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INTRODUCTION®

Cherry leaf spot caused by the fungus Coccamyces hiemalis
Higgins is the most sericus and destructive disease of cherries in
Michigan, The effects of this disesse are the main limiting factors
in cherry preductioen. Epiphytotics of this dissase in the last eleven
years have ocourred in Nichigan in 1928 (23), 1929 (14), 1935 (20},
1937 (22, 80) and 1338 (81},

The most striking and apparent effect of the diseess is premsture
defoliation of the trees, Loss of leaves, oecurring befors harvest,
may ocsuse an uneven and delayed ripening of the fruit, Repeated
attacks of lesf spot may seriously lower the quality and productioen of
the crep for several years, Trees that have prematurely lost their fo-
lisge during & single seasen may be winter killed during the following
dormant period. Trees that have been defoliated several yesars in
succession seldom survive a severe winter,

After effects of leaf spot infeetien may become evident in years
following defoliation, Delayed blossoming periocds with fewer and

*Contrary to the usual practice it became desirable to have
certain portions of the informatien obtained in the course

of the ressarch published in short pepers prior to the com-

pletion of the thesis as follows:

Cation, D, and C, W, Robertson, Basicop as & cherry
spray, Michigan Agricultural Experiment
Station Quarterly Bulletin 20: 199-210, 1938,

Robertsaen, C. W, and D, Catien., Basicop &s & cherry
spray In 1938, Michigan Agricultural Ex-

periment Station Quarterly Bulletin 21:
291=295, 1939,
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sssller blossoms have been noted, Reductions in fruit size and number
of cherries may occur as well &s delayed and uneven ripening of the
fruit,.

Growth of old and new wood may be redused, Fewer fruit spurs may
be formed, Hardening of the wood is also & resultant of leaf spot in-
festion tollo'ing severs defoliations of the previous year. Galloway
(45) states that the active wood of defoliated nursery stock hardens
in such &« manmer that the buds can not be inserted or that imperfect
uniens with the stock result causing the buds to die. Buds or grafts
that grow are checked by premature defolistion to such an extent that
it is questionable whether the trees ewver fully recover,

The frequensy with which this diseass occurs and the seriocusness
of the residusl effests mskes it apparent that satisfastoery control
methods for the leaf spot disesse are necessary for the sucsessful
culture of cherries in Michigan,

Satisfactory control of cherry leaf spot may be gained by erad-
ication of over-wintered leaves and the proper use of protectant
fungicides. Investigators have recognized that the amount of primary
infeotion is limited by early spring destruction of the old leaves
sincs Higgins (54) proved the megns by which the fungus ever-winters,
Arthur (5) described an ascogenous form on plum leaves similar to
Coccomyces hiemalis Higgins and apparently realised the significance of
the o}d leaves in the life history when he advised their dc-tructiﬁn.
Pemmel (70) in 1891 described a similar perfect stage but, as with
Arthur, the genetical connection with the imperfect stage was not proved.
Keitt (58) found that early clean cultivation in the spring greatly re-

inforced the spray schedule in Wisconsin, He also found (62) that
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sradicative sprays applied to the leaves in the fall prevented or
materislly reduced the amount of primary infection in experimental
plats,

Main reliance for eontrol of the disesse .1n commercial cherry
production is placed upon the use of protsctant fungicides supplemented
by destruction of the old leaves by early spring cultiwation when the
latter does not interfere with recommended horticultural practices,
Thus, investigations conducted to devise measures of control for this
disease have dealt largely with sprays, Since the production of the
fruit on a large scale began, much experimental work had been conducted
on the types of spray materials, the methods and timeliness of appli-

eation,



HISTORICAL REVIEW

As & result of observations made in 1886, Arthur (5) suggested
the use of sodium hyposulphite or potsssium sulphide as spray materials
for the control of plum leaf spot,®* The following year Arthur (6) con-
ducted experiments using six spplications of potassium sulphide solu~ .
tione, The folisge of the treated trees was retained longer and appeared
more vigoreus than that of the untreated trees,

The first attempt to control leaf spot of cherries, according te
Fairchild (40), was inaugurated by Galloway in 1889, In 1890 he (42)
made trials of ammoniscal copper carbonate and bordesux mixture using
six applications at 12 day intervals beginning about May 1, Obser-
vations indicated that the two materials were equally efficient and
that each treated plat was superior to the unsprayed control, Experi-
ments (45) conducted in 1891, 1892 and 1893 on Black Tartarian,
Governor Wood and Early Purple varieties demonstrated that trees sprayed
with bordeaux mixture 6-4-22 made an incressed growth over untreated
trees, & fact he could not explain as entirely due to the efficiensy of
the spray as & fungicide and insecticide, No difference was noted be-
tween early or late sprayed stock nor was there any perceptible dif-
fersnce between plats receiving 7 and § sprays.

Thaxter (99) in 1889 reports the application of bordeaux mixture
6=6-22 on two Lombard plum trees leaving a third as a control tres.

*Coccomyces prunophorasé Higgins (55), since shown to be &
distant fungus from the causal organism of cherry leaf

spot Coccomyces hiemalis Higgins, (54).



Three sprays were applied and the treated trees held their foliege
until October while the control tree was defoliated in August., Ob-
servations (100) on a cherry and plum orchard to which an applieation
of bordesux mixture hed been made, showed that the treated trees held
their foliage free from leaf spot while the untreated trees were de-
foliated early in the sessen, 4An instance is also cited in which
several plum trees received the same treatment and retained their
foliage.

Pairehild (37, 38, 43, 44) in 1891 used an ammoniseal solutien
of copper earbonate in comparison with bordeaux mixture 6-4-22 as spray
materials for cherry leaf spot contrel, Mazzard and Mahaleb nursery
stock was ussd, one half of esch receiving 6 sprays while the other half
received only 3 sprays. Infecticns were too slight and appeared toe
late in the season to indicate the comparative efficiencies of the twe
fungicides, although the trested trees had fewer infections than the
untreated. In 1892 (39) he again tested the same materials on Mazszard
stock and on Windsor and Yellow Spanish nursery verieties budded on
Mahaleb stock. Trees receiving 6 applications had superior foliage to
the untreated trses and bordesux mixture 2-2-15 was slightly superior
te the ammconiscal solution. Treatments with the latter produced foliage
injury, Similar results were cbtained on all varieties,

Due to the injury caused by the smmoniscsl solution of copper
carbonste, Fairchild (39) tested enly berdesux mixturs the following
year, and, since little evidence of the disease was noted, there were
no indications as to the fungicidal effectiveness of the spray materisl,
In 1894 he (40) reported that bordesux mixture might be censidered &
specific for the control of cherry leaf qiot of nursery stock., Tests
indicated that the best results wers obtsined when the first spray was
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applied directly after the folisge was fully formed and repeated at
two week intervals until six applications were made,

Green (49) stated in 1891 that trees sprayed with bordesux mixture
4-4-50 held their folisge until late in the season while unsprayed
trses were defoliated early in August, Although the number of applica=
tions nesessary was not determined, it was pointed out that one helped
s great deal™ and that probably 2 or 3 would be sufficient,

Pammel (70) in 1891 conducted a one-spray and three=-spray pro-
gram with en ammoniscal copper sarbonate solutien on nursery steck of
the Griotte Du Nord wariety, Distinct differences were noted, there
being many more leaves on the three-spray plat than on the trees re-
geiving one spray and the eontrol trees lost much more foliage than either
treated plat, Bearing Gros Gobet trees were given three spplications
of bordesux mixture 6-4-22 and two sprays of ammoniasal solution of cop-
per carbonate, Excellent control was obtained on the Mad trees
while the controls had considersble defolistion during the latter part
ef August, Similar results were noted on trees of the Gelatin wvariety.
No infected leaves were found on Duchesse D'Angouleme trees thet re-
seived two sprays of bordesux mizture 6-4-22, The control tree was
partially defoliated early in the seasen, Additienal treatments were
made with ammoniscal copper carbonate solution but the disease was so
slight that even the untreated controls were uninfected,

In 1892 Parmel (71) spplied 10 sprays of ammonissal cepper ecar-
benate solution to & Russian variety budded on Mahaled seedlings and
edtained fully 50 percent more leaves and better grewth on the treated
than or the untreated steck. Seven spplications of bordesux mixture

12-850 were applied to seedling Russian cherries and on Russian
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varieties budded on Mahaled stock. The treated trees had fewer in-
fested leaves and superior growth ta the sontrol trees in each case,
King's Morelle, Griotte du Nord and Sklanka warieties of budded
cherries received § applications of bordeaux mixture 12-8-50, and mid-
seasen observations showed slmost 50 percent more leaves per treated
tree than on the untreated trees,

Pammel (72) estimated in 1893 that three-fourths of the leaves
remained on four cherry trees of the Gros Gobet variety given four
sprays of bordeaux mixture 6-4-45 as compared with the unsprayed cene
trel which was almost completely defoliated,

Pammel and Carver (73) tested five-spray programs of bordeaux
mixture 6-4-22 and emmoniscal solutien of copper carbonate in 1894,
Superior growth and approximately 80 percent more leaves resulted on
the bordesux mixture trested trees as compared with the untreated, Ree
sults were similer but less pronocunced with smmoniscal copper carbonate
solution and, in additien, there was a slight amount of follage injury
and infections per leaf were more numercus,

Beach (10) conducsted experiments in 1895 on Montmorency, Reine
Hortense and RBarly Richmond verieties using a three-spray progrem of
eau celeste scap mixture and of bordesux mixture, Although it was
noted that the esu celeste scap mixture produced serious injury to the
folisge, little informatiaon was gained in regard to leaf spot comtrol
becsuse even the untreated control trees had excellent follage at the
end of the sesson, Continuation of these experiments was made in
1896 (11) in an effort to determine the timeliness and the number of
applications of bordesux mixturse necessary to countrol the disesse,

Disease incidence was slight even on the eontrol trees, and results of



the tests were of little value although no spray injury to the foliage
was found,

Beach, Lowe, and Stewart (12) stated in 1899 that the disease
could be controlled satisfactorily by the proper epplications of
bordesux mixture but that these treatments could not be applied at the
opportune times because the spray residue seriocusly interfered with the
market value of the fruit, Consequently neo positive recommendation was
gliven but & pre-bloom and petal-fall application of bordesux mixture
was suggested with the possible addition of a third spray,

Teft (95) in 1894 recommended bordesux mixture 4-3-32 for a pre-
bloom and petal-fall application and a summer spray 10-14 days later,
As s supplementary spray the latter was to be repeated if signs of brown
rot appeared. To eliminate spray residue, ammoniacal copper carbonate
solution was advised for the fourth regular spray, The following year
he (96) advised & pre-bloom spray of copper sulphate solution 1-25, a
petal-fall and a summer spray 10-14 days later of bordeaux mixture
4-3-40, The latter was to be repeated if symptoms of brewn rot appeared,
The fourth regular summer spray, 10«14 days later, consisted of an apw
plication of weak copper sulphate solution 1«250 eor 1-500, If leaf
spot infections continued to occur, the fourth spray was to be repeated
st suitable intervals, The 1898 spraying calendar for Michigan (97)
recommended a dormant spray of ceopper sulphate solution 1-15 or 125 or
bordeaux mixture 4-4-40, and the ssme spray 2 to 3 weeks later and re-
pested as often as the occasion demanded,

Stewart, Rolfs, and Hall (89) in 1500 reported the disease to be
of little concern to bearing trees or nursery steck, althocugh Masszard

cherry ssedlingswere frequently attacked,
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Rolf (82) in 1907 advised sprays of bordeaux mixture 5-5-50 as
soon as the leaves came out, followed by a second sprey two weeks later,
Under conditions of severe leaf spot it was thought a third and fourth
epplication might be necessary although they should be applied only in
extreme cases because the residue might seriously injure the market
value of the fruit,

Hein (53), experimenting with bordeaux mixture in 1908, found
that little benefit was derived from a pre-blossom sprey although leaf
spot became severe when the last application, equivalent to the four-
weeks spray, was omitted, Trees sprayed with bordeaux mixture after
the leaves were almost fully developed showed very few yellow leaves
the latter part of the season while the unsprayed control trees were
one-half defoliated in mid~-season, The recommendation as a result of
these experiments was a three-spray program, & petal-fall and two
edditional spreys applied at 14 to 18 day intervals,

Due to the encouraging results obtained with self-boiled lime-
sulphur on peach and apple foliage in 1908 (85), Scott tested self-
boiled lime-sulphur 10-10-50 and 6-6-50 and lime sulphur 1-40 in
comparison with bordeaux mixture 2-4-50 on cherries the following
year (86), Varieties Montmorency, Dyehouse, Early Richmond, Wragg, and
Ostheimer received three sprays, the first beginning one month after
bloom, The sglf-boiled lime-sulphur 10-10-20 and lime sulphur 1-40
sprayed trees were almost equally perfect in follage, The self-boiled
lime~sulphur 6-6-50 was nearly as efficient as the 10-10~50 eoncentra-
tion but was considered slightly too weak for the best results, The plat
treated with bordeaux mixture exhibited no injury and the disease was al-

most entirely prevented while the controls were completely defollated,
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Wilcox end Stone (103) in 1909 recommended applicatioens of bordeaux
mixture 3-3-50 at pre-bloom, at shuck-fall, & third spray two weeks
after shuckefall, and a fourth spray two weeks later,

In 1910 Norton and Normam (69) advised applications of bordesux
mixture 3-6-50 as soon as the leaves were out and a second spray two
weeks later,

Rumsey, Giddings, and Dacy (83) recommended in 1911 the use of
self-boiled lime-sulphur or bordeaux mixture 3=3-50 or 3-5-50 when the
leaves are expanding and a second spray 3 or 4 weeks later,

Clinton and Britton (24) used & three-spray program of home-made
lime sulphur 160 in 1912 and obtalned no evidence of injury to the
foliage but obtained no information in regard to the fungicidal walue
of the mixture since there was very little leaf spot infeetion,

The use of bordesux mixture 5-5-50 or 1iquid lime sulphur 1-50
was advised in 1914 by V, B. Stewart (91) for nursery stock when the
first year buds were 8 to 10 inches in height and repeated at two week
intervals throughout the summer until 5 to 7 applications had been
made, Superier sticking qualities and less burning of the foliage was
obtained by the addition of 1} pounds of iron sulphate to each 50 gal-
lons of the lime sulphur solution,

Cook (25) stated in 1915 that cherry lesf spot can be controlled
by after-harvest applications of self-boiled lime sulphur, In the
ssme circular Headlee, Blake, and Cock reccmmended the application of
self-boiled lime sulphur with 3 pounds of lead arsenate at petal-fall
and when the fruit is the size of & small pea, An after-harvest ap-
plication of ulf-boilcd lime-sulphur was slso advised,



V. B, Stewart (92) made & comparative trisl of liquid lime sulphur
2-100 and commercial bordeaux mixture 10-10-100 on Tartarisan nursery
stock. The sprayed stock was far superior to the unsprayed control
trees and slightly superior growth was obtained on trees treated with
lime sulphur as compared with those sprayed with bordeaux mixture, The
following year, first year Tartarian stock treeted with & six-spray
program of lime sulphur 2-100 showed a marked increase in diameter in
addition to a slight inerease in height over the unsprayed control trees,

Brooks and Fisher (15), in an attempt to control brown rot
Solerotinis cineres (Bon,) Wor. in 1916, obtained no foliage injury on
Royal Ann or Black Republican varieties of sweet cherries with either
bordeaux mixture 2-4-50 with 2 pounds of resin-fishoil soap, liquid lime
sulphur 1-50 or self-boiled lime-sulphur 8-8.50 with 2 pounds of resin-
fishoil soap,

In 1914 Cooper (27) recommended bordeaux mixture 2-3~50 or self-
boiled lime-sulphur 8-8-50 for a pre-bloom, & shuck-fall and a third
spray two weeks after shuck-fall,

Pisher (41) noted, as a result of the application of fungicides
in 1915, 1916, and 1917, that sweet cherries were considerably reduced
in sise. Bordesux mixture 2-4-50 and self-bolled lime-sulphur 8-8-50
caused production of wvalueless fruit due to shrivelling, This conditiom
was not as pronounced with liquid lime sulphur 2-100. Portions of certain
trees received two applications of bordesux mixture, the first as soon
as the cherries began to color which was followed by the second spray
two weeks later, It was found that the reduction of size of ripe sweet
cherries was proportional to the amount of alkaline material in the

spray. This condition was thought to be caused by excessive tran-
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spirstion due to the destructien of the waxy bloom of the fruit,

Ve B, Stewart (93) in 1916 compared sulphur-arsenate of lesd dust
$0-10 with liquid lime sulphur 1-50 on Tartarisn nursery stock using &
seven-spray progrsm, Due to heavy seassonal rainfall, it was difficult
te protect the new growth thoroughly. The latter part of August the
average loss of leaves in the unsprayed plat was 37 percent, the
dusted plat 8 percent and in the sprayed plat 15 percent, The location
of the sprayed plat partially ascounted for the relative increased
efficiency of the dust ower the spray, V. B, Stewart (94) reported the
same experiments again in 1917 with slightly different percentages in
the amount of defoliation. Approximately 68 persent of thc.lmn were
lost from the untreated controls im 1916 while sulphur-arsenate of lead
90-10 dusted trees lost only 16 perscent.

Reberts and Pierce (79) in 1919 tested the value of numerous com-
mercial and home-made copper and sulphur materials in Michigan, Three
applications were made, the petal-fall, the three-weeks, and the after-
harvest spray., Trees treated with self-boiled lime-sulphur showed
almost no leaf spot control wvhile bordesux mixture 3-4-50 and liquid
lime sulphur 2§-100 gave exsellent control, Three applications of
liquid lime sulphur were not suffiecient to contrel severe attacks of
leaf spot but a program of petal-fall, two-week, four-week, and after-
harvest sprays gave excellent contrel of the disease, Leaf spot was
not satisfactorily controlled with applications of dust although there
was less defoliation on the dusted plats than on the control trees,
Bordeaux mixture produced severe injury on sweet cherries and the English
Morelle and Wragg varieties of sour cherry and it was also found nece-

essary to reduce the concentration of liquid lime sulphur to 150,
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Barss (8) tested bordesux mixture 4-4-50 with soap spreader,
liquid lime sulphur 1-45, and Atomic Sulphur 6-50, Six sprays were
applied in such a manner as to give an indication of the separate
value of essch spray., Results indicated that the first and last two
spplications were of no value for the control of leef spot, Trees re~
ceiving the three intervening sprays of bordeaux mixture had excellent
eontrol, Atomic Sulphur controlled the disesse comparatively well,
Plats sprayed with liquid lime sulphur had such severe burning of the
foliage and defoliation that no data could be taken upon the fungicidal
efficiency of the material, Foliage sprayed with bordeaux mixture was
the best appearing and was retained the longest in the experimental
plats, Unsprayed controls were severely defoliated., Tests were cone
ducted in 1917 but no information was obtained since there was a com-
plete absence of infection, Barss recommends, from dats eollected in
these experiments, applications of bordesux mixture 4-4-50 with spreader
beginning about May 1 and repested at 3 to 4 week intervals until dry
sunzer westher is permanently established. He considers that later ap-
plications might be necsssary if rainy periods devweloped throughout the
summer,

Keitt (58) tested sslf-beiled lime-sulphur 8-8+50, Atomic Sulphur
5«50, Barium Sulphur 3-50 and various concentrations of bordesux mixture
sand lime sulphur, Four sprays were applied, a late pre-bloom, petal-
full, two weekm, and an after-harvest epplication, Results of two
years' experiments (1917-1918) indicated that bordesux mixture and lime-
sulphur gave satisfectory control while the other spray materials failed
to control the disease adequately. Comparative results obtained with

bordeaux mixtures 4-4-50, 3-3-50, and 2-2-50 were almost equal, Com-



paratively good commercial control was obtained with the formula lel-50
one year but it is considered took weak for general recommendations,
Lime sulphur 130, 1-40, and 1-50 satisfactorily controlled the disease
end produced no injury to the foliage, Arsenate of lead 3/4-50 or 1-50
was used in all sprays and it was found that where lime sulphur was used
without the insecticide the spray was less effective in the control of
lcgf spot, When the pre-bloom spray was omitted, the control was as
good as the fourespray program, Omission of the after-harvest spray
@ave results almost as satisfactory as where it was spplied, Resultant
recomaendations advised applications of bordeaux mixture 3-3-50 or

lime sulphur 1-40 or 1-30 at petal-fall, two weeks later and also an
after-harvest spray if considered necessary.

P. C, Stewart (90) besed New York recommendations for cherry
sprays in 1919 on Keitt's work (58} in Wisconsin, advising two or three
sprays of bordeaux mixture 3-3-50 or lime sulphur 1-40 applied as
petalefall, two-weeks, and after-harvest applications,

In 1920 Coons (26), basing reccumendations upon the work of
Roberts and Pierce (79), advised applications of bordeaux mixturs 4-4-50
or 1iquid lime sulphur 13-50 at petal-fall, about three weeks later,
and directly after the fruit was harvested.

Dutton (30) in 1918 and 1920 tested comparatively dilute lime
sulphur and dusting sulphur on Montmorency and English Morello cherries,
The dust did not control the disease. Dilute lime sulphur adequately
controlled leaf spot on English Morelles until late in September, In-
fections were so slight on the Montmorency control trees that no

information was obtained in regard to disease control on this variety.
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Anderson (1) found in 1920 that either liquid lime sulphur 1-40
or bordeaux mixture applied at petal-fall and two weeks later would
sdequately control the disease, Addition of lead arsenate seemed to
incresse the fungicidal walue of the spray,and iron sulphate 1}=-50 de-
eressed the amount of injury to the foliage,

In 1920 Sanders and DeLong (84) applied petalefall, two-weeks,
and after-harvest sprays of bordeaux mixture 3-3-50 with 1 pound of
lesd arsenate, hydrated lime-sulphur-arsenate of lead dust 50-45-5,
lime sulphur l-40, and sulphur-aerssnate of lead dust 90-10, The trees
treated with bordeaux mixture showed between 30 and 40 percent de-
foliation on September 19, the hydrated lime-sulphur-arsenate of lead
dusted plat 35-45 percent defoliation, the lime sulphur sprayed plat
25 percent of the leaves infected and a slight defoliation, The sulphur-
arsenate of lead dusted trees showed 25 percent of the leaves infected
and no defoliation. The results indicated that the sulphur-arsenate
of lead dust was superior to the other treatments due to the relatively
high efficiency in control of leaf spot, eurculio and slug.

Barre (7) found in 1922 that leaf spot was controlled very well
by bordeaux mixture 23-6-50 applied as petal-fall, three-weeks, and
sfter-harvest applicatiens on all varieties of sour cherries included
in the tests except the Wraggz and English Morelle cherry.

Dutton and Johnston (31) in 1920 tested comparatively liquid
lime sulphur 23~100, bordeaux mixture 4-6-50, sulphur dust, snd de-
hydrated copper sulphate (15 percent dehydrated), Tests in 1921 in-
eluded 1iquid lime sulphur 3-100, bordeaux mixture 4-7-50, sulphure
Iime-arsenate of lead dust 80-10~-10 and dehydrated copper sulphate

(20 percent dehydrated) with 10 percent tals, Petal-fall, tvo-weeks,
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feur-weeks, and after-harvest sprays were applied on the Montmorencys
and, in sddition, a pre~harvest spray was applied on the English
Morellos both years, Four-weeks and after-harvest sprays were omitted
on the Montmorencys both years since there was little leaf spot., Leaf
spot wag not severs aon the unsprayed control trees in 1920, The disease
was never serious on the Montmorencys and even the dusted plats showed
no defoliation at the end of the season, although the sulphur dusted
plats had less infection than the copper dusted plats, Slight infection
was found early in the season in the liquid lime sulphur sprayed plat.
Bordeaux mixture caused ssvere foliage injury on the English Morellos
and slight injury on the Montmorencys. Bordeaux mixture, on the English
Morellos ranked highest in fungicidal efficiency, liquid lime sulphur
second, and the two dusts slightly lower than lime sulphur, Results in
1921 were less conclusive, leaf spot control being almost perfect with
every material, No spray injury to the foliage was noted in 1921
although dwarfing of the Inglish Morello cherries was noted in plats
sprayed with bordeaux mixture,

In experiments designed to determine the number of applications
necessary after the harvest of the fruit, Moore (68) concluded in 1923
that three sprays of liquid lime sulphur 23-100, beginning directly
after harvest in addition to the regular petalefall and second spray at
the time the fruit is well formed, would give good commercial control,.

Dutton and Wells (33) found that bordesux mixture 8-14-100,
6~14-100, &nd 6~10 ~100 (lump lime) produced satisfactory control in
experiments conducted in 1922, 1923, and 1924, respectively. It was
found, however, in certain instances that severe foliage injury and con-

sidersble dwarfing of the fruit occurred. Liquid lime sulphur 2}-100



or 3=-100 gave as satisfactory control as bordeaux mixture although,
ganerally, the control was not as complete on English Morellos, Lime
sulphur caused & small amount of foliage injury and only & slight re-
duction in fruit size. Pyrox 18-100 caused severe follage injury and
defoliation but the fungicidal effectiveness of the material was not
tested adequately, Colloidal sulphur 10-100 and eopper or sulphur
dusts eaused no apparent foliage injury and very slight dwarfing of
the fruit but did not control the disease satisfastorily.

Keitt and Jones (60) found in 1923 that the pre-blossem spray
might be omitted from the schedule since cherry leaf spot makes little
progress during the cool period of early spring and develops rapidly
in the early part of the summer, reaching maximal development during
warasr temperatures,

Keitt (59), speaking before the Chio State Horticultural Society
in 1923, stated that wariocus eoncentrations of liquid lime sulphur,
self-boiled lime-sulphur, dry lime sulphur, wettable sulphur, and barium
tetrasulphide were tested over a period of years for the control of
cherry leaf spot, Results indicated that bordesux mixture 3-3-50 gave
the most satisfactory control although it occasionally caused injury.
Liquid lime sulphur applied as a three-spray program adequately con-
trolled the disease slthough it was not sufficient in abnormally wet
sessons, Pre-blossom sprays were found to bs of vzlue in certain years.
The after-harvest application, although generally recommended, was of
no value under certain seasonal conditions,

Brooks eand Fisher (16) conducted experiments for the control of
brown rot on Napoleon, Black Republican, and Lembert varleties of sweet
cherries. Bordeaux mixture 2-4-50 with 2 pounds of rosin-fishoil soap,

8-8-50 self-boiled lime-sulphur with 2 pounds of rosinefishoil soap and
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liquid lime sulphur 150 were tested. A three-spray program of these
materials produced no epray injury in 1915, Similar results were ob-
tained the following year with a four-spray program but the cherries
from the self-boiled lime~-sulphur sprayed plat were smaller than average,
Lime sulphur caused foliage injury in 1917 and cherries from the bor-
desux and self-boiled lime-sulphur sprayed plats were smsller than
cherries from the untreated controls, The following year similar
treataents produced foliage injury on the plat treated with lime sulphur,
snd the cherries from the plat sprayed with bordesux mixture were some-
what ssaller than those from the unsprayed trees, In 1919 liquid lime
sulphur 1-50 with casein spreader, neutral bordesaux mixture 4-50 with
rosin-fishoil soap, and sulphur arsenate of lead dust 85-15 were ap-
plied twice on Napoleons, The econtrol trees and the dusted plats pro-
duced better sppearing cherries although the dust was not as effective
in the control of the disease as the sprays, Severe defoliation and
yellowing was noted on bordeaux mixture sﬁrayod plats three months after
the final applications,

Toothaker (101) states in 1921 that & petal-fall application of
bordesux mixture followed by liquid lime sulphur and lead arsenate
after harvest failed to control the disease,

As a result of field observations in 1921, 1922, and 1923 on the
effects of various spray materials on the size of fruit, Dutton and
Wells (37) conducted transpiration studies on the English Morello
cherry. The water loss per unit area of leaf surface was found to be
the leest with unsprayed shoots, slightly mors with shoots sprayed with
liquid lime sulphur and significantly more with shoots sprayed with

bordeaux mixture, The rate of water loss per unit area of leaf surface
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during & 24 hour wilting period maintained the same relationship in re-
gard to the effects of the two spray materials, Observations and ex-
perimental evidensce indicated that leaves sprayed with bordeaux mixture
had & greater power to withdraw water from the green cherries than did
unsprayed leaves during the wilting period. Resistance of the follage
to frost injury was apparently decreased by the use of bordeaux mixture
while foliage sprayed with liquid lime sulphur,or unsprayed, was maore
hardy and not as affected by low temperatures,

Experiments conducted in 1925 by McClintock (67) indicated that
cherry leaf spot was controlled satisfactorily by thorough applications
of bordeaux mixture 2-4-50, No injury or fruit dwarfing was produced.
The time and number of sprays wag not stated,

It was found in New Jersey (4) that fiwve spray applications are
necessary when the disesse is severe. Dry mix sulphur-lime 8~4-50 is
used in the petalefall and shuck-fall sprays, Commercial lime sulphur
23-100 is used in the after-harvest application, in a spray two weeks
Ister and also in the final application three weeks following the fourth
spray.

Gloyer (46) observed lesions on the fruit and pedicels of English
Morellos, as noted by Dutton (30), and sbundant dwarfing of the fruit,
The injuries occurred in orchards sprayed with lime-sulphur to which
srsenste of lesd had been added, Experimental plats were arranged in
31925 in such a manner as to indicate the injuriousness of lime sulphur,
lead arsenate, and the two materials epplied in combination, It was
evident that lead arsenate was the primary cause of the lesions upon the
pedicels and fruit and also responsible for & certain amount of fruit

dwarfing. Similar injury was noted on trees sprayed commercially with
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dry lime sulphur, proprietary bordeaux mixture, wettable sulphur, and
sulphur dust when each was applied in combination with lead arsenate,
Wettable sulphur and sulphur dust, each with arsenate of lead, caused
the least injury, The efficiency of the warious materials for the con-
trel of leaf spot was not determined,

In 1926 Call (17) obtained almost perfect control with a three-
spray program of summer strength lime sulphur and bordesux mixture
3~4-50 while unsprayed branches were severely infected, Although no
comparisons of fruit size were made with fruit from unsprayed trees,
it was found that Early Richmond and Montmorency fruit sprayed with
bordeaux mixture 3=4-50 was larger than lime sulphur treated fruit,
while the reverse was true of English Morello sprayed fruit._

Wiggans and Hoppert (102) in 1928 recommended a shuck-fall and a
second spray three weeks later using either liquid lime sulphur 13-100
or dry lime sulphur 4-100, Recommendations included an after-harvest
spray of liquid lime sulphur 13-100 or bordesux mixture 4-4-50 if ine-
festions continue to occur,

Due to the excellent control growers cbtained with bordeaux
mixture in & severe leaf spot year, Howitt (56) recommended in 1928
that bordeaux mixture be applied at shuck-fall and 10-12 days later,
Liquid lime sulphur wes advised 10-12 days following the second spray,
with the addition of a bordesux mixture application after harvest, if
the season was wet,

Crosby, Mills, and Blauvelt (28) in 1929 recommended liquid lime
sulphur 24-100, dry-mix sulphur-lime 25-100, or a sulphur dust applied
st petal-fall, and shuck-fall, followed by two applicatiens timed
primarily for the control of the cherry fruit fly, If leaf spot in-

fections continuedto occur at harvest, an after-harvest application
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was advised,

Wilson and Keitt (105) found wide wvariation from year to yeear,
and from orchard to orchard in regard to the influence of spray
meterials upon fruit size., Increased weights of Montmorency cherries
sprayed with liquid lime sulphur over fruit of the same variety sprayed
with bordeaux mixture were as follows: 1924, 15 percent; 1925, 13 per-
sent; 1926, 9 percent; 1927, 16 percent; and, in 1928 the average of
four different orchards was 8 percent, Increased weights of fruit
sprayed with liquid lime sulphur over cherries sprayed with bordeaux
mixture in the four orchards were: Early Richmond, 1 percent, 4 per-
cent, 6 percent, and 8 percent; and on Montmorency, 2 percent, 6 per-
gent, 11 percent and 13 percent. The increase in weights appeared to
be correlated with increased weights of the fleshy portion of the
cherry since there was small variation in the size of the pits,

In 1931 Talbert and Swartwout (98) obtained better control of
leaf spot with bordeaux mixture 3-4-50 than with either Dritomis Sul-
phur 3-50 or liquid lime sulphur 13=100. During years in which light
infection occurred, no significant difference in control was noted be-
tween liquid lime sulphur and bordeaux mixture, although the latter
consistently produced smaller fruit during the years in which the ex-
periments were conducted,

As a result of five years® experiments, Young (106) stated im 1929
that bordeeux mixture as weak as 1-3-50 caused severe foliage injury
snd that sulphur dusts were ineffective., Liquid lime sulphur 2}~100
controlled the diseese satisfactorily when the first spray was applied
st petal fall, Results also indicated that mild wettable sulphur

sprays were more effective than sulphur dusts.



Philip (74) in 1930 stated leaf spot is not considered a serious
factor in cherry production in California except in certain sections
near the cocast, No spray schedule has been developed completely.

In 1930 Elmer (36) stated that bordeaux mixture 4-4-50 and 1liquid
lime sulphur gave equally good control but that the fcrmer dwarfed the
fruit and caused folliage injury, Recommerndations include petal~fall,
two~weeks, and after-harvest anplications, A four-weeks spray is ad-
vised in seasons especially favorable for the development of the disease.

Bliss (13) applied 12 sprays on first year English Morello trees
between May 25 and August 14 in 1930, Trees spreyed with bordeaux mix-
ture 4-4-50, with 1 pound of Kayso, averaged considerably better growth
than unsprayed trees, Bordeaux mixture with Kayso was considered the
best treatment, Kopper's Thylox dust and Niagara Vitidust were as ef-
fective as bordeaux mixture without Kayso. Unsatisfactory materials in-
cluded liquid lime sulphur 2-100 with Kayso, dusting sulphur, Kopper's
Ferrox and Nickel dusts, Thylox, Ferrox and Nickel pastes 5-50, and Ni-
agara dry mix and soluble sulphurs 4-50,

Smith (88) in 1930 found bordeaux mixture 6-10-100 superior to
either Ferrox flotation 12-100 or Gray flotation sulphur 12-100 applied
as four-spray programs. Thylox flotation sulphur was compared with
1iquid lime sulphur, and both satisfactorily controlled the disease until
mid-season, when a certain amount of defoliation occurred.

Gould (48), following Roberts and Pierce (79), in 1932 recommended
applications of liquid lime sulphur 13-50 or bordesux mixture 3-4-50 at
petal~fall, three weeks later, and directly after harvest. Powdered
lead arsenate 1-50 or paste 2-50 was advised for insect control,

In 1932 Sherbakoff (87) compared various nurbers of applications
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of bordeaux mixture 2-4-50 with summer strengths of liquid lime sul-
phur and flotation ;ulphur. Four sprays of bordeaux mixture, be-
giminc May 1, and repeated every four wveeks, gave as satisfactory
control as seven sprays of the same material, and better results than
seven sprays of liquid lime sulphur, Flotation sulphur was less
satisfactory than liquid lime sulphur,

Headlee, Martin, and Farley (52) in 1932 recommended sprays of
New Jersey Dry Mix 25-100 or equivalent at shuck-fall, and 10 days
later, liquid lime sulphur 2-100 when the fruit begins to color, im-
mediately after the fruit is picked, and 2 to 3 weeks later,

As & result of five years' experiments, Goss (47) found in 1934
that four sprays were advisable in the average year, and that the petal-
fall spray was the most important. Very slight differences were ob-
tained when liquid lime sulphur 23-100 was used in comparison with dry
lime sulphur, or when Oxybordesux or bordesux mixtures were used in the
after-harvest application,

In 1934 Andres (3) obtained adequate control of cherry leaf spot
with & three-spray program, A pre-harvest spray of liquid lime sulphur
2}-100 was followed by an after-harvest spray and an additional ap-
plication four weeks later, each of bordeaux mixture 4-6-50, Bordeaux
mixture gave superior control te either liquid lime sulphur or
flotation sulphur in experiments conducted in 1931, Flotation pastes
5«50 gave insdequate control, The concentration of flotation sulphur
was inoressed ta 73-50 the following year, and, although the follage
ef trees sprayed with this materisl had the best appearsnce, folliage
sprayed with bordeaux mixture had a much lower percentage of infected

leaves, In 1934 malachite green 1=5000 with fishoil emulsion, and the
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addition of Dutox in the shuck-fall and two~weeks spray gave control
equal to that obtained by the use of bordeaux mixture 4-6-50 in the
after-harvest spray, preceded by liquid lime sulphur 23-100,

McNew and Bliss (66) during a four year period tested thirty
different spray snd dust combinations of Early Richmond, English
Horello and Montmorency nursery steck, They reported in 1935 that
bordeaux mixture 4-68-50 with spreaders was considered the best
material, although it tended to retard growth of the tree, The bor-
deaux mixture effectively prevented defoliation caused by leaf spot,
thus resulting in smough growth to offset the tendency to dwarf the
tree, The efficiency of bordeaux mixture was incressed when spreaders
were sdded to the spray. Dust treatments, in general, were not as
effective as the sprays, although they apparently did not retard the
growth of the trees, Kolodust was not effestive in wet seasons, Col-
loidal sulphur, paste, and wettable sulphur were not satisfactory,
Sprays spplied every 10 to 15 days, beginning when the growth was fram
8 to 12 inches in length --- depending upon the weather conditichs —--
were found to be most effective,

Young (107) stated in 1936 that leaf spot cannot be controlled
by wettable sulphurs in Chio, Thoroughly applied liquid lime sulphur
1=50 or its equivalent in the dry form effectively controlled the
disease, Although it was found difficult to determine which of the
two sprays caused the least injury, bordesux mixture is gradually being
substituted, due to the dwarfing of the foliage caused by effects of
the lime sulphur solution, He further suggested that weaker solutions
spplied thoroughly and more frequently will probably give adequate con-

trol and less injury.



- 25 -

Dutton and Farish (35) in 1938, testing & series of bordeaux
"mixtures of copper-lime ratia 1:1} with either high-calcium or

dolomitic lime on Montmorencys, found, in & season of deficient rain-
fall, that the smount of terminal growth decreased as the spray material
concentration wag increased, They regard this condition due to seasonal
variations in available rainfall, The percent of defoliation in &
sesson of deficient rainfall was found in direct proportion to the
strength of bordesux mixture with either lime, The plats sprayed with
bordeaux mixture 8-12-100 with either lime retained more leaves than
any plat in the respective series of treatments with the exsception of
the 2-3~100 high~ealcium lime bordeaux mixture, They considered. this
condition to be due to drought condition, accentuated by bordeaux
mixture, rather than eopper injury, Very little defoliation occurred
in a season of adequate rainfall, and no consistent differences between
bordeaux mixtures with different lime were noted, Series of bordesux
mixtures with the copper=dolomitic lime ratie 1:} caused less foliage
injury than similar treatments with high-calcium lime., They concluded
that the dolomitic lime in bordesux mixture is superior to or at least
equal to the high-calcium lime,

Tests, conducted during a four year peried, reported by Keitt,
Blodgett, and Magie (61) in 1936 indicated bordesux mixture to be the
most effective spray on replicated Montmorency plats, Very slight dif-
ference was found in the size of fruit from plats treated continuously
with bordesux mixture and lime sulphur solution, Annual alternation of
bordeaux mixture and liquid lime sulphur sprays produced much larger
fruit in the plat sprayed with lime sulphur than in the corresponding

plat trested with bordesux mixture, Control trees, or plats sprayed
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with liquid lime sulphur that were defoliated just prior to harvest,
produced the largest fruit, Cherries from trees defoliated shortly
before harvest had a smaller sugar content than fruit from bordeaux
mixture sprayed trees which retained ﬁhair foliage, In certain ine-
stances bordeaux mixture spparently caused fruit dwarfing, Theycon-
sidered, however, that the incressed frujitfulness following the proper
use of bordesaux mixture sufficiently counter-baslanced the advantage of
liquid lime sulphur, in regard to the fruit size on Montmorency trees,
Resmussen (75) in 1937 applied two series of bordesux mixture
with high-calcium lime and dolomitie lime to Montmorencys that had re-
ceived identical treatments for three successive years, Trees sprayed
with high-cslcium lime lost two to three times the number of leaves
per spur that were lost by trees receiving similar treatments with
high-magnesium lime bordesaux mixtures, There was no evidence of a con-
sistent correlation between leaf fall and the bordeaux mixture con-
centration, regardless of the type of lime used. The growth of the
tree decreased as the concentration of the spray material increased.
The stronger concentrations of bordeaux mixture produced less increase
of trunk circumference, and it was found that slightly more growth
occurred in plats treated with highemagnesium lime bordeaux mixtures,
than in those sprayed with high-caloium lime bordeaux mixtures, High-
magnesium lime bordeaux left more copper residue on the follage than
corresponding concentrations of bordeaux mixture with highe-caleium lime,
llthouéh the trees were not large enough to produce a commercial crop,
the higher yields of fruit occurred on the plats sprayed with magnesium-
1ime bordeaux mixture, The largest fruit was borne on the plats sprayed

with the lowest concentrations of bordeaux mixture, this relation being
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similar with either lime, Stronger concentrations of bordeaux mixture
with high calcium lime showed a tendency to produce smaller fruit than
equal concentrations of magnesium lire-bordeaux mixture, The percent
of total solids of the fruit was correlated with the concentration of
bordeaux mixture, i,e. the higher the spray concentration, the higher
the percent of total solids, Fruit on the plat sprayed with high wag-
nesium lime~-bordeaux was slightly higher in the percent of total solids
than that from plats sprayed with equal concentrations of high calcium
lire-bordeaux mixture,

In 1937 Keitt, Blodgett, Wilson, and Magie (63), reporting the
results of 18 years experiments on the control of cherry leaf spot,
stated that no material tested was found equal or superior to bordeaux
mixture, Bordeaux mixture 3-4-50 applied at petal-fall, two weeks
later, and after harvest, is considered the best recommendation for
general use, Liquid lime sulphur 1-40 with the same timing and an
additional application two weeks after the second spray is also recom-
rended although it is not considered equal to the bordeaux mixture
spray program, Addition of various spreaders and stickers did not
increase the effectiveness of either bordeaux mixture or liquid lime
sulphur, There were no results that indicated that bordeaux mixture
caused commercially significant reduction in the size of the fruit.

The two standard spray materials for the control of cherry leaf
spot, bordeaux mixture and liquid lime sulphur, are considered un-
satisfactory in certain cherry producing areas, Injury has resulted
from the use of bordeaux mixture, and liquid lime sulphur had failed to
control the disease adequately, Thus, attention has been attracted to
various proprietary insoluble copper compounds recently placed upon the

market as substitutes for bordeaux mixture, It has been found that
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certain of these commercial materials will satisfactorily control the
disease and produce less injury than bordeaux mixture,

Mid-sesson expdriments conducted by Cation (20) in 1934 indicated
that Cuprocide (red oxide of copper) equalled bordeaux mixture in.
fungicidal effectiveness, Although the cause was not definitely de-
termined, folliage injury was noted on certaln trees sprayed with this
campound, The following year various concentrations of Cuprocide and
Cupro K (copper oxyohloride) were compared with liquid lime sulphur
23-100 and dbordeaux mixture at 4-6-100 and 6-8-100, Just prior to
harvest, infections were well established when the only spray of the
sesson was epplied. Cupro K 4-100 or 6-100 with or without lead ar-
senate 2-100 treatments appeared the best at the end of the season,
Effects of Cuprocide treatments varied in regard to leaf spot control
and amount of folliage injury and appeared to be correlated with the
concentration of the material, Bordeaux mixture produced & moderate
amount of injury but controlled almost perfectly. Trees sprayed with
1liquid lime sulphur had very poor control of the disease and were
further defoliated than any other sprayed trees, The best plats were
those that received sprays of Cuprocide 1-100 with spresder and nicotine,
Cupro K 6-100 with lead arsenate 2-100, Cupro K 4-100,and Cupro K 6-100.
Continuations of these tests were conducted in 1936, Liquid lime sul-
phur 2#-100, bordeaux mixture 4-6-100 and 6-8-100, Cupro K 4-100,

20 (copper seolite) 5-100, Cuprocide 1-100 and Oxybordeaux 6-100 were
the materials used. Three pre-harvest sprays, beginning at petal-fall,
and repeated at 10 day intervals, were applied. Trees spraygd with
liquid lime sulphur were heavily infected, but showed only a light
amount of defoliation due to leaf spot, Plats receiving sprays of

OGxybordesux and 20 had a light amount of infection and defoliation,
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Trees tx:osted with Cuprocide and bordesux mixture 6-8-100 showed no
infection but had a moderate amount of defoliation caused by injury,
Neither bordesux mixture 4-6-100 or Cupro K sprayed plats showed in-
fection, but the former had a heavy defoliation due to injury, while
the latter had & light amount of injury., Cupro K, from the bases of
leaf spot control and spray injury, was considered the best material
tasted. BEvaluations of single sprays abplied after infection were
well established, placing Cupre K 5-100 considerably above Oxybordeaux
8-100, Cuprocide 13-100, Z0 5-100, lime sulphur 23-100, and bordeaux
mixture 6-8-100,

In 1937 additional experiments were conducted by Cation (20)
and Rasmsussen (77) with Cupro K 3-100, Cuprocide 1-100, Oxybordesux
6-100, 20 3100, liquid lime sulphur 2§-100, and bordesux mixture
6-8-100, Three pre-harvest sprays wers applied, No leef spot in-
fection oc;urrcd on foliage sprayed with Cuprocide or bordeaux mixture,
although the latter showed severe defoliation due to spray injury.
Curpocide treated trees alsc had & light defoliation due to injury to
the foliage, Leaf spot infection and resultant defolliation was
severe in plats treated with Oxybordesux, Z0, and liquid lime sulphur,.
Cupro K sprayed trees showed the least amount of defoliation, although
a small amount of injury was noted, and a light infection of leaf spot
occurred, the latter part of the season,

To determine the effect of spray materials on the fruit amd
tree, Rasmussen (77) in 1937 applied liquid lime sulphur 2§-100 and
certain concentrations of high-¢alcium and high-magnesium lime bor-
desux mixtures to plats of Montmorencys which had received previously
identieal treatments for three consesutive years, In addition, 20 4-100,

Cupro K 4~100, Cuprocide 1100, Oxybordesux 8-100, and & combination of
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bordeaux mixture 3-4-100 and Kopper's dry flotation sulphur 23-100
were tested, Arsenate of lead 2-100 was included in all pre~harvest
sprays, Three pre-harvest and one after-harvest sprays were applied,
No leaf spot lesions were noted in any of the plats, Severe size re-
dustion of fruit ocourred on trees treated with 4-6-100 and 6-8«100
bordeaux mixture, The percentage of solids was smaller and the pits
were larger in fruit from trees sprafed with 1liquid lime sulphur., The
difference in size of pits was not considered significant. A greater
increase in trunk circumference, superior retention of foliage, in-
creased shoot growth, and & larger total yield of cherries occurred in
plats sprayed with liquid lime sulphur than in plats treated with high-
calcium bordeaux mixture, The 6~8100 bordeaux mixture was more in-
Jurious than lower bordeaux concentrations, Bordeaux mixture with

4 pounds of copper sulphate showed no consistent correlation between the
effect of the spray upon the fruit and tree and different amounts of
lime, Cuprocide caused excessive foliage injury, Other proprietary
copper compounds were less toxi¢ than bordeaux mixture. and were as
efficient as liquid lime sulphur in regard to leaf spot control and
the amount of spray injury, Cupro K sprayed plats showed more de-
foliation than plats treated with either Z0 or Oxybordesux, Cupro K
sprayed foliage had much greater amounts of copper residue than either
20 or Oxybordeaux,

It was found in Ohio (108) that the insoluble copper compounds
ars generally less effective than bordeaux mixture in controlling leaf
spot and somewhat less injurious to the foliage and fruit, Cupre K,
Basicop (basic copper sulphate), and Coposil (copper ammonium silicate),

were tested at the company recommendations, The propristary materials
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tested in 1937 controlled the disease better than any other material
and caused very little injury, Liquid lime sulphur 13-100, dry lime
sulphur 8-100, or proprietary eopper compounds are recommended for

the shuck-fall application, 2 to 3 weeks spray, and a third spray when
the fruits begin to color, An after-harvest spray of lime sulphur
13-10Q, or dry lime sulphur 6-100 is also advised; none of the insoluble
proprietary copper compounds are recommended for the fourth spray,

To determine the efficiency of various proprietary copper com~
pounds, Cation (19, 21) and Rasmussen (76, 21) conducted experiments
using a four-spray program on the Montmorency variety of sour cherry in
1937, Basicop~lime 3-8-100, bordeaux mixture 3-4-100, Bordow 6=-100,
Coposil 3-100, Grasselll copper oxychloride 1#-100, and Cupro K 3-100
satisfactorily controlled the disease and did not cause significant
smounts of foliage injury, 20 3-100, Oxybordeaux 6-100, Basicop-lime
13-1-100, and Copper Hydro *40° 3-100, although superior to liquid lime
sulphur 23-100 treatments, did not give satisfactory control of leaf
spot, No appreclable dwarfing of the fruit was caused by any of the
proprietary copper compounds,

Kadow and Anderson (57, 2) tested various proprietary copper
compounds on Montmorency, Early Richmond, and Dyehouse varieties of
sour cherries, using a four-spray program. They found that Bordeaux
*34%-gine sulphate-lime 1}-3-$-100, Cupro K 2-100, and liquid lime
sulphur 2~100 adequately controlled leaf spot and did not cause
significant amounts of foliage injury. Copper Hydro *40°*, Coposil,
Basicop, Cuprocide 54, and a Niagara copper compound satisfactorily con-

trolled the disease but caused considerable spray injury to the follage,

Sprays applied by Hamilton (50) in 1938 on Montmorencys consisted
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of petal-fall, shuck-fall, and after-harvest applications, These
sprays were supplemented by two cherry fruit fly sprays, approximately
a month before harvest, The sulphur eompounds were generally in-
effective in control of leaf spot, The most effective sulphur spray
was Kopper®'s flotation paste 10-100 used with Orthex (oil sticker).
Flotation sulphur 10-100, liquid lime sulphur with goulac ané lime,
liquid lime sulphur 1-100 with Catalytic Sulphur 4-100, Magnetis
Sulphur 6-100 with soybean flour $-100, and Kolofog 6-100, did not give
satisfactory control. Results indicated that the sulphur materials

are more effective if leaf spot is not allowed to become established.
Although foliage injury occurred, perfect control wes obtained in

plats sprayed with both calcium and magnesium lime bordeaux mixtures
at 3=434-100 and 6-9-100, Trees, spra&;d with magnesium lime bordeasux
mixture, retained their foliage slightly longer than those sprayed

with calcium lime bordeaux, although not enough to be considered of
commercial significance, Delayed maturation and an approximate 25 per=
cent reduction in size of the fruit occurred on fruit sprayed with bor-
deaux mixture, Bordeaux mixture 6-9-100 produced smaller fruit than
the 3-43-100 concentration, Both strengths of magnesium lime bordeaux
mixture caused smaller fruit than the calcium lime bordeaux mixtures,
It was found that the fruit size was almost normal when Orthex was added
to the 3-43-100 bordeaux mixture, Omission of one or more applications
of bordeaux mixture caused no significant difference in frult size or
time of fruit maturation, He stated that copper iﬁjury, which may
ocour within three weeks after an application of bordeaux mixture, was

largely prevented in the pre-harvest period by repeated applications of



the spray. Sprays of lime applied as foliage injury first eppeared,
prevented the yellowing and defoliation, He also stated that lower
concentrations of bordeaux mixture, within certain limits, produce more
foliage injury, due to greater ionization of the copper ---~ there being
less ionization in higher concentrations. Although bordeaux mixture is
not advised as & pre~harvest spray except in severe epidemiocs of leaf
spot, recommendations include bordeaux mixture 3-6-100 with cne pint of
Orthex, rather than higher concentrations,

Hemilton (50) also found in 1938 that the proprietary copper com-
pounds used with lime and Orthex controlled leaf spot better than the
sulphurs, caused little foliege injury, and showed no evidence of fruit
dwarfing. Cupro K 3-100 and Coposil 3~100, each with 3 pounds of lime
and one pint of Orthex, were the two best insoluble copper sprays tested,
Addition of Orthex to the materials reduced the amount of defoliation
50 percent and also the amount of infection., He stated that increased
effectiveness of & spray with Orthex was not wholly due to better
adhesion but, in part, to superior spreading of the material, The
addition of one pound of lime for each pound of 20-25 percent copper
was found essential, As the amount of lime used with Coposil was in-
ereased, the copper deposited per unit of leaf area decreased, If
applied on an equal copper basis, Micronized Copper showed greater
adhesion but also caused more foliage injury than the other copper com=
pounds, Cuprocide~lime 1~1-100 with ono-pint of Orthex gave better
leaf spot eontrol but produced more foliage injury than the other
materials tested,

Daines (29) in 1939 tested 1iquid lime sulphur, liquid lime sul-

phur in combination with aluminum sulphate and lime, wettable sulphur,
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wettable sulphur with Orthex, bordeaux mixture l1-3-50 and 2-3-50 with
magnesium and calcium limes, bordeaux mixture with metallic zinec,
home-made and commercial copper phosphate with and without bentonite,
Coposil with and without Orthex, Z0, Cupro K. Oxybordeaux, Beasicop,
Copper-Hydro 40, °34° with sinc sulphate, Cuprocide 54, and aluminum
sulphate with lime, The proprietary copper compounds were used with
and without lime., The copper materials more effectively controlled
leaf spot than the sulphur materials. Bordeaux mixture at all con=-
centrations caused injury to the cherries, Certain insoluble copper
compounds caused injury when used without lime. The fungicldall
efficiency of the copper sprays was generally correlated with the ad—.
hesive properities of the material, Aluminum sulphate with lime and
liquid lime sulphur was more effective than liquid lime sulphur used
alone. Wettable sulphurs with Orthex gave superior control to wettable
sulphur alone, He further stated that the lack of injury in certain
cases wasg probably due to poor adhesion,

Keitt and Clayton (64) found in 1939 that bordeaux mixture in
any ooncentiaxion gave control superior to other materials tested,
However, the trees sprayed with bordeaux mixture also bore the smallest
fruit, The plat sprayed with basicop~lime 3-8-100, of the plats treated
with proprietary copper compounds, had the least defoliation, Coposile
lime 2~4~100 with Orthex 1-400 was superior to Cupro K 3=6~100,
. Liquid lime sulphur 1-40 was superior to Coposil. The unsprayed con-
trol trees bore the largest fruit, and no significant difference was
found in fruit size between any of the insoluble proprietary eopper
compounds,

Rasmussen (78), in comparative four-spray program tests on Mont-
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morencys, found in 1938 that Basicop-lime 3-8-100, Bordow 6-100,
Grasselli Compound A 13-100 with one pint Orthex, and bordeaux mix-
tures 3-4-100 and 6-8-100 geave excellent control. Tennessee 26-1lime
3-3-~100, bordeaux mixture 2-3-100, Coposil-lime 3~3-100, and Bordeaux
34-1ime 2}-3-100 gave good control; Cupro Kelime 3-3-100 and liquid
lime sulphur 2}-100 gave only fair control, All the proprietary
sopper compounds caused slight amounts of injury to the foliage, and
Grasselll Compound A produced severe injury, Bordeaux mixtures 3-4-100
and 6-8-100 caused moderate amounts of follage injury.

Hamilton (51) reported in 1939 that liquid lime sulphur reduced
the fruit set of English Morellos and also caused severe foliage in-
Jury, Tests indicated flotation sulphur paste 8~100, with one pint of
Orthex, to be the most effective of the sulphur combinations used.
Flotox 5~10C0, with one pint of Orthex, gave superior leaf spot control
to liquid lime sulphur, In & season of light rainfall, copper com~
pounds applied on equivalent copper bases, with or without Orthex or
spreader-sticker, produced excellent leaf spot control, Cupro K was
the safest copper material when used alone. He found after-harvest
applications of lime checked injury on sweet cherries, Grasselli Copper
Compound A. with lime gave ccmparati?ely satisfactory results, but its
effectiveness was not definitely determined. Basicop, Copsil, Cup~
rocide, and '26° controlled leaf spot almost as effectively as Cupro K,
but caused some foliage injury, The best bordeaux combination was
3-6-100 with one pint of Orthex, but it caused too much foliage injury
and dwarfed the fruit too seversly to be recommended unless applied very
lightly. Results indicated that bordeaux mixture applications, alter-

nated with 10-100 lime, mey be a desirable schedule, Bordeaux mixture,
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alternated with Cupro K, also appeared promising --- especially under
severe leaf spot conditions, Recommendations include Orthex in the
regular copper sprays and lime in the after-harvest spray to check in-
Jury, especially if recent pre-harvest sprays omitted lime, An after-
harvest spray of lime is advised if no leaf spot is present, Cuprocide
applied just before harvest leaves no residue, and the lime application

applied after harvest effectively checks the folliage injury.
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THE PROBLEM

The purpose of this study was to determine the value of Basicop*
and certaein other compounds as spray materials for cherries in Mich-
igan, Experiments were planned to study the fungicidal effectiveness
of the materials on the pathogene causing cherry leaf spot (Coccomyces
hiemalis Higgins) and also to determine their physiological effects

upon the cherry fruit and foliage,

*Basicop is a proprietary copper compound manufectured by the
Sherwin-Williams Company, Cleveland, Ohio, It is a powdered form of
bagic copper sulphate, the formula of which may be considered as
Cus04 » 2Cu(OH)2, The pure commercial product contains approxirately
53.8 percent metallic copper. The average of the market output of
Basicop, however, contains 50 to 52 percent metallic copper, this may
be the result of a glight lack of balance in the proportion of basic
end acid copper molecules or perhaps some little water of orystal-
lization or combined moisture,



EXPERIMENTAL PROCECURE

Roach Orchards, Hart, Michigan, 1937

Materials and methods

Pifteen year old vigorously growing trees of the Montmorency
variety of sour cherry were gelected for experimental purposes at the
Roach Orchards, Hart, Michigan, The block of approximately 192 trees,
32 trees long and € wide, was divided into 16 plats of 12 trees each
and arranged 3 trees wide by 4 trees long, This block was fairly uni-
fors in size and vigor of trees, and 2ll trees had received similar
cultural and spray treatments in previous years, It was originally
planned to have the plats consist of 12 trees but occasional dead or
dying trees --- due to winter-injury and Armillaria root rot (Armilleria
mellea) ~--- and a few young, non-bearing trees were scattered through=
out the orchard, Data were, therefore, taken on all representative
vigorous, mature trees in each plat,

The spray materials teeted were: two proprietary copper compounds,
Basicop and Cupro K, two c;ncentrstions of bordeaux mixture, several
sulphur sprays, and liquid lime sulphur, Dolomitic lime was used in the
combinations requiring lime because certain experimental results (35,
75) have indicated that magnesium lime 1s superior to high calcium lime
in bordeaux mixture, Lead arsenate was used in the two-weeks and four-
weeks applications with all meterials at the concentration of 3 and 2

pounds, respectively, to one hundred gallons of water, The materials



- 39 -

and concentrations tested are presented in Table 1.

The recommended four-spray program of Michigen which consists of
three pre-harvest and ons after-harvest sprays was adopted in the ex-
periment, As shown in the rainfall and spray chart (Figure 1), the
petal-fall spray was applied May 30-31, the two-weeks spray on June 15~
16, the four-weeks application on June 26-~27, and the after=-harvest
spplication on August 7-8, In order to determine tﬁe effect of a three-
spray program on the control of leaf spot and the amount of spray
injury, the plats treated with Basicop~lime 3=-8-100, Cupro K 3~100,
Cupro K 6~100, bordeeux mixture 3-4-100, and bordeaux mixture 6~8-100
were divided into two portions of approximately six trees each for the
after-harvest sprays, One-half of each plat was given the regular
after-harvest spray while the other half received no application, In
idﬂitian, three unsprayed control trees were mainteined throughout the
sesason, ‘

Each spray was carefully and thoroughly applied from the ground
with & single nozzle gun and each tree was completely sprayed before
beginning another, Between 5§ and 8 gallons of spray per tree were ap-
plied and, as a result of this overspraying, a certain amount of drip
occurred, A pressure of 400 to 450 pounds was maintained in all sprays,

Two days wera necessary to complete the entire series of applications.

Epidemiological conditions

The Roach Orchard in 1936 received four pre-harvest sprays of
l1iquid 1lime sulphur 3-100, Cation (20) reported that a great desl of
leaf spot infeoction occurred in this orchard during the late August and

esrly September rains and that the trees were almost wholly defoliated
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by leaf spot on October 9, These late infections of 1936 resulted in
sn sbundance of ascosporic ilnoculum in the spring of 1937 as evidenced
by exsminations of the old leaves, Mioroscopical examination and forced
ascospore discharge in the leboratory from apothecia collected on leaves
during the first week of May revealed that the ascospores were mature
and ready to be discharged upon the ococurrence of favorable moisture
and temperature relations,

The growing season of 1937 was especially favorable for the de-
welopment of cherry leaf spot in epiphytotiec form, Rains occurred about
every ten days (Figure 1) throughout the season, After the latter part
of June, yellowing of the leaves and resultant defoliation appeared ap-
proximately ten days after each rain in which infections occurred on
trees not properly protected. A light primary infection may have
occurred on May 16, although the foliage was not far advanced, Observa-
tions indicated that the first serious ascosporic infections did not
occur until the rain of May 21 (Figure 1), Additional primary infection
occurred May 28 and possibly some secondary, since sparsely scattered
mature acervull were noted May 29, The first significant secondary in-
fection oceurred June 5 and was followed by abundant infections during
the frequent rainy periods throughout the remainder of the season, De-
foliations due to leaf spot were first noted June 26 and continued to

ocour at frequent intervals until the latter part of September,

Results

Conditions during 1937 were particularily advantegeous for the
evaluation of fungicides due to the severity and frequency of leaf spot

attacks and, also, due to the opportunities offered to observe the



physiological effects of the spray materials on the fruit and foliage.

The earliest determination of comparative infection was made
June 23 (Table 2). The infected leaves showed from one to five lesions
per leaf, and no attempt was made to differentiate between leaves
lightly or heavily infected, Examination of these data show that, re-
gardless of the spray materials used, infections were well established
on all plats. Foliage sprayed with copper materlals showed a tendency
towards less infection than follage treated with the sulphur compounds,
The percentages of infection do nét necessarily indicate the amount of
defoliation due to leaf spot that occurred on the plats later in the
sesson, The copper sprays almost completely checked defolliation due to
leaf spot and also checked further infectlon while the disease was never
satisfactorily controlled by the sulphur sprays.

Dats presented in Table 3, almost a month prior to harvest, show
that leaf spot had caused almost no defoliation in the majority of the
plats sprayed with copper materials, There was a slight loss of follage
in plats treated with Basicop~-lime 3-1-100, Basicop-lime 1}-4-100,
and Cupro K 3-100 but not sufficlient to be considered commercially
significant, Very poor control was evident in plats spreyed with the
sulphur compounds, Dry lime sulphur 10-100 and liquid lime sulphur
24-100 gave superior disease control to the other sulphur materials
tested, although not equal to any of the copper compounds, The remainder
of the sulphur sprayed plats showed almost no control and were com-
parable to the unsprayed check trees,

Comparative determinations of the amount of sprey Injury to the
foliage in the different plats were made June 30 (Table 3)., Plats

sprayed with the sulphur materials showed no evidence of yellowing,
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burning or defoliation due to spray injury. Foliage sprayed with dry
lime sulphur and 325 mesh sulphur 2-4-100, dry lime sulphur 4-100, and
Electric sulphur 4-100 appeared to be slightly larger than that of the
plat sprayed with liquid lime sulphur 24-100. This effect was soon
lost, however, due to the tremendous defoliation caused by leaf spot.
Sprey injury was not evident in plats treated vith bordeaux mixture
3-4-100 or 6-8-100, Basicop-lime 3-8-100, or Basicop~lime 1}-4-100,
Light defoliation due to spray injury was noted in plats treated with
Basicop-lime 3-1-100, Basicop 1%#-100, Cupro K 6-100, and Cupro K 3-10Q.
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