoodn1an 
and Warren vVoodn1an. Four varieties , ~l{cIntosh, Jonathan , Spy and 
Rhode Island Greening, were included. 

A comparison was made of lilTIe-sulfur and wettable sulfur in re­
lation to yield, finish of fruit, and scab control. A lead arsenate-zinc 
sulfate-lin1e schedule and a lead arsenate-fixed nicotine schedule was 
included for codling moth control. 

In 1942 and 1943 ~I{agn etic 70 paste, 7 to 10 pounds to 100 gallons , 
was used on Jonathan and ~1cIntosh; flotation sulfur paste 10 to 14 
pounds to 100 gallons was used on Jonathan, ~l{cIntosh , Spy, and Rhode 
Island Greening; Magnetic dry wettable sulfur, 5 to 10 pounds to 100 
gallons on Rhode Island Greening; 3M dry wettable sulfur 5 to 8 

pounds to 100 gallons ; and lin1e-sulfur 1% to 2 gallons to 100 gallons 
on all four varieties. In 1944, 3~1{ dry wettable sulfur was substituted 
for the Magnetic 70 paste. 

The spray schedule outlined in "The Spraying Calendar," Michigan 
Extension Bulletin 154, was followed as closely as possible. The 
nun1ber of applications of a fungicide varied from 6 to 11 per season 
depending upon weather conditions, and rate of growth of the fruit 
and foliage. More applications were lTIade during cool seasons when 
the growth was slow than during warn1 seasons when the growth was 
rapid. The wettable sulfur schedule for exan1ple in 1943 which pro­
duced a ~l{cIntosh crop 11 to 12 percent scabby,-but all marketable, 
and almost a perfect crop on other varieties, consisted of a delayed­
dormant , April 27; pre-pink, May 4; early pink, ~I{ay 10; pink, i\1ay 13; 
in-hloon1, May 22; calyx, May 27; first cover, June 7; second cover, 
June 25; and a fifth cover, August 11. No fungicide was used in the 
third- and fourth-cover applications. The early pink spray consisted 
of a double-strength wettable sulfur to the upper half or third of the 
tree only, because there had been considerable rainy weather. Ten to 

~ 15 gallons of spray was applied per application per tree, the larger 
amount being applied later in th e season when there was lTIOre foliage 
on th e trees . The excellent control of scab on such varieties as 
Jonathan and Rhode Island Greening indicate that such a heavy spray 
schedule as outlined for ~l{cIntosh would not be necessar y. 

There was some leafhopper and red mite injury in the orchards in 
some seasons but not enough to warrant control n1easures . 

The effect of spray treatn1ent on yield on ~l{cIntosh, Jonathan, Spy, 
and Rhode Island Greenin g is shown in tables 7, 8, 9, and 10. 
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TABLE 7-Average yield per tree in bushels, picked and dropped McIntosh apples. 
Sprayed with lime-sulfur and 'wettable sulfur schedules 

lVI:1terials applied 

Yen.r Lime-sulfur Wettable sulfur 

Average numbf>r bushels per t ree Average number bushels per tree 

Picked Drops Total Picked Drops Total 

1042 . , . .. . . . . . . . . .. .. .. . . ]3.4 6. 15 19 . 9 15 . 9 7.4 23.3 
1943 . .. .. .. .. .. .. . . .. .. . . 0 . 1 3 . 4 12 . ;; 1.'; . 7 8 .0 23.7 
1944 ... , . , . . . .. .. .. " .. , . 17.5 6 . 3 23 . 8 ],5 . 1 4 . 9 20.0 

. \ verage for 3 years .. .. , . .. 13.3 0 . 4 lR .7 15.6 6 .7 22 . 3 

TABLE 8- Average yield per t'ree i'n bushels, picked and dropped Jonathan apples. 
Sprayed with lim e-sulfur and wettable sulfur schedules 

Materials applied 

Ycar Lime-sulfur 'Wettable sulfur 

Average number bushels per t ree Average number bushels per t ree 

Picked Drops Total Picked Drops Total 

1942 ... . . . . . . .. .. .. . . . . . . 12 .4 2.3 ]4 .7 1:"; . !) 2 . 1 17 .6 
1043 .. . .. .. .. . . . . .. . . . . . , 10 . !) 0.8 11.3 ]!).2 2 . 3 17 . .'5 
1944 , . . .. .. .. , . " . . . . . . .. 12.2 0.3 12,5 0.7 0 .5 10 . 2 

A verage for 3 ye;LfS . . , . .. .. 11 . 7 1.1 12 . 8 13 . 5 1.6 15 . 1 

TABLE 9- Average yield per tree in bushels (42 pounds per bushel) of picked and 
dropped Northern Spy apples, sprayed with lime-sulfur and w ettable sulfur 
schedules 

Materials applied 

Lime-sulfur Wettahle sulfur 

Average numher bushels per tree Average number b ushels per tree 

Picked Drops Total Picked Drops Total 

10-(2 . . . .. .. . . . . . . .. . . . . .. 11 . 50 2 . 66 14 . 2.'i 12.27 2 . 0 14 . 77 
1043 ... .. , . . . . . . . .. .. .. , . 2 .8 .. i·.88 .. 

2 . RO 0.3R o .In 6 . .'51 
1044 ... . . . . .. .. .. .. . . . . . . 9 . 83 11 . 71 11.17 1. 37 12.8-1 

A , 'e rage fo r a ycn,r .'; . . .. . . . . . 07 1. 51 0 . 58 10.04 1. 34 l1 . 38 

J 

EL' FECT 0 .1" SPIlAY Tl 

'fAilLE IO- Average yield per tree 
dropped Rhode Island Creel 
table sulfur schedules 

Yen.r 

L942 . ............ .. . . .. .. . 
1943 . . .. . .. .. , . . , . . . . . ... . 
1944 . . . ' ... . ' " " ., . . . . . . . 

AVE-rage for 3 years ..... .. . , 

Average TIt 

Picked 

4.40 
5.97 

10.43 

0.03 
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on the average, to nearly 3C 
ahout 15 on Spy, and abou' 
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111arket quality. The crop wa 
ping of the fruit was anticif 

The effect of spray treatn 
that found on Spy and Deli 
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terval used , caused a marked 
often been stated that the M( 
but it was found that the 
nearly 20 percent more fruit 
sulfur plots. In 1943 the yil 
sulfur-sprayed trees when Call 
The greatest increase in yield 
the wettable sulfur plots pI' 
than did the lime-sulfur pIa 
with wettable sulfur producE 
18 percent n10re than the tl'l 

The reduction in yield a 
lin1e-sulfur sprays, is no dou 
duction in food Inanufacture 
to defoliation . Material and 
hest foliage also produce the 
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'fABLE ] O- AveTage yield per tree 'in bushels (42 pounds per bushel) of picked an d 
d/'()l'ped Rhode Island Greening apples, sp1'O!}ed w ith lime-sulfur alld tcet­
table sulf1lr schedtlles 

Mat erhLls appli eJ 

Ye:tr Lime-sulfur Wettable sulfur 

Average number bushels per t ree Average number bushels per tree 

Picked Drops Tot al Picked Drops Total 

1942 ........... " ......... 4.40 . .. 0'.23 " . 4.4 6 .33 . .. 0'.34" . 6.33 
1943 ... .... .. . ............ 5.97 6 .2 6.86 7.20 
1944 ...................... 10.43 0.67 11.1 16.60 l.1 17.70 

----

AVf,rage for 3 years . . ....... n . a3 0 .30 7 . 23 9 . 93 0.48 10.41 

The higgest loss in crop as shown in these tables is the large aITIOtlnt 
of dropped fru it every year on some vadeties. This drop amounted, 
on the averag , to nearly 30 percent on ~1cIntosh, 10 on Jonathan, 
about 15 on Spy, and about 5 percent on Rhode Island Greening. 
The reason for the small amount of drop on this latter variety is 
because it was not necessary to wait for color in order to obtain good 
market quality. The crop was usually harvested just hefore any drop­
ping of the fruit was anticipated. 

The effect of spray treatn1ent on yield on all varieties is similar to 
that found on Spy and Delicious in the experin1ent at the Graham 
Station. Linle-sulfur, when applied at the concentration and the in­
terval used, caused a nlarked reduction in yield on all varieties. It has 
often been stated that the ~/IcIntosh variety is resistant to spray injury 
but it was found that the wettable-sulfur-sprayed plots produced 
nearly 20 percent nlore fruit for the 3-year period than did the lime­
sulfur plots. In 1943 the yield was nearly double on the w ttable­
sulfur-sprayed trees when conlpared with the lilne-sulfur-sprayed trees. 
The greatest increase in yield was in the Rhode Island Greening where 
the wettable sulfur plots produced 44 percent nlore fruit per tree 
than did the lime-sulfur plot. The Spy and Jonathan trees prayed 
with wettable sulfur produced on the average for the 3 ycars about 
18 percent 1110re than th e trees sprayed with lime-sulfur. 

The reduction in yield on all varieties, attributed to the use of 
lin1e-sulfur sprays, is no doubt due to a dwarfing of foliage and re­
duction in food Inanufacture for a period after each application and 
to defoliation. Material and spray chedules which will produce th e 
best foliage also produce the largest erops of good quality frujt. 
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EFFECT OF SPRAY TREATMENT ON SCAB CONTROL, 
ON FRUIT, AND ON DEFOLIATION 

The effect of spray treatment on scab control on fruit and defolia­
tion is shown in tables 11, 12, and 13. 

T-\BLE II - Effect of sprau treatm ent Oil scab cOlltf'Ol on fruit: (Il1d Oil foliage i1'i'U'l'U 
of th e McIntosh 'Uoriety 

.\1 a((' ria.l ~ appli ed 

,,-pI talli e slili'llr Flotation sulfllr pa~te 
Year 

------- ---- 1-----

194:2 , .... . . . 
1941 . ..... . . 
If)44 , .. . ... . 

.-\ \' (' rage I'or 

J>erren t sca.b 

2 J i 
(J , n 

1. 0 

Late 

1;; , :{ 
10 . ;) 
0 . 2 

:l yea.rs . I . ;j 

':'\I1mber 
l ea. ves 

per 
100 

P ercen t sC:Li) leaves I 
':'\ul1llJer 

I<:a.rl.v 

1 ,:2 
ti , n 
2 , fi 

L a. t e 

i . n 
0 , 2 

per 
100 

spllrs 

Percent sca,lJ 

1 ~ n. rI .v Lat' e 

18 . :l 
l2 . 7 

:\ umber 
l e.-w e:; 

per 
100 

~ pllr s 

SO l 
800 
82;; 

------ - '---I -~'-----
:l. ;; :{ , 4 R2S ;; ,110, :{ SO!! 

TABLE I2- Effect of S]J/,{/U treat'mellt Oil scab control on fruit and Oil foliag e in;ury 
of the Jonathan variety 

y t·. ;~ r 

1\1 '12 , 
I !)4:~, . 
1\)4-1 , 

:\ \' ('ragt-' for 

O , :l 
O . :l 

tr:L('/' 

:l ,\ 'Pi Lr~ , () , :! . . ·1 

"illilliler 
I ('a. \'l~~ 

per 
100 

~ I"I r ~ 

~====~--~========~--- -
:-1 at erial s ;Lppl it'd 

O , :l 
0 ,2 
f) , 1 

L at l ' 

:\IlIlllber 
l e :L\'e~ 

pf' r 
100 

~ pllr~ 

771 

]-'iotal ion silifur pa:-;le 

Pen'ellt s('al, 

I':arly 

() , :~ 
O. ;-, 

t ra( ' /' 

:\ 1IIIIlJer 
leave:; 

per 
100 

"' PilI'S 

'I 1,-.0 

EFFECT OF SPHAY T: 

T :\BLE 13- EfJect of .sprau treatnl( 
of th e Rhode Island Creenin; 

Lillle-,;ull'll r 

N umber 
Percen t ~('a, b le:-wcs 

Early La,le 

per 
100 

spIlrs 

I !)4:2, . . , , , .. , ., . , ... .. ..• , .• ;;50 
192 
;')81 

HH1, . , .. 
] \144. I ra re 

)\ vera,ge ~-I----------
:~ ye,L r~ , . t race ;,14 

1./',,1' COllllt,.; rr"Ld e :-11';>1 , ;' , 1()42: :-1( 'p l , I 

The amount of scab infe( 
the different varieties. As p 
a wettable sulfur were appli( 
applications of a fungicide 
Magnetic 70 paste was used 
better control of scab than E 

and caused less defoliation tl 
slightly better control of sc 
sulfur or flotation sulfur pas' 
Greening with any of the tre 
material which has not been 
found to cause the greatest 
the other spray treatments 
variety is subject to defoliati 
the same degree regardless 
plana tion has been given as 

The fruit of the .T onatha 
infection although the foliag 
fected in SOlne years, The S1 

gave excellent control of sca 
All of the treatments yielde 
lime-sulfur schedules, howe v ' 

table sulfur schedules (.567 I 
lea ves per 100 spurs on th e 
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TA l:lLE l .3- Effect of spray treatm ellt on scab contro/ on f/'llit ([nd Oil foliag e illillru 
of tlt e Rhode Island Greenillg vGrietu 

l !l42 ....... . 
lH41 . . .... . . 
H /44 . . . 

N ll1llber 
Percen t sra·/} lE'aves 

Early LaJe 

t ra,re 

per 
100 

spllrs 

:.\{ate ri ,ds <Lpplie([ 

.'\ulIlher 
P erN'nt scal! 1f';Lyes 

Earl y Late 

t race 

pf'r 
100 

spurs 

:")~8 

158 
:i70 

[·' lot'LtiO Il sulfur p,Lste 

Numher 
P ercent· sc;LI) l eaves 

Early Late 

p er 
100 

S pliTS 

GO;) 
182 
620 

A vera,ge ror 
---------- --------1--- ---------

:) YE',Lrs .... 1 t race . .. .... . :")1 4 _ tra,r f' ....... . 118:") . .. .. .. • . .. .. .. . :i;~:i 

The amount of scab infection varied fron1 year to year, and with 
the different varieties. As previously stated, 6 to 11 applications of 
a wettable sulfur were applied per season for scab control. Five to 8 
applications of a fungicide were applied to the lime-sulfur plots. 
Magnetic 70 paste was used on :McIntosh in 1942 and 1943. It gave 
better control of scab than either lime-sulfur or flotation sulfur paste 
and caused less defoliation than lime-sulfur. In 1944 lin1e-sulfur gave 
slightly better control of scab on McIntosh than 3J\/{ dry wettable 
sulfur or flotation sulfur paste. No scab was found on Rhode Island 
Greening with any of the treatments. J\/{agnetic dry wettable sulfur, a 
material which has not been generally suggested for scab control, was 
found to cause the greatest amount of defoliation as compared with 
the other spray treatments used on Rhode Island Greening. This 
variety is subject to defoliation in late sumn1er and it occurs to about 
the san1e degree regardless of spray treatn1ent. No satisfactory ex­
planation has been given as to the cause of this defoliation. 

The fruit of the Jonathan variety is son1ewhat resistant to scab 
infection although the foliage is susceptible, and n1ay be severely in­
fected in some years . Th e spray schedules used in these experiments 
gave excellent control of scab on both fruit and foliage on Jonathan. 
All of the treatn1ents yielded fruit practically free from scab. The 
lim -sulfur schedules, however, caused r110re defoliation than th e wet ­
table sulfur schedules (.567 leaves per 100 spurs c0111pared with 7.50-
leaves per 100 spurs on th e wettable sulfur plots). 
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TABLE 14- Perceniage of McIntosh apples infected with scab on trees sprayed 
1cilh different fungicides 

==~~====~~============--- -
M,tteriu,ls apDli ccl Anlolmt in 100 gallons of spra,y 

Flotu,tioll sulfur p aste and Ortltex ........ .. 82 gt,o,", 11. 4 .. l.b .. -.. 1 .. p. t. '. ' .. ' .... '. ' ..... '. '. ' . . ' .... '. ' ... .. '. ' .. ' T..;ime-sulfuf . . . . .. . . . . . . . . . . . . . . . . . . •. . . .. . v 

3M wettable sulfur and Orthex . . . . .. .. . . . .. 5 to 8 lu.-1 pt ... ......... . ......... . 
Fernlate . . . . . . . . . . . . . . . . .. . . . . . . .. . . . . . .. 1. Y2 Ib ......... . .................... . . 
3M wettable s il lfur ...... . ....... , . . .. .. . .. .'j to 8 lu ......... . .... . .............. . 
Dithane. . . . . .. .. . . .. .. . . . . . . . . . . . . . . . . . .. 1 Y2 lb ...... . . . .. . ...... . .... .. ...... . 
Flotation sulfur paste .. .. .. . . .. . . . . . . . . . .. 8 t o J 4 Ill .... ... .... . ... .. ........... . 

P ercent 
of ffUit 
infected 

l.8 
2 . 1 
2 . 3 
2 .4 
2 .8 
4 . 2 
7 . 1 

EXPERIMENTS IN 1944 WITH SEVERAL FUNGICIDES 

Although it was not a difficult year in which to control apple scab, 
in 1944 this disease caused son1e injury to fruit . The failure by many 
growers that year to control scab was likely due to poor coverage or 
improper tinling, since all of the n1aterials applied in the experin1ental 
plots gave satisfactory control. 

Table 14 sun1marizes the results of experimental spraying on NIc­

Intosh for scab control in 1944. 

All of the rnaterials gave a con1n1ercial control of apple scab. The 
plots sprayed with wettable sulfur, Fern1ate and Dithane received 
seven applications. The lin1e-sulfur plots received three applications 
of lin1e-sulfur and three applications of a wettable sulfur. All plots 
Teceived an in-bloon1 spray. This was the first year that Orthex was 
used as a flocculator and deposit builder with wettable sulfur. It in­
creased the effectiveness of flotation sulfur paste for scab control. 
The fruit on trees sprayed with flotation sulfur paste and Orthex 
showed 1.8 percent scab, while trees sprayed with the paste only, 
7.1 percent of the fruit was infected. The use of Orthex with 3M: 
wettable sulfur did not ilnprove its value significantly in scab control. 
Ferrnate and Dithane were comparable to wettable sulfur in scab 
c ontrol. None of the materials caused any noticeable defoliation. 

EXPERIMENTS IN 1945 WITH SEVERAL FUNGICIDES 

Table 15 is a 5Un1J11ary of the rcsults of experjn1ental work in 194.5 
on scab control on ~!(cIntosh. 

EFFECT OF SPHAY Tm 

Because of a crop failure i 

lug temperatures and poor pc 
period, the effect of the mate1 
Since there was no crop, the 
11 was the last spray applied f 
was practically free from scab 
ever, wa not complete on M 
scab developn1ent resulted in 
foliation of n1any of the leave~ 

ing calendar it has previously ' 
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cover application. From the re 
men dation would be to contir 
any increase in leaf growth. It 
left unprotected as long as th( 
the old leaves or as a new infe 

The data in Table 15 show 
and Rotation sulfur paste WhE 

control. Puratized N5E is a l= 

contains mercury it cannot bt 
known about the amount of 1 
are applied for scab control. 
years in Michigan for scab c( 
sulfurs. Dithane was used for 
I t caused son1e dwarfing of 
Isothan Q 15 is of no value in s( 

T :\BLE I5-Effect of several fungicici 

Matf'r ials aprlied 

Li lIl e-s lI lfl If. '" .. ... . 
P umti;,ed N5E . .... . . 
Ferma·j·e . . . . . . ... .. .......... . 
Dit.h'l,n p • ;, inc SIJlf;Lte. lime ..... .. .. " .... . 
~ ~[ wel t,tble Slllfllf .. .... .. .. . 
~ M wettable s ul fur Mlci Ortllex .. 
F lot,ttioll sulfur paste ......... .... ...... . 
F1ota.tion sulfur paste ami GrI ll e" 
]sO j hall QI.,) ............ .. . 
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Because of a crop failure in 1945 in this orchard, due to bud-kill­
ing temperatures and poor pollinating weather during the bloOlning 
period, the effect of the material had to be nleasured on the foliage. 
Since there was no crop, the first-cover application applied on NIay 
11 was the last spray applied for scab con trol. At this tilne the foliage 
was practically free fronl scab infection. Growth of the leaves, how­
ever, was not complete on ~1ay 11 and later favorable weather for 
scab developnlent resulted in severe infection to the foliage and de­
foliation of nlany of the leaves formed after that date. In the spray­
ing calendar it has previously been suggested that sprays for the con­
trol of scab on foliage should be continued through the first- or second­
cover application. From the results of this year's work a better recon1-
mendation would be to continue the scab sprays as long as there is 
any increase in leaf growth. It is not safe for any of the foliage to be 
left unprotected as long as there is a source of scab spores either in 
the old leaves or as a new infection on the foliage on the trees . 

The data in Table 15 show that all materials except Isothan Q15 
and flotation sulfur paste when used without a sticker gave silnilar 
control. Puratized N5E is a pron1ising new material but because it 

contains mercury it cannot be considered safe to use until nlore is 
known about the amount of residue deposited when several sprays 
are applied for scab control. Fennate was used for 4 consecutive 
years in Michigan for scab control, and is cOlnparable to wettable 
sulfurs. Dithane was used for the first time in liquid forn1 this year. 
It caused sonle dwarfing of foliage and requires further testing. 
Isothan Q15 is of no value in scab control in its present form. 

TABLE 15-Effect of sevewl fun g icides on scah control OIL "McIntosh foliag e, 1945 

L illl e-g\l!fllr " . . .. .. .. . . . .. . . . . ... ... . .. .. . 
P urati led N 5E" ...... .. .... .. 
Fe rlllate .... . .... .. . . .... .. . 
Dil,II :LII P , z inc s lili'at e, li me . . . 
~M wetta.b le Slllfllr . . .... , . .. . 
1 M wf' l iiLhle s ulfur cmd Ori lLex . 
Flot at iOIl sul fur pas te . . .......... . . . . 
Fl otal ion s ulfur paste and Ort hex .. 
lsOlhitll Q1.'i ................... .. 

AIllOlllli ill 100 giLllons of spray 

2 g:lI .... .. . . . .. .... .. .. . ... . 
!-'2 pl, . . . .... . . .. . ........ . 
1 Yz lb .. . " ... . . .. ... . . . . 
2 qt .- J !,-;j lb ....... .. .. .... .. .. .. .. .. . 
:; to 8 lb ... . ...... . ... . ... . . . " 
:; to 8 Ib .- 1 pi ... .. . . . . . ... .. .... . . . . 
10 t o l4 lb ..... .. .. . .. ... ... .. . . 
10 to 14 1I) .- 1 pl . . . " .... " . . .... . . 
L pt . 

Pe rcen tage 
of fol iage 

sca bby 
on J une 8 

] 2 . 8 
7 . :~ 

J 2. 7 
14 . 8 
1\1. :2 
G. B 

:32 . 8 
1:3. ;; 
:l') . :l 
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FINISH OF FRUIT 

The finish of th e fruit (that is th e glossiness or roughn ess or 
amount of russet on th e surface of th e apple) is as important in the 
appearance and keeping quality of tll e apple as is the control of or 
chard pests. Frllit with a s11100th, glossy surface is more attractive 
and keeps longer in storage because it does not lose 1110isture as fast 
as fruit with a rough or russeted surface. The effect of spray on th 
finish and storage quality of Spy apples is shown in Table 2. 

The finish of the fruit in the spray plots at Paw Paw varied from 
year to year. In 1942 the finish was excellent on all of the varieties. 
In 194,3, :McIntosh apples showed a cork-like russet on 21.5 percent 
of fruit on trees sprayed with wettable sulfur, and 32.4 percent on 
fruit on trees sprayed with lime-sulfnr. A similar amount of poorly 
finished fruit was found on Jonathan. Baldwin and D elicious were 

F ig. 6 . Spray injury on Jonathan. T he glossy finished fruits on the left were 
sprayed v.lith sulfur fungicides throughout the season . The two heavily russeted 
fruits in the middle received three early applications-pre-pink, pink, calyx-of a 
proprietary copper-wettable sulfur-lime combination, and a sulfur fungicide in the 
cover spray. The two apples on the right were sprayed with a sulfur fungicide in 
the early applications , and a proprietary copper-wettable sulfur-lime combination 
in tV.TO cover applications. 

Fig. 7. Spray injury on McInl 
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Fig. 7. Spray injury on Mclntosh. The dark areas are glossy and smooth, and 
the wax-like surface retards the Joss of moisture from the fruit. The light areas 
are rough and cork-like in appearance, and show many checks and cracks. These 
areas have lost the normal moisture protecting surface found on fruit with a 
glossy flnjsh. (Enlarged about;) times.) 

severely russeted in 1943, while Spy and Rhode Island Greening 
were practically free from sLlch injury. Spray treatment influences 
the finish of apples. The less caustic nlaterials cause less injury. (Figs . 
6-1. ) Weather conditions, however, appear to be the biggest factor 
influencing the amount of russet or roughn ess of the surface of apples 
since the finish of apples varies more fron1 year to year than it does 
fronl the effect of different spray treatments. 

EXPERIMENTS ON THE APPLICATION OF MATERIAL 
FOR PROLONGING THE HARVEST PERIOD 1944 

The early dropping of fruit , especially on such varieties as ~1c ­

Intosh before they have attained the desired anloLlnt of color, causes 
a greater loss to th e grower than :injury from scab, codling moth or 
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spray InjUry. The developn1ent of n1aterials (forms of naphthalene 
ncehc acid ) which will delay the dropping of apples has made it pos­
sible to reduce this loss in son1e seasons. High temperatures at har­
vest tiIne such as occurred in 1944 are favorable for early ripening, 
and it is under such conditions that the use of these "stop drop" sprays 
are n10st effective. The results of experin1ental spraying of McIntosh, 
using different concentrations of nlaterials, are shown in Table 16. 

TABLE 16- The effect of JJre-harvest sprays of naphthalene acetic acid at differell t 
concentratiol1s on McIntosh in delalJing the pre-harvest drop 

Treatmell t 

:\I ull1be r of a ppl es picked '_tp per t ree at inter vals in hours i ndicated Per­
cent 

--------------------------------------1 of 
24 72 06 

c rop 
14/1 168 102 2 16 240 268 288 in 

drops ---------- - ----- --------------------

Check .. . ......... . 42 12:) 75 61 51 01 8 1 106 146 106 28 . 2 10 ppm . .... .. _ . .. 36 77 41 24 6 10 8 9 ,10 46 9 . 5 20 ppm . . . . .. ..... 42 60 24 9 .'5 7 0 20 47 34 8 .5 35 ppm . .. ... . .... 39 71 20 0 4 7 8 14 40 20 7 . 7 .'50 ppm .. . .. _ .. ... .')1 68 28 7 4 5 6 8 34 27 7 . 7 

The percentage of the crop in the drops was calculated on the 
average of 3,126 apples on a tree when sprayed. 

The tree sprayed with 10 ppm., which is the recommended con­
centration, received two applications, the Erst Septelnber 8, the sec­
ond Septen1ber 15. The trees receiving the higher concentrations 
received one spray Septen1ber 8. Harvesting was started September 
11 and Enished Septen1ber 22. Twenty to 25 gallons of spray was 
applied per tree per application. Fron1 the data it is seen that the 
sprays did not become effective in retarding the dropping of apples 
nntil 72 to 96 hours after application, and that they then ren1ained 
effective for 7 to 8 days. The average drop per tree during the harvest 
period of the check trees was 5.5 bushels or 28.2 percent of the crop; 
of the trees receiving two sprays of 10 ppn1. , 1.8 bushels or 9.5 per­
cent; of the trees receiving one spray of 20 ppn1. , 1.6 bushels or 8.5 

p ercent, and of the trees receiving one spray of 35 ppn1. and 50 ppn1. , 
1.5 bushels or 7.7 percent of the crop. The llnsprayed trees lost lnore 
Clpples during the Erst 5 days of the experiInent than did the sprayed 
trees during the II-day harvest period. A spray of 20 ppnl. was as 
effective as two applications of 10 ppn1. Sprays containing concentra­
tions of 20 ppn1. and Jligher became effective sooner than sprays con ­
t~dning 10 ppm. 
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COST OF SPRAY TREATMENT 

Since the control of diseases and insects in an orchard is the most 
expensive orchard operation prior to harvest, inforn1ation on the 
cost of n1aterials used in the different spray treahnents in 1943 is of 
interest. Table 17 shows the average cost of n1aterial, and the number 
of gallons of spray applied per tree and per bushel of picked fruit and 
total yield. 

TABLE 17- Average number of gallolls applied per season, and average cost of 
materials per tree and per bush el p icked and total y ield of plots sprayed with 
d iiferent spray treatments 

Spray treatment 

Per bUilhel total yield ....... . ... ...... . . ..... ... . . 
Per bush"'l picked yield . . . . . . .................. . . . 
Per tree ... .. .. . .... . .. ... .... .. " .......... " . . . 

Lime-sulfur 
five sprays . 

'Wettable ilulfur 
fo ur sprays 

N umber 
of gallons 
applied 

9 . 3 
12 . .') 

113 . ;) 

Cost 

$0 .081 
0 . 108 
0 . 987 

Value of fruit ..... .... . .. ............................. .. . . . $ 13 . (j;:; 

Wettable sul fur 
eleven sprays 

Number 
of gallons 

applied 

6.1 
8.4 

131.6 

Cost 

$0 .058 
0.081 
l. 26 

$2:3.5;) 

Because of the large yield on the wettable sulfur-sprayed p lot, 
even though the n1aterials cost n10re per gallon ($0.0096 con1pared 
with $0.0087) the cost of spray n1aterial per bushel of fruit was about 
$0.0025 less. The increased value of fruit per tree was $9.90 on the 
trees sprayed with wettable sulfur, whj]e the increase in cost of 
n1aterials was only $0.27. 

SUMMARY AND CONCLUSIONS 

An evaluation of all pest control n1aterials applied to plants in 
regards to their effect on yield and quality of fruit and on injury to 
foliage should be considered as n1uch a lneasure of their value as an 
evaluation of their effectiveness for pest control. Spray treatment 
influences productivity and quality of apples as well as pest control. 

Trees sprayed with the less caustic lnaterials such as wettable 
sulfur, proprietary copper compounds, and some organic fun gicides 
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at .3- to 7-day intervals , depending on weather con ditions and rate 
of growth , produced larger yields and were as free from disease and 
jnsect injury as trees sprayed with lim e-sulfur. Lime-sulfur caused 
a reduction in yield on all varieties sprayed in th ese tests , varying 
from 27.3 to 5.3 . .5 percent. 

Varieties vary in their susceptibility to injury to the fruit from 
variOllS spray 111aterials. Copper con1pounds cause severe russetin g 
of .\1clntosh and .T onathan apples. Northern Spy and D elicious are 
more tolerant. ~/Iost varieties, when grown for fresh fruit nlarket, will 
produ ce good yields of better quality fruit if sprayed with a tim ely 
schedule of wettable sulfur or son1e of the new organic fungicides 
I-han with copper compounds or the n10re caustic materials. 

Russeted fruit loses weight n10re rapidly in storage than fruit with 
a glossy finish and, consequently, is not so satisfactory for storing for 
late spring 111arket. 

Varieties such as Spy when grown for processing, where high yields 
are desired and good finish and storage quality are not factors , can be 
profitably sprayed with copper conlpounds throughout th e entire 
fungicidal spray season . 

The use of the less caustic materials , such as wettable sulfur and 
the organic fungicides, for scab control requires 1110re tinlely and 
thorough applications than lime-sulfur, hut the increased yield and 
larger annual production nl0re than offsets the extra cost of such 
materials. 

There is a need for materials which are nlore specific in scab con­
trol on apples than our present mild fungicides in years when weather 
conditions are favorable for disease development. Until such a nlate­
rial is found, the use of the n10re caustic materials such as lilue-sulfur 
may be warran ted in an occasional early application during the pri­
mary infection period when sprays have not been timely enough to 
prevent infection. An occasional early application will not be likely to 
cau se any marked redu ction in yield. Applications made later in th e 
season to "burn out" scab infection is a poor orch ard practice since 
they often cause severe defoliation an d lll JY he responsible for a 
reduction in blossom bud form ation for next year's crop. Thorough, 
and tim ely, spray application s during the prinlcu y infection period 
is th e key to apple scab control. 

The developnlent of J110re effective specific nlaterials for pest C011 -
trol which are less injurious to plants and the developluent of better 
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cquipn1ent for application will n1ake it possible to obtain better pest 
control and increased production of good quality fruit . \iVhat effect 
will th ese developillents have on future apple production? Keen er 
conlpetition can be expected , along with increases in production. 
\ iVjl] th e tren d in th e East and Middle West be toward the produc­
tion of J110re high-grade fruit in the areas adapted to the highly colored 
varieties , such as :M.clntosh, Jonathan , and D elicious, by the use of 
such orchard practices as thinning, pruning, proper use of fertilizers 
and good application methods? That is a problem that each grower 
will have to solve for himself. 

The biggest loss in th e production of a crop of NIclntosh is du e 
to the dropping of the fruit just prior to harvest. This drop can he 
delayed by the application of honnone sprays or dusts. Tin1ing of 
the horn10n e application is important since 3 to 4 days are required 
hefore they becon1e effective after which they ren1ain effective for 
7 to 8 days. They should be applied a day or 2 before the drop is 
anticipated. Hormone sprays are n10re useful in delaying the drop­
ping of apples when wann weather occurs just prior to or during the 
early part of the harvest season than during the cool seasons . 
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