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Introduction

The prevalence of fungus diseases
and insect pests is responsible for the use of
fungicides and insecticdes on fruit plants. It
is evident, then, that the first comsideration in
seleoting a spraying material is that it shall be
effective in pest control. However, there are other
fasctors that must be considered and an important
one is the qﬁestion of foliage injury.

Foliage injury has been recognized
and discussed as long, perhaps, as plants have been
sprayed. The literature of spraying contains many
references to spray injury and among them are
excellent descriptions of various types of injury,
studies of the components of spraying materials
that cause or retard injury and of environmental
factors that favor its development.

A complete review of the literature
with a bearing on spray 1njnry.w111 not be attempted
here but a brief discussion of some of the work
which has a direct application to the studies to
be reported in this paper may well be included.
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Review of Literature

Crandall (3)* has described two
types of bordeaux injury on apples: -- "Brown-
spotting™ and Yellowing". He states that the
brown-spotting is the more common but less serious
form of injury as leaves are not entirely destroyed
by it as when affected by yellowing. The yellow-
ing frequently caused serious injury but could
not be definitely connected with any particular
set of environmental oonditions. Crandall (3),
Hedrick (5), Adams (1), and others all arree that
moisture, as rain, fog or dew, must be present in
order for bordeaux injury to develop, the usual
observation having been that injury generally
follows a rainy period or develops most seriously
in rainy seasons,

Hedrick (6) and Adams (1) state that
the degree of injury is in proportion to the amount
of copper sulphate in the bordeaux. Pickett (10)

*Reference is made by number to "Literature Cited"
PPe 135-136,






observed that the amount of foliage injury seemed
to be directly proportional to the number of appli-
cations. Hedrick (5), Adams (1), Cooper (4),
Crandall (3) and others state that bordeaux injury
cannot be prevented or even reduced to any degree
by the use of excess lime. Crandall's work,
however, indicated that after-applications of
milk of lime would reduce injury, though Cooper
(4) and Pickett (1) were unable to get any benefit
from such treatments. |

Yellowing or the yellow-leaf type
of bordeaux injury may occur, according to Adams
(1), within two weeks after the application and
subsequent defoliation may continue with any
protracted wet period. Crandall (3) found that
yellowing was more likely to ococur in June and
July than either earlier or later. Hedriok (6)
concluded that less injury is likely to develop
when bordeaux is applied in dry weather.

Lime-sulphur Injury. Injuries to
foliage caused by lime-sulphur have not been studied

80 extensively as those caused by bordeaux but
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there are a few valuable contributions. Safro (11)
found that the true lime-sulphur injury is due
primarily to the calcium polysulphides and to a
less extent to the calcium thiosulphate and that
any other compounds (referring to original ingred-
ients or decomposition products of lime-sulphur)
present either before or after applications are
harmless. Young (16) nas found that lime-sulphur
is strongly alkaline when applied and then changes
to & slightly acid condition. Wallace (14) con-
cluded that the aoction of lime-sulphur in causing
injury differs fundamentally from that of bordeaux.
Lime-sulphur injury, he believes, is caused before
the solution has dried on the tree and while it

is still very caustic. That copper sulphate used
in combination with lime-sulphur is unsafe is in-
dicated by the work of Morse (9) who found that the
combination caused severe foliage injury and russet-
ing of the fruit. Thatcher and Streeter (13)

state that when acid lead arsenate is mixed with
lime-sulphur solution, a definite chemical change
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takes place forming some lead sulphide and arsen-
ate of lime and that such change probably in-
oreases the danger of foliage injury. The addi-
tion of hydrated lime, casein and other materials
retard this change and should consequently reduce
foliage injury.

Injury by spraying materials fre-
quently ocours seriously on leaves that have been
injured mechanically, by insects or by fungi,
particularly apple scab. In such instances, spray
injury ococurs when otherwise there probably would
be none. 3Such injury has been observed and reported
by Wallace (14), Crandall (3), Cooper (4), Morse (8),
and Whetszel (156). It has been caused by various
materials -- lime-sulphur, bordeaux, lead arsenate,
sulphur-lead dust and copper dust. The toxic
material evidently penetrates the leaf through the
break in the ocuticle and epidermis caused by the
previous injury, and then spreads ogt through the
leaf tissues, the leaf ahowing a circular or
"irregular brown area somewhat larger than the

original fungal or mechaaical lesion.
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Weather and Foliage Injnrz. -
The conditions which make the leaf more resistant

or more susceptible to foliage injury by various
materials have not been well established. In this
connection, Vallace (14) found 1little evidence

to show that wet weather during or following
application of the spray (lime-sulphur) very
materially favors foliage injury but did think

that the nature of the season previous to spraying
might influence the leaf structure in such a way
that it might be resistant or susceptible to lime-
sulphur injury. Hedrick (6) has stated that it
seems reasonable to suppose that leaves and fruit
have less resistant power against the action of
copper poisons when wet weather prevails than dur-
ing dry weather and offers in support of this the
statemaents of Kohl (6) that “outicle is much

thinner when the plant is grown in moist atmosphere™;
of Lothelier (7) that "it (the ocutiele) may entirely
disappear when grown in a saturated atmosphere;

and of Bain (2) that remarkable differences are
found in the cuticle of the apple and peach leaves



in accordance with the weather. Bain's conclusions
were that exposure to any atmospheric conditions
that have a tendency to increase transpiration,
results in an increased thiockness of cuticle.

Abscission of Fruit. -- Another

angle of spray injury which has received atten-
tion only recdently is that of abscission of fruit
following the use of certain spraying materials.
Sanders (12) discusses this in some detail. He
reports experiments beginning in 1915 in Nova
Scotia, in which the use of lime-sulphur as a
summer spray has definitely reduced the quantity
of apples produced and that the same thing was
reported from British Columbia in 1919. The sige
of fruit from lime-sulphur sprayed trees was
smaller than with bordeaux. He gives evidence to
show that changing from lime-sulphur to bordeaux
or copper-lime dust resulted in a large increase
in production in the Annapolis Valley, and also
found that lime-sulphur applied to the fruit alone
-or to the upper surface of leaves caused no ab-

normal drop of fruit but where lime-sulphur was
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applied to the under surface of the leaves that
most of the apples dropped and concludes that the
damage is the result of absorption of lime-sulphur
through the under surface of the leaf. This
injury, he found, did not result from preblossom
applications of lime-sulphur and only a limited
amouht from the calyx application but when applied
in the two-weeks application, the fall of fruit
was always heavy.

Object of Investigations. -- A study

of the reports of investigations just cited brings
out some very interesting fasts and, although some
forms of injury and the degree to which they may
develop have been recognized, together with some

of their contributing factors, the literature still
leaves much doubt as to the actual amounts of leaf-
fall that may be expected to occur with a given
material with various fruits and different weather
conditions. More complete information is desirable
with regard to the conditions under whish injury
ooocurs and to the relation of environmental factors

to resistance or susceptibility of leaves to injury



a8 well as the influence of tree vigor to the de-
velopment of injury. Furthermore, the comparative
susoeptibility of various kinds of fruit to injury
by different materials has not been completely
established.

The investigations reported in this
paper were planned and carried through to obtain
information along the lines just mentioned, with
special reference to conditions prevailing in

Hiohigan .

Presentation of Data.

The studies reported in this paper
were made in connection with a number of individual
experiments with apples and cherries at various
places in Michigan. A deseription of each individual
experiment will first be given with a statement
of materials, strengths, methods of application,
methods of obtaining records and a tabular state-
ment of results, without discussion. A general dis-

cugssion will then follow, bringing together and



discussing comparable material from ﬁhe individual
experiments. In connection with this discussion
will be considered some of the environmental condi-
tions and factors which probably have had a direct
bearing on the results.

Various materials will be mentioned
in the descoription and discussion of the several
experiments and in order to avoid a complete ex-
planation in each instance the following definitién

of terms is inserted. Lime-sulphur, unless other-

wise specified, refers to the standard, commercial
liquid concentrate testing 32 to 33 degrees Beaume.
Bordeaux, refers to a mixture of copper sulphate,
lime and water. . The formula is usually given, as
8-8-100. The first figure always refers to
copper sulphate (pounds), the second to lime
(pounds), and the third to water (gallons). The
kind of lime used will usually be given in paren=- -
thesis. Lead arsenate means ordinary commercial
lead arsenate powder without spreader. Where lead
ars -nate paste was used it will be mentioned

a8 such. The statement of dilutions of lime-sul-

phur, lead arsenate, etc., as 3 gals. in 100,
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2 lbs. in 100, or 2-100 mean that the number of
gallons or pounds of material mentioned were mixed
with enough water to make 100 gallons of spraye.
Types of Injury. Preliminarily
to the description of the experimenta and the dis-
cussion of the results it seems desirable to des-
oribe and define certain types of injury that may
be referred to rather frequently.
Injuries Resulting from the Use of

§1m0~an12hur Alone or in Combination with Acid

Lead Arsenate. -- Then lime-sulphur and acid lead

arsenate are used together on apples two types of
injury may occur. The first will be referred to
in this paper as the "yellow-leaf" type of injury
and it 1s generally conceded that this injury is
caused by water soluble forms of arsenic which
result :rom the reaction betwcen lime-sulphur and
acid lead arsenate. This injury, in the early
atages, appears as brown spots. These ma, be few
or many in number and may vary in size from very
small to oné-qnarter inch or more in size. The
leaves gradually turn yellow, dne'to the loss of
chlorophyll, and abscise, “hen this type of injury
develops the lésvea usuallj reach the yellow stage

in one week to ten days or possibly two weeks
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after an application of lime-sulphur and lead
arsenate and so far as the writer has observed,
there is no recurrence of this injury until after
another application of spray.

The other type of injury resulting
from the use of lime-sulphur and lead arsenate
will, in this paper, be referred to as the "brown
leaf™ or "scald" type of injury and is undoubtedly
caused by the lime-sulphur itself and therefore
might occur when lead arsenate is not used with
the lime-sulphur. With this, there are no definite
lesions but a portion of the lc¢af, usually the tip
or a margin where the material has concentrated
before drying, is killed. If the injury is severe
the entire leaf may be killed or when it is only
slight there may simply be a few pots anywhere on
the leaf. Areas killed in this may are frequently
invaded by saprophytic fungi. Just how this in-
Jury occurs is not well understood but may possibly
be correlated with the fact that lime-sulphur 1is
strongly alkaline before it dried. The same or at
least, similar types of injury ocour under widely
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different conditions, first when the lime-sulppur
on the foliage driea very slowly and second, when
lime-snlhﬁur is applied to foliage when the temper-
ature is high. In the first, it may be assumed
that the lime-sulphur remains strongly alkaline
until it dries and thus the period during which
injury might occur is greatly extended. On the
other hand, with high temperature it may be that
the process of injury is accelerated by the high
temperaturs.

Lime-sulphur will often cause rather
serious injury to apple leaves thut bear deep
seated scab lesions, the lime-sulphur penetrating
into the leaf and spreading out through the leaf
tissues through the scab lesions. The portion of
the leaf killed by the lime-sulphur is brown and
the brown area is usually circular in form and
larger than the original lesion. This type of
injury may not cause defoliation, but frequently
does when severe.

Bordeaux Injury. -- Bordeaux is
responsible for different types of injury to the
foliage and fruit of trees as desocribed by Crandall
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(3) but only one type will be considered in this
paper as having been respomnsible for foliage
abscission in the apple and cherry. This is the
form generally referred to as the "yellow leaf"
bordeaux injury. This is firet evident as amall
purplish spots on the surface of the leaf, these
spots soon turn brown and the leaf begins to turn
yellow, the green color usually disappearing last
from immediately around the brown lesions. Leaves
injured in this way, particularly those of the cherry
closely resemble cherry leaves affected by leaf-
spot. In faoct, close examination is usually
necessary to differentiate between the effeots of

bordeaux injury and cherry leaf spot.
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Experiment 1.

Defoliation by Lime-sulphur and
Bordeaux in Montmorency and English Morello Cherries,

1923. An orchard of Montmorency and English Morello
cherries on the College grounds at East Lansing was
used in 1923 to compare lime-sulphur and bordeaux
in their effect on leaf-fall. The trees were 14
years 0ld, under cultivation and in fair vigor.
Material and Applications. Two
materials only were used, lime~sulphur and bordeaux,
and at the following strengths.
1. Lime-sulphur, 3 gal. in 100.
2. Bordeaux, 8-14-100 (hydrated lime).
Lead arsenate powder, 2 1lbs. in
100, was used with both for all applications. The
spraying was done with a spray gun and with about
276 pounds pressure. The schedule and dates of
applications follow. 1. Petal-fall, May 29;
2. T™wo-weeks, June 8; and 3. Four-weeks, June 24.
Each material was used regularly
for all applications except that a few trees in
the lime-sulphur plot were sprayed with bordeaux

at the two-weeks application.



Record of Leaf-fall. Leaf counts
were made five times and recorded on tags attached
to the spur or shoot in question. Spur leaves
were recorded on Montmorency, and shoot leaves on
English Moreilo trees as they produce very few spurs
under ordinary conditions. The counts were made
at the following dates. June 5, July 11, August
13, September 7 and October 4.

The October 4 leaf count was not
made on the lime-sulphur sprayed trees of English
Morello due to severe . infestation by leaf-
spot with the consequent defoliation. This was
the result of omitting the after-harvest appli-
cation. The September 7 count was not made in
the Montmorency trees that were sprayed alternately
with lime-sulphur and bordeaux. The data for both

varieties are presented in Table 1.
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Experiment 2.

The felation of Various Spraying and

Dusting Materials to Leaf-fall in the Montmorency

Cherry, Traverse Citx. 192%. Records were obtained

at Traverse City in 1923, in connection with ex-
tensive leaf-spot control experiments, to determine
the amount of defoliation caused by several spraying,
and dusting materials when used for the regular
summer treatments on the Montmorency cherry. This
work was done in the Titus Brothers orchard about
four miles north of Traverse City. The trees were
mature, growing on sandy soil and under thorough
ocultivation and generally in good vigor. The trees
from which the redords were taken im 1924 had been
uniformly treated in 1823. There was practically
no leaf-spot in 1924 so that the study of leaf-
fall in relation to spray injury was in no way
domplicated by the effeots of leaf-spot.
Bchedule of Applications and Mater-

ials. The regular summer spraying schedule was
used. The various applications were made at the

following dates.






l. Petal-fall, June 4 and b.

2. Two-weeks, June 18 and 19.

3¢ Four-weeks, July 3.

da. Special. July 10. Dusts only.
4. Rfter-harvest. July 27.

For applications 2 and 3 the dust
applications were split and one side of trees
dusted one week earlier than the date indicated
for those applications. This constituted half
applications on alternate sides of the trees at
intervals of one week rather than complete appli-
cation at intervals of two weeks. The spraying
applications were completed each time at the period
indicated.

The spraying materials were applied
with a spray gun with 260 to 275 pound pressure.
The dusting was done with a large power duster.

The materials and the strengths at
which they were used were as follows: --

1. Lime-sulphur, 3 gal. in 100,
and lead arsenate, 2 1lbs. in 100. All applications.

2. Bordeaux, 6-10-100 (hydrated
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lime), and lead arsenate, 2 lbs. in 100. All
applications.

3¢ Lime-sulphur, 3-100, for appli-
cation 1, 2 and 4, and bordeaux, 6-10-100, for
application 3. Lead arsenate used with both ma-
terials.

4, Bordeaux, 6-10-100, for

application 1, lime-sulphur, 2-100, for applica-
tions 2, & and 4. Lead arsenate used with both
materials.

5. Pyrox, 18 lbs. in 100. All
applications.

6. Copper dust, 20% monohydrated
copper sulphate, 10% lead arsenate, and 70% hy-
drated lime.

7. Sulphur-lead dust, 90% sulphur
and 10% lead arsenatee.

8. Check, no treatment.

Leaf-fall Records. Leaf counts were

made on shoots at three periods as follow: June
15, July 20, September 10. |

The record of defoliation is pre-
8ented in Table 2.
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Experiment 3.

Defoliation by Lime-sulphur and

Bordeaux in the Montmorency Cherry, East lLansing,

1924, The comparative test of lime-sulphur and
bordeaux in the College orchard made in 1923 on
Montmorency and English Morello was repeated,with
8light changes, on Montmorency in 1924.
’ Materials and Applications. The two

materials, lime-sulphur and bordeaux, were used
as follows:

l. Lime-sulphur, 3 gal. in 100.

2. Bordeaux, 6-6-100 flump lime).

Lead arsenate was used with both
for all applications.

They were applied according to the
Tegular four application schedule and at the dates
here indicated, 1. Petal-fall, June 5; 2. Two-
weeks, Jum 18; 3, Four-weeks, July 2§ 4. After-
harvest, August. 20.

Record of Leaf-fall. Leaf counts

were made at four periods and recorded on tags
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in the usual way. Spurs were used. The counts
were made as follows: June 20, July 15, August
20, and Ogtober 4.

The record of defoliation appears

in Table 3.






Experiment 4.

The Relation of Tree Vigor to Suse

ceptibility to Bordeaux Injury in the Montmorency

Cherry, lraverse City, 1923. 1Ia 1922 at Traverse

City a number of materials were used for the con-
trol of cherry leaf-spot, some of which gave good
results and others very poor so that some trees
lost very few leaves and others were badly defoli-
ated. In 1923 a plot sprayed with bordeaux ran
across all the plots of 1922, so that trees that
had been defoliated in varying degrees in 1922 re-
ceived uniform spraying treatment with bordeaux
in 1923. Other phases of management, as cultiva-
tion, fertilization and pruning were uniform.

The bordeaux was applied according to
the regular four application schedule consisting
of the petal-fall, two-weeks, four-weeks and after-
harvest applications. The bordeaux was made
according to the 6-10-100 (hydrated lime) formula.

Reoords of Leaf-fall. The compara-

tive amounts of defoliation were determined by

counting the number of leaves persistent on shoots



on September 12 and at the same time recording the
number of leaves that had dropped by counting the
leaf-scars. These records were obtained from one
group of trees which, in 1922 had lost very little
foliage and from another group which in 1922 had
lost about 75% of the leaves by mid-summer. The

results of these counts are presented in Table 4.
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Table 4. The Relation of Vigor to Susceptibility
to Bordeaux Injury in the lMontmorency Cherry,

Traverse City, 1923,

Condition of the No. Original| No.Leaves
trees in 1922, Shoots No. Persistent | Leaf-

(Egamined Leaves | Sept.l2 Fall.
(iver.) | (Aver.)

Badly defoliated| 201 9.5 8.1 l.4

Slightly defoli- 197 9.4 8.4 1.0
ated
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Experiment 5.

The delation of the Vigor to

Susceptibility to Bordeaux Injury im the Early

Richmond Cherry, East Lansing, 1924, 1In 1924 a

group of 12 Early Richmond trees in the College
orchards at East Lansing were used to study the
relation of tree vigor to the development of
bordeaux injury. The trees were of mature age, in
low vigor and had been making very short terminal
growth and forming very few spurs.

Preatment in 1924, Just before the

blooming period in 1924 six of the twelve trees
vere glven a heavy application, § pounds per tree,
of nitrate of soda. This was broadcast under the
trees and well beyond the spread of the branches.
There were frequent rains so that it was cuickly
taken into the soil. The other six trees were left
without any nitrate.

Cultural treatments and spraying were
uniform for both lots. They werc all sprayed four
times according to the regular summer schedule which

inoluded the petal-fall, two-weeks, four-weeks and






after-harvest applications. 6-6-100 bordeaux (lump
lime) and lead arsenate, 2 lbs. in 100, were used
for all applications.

The application of the nitrate of
soda resulted in a greatly increased growth , --
the shoot growth was greater, the leaves were
larger,thicker and darker green in color.

fegord of Leaf-falle The leaf-fall

records were obtained from terminal shoots as the
trees had been in such low vigor that very few
spurs had been formed. Leaf counts were made at
five periods as follows: June 28, July 25,
September 4, and October 5.

The data are presented in Table 5.
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Experiment 6.

The Effect of Shading, Method of

application, and Materials on the Abscission of

Leaves of the Apple, East Lansing, 1923, A
block of young trees of Bladwin and Red Canada

on the College grounds at East Lansing was used in
1923 to determine the relation of several factors
to the abscission of leaves. These trees had been
planted four years at the beginning of the experi-
ment and were in good vigor but not bearing fruit.
Information along several lines was desired in
connection with this experiment, among which were
the relation of shading, the portion of the leaf
oovered with spraying materials, and of several
materials and different strengths of materials to
leaf-fall.

Materials and Strengths. Three

materials and the strenghts at which they were
used were as follows: ==
l. Lime-sulphur, 2% gale. in 100.
2. Bordeaux, 8-8-100 (lump lime).
3. Bordeaux, 6-10-100, (dump lime).



4, Sulfocide, 1 to 160.

6. Check, no treatment.

The materials were all applied with
a good.buokot pump, using a fine vermorrel nozgle.
Bo arsenate of lead was used.

Details of Methods and Treatments.

Three methods of application and a check as follow,
were usede.
l. Upper surface only of leaves
sprayed.
2+ Lower surface only of leaves
sprayed.
Je Upper and lower surfaces both
sprayed.,
4. Cheok, no spray.

The trees were divided into approxi-
mate quarters for each treatment listed and when
the spraying material was being applied oiled sheets
were used to prevent the spray from reaching the
limbs where it was not desired. With certain mater-

ials only one method of application was used, ==
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complete coverage of both upper and lower surfaces --
and in such instances one-half the tree was sprayed
and the other half used as a check.

“ith lime-sulphur, certain trees were
left fully exposed to light and sunshine, one was
semi-shaded, and a third was fully shaded. Shading
a8 used here means the exclusion of direct sunlight
only. The shading designated as "semi-shade™ was
accomplished by supporting over and around the tree
screecns made of lath with the inter-spaces equal
to the width of the laths. The so-called "fulle
shade" was accomplished by supporting over and
around the tree a cover of heavy white muslin.

- Some difficulty was encountered in
applying the sprays to leaves that were to be
aprayéd on the underside only as it is abviously
impossible to spray the undersurface of the leaf
without some spray going on up and falling on the
upper surface of adjacent leaves. It was also
difficult when spraying the upper surface only to
prevent some material from getting on the lower side.
Ih an effort to avoid these diffioulties the actual
dosage in either case was probably less than on

the same surface of leaves which were completely



covered above and below.

Dates of Application and lLeaf-counts.

The trees were sprayed three timés as follows:

l. May 29; 2. June 8; 3. august 16.

The leaf-fall was recorded by
placing tags on spurs and recording the number of
leaves persistent at intervals. Counts were made
on the days here listed. June 1, July 16, august 7,
September 19, October 1.

The extent of defoliation and the
periods when it occurred are shown in Table 7 for

Baldwin and in Table 8 for Red Canada.



A detailed list of materials,

method of application and degree of shading follows

in Table 6.
Pable 6.

Materials and Methods Used on Baldwin

and Red Canada, East Lansing, 1923.

terial

Xposure
to light

Variety of apple and the por-

tion of leaves sprayed.
— BT [RED CaTa ]

ime-sulphur,

3-100

ormal

Upper leaf sur-
face only.Lower
leaf surface
only. Upper and
lowere

Check.

Lower leaf

pper leaf sur-
face only.

surface only.
Upper and lower
Checke.

fIme-sulphur
£23-100.

T Te-sulphur

24-100

EGrEeaux,
-8-100

’ﬂ

Bemi-
ghade

Upper leaf sur-
face only.Lower
leaf surface
only. Upper and
lower,

Cheock.

shade

Upper leaf sur-
face only.Lower
leaf surface
only. Upper and
lower.

Check.

Normal

ordeaux,
6-10-100

ormal Upper and lower

Upper leaf sur-
face only.Lower
leaf surface
only. Upper and
lower.

Check.

Upper leaf sur-
face only.Lower
leaf surface
only. Upper and
lower.

Checke

Check

pper and lower
Check

Upper and lower

Check
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Experiment 7.

Abscission of Leaves on Baldwin

Apple, Belding, 1923. Records were obtained from

Baldwin apple trees in 1923 at the Hall Orchards,
Inc., at Belding. The Trees were mostly 20 to 22
years 0ld and were growing in sandy loam soil with
thor.ugh cultivation during spring and early summer

folloved with a cover orop in late summer.

Materials and application. A

number of materials were used as follows. |

1. Bordeaux, 6-18-100 (hydrated lime).

2. Lime+sulphur, 2% gal. in 100.

3+ Lime-sulphur, 24 gal. in 100,
and calcium caseinate, 1% 1b.
in 100,

4. Lime-sulphur, 2% gal. in 100,
and hydrated lime, 15 1lbs. in
100.

6« Limewsulphur, 2% gale. in 100 for
the pre-blossom applications;
90-10 sulphur-lead dust for all

post-blossom applications.
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6. Sulphur-lead dust, 90% sulphur,
10% lead arsenate.

7. Check, no treatment.

Lead srsenate at the rate of 2 lba.
in 100 was used with all the spraying materials
for all applications except the prepink,

The spraying materials were applied
with a spray gun with the pressure usually about
275 pounds. The operator usually worked from the
top of the sprayer except for the last application,
when the trees were sprayed from the ground, inside
and outside. The dusting materials were put on
with a large power duster and usually during the
late evening or early morning when there was liftle
or no wind.

The schedule of applications con-
sisted of the prepink, pink or cluster, petal-fall,
two weeks and second brood applications according to
the regular schedule of applications recommended for

Michigan conditions.
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Record of Abscission., The compara=-
tive amount of defoliation caused by the various
materials was determined by counting the number of
leaves persistent on spurs on October 3. The
spurs studied were mostly on two and three year
0ld wood and none of them had borne blossoms in
1923. The results of the counts are presented in

Table 9.
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Table 9. Leaves Persistent Under Various Treatments

on Spurs of the Baldwin Apple, Belding, October 31,

1922,
Records from | Totael No. Average
[Treatment Trees | Spurs Leaves per
Counted spur
l. Bordeaux N3 | 498 1994 4.0
2o Lime-sil- |3 653 2205 349
phur
3. Lime-sul- .|3| 673 1826 3.1
phur and cax-
cium casein-
ate
4e Lime-sulphur| 3| 483 1918 369
and hydrated
lime
5. Combination:| 3| 215 1267 4,0
lime-sulphur
and dust
6¢ Sulphur-lead| 3 344 1603 4.6
dust
7. Check 1| 412 19256 4.6
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Experiment 8.

Absciesi.n of Fruit and Leaves of

the Baldwin Apple, Beulah, 1923, The effect of lime-

sulphur and bordeaux on the abscission of the fruit

and foliage of the Baldwin apple was studied in
1923 in the Joseph Smeltzer orchard near Beulah,
Benzie County. The trees were large, mature, uni-
form and all bloomed heavily in the spring of 1923.
Materials and Applications. Two
materials, lime-sulphur and bordeaux, were used.
The lime-sulphur was diluted at the rate of 2%
gallons in 100 and the bordeaux was made according
to the 6-12-100 (hydrated lime) formula. Lead
arsenate paste, at the rate of 6 pounds in 100
was used with both materials.
The trees all received the pink,
petal-fall, two-weeks and second brood sprayse.
A spray gun was used with the sprayer operating
at 360 pounds pressure. The Bpraying was done
from the ground and all trees were sprayed both
i{bside and outside. The operator first sprayed
outwards from near the center of the tree,
thoroughly covering the underside of the leaves
and all inner portions of the tree then worked

around the outside of the tree and completed the

coverage,
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Record of dbsocission. The effect of

the two materials on the abscission of fruit and
foliage was obtained by determining the numbers

of apples and leaves persistent on spurs on
September 18; Counts were made, for fruit redorda,
from spurs that had blossomed in the spring of
1923 and for leaf records, from spurs that had not
borne blossoms in 1923. The selection of record
spurs was strictly random. Studies were made of
two groups of spurs on each tree: first, those
around the outside of the tree where the exposure
t0 sunlight was good and where they probably did
not receive a heavy dosage when the trees were
sprayed from the inside and second, those around
the lower inside portion of the tree where they
were shaded considerably and where they received
the full benefit of the material applied from the
center of the tree. Records were obtained from
four trees under each treatment and leaf and fruit
records were from the same trees. The record spurs
were evenly distributed around the trees. All
spurs of both classes were within 4 to 7 feet from
the ground. The spurs from the outside or peris
phery of the tree will hereafter be referred to as



"outside"spurs and those from the inner part of

the tree as “"inside" spurs. The data obtained in
these counts are presented in Table 10, No

effort was made to determine the original number
of blossoms or leaves bormne by each spur but on the
bordeaux sprayed trees careful observation indi-
cated that practically no leaves had fallen except
the rudimentary leaves at the base of each spur.
Rather heavy defoliation ocourred a little later
as the result of bordeaux injury which developed

after the counts were made.
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Table 10,

Fruit and Leaves Persistent on Spurs of

the Baldwin Apple at Beulah, September 13, 1923.

Fruit Lime-sulphur Bordeaux
Inside [|Outside |[Inside|Outside
Total number spurs 459 1211 791 932
examined
Spurs that lost all 82 44 43 26
fruit (percent)
Spurs that held part 18 56 57 74
of fruit (percent)
Average number apples 1.08 1.11 1.16 1.2
per spur that held
fruit
Number apples matured on 19 62 66 90
any 100 spurs that
bore blossoms
Foliage Inside Putside Inside|Outside
Total number spurs 411 404 410 403
examined
Total number leaves 1503 1727 1937 2078
persistent
Average number leaves 3e6 4,2 4.7 5.1
~ per s»our
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Experiment 9.

The Kelation of the Composition of

Bordeaux to the Abscission of Le.ves of the Apple,

Bast Lansing, 1924. Five year o0ld_trees of Rhode

Island Grdening and Duchess (0ldenburg) were used
in 1924 for a series of tests to determine the
effect on leaf-fall of bordeaux mede with varying
amounts of copper sulphate and lime and with cer-
tain impurities in the lime. Answers were sought
to several definite questions. I8 foliage injury
increased by increases in the amount of copper sul=-
phate used? With the amount of coppe> sulphate
constant will extra lime reduce ingury® Will
injury be greater if the lime is high in Magnesia?
Methods and Materials. Each tree

was divided into three portions, one of which was
smaller than the others and was used as & checke.

The other larger portions were sprayed with bordeaux
mixtufa. each of a different formula. The treat-
ments were paired so that a tree of Duchess re-
ceived the same treatments as a Rhodé Island

tree. 01iled sheets were used to prevent the spray

from reaching branches that were not to be sprayed.
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“he materials were applied with a
good bucket pump, using a fine vermorrel nozzle.
Tie spray was always applied completely covering
both upper and lower surfaces of the leaves.
The materials and the strengths at

whioch they were used were as follows:

I. One tree each of Duchess and &hode Island.

1. Bordeaux, 2-2-100.

2+ Bordeaux, 2-4-100,

3s Check, no treatment.

II. One tree each of Duchess and Rhode Island.

1. Bordeaux, 8-8-100,

2. Bordeaux, 8-16=100.

3. Check, no treatment.

III. One tree each of Puchess and Rhode Island.

l. Bordeaux, 8-8-100.

2. Bordeaux, 8-8-100, in which
magnesium oxide was substituted for 40% of the lime
(calcium oxide).

de Check, no treatment.

IV. One tree each of Duchess and Rhode Island.

l. Bordeaux 8-§-100, Lime used in

Just sufficient quantity to precipitate all copper



a8 indicated by the use of the potassium permanga-
nate test.

2. Colloidal copper hydroxide
(Hooker) 1-5000,

3. Check, no trecatment.

Chemically pure materials and rain
water were used for making all the mixtures in this
experiment.

Dates of Applications and Leaf-

couhts. Two applications were made: 1l. June 23,
and 2. July 24.

The leaf-fall records were obtained
by the usual tag method. Counts were made at
four periods: June 26, July 23, August 20 and
October 3.

The record of leaf-fall is shown in
Table 11 for Duchess and in Table 12 for Rhode
Island.
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Experiment 10

The Effect of Various Spraying

Treatments on the abscission of the Foliage and

Fruit in the Apple, Morrice, 1924, A twelve

yoar old apple orchard at Morrice was used in 1924
for a 'series of tests to determine the effeot

of spraying materials on the abscission of leaves
and fruit. The trees were in good vigor and had
been in alfalfa sod for two years, the alfalfa
usually has been cut and left on the ground or
placed around the trees as a mulch. This work was
conducted along two lines. The first, a compara-
tive test of several materials and combinations

of materials in which the application was made in
the regular and usual manner, and the second, a
comparison of so-called weak and strong lime-
sulphur and weak and strong bordeaux in which both
strengths of each material were applied at three
different rates. These were termed light, moderate
and heavy applications.

Materials Used and Methods of

Application., 1In the general comparative test the
following named materials were used and at the

dilutions stated.



1.
2e

de

4.

5.

6.

8.
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Lime-sulphur, 2% gals. in 100.
Lime-sulphur, 2% gal. in 100,
plus calcium caseinate, 1 1lb.

in 100,

Lime-sulphur, 2% gal. in 100,
plus lump lime, 10 1lbs. in

100.

Dry-mix sulphur-lime mixture,

16 lbs. sulphur, 8 lbs. lump
lime, 1 1lb. calcium caseinate
and water to make 100 gals.
Lime-sulphur, 2% gals. in

100 for the pre-blossom applica-
tions and dry-mix sulphur-lime
for the post-blossom applications,
Colloidal sulphur (Tisdale)*, %

83.10 in 100,
Dolloidal sulphur (Herbert and

Herbert)**, 10 lbs. in 100.

Check, no treatment.

*Phis materials was fumisghed by .L..E.Tisdale,
of the Crop Protection Institute.

** This material was manufactured by Herbert &

Herbert, Ince.
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Lead arsenate powder at the rate
of 2 1lbs. in 100 was used with all materials for all
applications except the prepink. Nicotine sulphate
at the rate of 1 pint in 100 was used with all
materials in the petal~fall application.

-‘hese materials were all applied in
the usual and regular way. J{he exact procedure
was varied to meet conditions prevailing at any
time, wind being the principal determining factor.
Zach tree or at least each row was completed as
a unit. The spraying was all done from the ground
with a spray gun with a dise aperture of 9/64 inch.
The pressure was maintained quite unfairly at
300 to 310 pounds.

In the portion of the work comparing
different concentration and rates of application,,
the ma terials were used as follows,.

l.y"Wbak" lime-sulphur, 1% gals. in
100, and lead arsenate 14 lbs. in 100,

2. "Strong"™ lime-sulphur, 3 gals. in 100,
and lead arsenate, 3 lbs. in 100.

3¢ "Weak" bordeaux, 2-4-100, and lead
arsenate, 1 1lb. in 100,

4. "Strong" bordeaux, 6-12-100, and
lead arsenate 3 lbs. in 100,



The lead arsenate was used at the rates
indicated for all applications except the prepink,
Nicotine sulphate was used in the petal-fall applica-
tion. The spraying was all doane from the ground with a
spray gun with a diso aperture of 1/8 inch. The pressure
was maintained at 300 to 310 pounds. The genersal method
of application was the same as described for the first
part of the experiment, in that each tree or at least eaoh
row was completed as a unit but a special method was
used to insure uniformity in applying each material at
different rates.

Both materials at each strength were
applied at turee different rates, which have been termed
as "light", "moderate™, and "heavy" applications. Weak
lime-sulphur, for example, was used on three rows; omne
row raceifed the light application, another the
moderate, and the phird the heavy application. This
was accomplished by a special method, which may be
described as follows. The spraying was begun on the
"heavy™ row and all three were given a uniform, light
application. The "light" row was sprayed no more. By
the time the three rows were sprayed the materials on

the first and second rows sprayed had dried and they



o b6 =

were immediately sprayed Just as before so that the
dosage was double that on the lightly sprayed row.

A8 soon as the materials had dried from the second covering,
the first row was again sprayed with the same light
appliocation. The final result was that one row received
one light application, another row two light applications
and the third row three light applications. %his
constitutes what has been arbigrarily termed "light"™
"moderate” and Pheavy" applications. The moder-

ately sprayed trees, then, received twice, and

the heavily sprayed trees approximately three

times asmany gallons o0f diluted materials as the

lightly sprayed row. It follows then that the
comparative amounts of diluted materials applied

to trees receiving light, moderate, and heavy
applications varied a3 1, 2 and 3. Strong lime-

sulphur, weak bordeaux and strong bordeaux, were

all applied exactly as described for the weak lime-
sulphure.

Comparative amounts of ~ctive

Ingredients. Since the rates of application for
eash material varied as 1, 2 and 3 and bordeax
and lime-sulphur were each used at two concentra-

tions it is evident that there were differences



in the amounts ofsctual active ingredients applied
to each row and by considering togetner the dosage
and strength of material it is possible to deter-
mine the comparative amounts used. For example,
the rows aprayed with light applications of weak
and strong lime-sulphur received equal gquantities
of diluted materials but the rows sprayed with
the strong lime-sulphur received twice as much
actual lime-sulphyr since the diluted material was
twice as strong. Other examples, could be worked
out on the same basis., The comoarative amounts
of active ingredients under each treatment are
shown in Table 13, in which is also included the
comparative amounts of diluted materials. The
treatment giving the smalleat amount is assigned
the value of 1,

Sohedule and Dates of Applications.

The materials for all the work were applied accord-
ing to the following shcedule and at the dates
indicated: 1l. Prepink, May 2 and 3; 2. Pink,

May 156 and 16; 3. Petal-fall, June 6 and 7; 4.
Two-weeks, June 19 and 20; 5. Second brood,

August 12 and 13.



Pable 13, Comparative amounts of Active Ingredients.

terials and Rate of [Comparative amounts of
Strengths ipplication. Diluted Active
Materials | Ingredients.
Weak lime-sulphur] Light 1l 1
3% -100. Moderat 2 2
Heavy 3 3

Strong lime-sul- Light 1 2
phur, & - 100, Moderate 2 4
Heavy 3 6
Weak bordeaux Light 1 1
2-4-100, Moderat 2 2
Heavy 3 3
Strong bordeaux Light 1 3
6-12=100. Moderate 2 6
Heavy 3 9
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The schedule here used is the standard treatment
recommended for bearing apple trees in Michigan.

Absoission of Leaves and Fruit.

Data were obtuined concerning the abscission of
leaves for Hubbardston and Wagener. All such r e~
cords were from spurs which did not bear blossoms
in the spring of 1924. A continuous record, was
made for Hubbardston throughout the season by
means of tag records. Observations were made at
the following periods.

l. June 10, 11 and 12. Tags
placed and original number leaves recorded.

2, June 28 and 29. About two weeks
after the two-weeks applications.

3. August 4 and 5. Just before the
second brood spray and immediately after an epidemic
of bordeaux leaf injury.

4, September 2 and 3. Three weeks
after second brood spray.

b September 29 and 30. Final
count and tags collected. The leaf abscission

records for Wagener were made for most of the spray



treatments by counting the number of leaves persis-
tent on a large number of spurs on august 26. This
record included all defoliation which had occurred
during the summer.

The data for Hubbardston ere presemnted
in Tables 14 and 15, and for Wagener in Table 16,

4ggords pertaining to the abscission
of fruit were obtained for Jonathan and Hubbardston.
Individual spur records were made by placing tags
on spurs and recording there on the number of buds
or apples present at the time each record was
made. Counts were made as follows: ==

1. In pink or cluster stage.

2. Just after the first drop.

3« Soon after the June drop.

The first count indicated the original
namber of buds in each cluster, the second the
number of apples persistent after the first drop
and the third the number persistent after the
June drop. The term "First drop" as used here
may be defined as the abscission of fruit whieh
ocours within ten days or two weeks after petal-fall
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and the "June drop" as that usually ococurring
during late June or early Julye.

The fruit abscission records for
Jonathan are presented in Tables 17 and 18 and for

Hubbardston in Tables 19 and 20.
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Discussion.

“he individual experiments have
been described and the results stated without any
disoussion or interpretation. The hext step,
then, is to bring to:ether comparable material
from the these experiments and if possible to
draw some definite conclusions from the studies
and comparisons. This is done in the following

pages.
Specific Conmsideration.

THE SOUR CHERRY

The Amount of Foliar Abscission

Caused by Seversl Spraying Materials.

Lime-sulphur. Sour cherries were
8prayed with lime-sulphur in three distinct ex-
periments in 1923 and 1924. The varieties used
were Montmorency and &nglish Morello; the locations
were widely separated, one at Traverse City and
the other at East Lansing; the weather conditions
varied hetween locations and from season to season;

the lime-sulphur was used at two strengths, 2%
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gala in 100 and 3 gals. in 100; and the number of
applications varied.

The foliage on trees sprayed with
lime-sulphur showed, with only one exception, no
definite injury which was the result of the lime=-
sulphur. The one exception was at Traverse City
when one of the early applications caused the
tips of some leaves, where the lime-sulphur had
acoummulated, to lose the natural green color and
to assume a oreamy white appearance but without
any killing or breaking down of the 1leaf tissues
and apparently with no leaf-f:11 which could be
traced to this injury. The leaves developed
their natural green color later.

The exact total amounts of leaf-
fall during the summer in the various experiments

is here shown.

Bast lLansing, 1923 ACTUAL PERCENT.

(from Table 1)
Montmorency (from spurs) 0.2 32
English Morello (from shoots) 0.9 7.5

Traverse City, 1923
(f£rom Table 2).
Montmorency (froi shoots) 0.9 7.5
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East Lansing, 1924
(fxrom Table 3). Aotual Percent

Montmorency (from spurs) 0.8 15.0

Records of normal leaf-fall are
difficult to get from unsprayed cherry trees be-
cause 0f the usual defoliation by leaf-spot, but
satisfactory records were obtained with Montmor-
ency at Traverse City in 1923, as leaf-spot injury
of consequence did not develop. The leaf-fall
on the unsprayed trees was 0.9 leaf from shoots
(Table 1 ). This is what may be called normal
leaf-fall and incidentally is exactly the same as
that on trees sprayed with lime-sulphur. Since
the amount of abscission in the other experiments
is closely in line with that in the Traverse “ity
orchard it is evident that little foliar abssission
will result directly from the proper use of lime-
sulphur on sour cherries under Michigan conditions.

Bordeaux. Trees of the sour cherry
were sprayed with bordeaux in the same experiments,
under the same conditions and with the same varie-
ties mentioned for lime-sulphur. In addition,
bordeaux was used on Early kichmond at Sast Lansing

in 1924.
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In every experiment, regardless of
location, variety, weather conditions, strength
of material or number of applications bordeaux
saused foliage injury and defoliation. The injury
which was responsible for the leaf-fall was always
of the yellow-leaf type; in some instances it was
light, in others severe. The statements of total
leaf-fall during the summer in the various experi-
ments follows.

East Lansing, 1923,

(from Table 1) Actual Percent
Montmorency, (from spurs) 4, .
English liorello.ffrom shoots) 9.6 79.3

Traverse City, 1923
(from Table 2)
Montmorency (from shoota) 1.6 1l 3.0

East Lansing, 1924
(from Tables 3 and 5).

Montmorensy (from spurs) 2.8 59.5
Zarly &ichmond, not nitrated
(from shoots) 6.3 45.5

These results indicate definitely
that serious foliage injury and defoliation are
very likely to follow the use of bordeaux on



sour cherries in liichigan. This statement is
supported further by numerous ebservations in
experiments not herein discussed.

Pyrox. A commercially prepared
material contal ning bordeaux and lead arsenate
80ld under the brand name of Pyrox was used on
Montmorenoy at Traverse “ity in 1923. The use
of this material resulted in very heavy leaf-fall
during mid- and late summer. The in jury was the
typical yellow-leaf kind caused by bordeaux. The
total leaf-fall for the summer period as taken
Brom Table 2 follows. The amount of defoliation
on unsprayed trees is also shown.

Actual Percent

Pyrox (from shoots) oD Tl.9
Check (from sh.ots) 049 7.7

‘Sulphur Yust and Copper Lust. The

dusts which were used on :ontmorency at Traverse
City in 1923 caused practically no injury and the
foliage had the same appearance and texture as
normal unsprayed foliage. The amounts of leaf-
fall, as compared with that on untreated trees was

as follows (from Table 2).
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Aotual Percent

Copper dust (from shoots) 0.9 8.0
Sulphur dust (from shoots) 0.7 604
Check (from shoots) 0.9 7.7

Alternation of lLiaterials -- Lime-

sulphur and Sordeaux., at {raverse Uity and East

Lansing in 1923 changes of materials were made
during the season in some instances. 3ordeaux
was substituted for lime-sulphur in one plot at
Traverse City in the petal-fall application and
in another in the four-weeks application.
at East lLansing bordeaux wss substituted for lime-
sulphur in the two-weeks application. llontmorency
was the variety at both places. .n each instance
the change of material resulted in foliage injury
and an epidemic of yellow leaves in one week to
ten days later. The comparative amounts of leaf-
fall follow.
actual Pgercent

Traverse City (from Rable 2)

Lime-sulphur, .pplic.

l, 2 & 4; bordeaux,

a.pplic. Se . . l.6 13.0

Bordeaux, applic. 1;

Lime-sulphur, applic.

2’ 3. & 4. 1.5 14.0
East Lansing, (from- Table 1).

Lime-sulphur, applic. 1
and 3; bordeaux, applic. 2. 1.7 32.6



In another instance with ~nglish
liorello at East Lansing in 1923, a tree was accid-
entally sprayed with both lime-sulphur and bordeaux
in the same afternoon. A4Almost complete defoliation
followed as well as inJury-to the bark and young
cherries. uaﬁy instances were reported from various
parts of the state during that season where severe
foliage injury followed a chaiige from one material
to another. The injury apparently was not correlated
with a change in one way, as from lime-sulphur to
bordeaux or vice versa as it was known to have
occurred with both. It was very evident that there
was some reaction between certain oonstituenté of
the two materials to form a soluble and toxie

compound.

Nutritive Condition of the 7Tree in
Relation to Bordeaux Injury.

Some attention was given to the .
queation of tree vigor in the sour cherry and
its relation to the development of bordeaux
injury. In other words, is a cherry tree in one
plane of nutrition more likely to suffer from
bordeaux injury than trees in other conditions?
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Trees in low vigor have been very generally ob-
served as being more susceptible to injury by leai-
spot and it seemed desirable to determine if the
same condition is true with regard to bordeaux
injurye.

Studies were made in two orchards,
one at Traverse -ity in 1923 (Experiment 4) and
one at East Lansing in 1924(Experiment 5). The
condition of the trees at Iraverse “ity may be
desoribed as follows. One group had been badly
defoliated in 1922 by leaf-spot and were in a weak
condition in the spring of 1923; the others had
been only slightly defoliated and were in nérmal
condition. ..nalyses of spurs and shoots collected
in early spring from other trees in similar condi-
tion showed the two groups to have had comparable
amounts of total nitrogen but the reserve of starch
and sugars was very low in the trees defoliated
in 1923*. This was the condition at the beginning
of the growing season but Jjust what it was during he

‘summer when defoliation ocourred is not know. At

*Wicn. uxp, Sta. Bp. sule 147. DPpe 7.
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Zast Lansing in 1923 the trees were in a uniformly
low condition of vigor to begin with but the
nutritive state of one lot was changed by a heavy
application of nitrate of soda in the early spring
8o that vegetative growth was accelerated during
the summer. In one instance then, the tree had
been on an equal plane to begin with but one lot
had the carbohydrate reserves lowered as a result
of defoliation. In the other, the trees were in
an equally low plane of vigor but one group was
changed by the use .f nitrate of soda. There wers
undoubtedly differences in the nutritiwe condition
of the two groups in each experiment, but wﬁat this
difference was is not known.

All trees in each experiment, as
stated in the description of the experiments, were
sprayed uniformly. The results, taken from Tables

4 and 5, may be summarized as follows,

Actual _Percent.
Montmorency at "raverse city

Trees i low carbohydrates in

spring of 1923 l.4 14.7
Normal trees 1.0 10.6

Barly Richmond, ~ast Lansing
Nitrated trees 10.1 67.7
Normal trees 6.3 4710



The evidence is not extensive or
conclusive enough to allow the drawing of uny de-
finite conclusions but it indicates that the
nutritive condition of the tree has some relation
to its susceptibility or resistance to bordeaux

injury.

_THE APPLE

The .mount of Foliar abscission Caused By

Various laterials,

Line-sulphur. 7"wo general types

of injury on apples resulting from the use of lime-
sulphur and acid lead arsenate have been described
in preceding paragraphs and both have occurred
during the course of the work herein reported.
Equally complete records, however ', were not obtained
for both.

Yellow-leaf Injury. Lime-sulphur

and lead arsenate were used at Belding, Lxperiment
in 1923 in comparison with the same materials to
which had been added certain materials intended to
retard the reaction between the lime-sulphur and

lead arsenate and consequently to reduce the amount



of injury. Excess lime was used in one instance
and calcium caseinate in another. Sulphur dust
was also used in comparison with the other materials.
Very little injury developed at any time except
after the last application when the trees were
sprayed from the inside as well as outside. About
two days after this application yellow leaves were
in evidence in many plots. The comparative amounts
of defoliation were determined by counting the
leaves persistent on spurs early in October. ~he
original number ofleaves present on the spurs was
not detergined but the check tree may be assumed
as being normal as scab infestation on the foliage
was not severe and had caused little or no defoliatio.
< gumnary of the material presented
in Table 9 follows, showing the number of leaves
persistent on spurs at the first of October.
Check 4.6
Sulphur-lead dust 4,6

Combination schedule of
lime-sulphur and sulphur

dust 4.0
Lime-sulphur plus lime 3e9
Lime-sulphur 3¢9

Lime-sulphur plus calocium
caseinate 3.1
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‘he loss of foliage was not severe
with most of the materials but the results give
some comparative effects.

Another and extensive experiment
was started at worrice whére it was planned to
Obtain more definite data but the work in that
particular orchard was given up because of loss
of the orop from frost injury. General observa-
tions were made in another orchard on the same
farm where several combinations were used. They
indicated that excess lime with lime-sulphur and
lead arsenate did not appreciably reduce the amount
of yellow-leaf injury. The use of calcium casein-
ate, however, 4id seem to lessen this injury.

The observations there were made on Rhode Island
and Stark. The trees were sprayed at every
application from the ground, inside and outside,
and yellow leaves were present in numbers follow=-
ing all post-blossom applications, The total
amount of léaf-fall was greater than at Belding.

At Beulah in 1923 records were
obtained from Baldwin to determine the comparative
amountsof injury caused by lime-sulphur and bor-
deaux. The injury on lime-sulphur sprayed trees

was 0f the yellow-leaf type and developed mostly

after the two-weeks application. In early
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September outside spurs on lime-sulphur trees had
an average of 4.2 leaves per spur as compared with
6.1 on bordeaux trees. The number present on the
bordeaux trees was probably about normal for that
time of year and under conditions that had prevailed
in that orchard.

The results obtained from the
young trees at East Lansing iu 1923 were rather
inconclusive but indicate that lime-sulphur alone
does not cause much injury under weather conditions
that prevailed that season. The data presented
in Table 7 show that Baldwin trees spr.yed with
lime-sulphur (complete application and normal
exposure) lost no more leaves than unsprayed
trees with normal exposure. Red Canada (Table 8)
with a complete application of lime-sulphur
lost 2.3 leaves per spur in comparison with 1.0
for the check,

Brown-leaf or Scald Type of Injury,

The injury that developed on apples in 1924 was
almost entirely of the type deseribed as brown-
leaf or scald, as the leaves did not turn yellow
before they were abscised but became brown as if

scalded. Yhen the injury was severe the leaf fsll,
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when less severe or only slight the leaf persisted
but frequently a portion of the leaf broke off
80 that many persistent leaves were not entire.
The extent of this type of injury was studied in
the orchard at Morrice (Exp. 10) with Hubbardston
and Wagener. In this experiment, the work was
divided; first, a general comparison of several
materials and combinations and second, a comparison
of different strengths of lime-sulphur and bordeaux
applied at various rates. The results for the
first will be discussed here, the second will
be considered later.

The materials used in the first
part of the work may be separated into three
groups; =--

l. Lime-sulphur.

2. Lime-sulphur to which some materid
was added to lessen injury of certain types.

3¢ Materials with sulphur as the

active agent but present as free sulphur.

In the first two groups the sulphur
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was present in what may be termed an "active" form
as 1t is 1n solution in the form of polysulppides
and thiosulphate. In the third group, the sulphur
was present in a relatively "inert"™ form, as free
sulphur and colloidal sulphur.
The total defoliation resulting

from injury of the brown-leaf or scald type ocourr-
ing with each of the materials when used on Hubb-

ardston was as follows. The data are taken from

Table 1l4.
Group 1l.
foctual Percent
Lime-sulphur 3.4 43.0
Group 2.
Lime-sulphur with excess lime 3o 48.6
Eime-sulphur and calcium
caseinate 4.4 55.6
Group 3.
Dry-mix sulphur-lime 2.4 30.7
Dry-mix and lime-sulphur
r?oombination schedule) 2.0 25.3
Colloidal sulphur (Tisdale) 1.9 24,3
Colloidal sulphur (Herbert &
Herbert) 2.6 32.0

Check, no treatment 1.8 23,0



A studny these results shows that
the so-called inert materials caused much less
leaf-fall than the aotive materials. The active
materiala.all caused much more leaf-fall than the
inert materials but in the gr.oup where excess lime
and calcium caseinate were added the injury was
noticeably greater than where lime-sulphur was
used alone. Lead arsenate was used with all
materials but it seems safe to disregard it here
as there is no reason to believe that it was
involved in the injury that developed.

Records were also obtained for
Wagener for part of the materials used in the
general comparative tests. A summary of these
data, taken from Table 16, follows. The records
here fhow the number of leaves persistent on
spurs at the end of the summer and in comparing
the results from the several materials it is
necegsary to assume that the original number
of leaves per spur averaged about the same for

all treatments.
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Group 1l. Leaves persistent
Lime-sulphur 2.6
Group 2.
Lime-sulphur and calcium
caseinate 1.4
Group 3.
Dry-mix sulphur-lime 2.6

The results here are comparable
with those on Hubbardston except that there is
no difference between the final effect of the
inert material (dry-mix) and lime-sulphur alone.
There 1s no evidence at hand to explaim this
difference but it may be suggested that some leaf-
fall may have occurred where dry-mix was used
as a result of scab infection on the foliage.
This was rather severe in this plot.

In general, the results indicate
that under conditions favorable for the develop-
ment of brown -leaf injury the so-called inert
materials, as dry-mix sulphur-lime and colloidal
sulphur will cause relatively little defoliation;
That lime-sulphur without the addition of special
materials will cause considerably more and enough

to be considered serious; and that the use 0of lime-
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sulphur to which has been added excess lime or
calocium caseinate will result in severe leaf-falle.

Comparative amount of Leaf-fall
Following Yellow- and Brown-leaf Types of Injmry.

A ocomparison of the amounts of leaf-fall ococurring
in 1923 when conditions were favorable for the
yellow-leaf type and in 1924 when t hey were favor-
able for the brown-leaf type, shows in general
that the latter may be more severe when certain
materials are used. Compaing the amounts of the
two kinds of injury caused by any one of the

three groups of materials just discussed shows
some interesting facts. The inert materials
(dry-mix, colloidal sulphur and sulphur-lead dust)
may be expected to cause relatively little imnjury
of either type. Lime-sulphur and lead arsenate
will cause both but with strength of material and
application uniform the brown-leaf injury will
likely be more severe than the yellow-leaf. The
addition of excess lime to the lime-sulphur and
lead arsenate oohbinations resulted in a dlight

reduction in leaf-fall when yellow-leaf injury



prevailed but increased leaf-fall when conditions
were favorable for the development of the brown-
leaf injury. The relation of calcium caseinate
to yellow-leaf injury is rather doubtful but
brown-leaf ingury was definitely increased by
adding it to the lime-sulphur.

fhe Relation of Weather Conditions

to_the Development of Brown-leaf Injury. The

type of foliage injury develooning on apples in
1924 was, as previously stated, different from
the usual injury following the use of the
lipe-sulphur and lead arsenate spray, that 1is,
the yellow-leaf type which is probably the result
of soluble arsenic. This brown-leaf injury was
abserved generally in many parts of wmichigan in
1924, it was seen in southern Ohio on varieties
typical of that district and it was reported as
being very severe in the apple growing‘districta
qf Pennsylvania. The fact that it occurred in
widely separated districts, on many varieties and
with many growers using various methods of appli-
cation and brands of spraying materials automati-
ocally eliminates the possibility that it may have
been the result of faulty application or impro-
perly made spraying materials. The nature of the
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injury indicated that it was in some way connected
with tender foliage which was not resistant to the
caustic action of lime-sulphur and in this connec-
tion it has been stated in the introductory para-
graphs that the nature of the season has a very
definite relation to the type of leaf, particularly
affecting the development of the cuticle.

On the basis of these obaservations
and facts, it seemed desirable to study the weather
conditions that prevailed in 1924 in distriots
where this brown-leaf injury was known to have
been rather serious. The weather of 1924 was
compared with that of 1923 since none of the brown
leaf injury was observed during that year.

Records are presented in Table 21 for the months
of May and June for certaln conditions of the
weather at East Lansing, .lichigan, Columbus, Ohio,
and harrisburg, Pennsylvania. These records
were obtained from the stations of the United
States Weather Bureau at each place. The study
was sonfined to May and June as it is during
these months that most of the leaf-growth on
spurs takes place.

A study of the data in Table 21
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shows oconsistent differences for both months at
all stations. The mean temperature was consis-
tently lower in 1924, the total precipitation and
the number of days with rainfall were greater for
1924, the percentage of possible hours of sunshine
was consistently lower and the mean humidity was
higher in 1924 than in 1923. These conditions
were such that, with other things eqial, leaves
grown in 1924 would be more tender than those of
1923 and consequently would be more susceptible
to the caustic action of freshly applied lime-
sulphur. This statement has no reference to the
brown-leaf injury following applications of lime-
sulphur when the temperature is highe.
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Bordeaux, There is only one type of injury
resulting from the use of bordeaux which has been
observed as responsible for leaf-fall in the apple
in the course of the experiments herein discussed.
Unless otherwise specified any reference will be
to the yellow-leaf injury.

Bordeaux was used in several
experiments in various orchurds. At Belding in
1923 (Bxp. 7) records were obtained from Baldwin.
In that eme crchard the average number of leaves
persistent on spurs on October 3 on bordeaux
sprayed trees was 4.0 as compared with 4.6 for
unsprayed trees. (Table 9) In this experiment,
then, the leaf-fall resulting from bordeaux injury
was insignificant. At Beulah in 1923 (Exp. 8)
and on Baldwin again, bordeaux had caused no
apparent injury as late as September 13 dbut con-
siderable injury and defoliation did ococur a little
later. At East Lansing, 1923, (Exp. 6) the use
of 8-8-100zbordeaux (with complete application)
resulted in a total leaf-fall on Baldwin (Table 7)
of 5.0 leaves per spir as compared with 1.6 leaves

for checks. On Red Canada trees (Table 8)in the
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game experiment a like treatment resulted in the
loss of 6.6 leaves per spur as compared with 1.3
for the check. In another experiment at East
Lansing in 1924 (Exp. 9) the use of 8-8-100 bordeaux
on Duchess (Table 11, Items 4 and 7) caused nearly
complete defoliation in comparison with a loss

of one-third to about one-half the leaves on
checks (Items 6 and 9). The leaf-fall in the

last period (ending October 3) with this variety
was heavy on sprayed and unsprayed alike. 7With
fhode Island, in this experiment, (Table 12,

Items 4 and 7) the 8-8-100 bordeaux caused leaf-
fall to the extent of 6.9 and 7.3 leaves per

spur as compared to 2.4 and 3.2 for the checks
(Items 6 and 9). At Morrice in 1924(Exp. 10) a
moderate application of 6-12-100 bordeaux caused
injury and defoliation to the amount of 2.1

leaves per spur as compared with 1.8 for the check.
Considerable defoliation was caused, however, on
the check by a heavy infestation of scab on the
foliage so that the leaf-fall on the check must

be considered greater than normal. wagener in

the same orchard (Table 16) with like treatment



had 3.6 leaves persistent on spurs at the end
of the summer as compared to 4.6 and 4.7 under
other treatments where there was little injury.
A study of these results as whole
show that the use of bordecaux on apples may
frequently result in some abscission of leaves
but the injury frequently occurs so late in the
season or to such a small extent that the
effect on the tree may be relatively less serious
than when heavy defoliation takes place early
in Rhe season.

The Relation of Strength Material

and iate of Application to the Development of

Foliage Injury in the Apple. The second part of

Experiment 10 consisted of a comparison of two

strengths each of lime-sulphur and bordeaux, and
each applied at three different rates. The
results of this work are summarized and discussed
in the following paragraphs and in this connection
there are several angles to be considered: ==

bhe strength of the material, the rate of applica-
tion, and the relative amounts of actual active
materials present. Lime-sulphur and bordeaux

will each be considered by itself and not compared,

one with the other.



Lime-sulohur. Two strengths of

lime-sulphur were used, }% - 100, and 3 - 100,
These have been termed "weak" and "strong".
Each strength was applied at three rates which
have for oconvenience and in a relative way been
called, "light", "moderate™, and "heavy" appli-
cations. Beoords‘of leaf-fall were obtained in
detail for Hubbgrdaston and in less detail for
Jagener,

A comparison of weusk lime-sulphur
and strong lime-sulphur, with equal dosage shows
definitely that the strong caused great injury
and defoliation. This is shown for Hubbardston
(from Table 15) in the following tabulation in

which 18 stated the total - leaf-fall under each

treatment.
Dosage Wesk Strong
Light 1.8 (22%) 3.6 (43.9%)
Moderate 2.8 (35%) 5.1 (63,0%)
Heavy 3.8 (46%) 5¢6 (76.7%)

With Wagener the results (from
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Table 16) are stated in terms of the number of

leaves persistent on spurs at the end of summer,

Desage Weak Strong
Light 4.6 2.1
Moderate 3e2 1.9
Heavy 2.6 0.8

A comparison of results of differ-
ent rates of application but with the strength
of material the same shows conslusively that an
increase in dosage results in a greater amount of
injury. This is shown clearly for both Hubbardston
and Wagener im the tabialations just preceding this
paragraph.

The relation of the relative amounts
of actual lime-sulphur to the degree of leaf-
fall is shown for Hubbardston in Figure 1. The
amount ofactual lime-sulphur applied to any tree
was of course determined by two other factors:

strength of material and rate of application. The



graph in Figure 1 shows that leaf-fall is very
closely proportion.1l to the number of units of
lime-sulphur used.

It should be made clear at thise
point that the results stated in this section of
the discussion apply only to the brown-leaf
type of lime-sulphur injury and not to the yellow-
leaf kind.

Bordeaux. Comparisons similar to

these made for lime-sulphur may also be made with
bordeaux. 4The weak bordeaux was made by the 2-4-
100 formula and the strong by the 6-12-100 for-
mula and both were applied at three rates; --
light, moderate; and heavy applications.

‘ne amount of defoliation on bor-
deaux sprayed trees, regardless of strength of
materials or dosage, was rather light and was
the result of epidemic of yellow leaves that
ococurred in late July and early august. The
resulte for Hubbardston (from Table 15) and
for Wagener (from Table 16) are presented in the
following tabulations.

The total leaf-fall from spurs
for Hubbardston is first.
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Dosage Weak Strong

Light 1.1 (14.4%) 2.1 (26.5%)
Moderate 1.6 (21.1%) - 2.1 (27.1%)
Heavy 1.8 (23.0%) 1.6 (19.7%)

‘he number of leaves persistent on
spurs of Wagener at the end of summer is shown in

the second.

Dosage Weak Strong
Light 4.7 3.8
Moderate 4.4 Se6
Heavy 4,0 3.8

Studied on the basis of strength
of material it is found that with equal dosage
the strong bordeaux usually caused slightly
greater leaf-fall.

From the point of view of rate
of applicution, each increase in dosage of the
weak bordeaux caused slightly more foliage injury
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with both varieties but the results were not so
consistent with the strong.

The relation of the compurative
number of units of copper in bordeaux to the
amount of leaf-fall is not very definite as
shown in Figure 2 and in fact the differences
are 80 small that it is evidently unsafe to draw
any conclusions from the results of this work with
bordeaux, under the conditions that prevailed in
that orchard during the season when the work
was done. Under other conditions, more favorable
for bordeaux injury, the results might have
been entirely different. -

‘he comparative amounts of defolia-
tion under the various treatments is also shown
for both Hubbardston and Wagener in a series of
photographs taken on September 23. This is shown
in the photographs in two ways: -- first, by
general views of the trees to show the density
of the folliage .mass, and second, by close-up
views of a few spurs to show the comparative
numbers of leaves present. The photographs of the
trees and spurs of Hubbardston are ghown in
Figures 3 and 4 and for Wagener in Figures 5 and
6.
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‘he question of strength of mater-
ials and rate of application cannot be decided
entirely on the basis of foliage injury. The
combination that is best to use 1s the one that
will give satisfactory pest control with a
minimum of foliage injury. Results obtained in
connection with these experiments, but not dis-
cussed in this paper, show that with lime-sulphur,
a medium concentration and moderate rate of appli-
cation gave the most satisfactory results, consider-
ing both pest control and foliage injury. With
bordea .:x it was found that the strength can be
reduced considerably below that generally used
and still get satisfactory scab control. The
results, however, with regard to foliage injury
a8 stated in foregoing paragraphs wers not de-
finite but so much russeting of the fruit ocourred
that the use of ordinary bordeaux does not seem

advisable.

The Effect of Spraying Materials on the

Absoission of the ¥ruit in the
Apple.

Records were obtained ib two ex-

periments, one in 1923 and the other in 1924 to
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determine if spraying materials affect the ab-
scissionof young apples. This work was done in
two orchards and with three varieties.

The work in 1923 was with mature
Baldwin trees at Beulah. One lot of trees was
sprayed with lime-sulphur and the other with
bordeaux. The details of methods are discussed
in Experiment 8. The results (from Table 10)
which are summarized here show a definite diff-
erence between the effects of the two materials.
The comparison here is made in terms of the number
of apples matured on any 100 spurs that bore
blossoms in the springe.

Material Ingide Spurs Outside Spurs
Lime-sulphur 19 62
Bordeaux 66 90

The percentage of spurs on bor-
deaux trees, both inside and outside, that retained
fruit was much higher than on lime-sulphur trees
and the average number of apples on these spurs

was higher for the bordeaux trees.
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‘he work in 1924 was done at
Morrice in connection with Experiment 10.
Records were obtained from Jonathan and Hubb-
grdston.

The date for both varieties from
the general comparative test will be considered
first. The results for Jonathan (from Table
17) 48 condensed and presented in the following
tabulation. The figures given are for the final

count made after the June drope.
Spurs Apples  Apples on

Retaining per 100

Material fruit -.Spur Spurs
Limeesulphur 61% 1.2 73
Lime-sulphur plus

lime 90% 1.5 136
Lime-sulphgr plus

calcium caseinate 53% 1.2 63
Dry-mix sulphure-

lime. 814 1.4 115

Dry-mix and lime-
sulphur -- bomb.

schedule. 85% 1.7 136
Colloidal sulphur

(Tisdale) 48% 1.4 67
Colloidal sulphur

(Herbert &

Herbert). 9% 1.6 126

This data shows that lime-sulphur
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and lime-sulphur plus calcium caseinate reduced
the final set of fruit much below lime-sulphur
plus lime, dry-mix for all or part of the applica-
tions and colloidal sulphur (Herbert and Herbert).
The resulte of the other colloidal sulphur was
about the same as the first two mentioned. Refer-
"ence to Table 17 shows a peculiar effect where
lime-sulphur plus calcium caseinate was used.
The first drop was relatively light but the June
dropwas very heavy so that the final set was
lesas than with lime-sulphur alone. The fruit set
on the check trees is given in Table 17 but no
mention has been made of this in the discussion
because of severe injury to the young fruits by
8cab.

The results for Hubbardston (ffom
Table 19) for the general comparative tests are
condensed and presented in the following

tabulation.
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Spurs Apples Apples
Retaining per on 100

Material Fruit Spur Spurs
Lime-sulphur 35% 1.2 42
Lime-sulphur plus

lime. 40% 1.0 40
Lime-sulphur

plus calcium

caseinate 43% 1.0 43
Dry-mix sulphur

lime. 30% 1.0 30
Dry-mix and

lime=-sul-

phur, com

bination

schedule 49% 1.1 53
Colloidal sul-

phur (Tis-

dale) 650% 1.1 55
Colloidal

sulphur

(Herbert

& Herbert) 50% 1.2 60

The final fruit set with Hubbards-
ton with all treatments was lower than the poorest
on Jonathan and the differencesare so small that
conclusions would seem unreliable.

Pruit-set records were also obtained
for both varieties from the comparison of weak

and strong materials applied at various ratese.
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The results with Jonathan from Table 18 may be

stated as follows.
Spurs Apples Apples

Retaining per on 100

Material Fruit Spur Spurs
Weak Tight appilo. bi% f.z 66
lime- Moderate " 29% 1.0 29
sulphur Heavy " 36% l.4 50
Strong Light " 27% 1.0 27
lime- Moderate " 3 1.1 36
sulphur Heavy " 13% 1.0 13
Weak Light " 97% 1.5 145
bordeaux Moderate " 62% l.4 86
Heavy " 50% 1.0 60

Light " 89% 1.7 161

Strong Moderate " 72% 1.1 79
Bordeaux Heavy " 78% 1.6 124

No effort will be made to correlate
strength of materials and rates of application
with fruit-set and the results are very irregular
but a comparison of the lime-sulphur group as a
whole with the bordeaux group shows a distinct
difference in results in favor of bordeaux.

‘he results with Hubbardston

(from Table 18) follow.
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Spurs Apples 4pples
Retaining Per on 100

Material Fruit Spur Spurs
Weak Light applic. 51% I.g 66
lime~ Moderate ™ 29 1,0 29
sulphur Heavy " 36% 1.4 60
Strong Light " 2%% 1.0 27
lime- Moderate " 33% l.1 36
sulphur Heavy " 13% 1.0 13
Weak Light " 97 1.6 145
bordeaux Moderate " 62 l.4 86

Heavy " 50 1.0 50
Strong Light " 89 1.7 151
bordeaux Moderate " 72 1.1 79
Heavy " 78 1.6 124

The results with Hubbardston are
again very irregular but a comparison of the two
groups8 as & whole indicates that a heavier set
may be expected on trees sprayed with bordeaux
than with lime-sulphur.

The results with regard to the
relation of spraying materials to the abséission
of apples are not such that definife conclusions
are Justified but there is very good evidence
that lime-sulphur will, with some varieties at
least, cuuse & heavier abscission of fruits than
occurs where bordeaux or some of the less active

forms of sulphur are used.
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Some General Considerations with Regard
to Foliage Ingurg.

The Relation of *ime of Application

to Time Development of Foliage Injury. A study

of the data presented in the several tables, in
which a comparison is made of the dates of appli-
cation and the periods when leaf-fall ococurred,
brings out some interesting facts which may in a
general way be stated as follows. Brown-leaf
and yellow-leaf injuries following the use of
lime-sulphur and lead arsenate both develop soon
after an application but may not develop after
all applications. Bordeaux injury of the yellow-
leaf kind may develop soon after an application
but may also be delayed indefinitely.

these facts are illustrated in
four graphs presented in figures 7, 8 and 9,
In Pigure 7 are presented the results with Mont-
morency cherry at fast Lansing in 1923 (Experiment
1 and Table 1) The graph shows clearly that
lime-sulphur caused no injury of consequence and

that bordeaux caused practically no injury until
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long after the last application which was made on
June 24. The first injury of consequence occurred
in early September and continued through the
month. In Figure 8 are presented in graphic
form the results with Montmorency at East Lansing
in 1924 (Experiment 3 and Table 3). Lime-sulphur
again caused relatively little injury and bordeaux
very little until late in the last record period.
In ¥igure 9 are shown the results
obtained at iorrice in 1924 with the Hubbardston
apple (Experiment 10 and Tables 14 and 15). The
applications earlier than the t..o-weeks are not
shown &8 no injury was observed previous to that
time and careful observations indicated that the
leaf-fall on bordeaujbprayed trees was probably
only normal as no definite injury resulting from
bordeaux was seen until much later. Dlefinite
injury did develop, however, in the lime-sulphur
plot and the total leaf-fall for the first period
ie an expression of the normal fall plus that
resulting from lime-sulphur injury. No further
leaf-fall occurred on the lime-sulphur sprayed
trees until immediately after the secomd-brood
apray when severs injury developed, but there was

no recurrence of injury or defoliation after that

pPeriods The bordeaux trees, on the other hand.
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last some leaves as a remult of bordeaux injury
which developed shortly before the secomd=-brood
application. No leaf-fall occurred on bordeaux
sprayed grees after that application.

In other experiments as at Beulah
in 1923 (Experiment 8) the only injury observed
in bordeaux sprayed trees developed in late
September while the injury on lime-sulphur sprayed
trees occurred immediately after the two-weeks
and second-brood sprays. In work at Belding in
1922, which has not been discussed in this paper,
bordeaux injury was not seen until late September
and early October.

The conclusion to be drawn, then,
from these studies is thit injury of either type
on trees sprayed with lime-sulphur and lead
arsenate may be expected to develop shortly after
an application and that there will be no recurrence
until after another application but with bordeaux
the injury and accom)anying leaf-fall may not and
usually does not ocour until a oconsiderable
time ufter any particular application. Bordeaux
injury may also continue in a gradual way or
recur in epidemic form with another application.

Just what the factors awe that may
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be responsible for these conditions are not fully
understood but the discussion in the paragraphs
that follow immediately may throw some light on

the subject.

The Relation of Weather Conditions to

the Development of Foliage Injury.

Definite studies hauve not been made
to determine just what conditions are favorable
for the development of the yellow-le.f type of
injury following the use of the lime-sulphur and
lead arsenate spray but since this injury was
uncommon in 1924 it may be assuned that the state
of weather and plant growth that prevailed then
was not favorable for such injury but it is not
possible to state Just what really doée favor
its development. Certain conditions of the weather
for a portion of the summer of 1924 have been
presented in the foregoing pages. The conditions
that apparently fsvor the development of brown-
leaf injury have already been fully discussed and
will not be repeated here.

In the course of these investigations
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and in connection with many other experiments,
bordeaux injury to the foliage of the apple and
cherry has been observed in many degrees. It
has not been possible to correlate every epidemic
with some meteorological comdition and in fact,
all the injury seen has not developed in epidemic
form but in a gradual way. There has been one
definite observation, however, which is that nearly
every severe and definite epidemic of yellow leaves
resulting from the use of bordeaux has been pre-
ceded by é period of foggy weather or light rains
with relatively high temperature and further
these epidemics have occurred in seasons or in
the portion of a season when rainfall was relatively
light.

4 pnumber of instances may be cited.
In 1919 at Grand Rapids cherries and plugs were
~ sprayed with bordeaux. The summar was extremely
dry but rather heavy defoliation occurred follow-
ing light showers in late afternoon and evening
8a that the foliage remained wet, probably, all

night. At Traverse “ity with Montmorency cherries
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foggy weather with rather high temperature but no
rain of consequence was followed by an epidemic
of yellow-leaf injury. At Bast Lansing in 1923
(Experiment 1) Montmorency cherries were sprayed
with bordeaux. On 2ugust 30 a heavy fog occurred
with temperature about nermal. The leaf-count
made on September 7 showed a leaf-fall of l.4
leaves per spur and the full effect of the
epidemic had not been felt at that date. No
precipitation of consequence had occurred during
august. In 1924 at East Lansing heavy fogs ocourred
on September 17, 18, 20 and 21. PFor the

last two dates the fog began in the evening of
the 20tn and continued until nearly the middle

of the foremoon of the 21st. This fog was very
heavy and the temperature was high. The mean
lowest temperature for the month was 46.5 de-
grees F, while the minimum temperature for the
morning of “eptember 21 was 58 degrees F. This
was followed by an epidemic of yellow leaves on
both apples and cherries. At Morrice in 1924
with apples the only time that defoliation on bor-
deaux sprayed trees ococurred was in early

August. About ten days earlier a light rain had
fallen in the evening, so that the trees remained
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wet during the night.

All the cefoliation caused by
bordeaux injury cannot be accounted for in this
way but, as previously stated, all the severe
epidemics of yellow aeaves followed the condi-
tions described and the evidence seems to justi-
fy the conclusion that yellow bordeaux injury on
apples and cherries in Michigan is most likely
to develop during periods when fogs or light rains
prevdl and when the temperature is relatively
high.

Strength and Composition of Bordeaux
in Relation to the Development of Injury. Various

formulae were used for making the bordeaux used

in the several experiments with cherries but they
were not compared directly in any single experiment
80 that it will not be possible to make any definite
comparisons. The general conclusion, however,

from a study of the results is that bordeaux at
any of the strengths used may cause considerable
injury, and defoliation.

“ith apples, there were three
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opportunities to study the effect of different
strengths of bordeaux. At Morrice (Experiment
10) 2-4-100 and 6-12-100 bordeaux were used but
without any significant differences in results.
Two strengths were used at East Lansing in 1923
(Experiment 6) on Baldwin and Red Canada.
The formulae were 8-8-100 and 6-10-100 and the
stronger material caused slightly greater defolia-
tion on both varieties than the weak,

In 1924 a more complete test was
made to determine the effeot of different amounts
of copper sulphate and different ratios of lime.
This was with ©hode Island and Duchess at East
Lansing (Experiment 9). |

The results for Duchess (from
Table 11) and for “hode Island (from Table 12)
may be summarized as follows. This injury is
expressed in terms of total leaf-fall from spurs

for the season.
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Material ' Duchess Rhode Island
Bordeaux, 2-2-100 7.4(3.9) 6.6(4.2)
Bordeaux 2-4-100 7.2(1.9) 503(2.5)
Check 5.6(0.8) 3.0(0.4)
Bordeaux 8-8-100 8.4(1.7) 6.9(8.1)

Bordeaux 8-16-100 4.,9(1.5) 7.1(2.1)
Check 2.9(1.0) 2.4(0.9)
Bordeaux 8-8-100 7.6(2.4) 7.3(3.8)
Bordeaux 8-8-100 (Dalomitec) 8e3(2.1) 7.6(4.7)
ChOOk 4.2(102) 3.2‘2.0)
Bordeaux &=N-100 7.3(7.0) 7.1(6.9)
Colloidal copper hydroxide Z.9(1e7) 3.1(1.2)
Check. 3.3(0.8) 2.2(1.2)

The leafifall during the last period,
'ending October 3, may have been affected to a cartain
extent by frost injury so in order to avoid this com-
plication the amount of the leaf-fall occurring
up to august 20, the end of the second period, is
given in parentheses for each item. An analysis
of the data in this tabulation results in
nothing definite except that bordeaux with only
enough lime to precipitate the copper is unsafe
and that colloidal copper hydroxide caused, in this
instance, no foliage injury of consequence.

The only conclusion that can be

drawn from this discussion of strengths of bordeaux
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in relation to foliage injury is that even when
the concentration is low severe injury may de-
velop. However, the work along this line is
not extensive emough or the results definite
enough to permit the statement that reducing
the amount of copper sulphate or increasing that
of lime will or will not reduce the degree of
foliage injury and defoliation. |

The Relation of Shading to Lime-

Sulphur Injury. The results obtained from the

work where trees were shaded in comparison with
unshaded trees (Experiment 6) were inconclusive
and such that it is not possible to state any
definite conclusions. There were no significant
differences in leaf-fall under the several con-
ditions or with spraying and no spraying and in
every instance was light.

Method of Application and Foliage
Injury. One object of the work in Experiment 6
was to determine if the method of application
effects in any way the amount of foliage injury
and leaf-fall. The materials were applied in
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three ways: -- to the upper leaf surface only, to
the lower le:f surface omly, and to both the upper
and lower surfaces.

The results with lime-sulphur on
Baldwin (Table 7) were entirely inconclusive but
with Red Canada (Table 8) the amount of injury
increased with the different treatments in the
order following: upper surface only, lower
surface only, and upper and lower surfaces. The
leaf-fall on the check was slightly less than
where the upper surface omnly was sprayed. These
results, however, are to be considered as
indicative of what may occur rather than as con-
clusive evidence.

#7ith bordeaux, 8-8-100, on Baldwin
(Table 7) the degree of leaf-fall increased in the
order given for the several treatménts: -- check
(1.6), upper surface only (3.3), lower surface
only (3.8), and both upper and lower surfaces
(5.0)¢ With Red Canada (Table 8) the results were
in the same order except that the leaf-fall where
sprayed on the lower surface only was less than
for the upper surface only. The amounts of de-
foliation per spur for the several treatments were

a8 follows: -- check (l.3), upper surface only

(3.3), lower surface only (2.1), and both upper
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and lower (6.6)s The results here must again be
considered as indicative rather than conclusive
a8 there were factors, other than method of
application, that may have affected the results.
Comparative Susceptibility of

Cherries and Apples to Injury by Spraying
Materials. A study of the results of the several

experiments with apoles and cherries shows that
there are rather distinet differences in the tol-
erance of the two fruits to lime-sulphur and
bordeaux. Sour cherries, under Michigan oondi-
tions, do not seem to be subject to either of the
two types of injury resulting from the use of
lime-sulphur ahd acid lead arsenate but are quite
susceptible to injury by bordeaux. Apples, on
the other hand, are quite susceptible to both
types of injury that may result from the use of
lime-sulphur and lead arsenate. Injury following
the use of bordeaux is also likely to ocour on
apples but usually to & less serious extent and
frequently so late in the season that the effect
of the defoliation following the injury may not be
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of 80 much consequence as if the injury had

developed early in the season.
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Summary

The stuﬁiea reported in this paper
were made in comnection with ten individunal
experiments on apples and sour cherries. These
experiments were with trees of various ages, of
gseveral varieties, loc.ted in different parts of
the state, and in two season that were widely
different with regard to weather conditions. The
conclusions drawn from these studies are summarized
in the following paragraphs.

Foliage injury of two distinect types
has been obserfed on the apple following the use
of lime-sulphur and lead arsenate. The first anmnd
perhaps most common is the yellow-leaf injury which
develops within one to two weeks after an appli-
cation. This injury is probably waused by soluble
forms ot arsenic resulting from reaction between
lime-sulphur and acid lead arsenate. The other
injury has been called the brown-leaf or scald type
and it also develops soon after an application.
This injury is supposedly caused by the lime-
sulphur itself and therefore might develop when

it is used alone without lead arsenate. Leaf-fall
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may follow both types of injury.

Bordeaux may cause on apples and
cherries what has been called yellow-lsaf injury.
There are other types but they have not been ob-
served to cause defoliation. lLeaves affected in
this way look very much like those attacked by
certain leaf-spot diseases, as cherry leaf-spot.

The sour cherry shows large diff-
erences in susceptibility to imjury by various
spruying and dusting materials. Lime-sulphur
has caused very little injury to the foliage
and no serious leaf-fall. bordeaux has frequently
been responsible for heavy defoliation. Injury
following the use 0f sulphur dust and copper dust
has not been observed on the sour cherry in Michi-
gan. Pyrox has caused very heavy defoliation.
Changing from lime-sulphur to bordeaux or vice versa
has resulted in quite severe foliage injury. The
conditions under which such injury is likely to
develop are not fully understood.

There is evidence that there is
some relation between the nutritive condition

of the tree and its susceptibility to bordeaux
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injury but just what the conditions are that favor
injury have not been determined.

The apple also varies in its suscep-
tibility to injury by different materials but in
a different way from the sour cherry. Both types
of injury which may follow the use of lime-sulphur
and lead arsenate have been observed. Bordeaux
injury also occurs on the apple. Sulphur and
copper dusts have not caused any folliage injury.
The addition of excess lime to the lime-sulphure
lead arsenate combination seems to decrease slightly
the amount of yellow-leaf injury but to increase
that of the brown-leaf type. Calcium caseinate
has caused a definite increase in the amount of
brown-leaf injJury and its relation to the yellowe
leaf type has not been fully determin;d. Drye-
mix sulphur-lime and colloidal sulphurs cause re-
latively 1little defoliation.

Yellow-leaf injury probably occurs
on the apple more frequently than the brown-leaf
but the latter may be more severe when conditions

are favorable for its development.
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Brown-leaf injury seems to occur
under conditions that favor the growth of a tender
leaf, that is, one with a light cuticle. Some of
the conditions that evidentdy favor this are low
temperature, with much precipitation at frequent
intervals, relatively little sunshine, and high
humiditye.

Brown-leaf lime-sulphur injury in
the apple was more severe with strong lime-sul-
phur than with weak; it was also greater with each
increase in dosage, and varied closely withthe
aoctual amount of lime-sulphur conce: .trate used per
tree regardless of the dilution or rate of applica-
tion. Little or no correlation could be established,
under the same conditions, between the amount of
yellow-leaf bordeaux injury and the strength of
the bordeaux; the rate of application or the actual
amount of copper applied per tree.

Absoission of the fruit in the apple
is affected by s praying materials, the results
varying with different varieties. The exact

relation of all materials to this phenomenon has
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not been established but the results indicate de-
finitely that lime-sulphur may, under some condi-
tions and with some varietles cause an abnormal
drop of fruit. The e ffect of the addition of excess
lime or calcium caseinate to lime-sulphur has
not been determined fully. Bordeaux and the less
aotive sulphur sprays, as dry-mix sulphur-lime and
60lloidal sulphur apparently do not cause an
abnormal drope.

‘he length of time after an applicatim

before injury develops varies with the material.

Yellow-leaf and brown-leaf injury on lime-sulphur
sprayed trees both develop within one to two weeks
after an application and have not been observed
to recur until after another application. Yellow=
leaf bordeaux injury may ocour soon after an
application but usually has not developed until
some time after and may continue or recur.

The relation of weather conditions
to the time of develooment of injury on lime-sul-
phur sprayed trees is not clear, but the appearance
of bordeaux injury of the yellow-leaf type in epidemisc
form usually follows a period of heavy fogs or

light rains with the temperuture relatively high.
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All bordeaux injury to the foliage, however,
cannot be explained in this waye.

The relation between the strength
and composition of bordeaux and the degree of
foliage injury has not been established but it
was observed that injury ococurred on both apples
and cherries regardless of the strength or composition
of this bordeaux,

‘he effect of shading on the occurrence
0f lime-sulphur injury on apples was not determined
a8 there was so little leaf-fall udder any condition
that comparisons were impossible.

The results obtained with regard to
method of application in relation to leaf-fall
indicate, with both lime-sulphur and bordeaux, that
injury is more likely to occur when the under sur-
face only is sprayed than when the upper surface
only is cgvered and still more may follow a complete
application to both surfaces. The results, however,
are indicative rather than conclusive.

Differences were found in the suscep-

tibility of the sour cherry and the apple to various
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types of injury. The cherry seems very resistant to
lime-sulphur injuries, but susceptible to bordeaux
injury. The apple 48 susceptible to both types of
lime-sulphur injury and to bordeaux injury but with
bordeaux defoliation is 1ikely to be much less severe
and to occur at less critical periods than with the

cherrye.
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