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SPRAY INJURY STUDIES. 1
INJURIES FROM SUMMER APPLICATION ON THE APPLE

W. C. DUTTON

Insect and fungus control in the orchard depends on the use of materials
which are destructive to insects or fungi, and it is desirable, at the same
time, that they be non-injurious to the trees thus protected. Materials which
combine these qualities are rare. Hven the generally used materials fall short
of being innocuous. In aggravated cases, the injury induced by standard
protective materials may exceed that caused by the pests against which they
are designed to afford protection. Again, these same materials may be wholly
harmless to the tree. Consequently, a study of circumstances attending in-
jury may help to prevent recurrence of these injuries. A comprehensive
investigation of spraying materials should include studies of fungicidal and
mscctludal values and a study of the injuries that may result from their
use and the effect of these injuries on the performance of the plant.

A series of experiments to determine the fungicidal value and the injurious
effects of several materials and combinations of materials has been in progress
for several years. A recent publication (13) contains the results obtained
with these materials in the control of apple scab. This report presents the
results from these, and other, experiments concerning the injurious effects
of the materials used. Most of these studies and observations on injury
from spraying materials were made in orchards at Morrice, Belding, and
Grand Rapids. Descriptions of these orchards may be found on pages 14,
18 and 19. Other observations have been made at East Lansing, as well as in
many other orchards in various parts of the State.

DESCRIPTIONS OF MATERIALS

That there may be a clear understanding of the terms used in this report,
descriptions of some of the materials used are given here.

Lime-sulphur—The standard, commercial liquid concentrate testing 32 to
33 degrees Baumé.

Dry Lime-sulphur—The powdered or dry form of lime-sulphur is made
by dehydrating the liquid concentrate and contains compounds of sulphur
similar to those found in liquid lime-sulphur. For use as a spray, it is dis-
solved in water. Dry lime-sulphur is distinct from dry-mix sulphur-lime.
Two brands of dry lime-sulphur were used in these experiments.

Dry-mix Sulphur-lime—A mechanical mixture of sulphur, hydrated lime,
and some wetting agent such as casein spreader. This preparation is fre-
quently called simply “dry-mix.” It is mixed with water and applied as a
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spray. Many manufacturers of spraving materials offer, under trade names,
preparations that are essentially the same as “dry-mix.”

Wettable Sulphur—Sulphur to which has been added some material to
make it wettable, that is, to permit its being mixed with water. Ordinary
sulphur does not mix easily with water.  Wettable sulphur differs essentially
from “dry-mix” in that it contains little or no hydrated lime.

Colloidal Sulphur—A very finely divided sulphur which is supposed to
have special merit because of the extreme fineness of the particles.

Iflotation Sulphur—A recently developed product obtained as a by-product
from the manufacture of gas. It is characterized by extreme fineness of
the particles.

Casein Spreader—A mixture of powdered casein and hydrated lime.

Lime—Two kinds of lime have been used in this work, quick lime and
hydrated lime. The kind used is indiciated in each instance. The quick
lime was high calcium lime. Some of the hvdrated lime has been the fine,
finish lime but in 1928 and 1929 a high calcium lime specially prepared for
spraying purposes was used.

[ron Sulphate—The iron sulphate used was ferrous sulphate. The erystal-
line form was used until 1929 and 1930, when, for part of the work, the
“sugar” or granulated form was used. The crystals were always dissolved
into a stock solution hefore use. The “sugar” grade was dissolved by addi-
tion to water in the spraver tank with agitation. The usual procedure was
to add the ferrous sulphate, lead arsenate, and lime-sulphur in the order
named.

Aluminum Sulphate—The aluminum sulphate, the commercial grade ob-
tained as a rather fine powder, was washed into the tank through the screen,
since it 1s not easily made into a stock solution.

Calcium Sulphate—Gypsum, or calcium sulphate, was used in one in-
stance.  This was finely ground and only the portion passing through a 200
mesh screen was used.  Some of the material was finer than 300 mesh.

Tobacco Dust—The tobacco used in this series of experiments contained,
according to the producer’s statement of analysis, one-half of one per cent
actual nicotine and was of 100 mesh grade.

Lead Arsenate—The dry or powder form of the ordinary or acid lead
arsenate was used in all experiments.

TYPES OF INJURY

Injuries to the fruit and foliage of the apple caused by lime-sulphur,
hordeaux, arsenicals, and other materials are of many kinds.  These types
are sometimes distinct and casily recognizable; at other times, it is difficult
to distinguish one from the other. iInjuries from spraying materials and
those from drought, frost, disease and other causes, are f{requently so
similar as to cause confusion in diagnosis.  Many of these injuries have heen
recognized and described but since they are frequently unrecognized or im-
properly identified several of the more important types of spray injury are
described together with other injuries that are frequently confused  with
spray injury. Notes on observations concerning environmental and other
factors that influence their occurrence are also included.
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Injuries from Lime-Sulphur

Lime-sulphur may cause certain types of injury to the apple when used
alone and still other forms of injury may follow where it is combined with
other materials, such as lead arsenate. Iime-sulphur injury to foliage may
take the form of a definite burn; it may cause stunting or dwarfing of
growth, apparently without definite hurn; or burning and stunting or dis-
tortion may occur together.

Lime-sulphur Burn—I.ime-sulphur injury was studied intensively soon
after Cordley (8, 9, and 10) reported that lime-sulphur would control apple
scab.  Wallace (25), Scott (22), and others have made important con-
tributions to the problem of lime-sulphur injury. Lime-sulphur when ap-
plied to the foliage of the apple may cause a definite burn which causes the
death of the injured portions of the leaves. These areas become brown.
They may be small and scattered over the leaf, or they may be large and
of irregular form. Targe injured areas are often marginal or at the tip of
the Teaf, but, in cases of severe injury, entire leaves are killed. Saprophytic
fungi often invade the injured areas.

This type of injury, as it appears in a moderately severe form on fully
developed leaves, is shown in Figure 1. Tt is most common during mid-
summer, but often occurs with petal-fall or early summer (11)])11((111()11\ and
even with the delayed dormant, prepink, and pink applications.  When re-
sulting from delayed-dormant and prepink l;]vlu(ltmnx it 1s likely to take
the form of tip-burn and the injured portions of the small, partly developed
leaves turn brown or simply dry out without much browning. In more
severe cases, the entire small Teaves may be killed and blossom-hud develop-
ment (hul\u [n a few instances, where severe injury has occurred from
the pink application, entire blossom clusters have Dheen killed or checked ;
or, if the blossoms are partly open, the petals are killed. Injury caused by
preblossom applications is shown in Tfi 1(*111(* 2. Lime-sulphur injury usually
becomes evident within one to four days after the spray has been applied.

Wind Injury - Injury by high wind is oiten confused with lime-sul-
1]1111' burn and distinction hetween the two is sometimes difficult.  Wind
injury, however, is usually localized in that portion of the tree directly
toward the wind or in portions of the (»1(11(11(1 most exposed.  The injured
areas are usually not so well defined as those resulting from lime-sulphur.
This injury most frequently occurs in the early summer when the leaves
are tender.  Wind injury to foliage late in the season usually presents a
different appearance, the leaves seeming to be hruised and discolored, while
the injury to tender leaves in carly summer is probably the result, in part
at least, of desiccation.

Factors Affecting Lime-Sulphur Burn

Temperature—In general, the higher the temperature the greater
the danger of lime-sulphur burn.  In 1928, at Morrice on August 8, lime-
sulphur used at the rate of 214 gallons in 100 gallons of spray caused very
severe injury to foliage. The temperature at the time of application (11
a. m.) was 89° I and rose to 94° T, during the afternoon. The serious-
ness of this injury is shown in Figure 3. In 1929, at Belding, in the petal-fall
and two weeks applications, dry and liquid lime-sulphur hoth caused serious
burning during periods of high temperature, while thc same materials applied

_
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Cordley (9) and Wallace (25). Observations over a period of several years
indicate that young leaves and those developing during periods of relatively
low temperature, high humidity, and with the amount of sunlight below
normal are more susceptible to lime-sulphur injury, if subsequent hardening
has not occurred, than leaves that have been hardened by age or by h1gh
temperature, low humldxty, and much sunlight.

It often has been observed that lime- su]plmr injures young or tender
leaves at temperatures lower than those injurious to mature and hardened
leaves. In 1929, in Michigan, there was rather abundant and well dis-
tributed rainfall during the preblossom and blossom periods. Leaves de-
veloped rapidly and naturally were tender or succulent. Periods of relatively
high temperature prevailed at the time of the petal-fall and two weeks
applications in many parts of the state. In orchards where lime-sulphur was
used during those periods, injury developed to a very serious degree. In
other cases, as previously mentioned, tender foliage has been readily burned,
with high humidity, but with moderate or even low temperatures.

However, as mentioned in the section on humidity in relation to injury,
hardened foliage and low humidity are believed to have prevented injury
when the temperature was very high.  There are, therefore, two conditions
with regard to the foliage itself which affect the amount of injury. Tender
foliage seems to make injury possible when other factors are only moder-
ately favorable for its development, and hardened foliage makes injury much
less likely to develop even though other factors may be conducive.

Concentration of the Lime-sulphur— There is a definite relation he-
tween the concentration of the lime-sulphur spray and the amount of injury.
In 1929, at Belding, lime-sulphur was used at four concentrations: one,
one and one-half, two, and two and one-half gallons in cach 100 gallons
of spray. The temperature was favorable at the petal-fall application for
the development of injury. Typical lime-sulphur burn developed with all
concentrations but there was least with one gallon and the most with two
and one-half gallons. Two brands of dry lime-sulphur were used in this ex-
periment and each at concentrations of four, six, eight, and ten pounds to
100 gallons of spray. Injury developed as with the liquid lime-sulphur
though possibly to a slightly less extent, but there was a definite relation
between the concentration and the amount of injury.

In 1930, at Morrice, liquid lime-sulphur was used at the rate of one and
two and one-half gallons and dry lime-sulphur at the rate of four and ten
pounds in each hundred gallons of spray. Conditions at the petal-fall spray
were conducive to injury. There was practically no injury with the low
concentrations of either liquid or dry lime-sulphur, but with the higher
concentrations of both there was noticeable injury and to about the same
degree.

No definite rule can be stated as to what concentration of lime-sulphur
will burn and what will not because of the many other factors that influence
the development of injury.

Rate of Application —There is cvidence from experimental tests that
injury will develop more freely, other things being equal, with a heavy
application of lime-sulphur than with a light a )phcatlon Evidence of this
is often seen where the application is 11100111(11 or spotted.

Oil and Lime-sulphur Combination—Certain types of oil emulsions
and lime-sulphur are compatible, so far as the actual combination of the two
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materials is concerned, but there is definite evidence that the presence of o1l
with lime-sulphur renders lime-sulphur injury more severe or causes its
development when lime-sulphur without oil would not produce mjury. This
is true of delayed dormant and summer applications. The comparative
effects of delayed dormant applications of oil and lime-sulphur and lime-
sulphur alone are shown in Iigure 4. This combination has been used in
many instances without injury in the delaved dormant application, but the
margin of safety seems much narrower than with lime-sulphur alone.

Tree Vigor—The vigor of the tree is often considered to be an im-
portant factor in the development of lime-sulphur burn. The foliage of
trees in low vigor is often considered to be particularly susceptible.  Ob-
servations made by the writer on this point are not such that any definite
statements can be made, but it is certain that trees of normal or high vigor
are by no means immune to injury.

Distortion of Leaves

Lime-sulphur injury to fully developed apple leaves usually does mnot
produce any distortion of the leaf, except for the possible rolling of Kkilled
leaves. 1f, however, partly grown leaves are injured, distortion almost al-
ways follows. Marginal injury to such leaves causes them to assume many
unusual forms as a result of the checking of the growth at the margins while
growth continues in the central portions of the leaf. Iixamples of distortion
resulting from marginal injury caused by the petal-fall application are
shown in Figures 5 and 6. The leaves shown came from trees sprayed with
dry lime-sulphur (10 Ibs. in 100 gallons) but liquid lime-sulphur of equiva-
lent concentration caused about the same results when conditions at the time
of the application were comparable. Slow drying, at rather low tempera-
ture, and tender foliage were the factors favoring injury in this instance.
In another instance, rather mild injury from the pink application caused
definite distortion of a different type, as shown in Figure 7. Liquid and
dry lime-sulphur, at equivalent strengths, again caused similar amounts of
injury.

Dwarfing

The young leaves, especially those that develop from blossom huds, are
often dwarfed, crinkled, and blistered. The exact cause of this trouble is
sometimes difficult to determine. Trost in the preblossom period and spray-
ing materials used in that period are factors of importance in the develop-
ment of this trouble. Leaf development is sometimes checked by the too
frequent and too heavy application of lime-sulphur, especially at a relatively
high concentration.

Frost and Low Temperature Ividence that low temperatures are
associated with the crinkling and Dblistering of apple leaves is found in the
fact that this injury may develop on trees that have not been sprayed. Leaves
so affected are badly crinkled and stunted and are often blistered. The
crinkling seems to be the result of growth in the midrib and veins heing
checked, and the blisters are the result of ice formation within the leaf
separating the upper and lower layers. The upper surface usually remains
intact but the lower surface may turn hrown or Dbleach and break. At
Morrice, in 1930, temperatures were low for much of the time in the carly
preblossom period. The daily minima from April 15 to 26 were: 30, 32,
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39, 37, 34, 34, 32, 24, 23, 27, 28, and 29 degrees I'. The delayed dormant ap-
plication was m: ulc on April 23 and 24 and the pink applicatoin on May 3.
Typical leaves from unsprayed trees are shown in Ifigures 8 and 9.

\ type of frost injury to the fruit of the apple that is frequently confused
with spray and insect injury is shown in Figure 10. This is known to occur
on un.s])l‘l_\ul rees and, in 1930, was common in the orchard at Morrice as
well as in a large proportion of the orchards in many parts of Michigan.
This injury occurs on the pedicel and on the fruit immediately adjacent to thc
pedicel.  The injured area appears as though the epidermis had been scraped
away but the epidermis probably has simply been killed. The pedicel is
drawn over at an acute angle towards the injured area. Apparently, the
injury produces no injurious effects bevond scarring the apple; this, how-
ever, may cause serious wilting of the apple in storage. The appearance
of these scars is shown in Figure 11. Many varieties 11(1\ e been injured in
this way but Jonathan and Duchess scem particularly susceptible.  This
injury at Morrice in 1930 must have occurred while the blossom buds were
in the delayed dormant condition and with the leaves in the blossom buds
about one-fourth inch long. The daily minimum temperatures from April
21 to 26 while the buds were in that condition were 32, 24, 23, 27, 28 and
29 degrees I, freezing temperature did not occur at any later date.

Blossom thrips (I'rankliniella tritict) was present in large numbers in
1930 in many Michigan orchards during preblossom and blossom periods.
Many growers were of the opinion that the crinkling and blistering of the
leaves and the frost injury to the fruit just described were ‘111\((1 by this
thrips but careful observations in many orchards indicate definitely that the
thrips was not responsible.

Lime-suiphur and DwarfingThough the relation of lime-sulphur to
dwarfing of foliage is not very clear, there is evidence that lime-sulphur
sometimes intensifies stunting.  In 1929, at Grand Rapids, the use of lime-
sulphur (272 gallons in 100) in the delayed dormant application on Duchess
and Stayman caused a marked increase in stunting or made the leaves more
susceptible to frost injury. The use of bordeaux at that time was not fol-
lowed by an increase in dwarfing. In 1930, at Morrice, lime-sulphur caused
no apparent increase in stunting on Jonathan and other varieties over that
already caused by frost, but, at Belding, with Duchess and McIntosh, there
was shnhtl\' more dwarfing with lime-sulphur and dry lime- sul])hur than
without. The results with Duchess and Stayman are shown in Figure 12
and with Jonathan in Figure 13. When greater stunting occurs following
the use of lime-sulphur, there may or may not be definite burning.

The effect of simple stunting does not seem to be very serious, but if it
is greatly increased by lime-sulphur injury the development of the blossoms
may be checked noticeably.

Dwarfing from Later Applications—In a few instances, very serious
results have followed the excessive use of lime-sulphur and lead arsenate.
The most conspicous instance was in an orchard where McIntosh trees were
sprayed three times before the blooming period and three times soon after,
with lime-sulphur, three gallons, and lead arsenate, six pounds, with water
to make 100 gallons. This spray was applied so heavily that the leaves at
all times were heavily coated with spray residue. This resulted in checking
the growth of leaves, in much actual injury so that the leaves were ragged
in appearance, and in heavy leaf-fall during mid-summer. Ieaves from
these trees and from normally sprayed trees in the same orchard are shown
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in Iligure 14. This injury also resulted in an excessive June drop of fruit and
severe russeting and cracking of remaining fruits. The fruit is shown in
Figure 15.

Apple Scab and Lime-sulphur Injury

Injury has often been reported as a result of lime-sulphur penetrating
leaf-tissue through deep-seated scab lesions. This condition has been ob-
served many times in this work. This injury is an effectual check to further
development of scab from lesions so affected, but heavy leaf-fall may occur
if the leaves are badly infected with scab. Leaves that have been injured
in this way are shown in Figure 18. The same type of injury may follow
the uses of other materials, also, as lead arsenate, alone or with lime-sulphur,
bordeaux and sometimes arsenical dusts. Saprophytic fungi often invade
injured areas as is also shown in Figure 18.

Lime-sulphur Injury to Fruit

Apples sprayed with lime-sulphur and lead arsenate are almost always
smoother and of better finish than fruit of the same variety sprayed with
bordeaux, though some russeting frequently occurs where lime-sulphur and
lead arsenate are used (IFigure 19). Observations on the use of lime-sulphur
alone are not extensive, but it is believed that lime-sulphur used without lead
arsenate rarely causes russeting of the fruit. There is evidence, however,
that the russeting that follows the use of lime-sulphur and lead arsenate is
caused by arsenic, rather than lime-sulphur.

Apples sometimes scald during mid- and late-summer in periods of high
temperature. This condition is shown in Iigure 16. This injury has been
observed on fruit sprayed with bordeaux, lime-sulphur, and other sulphur
sprays but is likely to occur to a greater extent where sulphur in some form,
and especially lime-sulphur, has been used in an application during or not
long before a period of high temperature.

Injury From Other Forms of Sulphur

Dry Lime-sulphur—Dry lime-sulphur has been mentioned in the fore-
going pages as causing injury under some conditions. Ividence available
indicates that all the types of injury caused by lime-sulphur may be produced
by dry lime-sulphur, but, if the two are used at equivalent strengths, the
dry will usually cause somewhat less injury of any type than the liquid.

Free Sulphur and Sodium-sulphur —I'ree sulphur sprays, such as dry-
mix, wettable sulphur, sulphur pastes, and flotation sulphur, have not been
observed, in these experiments, to cause any direct injury to foliage or to
fruit except the possible association with sunscald of fruit noted in a pre-
ceding paragraph. Precautions may be necessary to prevent arsenical injury
when these materials are used with lead arsenate. Compounds of sodium
and sulphur are often unsafe on apple foliage, especially when combined
with lead arsenate.

Arsenical Injury

Lead arsenate, the ordinary or acid form, is the arsenical most commonly
used on apples. It is relatively stable but injury to fruit and foliage often
follows its use, especially when it is combined with lime-sulphur or other
sulphur containing sprays.
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Injury to Foliage

“Yellow Leaf” Injury— Many studies of the chemical relation of lime-
sulphur and lead arsenate have been made by Bradley (5), Bradley and
Tartar (6), Robinson (20), Ruth (21), Cook and McIndoo (7), Thatcher
and Streeter (23), Andrew and Garman (2), Young (27), and others.
These studies, in general, show that some form of soluble arsenic is formed
when lime-sulphur and acid lead arsenate are combined, and this soluble
arsenic is undoubtedly the causal factor in the development of arsenical in-
jury following the use of lime-sulphur and lead arsenate. The initial stage
of this injury is purple or reddish spots on the leaf; but, usually, the first
stage observed is a brown spot at some point on the leaf or larger and usually
irregular areas that are marginal or at the tip of the leaf. It is difficult,
in many cases, if not impossible, to distinguish between certain stages of
arsenical injury and lime-sulphur injury. Many leaves with these brown
areas persist until normal leaf fall but large numbers of them yellow and
drop prematurely. Stages of the “yellow leaf” arsenical injury are shown
in Figure 17. “Yellow leaf” injury, as a result of the preblossom or petal-
fall applications has not been important but it does sometimes develop as a
result of these applications. In such cases, the yellow leaves may not appear
for several weeks. It may be noticeable after the two-weeks application and
is more noticeable with succeeding applications of lead arsenate with lime-
sulphur.

Yellow leaves may appear within a week or 10 days after an application
but sometimes they are not noticeable until a longer period has elapsed.
After the first appearance, other leaves may turn yellow over a brief period
of one to two weeks or they may be in evidence almost continuously for
several weeks. Leaves drop soon after turning yellow. The appearance of
yellowing is usually progressive with leaves on spurs, appearing first on the
small, basal leaves, then on the larger leaves. This order, however, is not
without exception.

There are marked differences in susceptibility of varieties to this injury.
Wagener, Rhode Island Greening, and Baldwin are very sensitive. Jonathan
is also susceptible. Hubbardston is rather resistant and McIntosh is ordi-
narily not seriously affected.

Drought Injury-——During periods of drought, many yellow leaves may
develop on apple trees and this development may be largely the result of an
inadequate supply of water, rather than the result of arsenical injury, al-
though both factors may be involved in many cases. Yellow leaves also
develop, throughout the season, regardless of spray treatment, even though
there is no acute shortage of water. The factors responsible for this have
not been determined.

Arsenical Injury to Fruit

Russeting—Russeting, as used here, refers to an injury to the skin
of the apple, in which the epidermal cells or portions of the surface are killed
and a subsequent formation of cork gives the characteristic russeted ap-
pearance. It may consist of light or heavy netting or may completely cover
small or large areas. The exact cause of russeting on apples is frequently
difficult, if not impossible, to establish. Frost and other unfavorable weather
conditions are often responsible and in many instances these natural in-
juries are believed to have been caused by spraying materials, An example
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of frost injury that might ecasily be confused with spray injury is shown
in Figure 19. One of the most recent reports concerning this injury is from
McDaniels and IHeinicke (19). Tt is true, however, that spraying materials
are often responsible for all or part of the russeting found on a given lot
of apples. As indicated in a preceding paragraph, lime-sulphur, as such,
is believed to be unimportant in Michigan in the development of russeting;
but, when lime-sulphur and lead arsenate are combined, russeting as a result
of arsenical injury often develops. Russeting resulting from the use of
this combination of materials is shown in Figure 20. Tt has been observed
also where lead arsenate has heen used with other sulphur preparations.

Blossom-end Injury—Arscnicals are responsible for another form of
injury to the fruit. This occurs around the calyx and is called “Dlossom-
end” injury. The cause of this injury has heen rather obscure but recent
work, especially that of Hartman (16), has indicated definitely that soluble
arsenic is responsible. Tt appears as a dark hrown or nearly Dlack arca
around the calyx of the apple. The area may be confined closely to the
calyx or may cover the entire hasin. A saprophytic fungus, probably black-
rot in most cases, invades the injured areas; and, hecause of this, black-rot
has, in some instances, been considered as primary instead of secondary in
nature. The rot sometimes spreads heyond the basin of the apple.  Typical
specimens of Dblossom-end injury are shown in Figure 10.

Factors Favoring Arsenical Injury

All the factors that control the development of arsenical injury to the
foliage and fruit of the apple have not bheen determined n these experiments
but there are several that are important.

Tree-vigor—Trces of high vigor have shown less vellow-leaf and

t=]

blossom-end injury than trees of low vigor.

Lead Arsenate with Other Materials— The combination of other
materials with lead arsenate may increase or decrease the amount of injury
to fruit and foliage. Arsenical injury of all forms is probably prevented
by using bordeaux with the lead arsenate. T.ead arsenate used with lime-
sulphur usually causes injury to foliage and may cause russeting and
blossom-end injury to the fruit. Arsenical injury, as indicated by Young
(27) may be more severe when lead arsenate is combined with low concen-
trations of lime-sulphur than with the higher concentrations such as 1 to
40. With some combinations, one type of injury mayv develop and others
may not, indicating that different factors may he responsible for each injury.
Burning of the foliage by lime-sulphur carly in the scason is believed to favor
arsenical injury later. No russeting of the fruit and very little yellow-leaf
injury has been observed when lead arsenate and free sulphur sprays have
been used together, but blossom-end injury has occurred with such combina-
tions. Rather severe injury to foliage through scab lesions has occurred
from the use of wettable sulphur and lead arsenate.

The relation of casein spreader to injury is not well understood.  Chemical
investigations by Thatcher and Streeter (23), indicate that casein spreader
should decrease arsenical injury from the use of lead arsenate with lime-
sulphur.  The work of Andrew and Garman (2), Goodwin and Martin (15)
and Ginshurg (14) indicates, however, that cascin spreader may sometimes
cause an increase in soluble arsenic.  The results from ficld experiments with
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casein spreader are confusing, as foliage injury has not been reduced ; russet-
ing of the fruit has been increased in some instances and decreased in
others; and a form of blossom-end injury has heen increased. Lime redices
russeting and possibly blossom-end injury.  Iron sulphate inhibits the de-
velopment of most forms of arsenical injury following the use of lead
arsenate with ime-sulphur.

Bordeaux Injury

Bordeaux may cause injury to both the foliage and fruit of the apple.
These injuries have been described and the factors affecting their develop-
ment studied by Iedrick (17), Crandall (11), Adams (1), and others.

Injury to Foliage -Injury to foliage from the copper in hordeaux
has the same general symptoms as vellow-leaf arsenical injury. The first
visible stage of copper injury is purple spots, which usually turn brown as
the tissues die. \With properly made bordeaux, these lesions are usually small
and may be on either the upper or lower surface of the leaf.

These brown spots may be the final stage of injury, in which case, affected
lcaves do mnot fall prematurely, but, in many cases, the leaves vellow and
drop prematurely.  The characteristic stages of copper injury are shown
in Figure 1. The brown lesions may usually be found in any year if
hordeaux has been used in the carly summer applications.  Large numbers
of yellow Teaves usually appear only after periods of high humidity and rela-
tively high temperature.  In other words, “mugey”™ weather is favorable to
this injury.  Yellow leaves may appear soon after an application, hut their
appearance may be delayed for several weeks until weather conditions be-
come conducive.  Injury to the foliage of the apple by bordeaux in Michigan
is not often of consequence; in fact, hordeaux-sprayed trees usually have
excellent foliage.  The concentration of the bordeaux and the rate of ap-
plication have not heen observed to be significant factors in affecting the
development of the yellow leaf type of copper injury.  There have not been
significant differences in the numbers of yellow leaves from light and heavy
applications of either weak or strong hordeaux.

Injury to Fruit—Injury to the fruit is a form of russeting which is
very similar to that caused by arsenicals with lime-sulphur and also resembles
some types of frost injury. Iixamples are shown in Figure 21. Russeting
from bordeaux, however, is usually much more severe than from lime-
sulphur and lead arsenate.  Injury to the fruit is a serious limiting factor
in the use of bordeaux on apples. It may result from any of the early
season applications.  The greatest amount of russeting probably occurs from
the petal-fall application, but it may likewise be severe from the pink and
two-weeks applications.  Russeting has, in some cases and to a slight extent,
resulted from bordeaux applied in the delayed dormant and pre-pink ap-
plications.

The relation of weather to the development of russeting from hordeaux
has not been studied in these experiments, but cold, rainy weather is generally
considered to be favorable to its development (17). There is much differ-
ence of opinion about the relation of excess lime in hordeaux to russeting,
but there is no evidence from this work that an excess of lime in bordeaux
reduces russeting in Michigan.  The rate of application and the concentra-
tion of the bordeaux are important. Both heavy application and high con-
centration favor injury and the actual amount of copper applied is appar-
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ently the real determining factor, since equal amounts of copper, no matter
how applied, produce about the same amount of russeting.

Varieties differ widely in their susceptibility to russeting from bordeaux,
Jonathan and Baldwin being susceptible; MclIntosh is intermediate; and
Northern Spy is the least susceptible of any variety observed. It is possible,
in many seasons, to use bordeaux of low concentration throughout the season
on Northern Spy without russeting.

EXPERIMENTAL DATA ON SPRAY INJURY

The facts that have been presented which relate to injuries of different
kinds caused by the summer application of spray materials to apple trees
afford some indication of both the seriousness and the complexity of the
problem. Data throwing additional light on any of the factors that tend
either to increase or lessen spray mjury should be of interest to spray ma-
terial manufacturers or distributors and to fruit growers alike. Records
accumulated from spraying experiments extending over the period 1923-1930,
inclusive, and conducted principally in two orchards in central Michigan
one located near Morrice and one near Belding—{urnish much information
on some of the forms of injury that have been mentioned and likewise on
several other forms that have been rather generally overlooked. They are
presented here for the purpose of (1) pomting out the magnitude of the
cumulative effect of certain forms of injury and therefore the importance
of reducing them to a minimum and (2) indicating ways by which they may
be substantially lessened.

Experiments at Morrice

The Orchard —The orchard at Morrice, Shiawassee county, is on the
farm of Geo. IY. Winegar. The trees were planted in 1912 and are in a good
state of vigor. The orchard, which covers about 10 acres, comprises blocks
of Jonathan, Hubbardston, Mclntosh, Baldwin, Wealthy, and Northern Spy
as permanent trees, with Wagener fillers throughout. The blocks are so
arranged that the experimental plots were run across the varieties and in-
cluded as many of them as desired. During the period of the experiments,
a sod of alfalfa and various grasses has been maintained. The growth was
cut once or twice a year and then raked up under the trees, or sometimes has
been left where cut. A liberal mulch of straw has been applied under the
trees. Moderate amounts of nitrogen-bearing fertilizer around the trees,
and barnyard manure in an all-over application between the rows of trees
have been applied regularly on most of the orchard.

Spraying Equipment and Methods A spraying outfit with a rated
capacity of 10 gallons per minute and operated with a four H.P. engine was
used for all the spraying. A single nozzle spray gun of the short type,
and disc with an aperature of 9/64 inch have been used at all times, except
in 1930 when a disc aperature of 12/64 (3/16) was used. The pressure
maintained at the pump for each season was as follows: 1924, 300 Ibs.;
1925, 1926, and 1927, 325 1bs.; and 1928, 1929 and 1930, 350 1bs. The
pressure varied from these figures very little and for short periods only.
In 1924, the spraying was done from the ground but since that year from
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an extension platform at the rear of the sprayer, about 15 inches above the
ground. When spraying was done from the ground, each tree was completed
as a unit; when spraying was done from the platform each row was com-
pleted as a unit.

Schedule and Dates of Applications—This orchard usually received
five applications each year for scab control, the pre-pink, pink, petal-fall,
two-weeks, and second brood sprays. No dormant spraying has been done.
The dates of the several applications for each year are shown in Table 1.

Supplementary Materials— Nicotine sulphate (40 per cent) has gen-

-ally been used in the prepink or pink application. In 1927, it was not
used until the second brood spray when it was applied to reduce a heavy
summer infestation of the green apple aphid. Iead arsenate has been used
regularly in all applications, except the pre-pink, unless otherwise indicated
in the outline for each year. The amount used was two pounds in each 100
gallons of spray in 1924 to 1927, inclusive. In 1928, 1929, and 1930, three
pounds were used in the pink, petal-fall, and two week’s sprays and two
pounds in the second-brood application.  Any exceptions in quantities are
indicated with each outline.

Table 1.—Dates of Applications at Morrice.

Application 1924 1925 ‘ 1026 1927 1928 1929 1930
P — - . ‘ . N .
Prepink. . May 2, 3 Apr. 22* May 2, 3 | Apr. 10,11, | Apr. 23,241
12
Pink. ... May 15,16 | May 4, 5 | May 18,19 | May 4, 5 | May 9 Apr. 30, May 3
May 1, 2t
Petal-fall................| June 6, 7 | May21 June 1, 2 | May 25,26 | May 25,26 | May 27,28 | May 14,15
Two weeks. ... .. ~....| June19,20 | June 3 June 15,16 | June 8, 9 |June 7, 8 | June 7, 8, | My 27,28,
10 29
Second brood. . . . co...| Aug. 12,13 | July 20,21 | Aug. 5, 6 | Aug. 4, 5 | Aug. 8, 9 | Aug. 5, 6, | July 31,
74 Aug. 1

*The prepink application was made on McIntosh only and all the trees of that variety were sprayed with lime-sulphur, 213
gal., and water to make 100 gal.

{Trees of Nnrthnrn Spy were in a very ewrly “green-tip” stage at the time the prepink was applied to the other varieties and
in the prepink condition when the others were in full pink. The Spy trees were sprayed again May 13, when the blossom
clusters were fully separated.

{This was really a delayed dormant with leaves about !4 inch long.

A detailed statement of materials, concentrations, and results is presented
in the Appendix in Tables 23 to 30.

Concentration and Dasage

In 1924, a part of the Morrice orchard was sprayed in a special way to
determine the relation of the rate of application and the concentration of
materials to the control of apple scab and to the development of injury to
fruit and foliage. The data concerning scab development in this experiment
have been published (12). Two materials were used, bordeaux and lime-
sulphur. Lead arsenate powder was added in all applications except the
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pre-pink, and nicotine sulphate was included in the petal-fall application.
These materials were used at different strengths which have, for this ex-
periment, been arbitrarily termed weak and strong. The amounts or formulac
uscd were as follows:

Bordeaux—\Weak: 2-4-100 and 1 pound lead arsenate in each 100 gallons
of spray.
Strong: 6-12-100 and 3 pounds of lead arsenate in cach 100
callons of spray.

/

2

[ime-sulphur—\Weak:  Lime-sulphur 112 gallons, lead arsenate 17
pounds and water to make 100 gallons.
Strong ;- Lime-sulphur 3 gallons, lead arsenate 3 pounds,

and water to make 100 gallons.

Dosage and Methods of Application—"The weak and strong lime-sulphur
and the weak and strong bordeaux were applied cach at three different
dosages. These have heen termed light, moderate, and heavy applications.
The spraying was done in such a way that the moderately sprayed trees re-
ceived approximately twice, and the heavily sprayed trees approximately
three times, as many gallons as those lightly sprayed.  The relative amounts
per tree, then were as 1, 2, and 3. This was accomplished in the following
way: The plots sprayed with cach strength of each material were made
up of three rows of trees; one row received a light application ; one a moder-
ate; and the third a heavy application.  The spraying for cach plot was
always begun on the “heavy”™ row and all three rows were given a uniform,
light application.  The “light” row was sprayved no more. By the time the
three rows were covered the material on the first and second rows had dried.
They were again sprayed exactly as before so that the dosage was double
that on the lightly sprayed row. As soon as the material had dried from
the second covering, the “heavy”™ row was again sprayed. The final result
was that one row received one, another row two, and the third, three light
applications.

All spraying was done from the ground. The rows, as sprayed, ran north
and south and the usual procedure was to drive on the windward side of the
row and to complete each tree before beginning the next. On a few occa-
sions, when the wind was blowing directly from the north or south, or ap-
proximately that, the work was accomplished by spraying one-half of each
tree from one side, then returning on the other side of the row and complet-
ing cach tree.

Comparative Amounts of Active Ingredients It has heen stated that
the comparative amounts of dilute materials applied to the trees receiving
light, moderate and heavy applications varied as 1, 2, and 3. The strong
lime-sulphur was twice as strong as the weak, and the strong hordeaux was
three times as strong as the weak. By considering together the dosage and
the strength of the materials, it is possible to determine the comparative
amount of active ingredients received by the trees under different treat-
ments.  For instance, the rows spraved with light applications of weak and
strong lime-sulphur received equal quantities of dilute material but the row
sprayed lightly with the strong lime-sulphur received twice as much actual
lime-sulphur as the other, since the dilute material” was twice as strong.
Likewise, the trees spraved with the heavy application of bordeaux received
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three times as many gallons of diluted material as those given the light ap-
plication, and, since the strong bordeaux was three times stronger than the
weak, they received approximately nine times as much copper as those
sprayed with a light application of weak hordeaux.

Actual Dosage of Dilute Materials —These comparative values are,
of course, theoretical and were not obtained exactly in the orchard because
of the impossibility of spraying all trees exactly alike. The dosage might
be affected by wind direction and velocity, by the size of the trees, and
possibly by certain other factors. The statement of the actual number of
gallons applied per tree (Table 2) shows that, although there was some
variation, the calculated dosages were given in a fairly satisfactory way.
The greatest variation was between the plots sprayed with weak and with
strong lime-sulphur.

In Table 2 is presented a complete record of the materials used, the
formulae or rates of dilution, the rates of application, the actual number of
gallons applied per tree, the comparative amounts of dilute materials, and the
comparative amounts of active ingredients. The actual dosage records are pre-
sented in two groups, one for the pre-blossom dl)p]lC(lthI]\ which mnclude the
pre-pink and pink and one for th( after-blossom applications.  In the state-
ment of mmplmmc amounts of dilute materials per tree the value “17 is
given to the smallest dosage of each material (of hoth strengths), which is
the light application.  In a like manner, the value “17 is assigned to the
plot of cach material which received the smallest amount of actual fungicide
or insecticide. This would he, with both bordeaux and lime-sulphur, the
plot receiving the light application of weak material. A detailed state-
ment of results 1s presented in Table 24

Table 2.—Materials, concentrations, rates of application, dosages and active ingredi-
ents used in special experiment.

allons ’ Comparative amounts

[ | Actual number
‘ applied per tree l of
Materials and dilutions Rate of application f—eee . —
|
| Pre-blossom \llt rblossom|  Diluted Active
| applications i applications material ingredients
|
Weak lime-sulphur, 113 gals. in 100 with 115 | Light 1.4 ‘ 3.3 | 1
Ihs. lead arsenate. Moderate . 2.8 6.6 2 2
Heavy 4.2 9.¢ 3 3
Strone lime-sulphur, 3 gals. in 100 with 3 1bs. | Light 1.6 | 2.7 1 2
lewd arsenate Moderate 3.2 5.4 2 {
Heavy 1.8 8.1 2 6
2-4-100 with 1 Ib. lead | Light 1.6 2.4 1 1
| Moderate . 3.2 | 1.8 2 2
| Heavy 1.8 | 7.2 3 3
v | \
Strong bordewux, 6-12-100 with 3 Ihs, lead | Light 1.3 2.4 1 3
arsenate. Maoderate 2.7 18 | 2 6
Heavy 10 7.2 } ]
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Experiments at Belding

The Orchard —The orchard at Belding, Tonia County, is on the farm
of the Hall Orchards, Inc. The trees were planted in 1902, entirely of
Jaldwin, but a considerable number of MecIntosh trees have been set to
replace Baldwin trees that died out. Many of these Mclntosh trees are
only two or three years younger than the Baldwins. The block used for
experimental spraying covers about eight acres. The orchard has been
cultivated each year, except for the areas immediately under the trees. In
many seasons, a cover crop of oats has been sown in the late summer. The
trees, in general, are in good vigor. The experiments in this block were
not continued after 1929.

Tn addition to the studies in this block of mature trees, observations have
also been made in 1929 and 1930 in a 10-year-old block of McIntosh,
Duchess, and Gano on the same farm. This orchard has had clean cultivation
and was disced close to the trees before growth began.

Spraying Equipment and Methods A spraying outfit with a rated
capacity of 15 gallons per minute and operated with an eight I.P. engine
was used. The spraying was all done with a spray gun of the standard,
single nozzle type. In 1925, 1926, and 1927 a disc aperture of 3/16-inch
and a pressure of 350 pounds were used but in 1928 and 1929 it was possible
to use only a 9/64-inch disc aperature because of decreased efficiency of the
pump. In 1928, the pressure could not be maintained uniformly or at as
high a point as was desired. New pump and engine units were placed on
this sprayer in 1930. The pressure was maintained at 350 lbs. and a disc
aperture of 9/64-inch was used at all times. The spraying was done from
the top of the sprayer tank except in 1928 when a long hose was used and
the operator worked from the ground.

Schedule and Dates of Application—A five-application schedule con-
sisting of the pre-pink, pink, petal-fall, two weeks, and second brood was
followed in this orchard. The dates of these applications for each year
appear in Table 3.

Table 3.—Dates of Application at Belding.

Application 1925 1926 1927 1928 1929
I’I:o.pink. - - - ...- —7 Apr.28,29 | May11,12 | Apr. 22,23 | May 4, 5 \Tn» ;(),II,IZ,IS‘_
SRR A S WU FEPIN U
ORI [V UMY N P —
'_l;;\;(:(‘ks —_— - e . ilun(- 4, 6 | Junel9 {““T}fm Jum-lljj 7.;(1119!4,15 -
SN [PV D DY R

*Rain and snow made spraying very difficult and, in fact, impossible at times, consequently this application was prolonged
unduly,




SPRAY INJURY STUDIES. I 19

Supplementary Materials— Nicotine sulphate (40%) has been used in
the pre-pink application at the rate of three-fourths to one pint in each 100
gallons of spray. Lead arsenate has been used regularly in the pink, petal-
fall, two weeks, and second brood sprays. It was used, previous to 1928,
at the rate of two pounds in 100 gallons in all these applications but in 1928
and 1929 three pounds were used in all except the second brood spray,
when the amount was reduced to two pounds. The only exceptions to this
were the pink application in 1929, when six pounds to each 100 gallons
were used for leaf-roller control (this was not done in the younger orchard)
and, in 1928, when calcium arsenate was used, as indicated, in two plots.

A detailed tabular statement of materials, concentrations, and results is
presented in the appendix in Tables 31 to 35.

Experiments at Grand Rapids

The Orchard—Tests were made at the Graham Horticultural Ex-
periment Station in 1928 and 1929 in an orchard planted in 1919. Most of
the trees were under a sod mulch system of management and were in
moderate vigor. There are several varieties in the orchard and all were
sprayed but records were obtained only from those indicated in the tabular
statements of results.

A schedule of five applications was followed in this orchard. This con-
sisted of the pre-pink, pink, petal-fall, two-weeks, and second brood-applica-
tions.

Supplementary Materials— Nicotine sulphate at the rate of one pint
in each 100 gallons of dilute spray was used in the pre-pink, and lead arse-
nate was used in the pink, petal-fall, and two-weeks applications at the rate
of three pounds in each 100 gallons of dilute spray and at the rate of two
pounds in the second-brood application.

A tabular statement of materials, concentrations, and results is presented

in Tables 36 and 37.
Presentation of Results

Other than observations on various types of foliage injury such as have
been recorded on preceding pages, quantitative data on injuries to leaves have
been limited largely to records of time and amount of premature defoliation.
This injury to foliage has been measured largely by premature leaf-fall re-
sulting from the injury. Leaf counts have been obtained in several ways
but always from spurs that did not bear blossoms during the year the records
were made. Counts were usually confined to spurs on wood two, three, and
sometimes four years old. In some cases, these counts were made at inter-
vals through the season and in others the counts were of leaves persistent at
some period late in the season, but always before the fruit was harvested.
An exact statement of injury to fruit is difficult, but russeting is expressed
as percentages of fruit atfected with light, medium, and heavy russet. The
amounts of blossom-end injury and sunscald are also expressed as percent-
ages.

Defoliation from Lime-sulphur Alone and in Combination
With Other Materials

Lime-sulphur Alone—I.ime-sulphur, alone or with lead arsenate, may
cause severe injury to foliage under certain conditions. This injury has
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been designated as lime-sulphur hurn.  Leaves so injured may or may not
drop prematurely but it is believed that injury from the arsenical commonly
used with lime-sulphur is more likely to develop on leaves previously burned
by lime-sulphur than on those that have not been so injured, and, because
of this condition, leaves burned by lime-sulphur are very likely to drop
prematurely.

Lime-sulphur alone was used throughout the season in a few instances and
the results indicate that much less premature leaf-fall occurs from lime-
sulphur alone than when lead arsenate is present, if the former is used in
such a way that no lime-sulphur burn occurs. Reference to Table 26, Plot
6, shows that in 19206, lime-sulphur (174 gallons in 100) caused very little
leaf-fall on Jonathan and Hubbardston. Again in 1927, lime-sulphur alone
(Table 27, Plots 4 and 5) caused distinctly less leaf-fall than lime-sulphur
with lead arsenate in adjacent rows (Plots 2 and 3).

Lime-sulphur and Lead Arsenate —I'he combination of lead arsenate
and lime-sulphur often causes premature defoliation and often many leaves
are seriously injured even though they do not drop prematurely. A com-
monly used combination is lime-sulphur, 214 gallons; lead arsenate, 2 or
3 pounds; and water to make 100 gallons. The extent of premature leaf-
fall caused by this spray, in comparison with that occuring on check trees,
is shown in Table 23, Plots 1 and 9; Table 25, Plots 2, 8, and 10; Table
26, Plots 2, 9, and 14; Table 27, Plots 2 and 9; Table 28, Plots 3, 11, and
17; Table 29, Plots 2, 8, and 13; Table 30, Plots 9 and 15; Table 31, Plots
3 and 7; Table 32, Plots 4 and 10; Table 33, Plots 3 and 9; Table 34,
Plots 3 and 9; and Table 35, Plot 3. In Tables 23, 25, 26, 27, 31, 32, and
33 are shown the original as well as the final count of leaves on spurs. The
leaf-fall during the summer for unsprayed trees is shown in Table 4. The
figures probably represent the normal, natural defoliation characteristic of
the varieties in question, because injuries from insects and fungi were
negligible. The leaf-fall is stated as percentages of the original number of
leaves on the spurs and the percentages are averages for the seasons when
records were taken in this way. The leaf-fall on trees sprayed with the
indicated concentrations of lime-sulphur and lead arsenate is also shown in
Table 4. These figures show the total leaf-fall during the summer from
about June 1 to September 30.

Table 4.—Leaf-fall caused by lime-sulphur and lead arsenate.

Total leaf-fall (per cent) during summer
Materials A%%“g;ﬂ" — —
Jonathan Hubbardston MelIntosh Baldwin
Check............ S i 3 13 6 14
611 (711 o) k1 P, 214 gal.
Tiead ATSEHALE. wvwacumin s v s vs s n miaimn s v v s v 2 or 3 Ih. 43 35 16 38

The loss of leaves from unsprayed trees of most varieties was very small
and the actual reduction in leaf area was much less than the percentage
loss shown because the leaf-fall was confined almost entirely to the small
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basal leaves on the spurs, which represent a small part of the total leaf
arca on a spur. However, with the trees sprayed with the lime-sulphur and
lead arsenate, the percentage loss by count more nearly represents the reduc-
tion in leaf-area, as many of the larger leaves dropped. In addition to this,
many of the persistent leaves were injured to a greater or less extent so
that the functioning leaf arca was still further reduced. This does not take
into consideration any possible reduced functioning of uninjured leaves.

In some vears, a continuous seasonal record was not taken but one final
count, usually in September or early October was made to indicate the
comparative conditions with various treatments. Such records are presented
in Tables 28, 29, 30, 34, and 35. The final counts from these Tables, as
well as those from Tables 23, 25, 26, 27, 31, 32 and 33 were averaged and
the results presented in Table 5. These data show definitely that the com-
bination of 214 gallons of lime-sulphur, 2 or 3 pounds of lead arsenate, and
water to make 100 gallons causes heavy leaf-fall on most of the varieties
studied. Tt is evident, also, that varieties vary in their susceptibility to the
injury or injuries that cause premature leaf-fall. Wagener is the most
susceptible and McIntosh the most resistant, with Hubbardston nearly as
resistant as MclIntosh. The other varieties studied are subject to this
type of injury though but not to the same extent as Wagener.

Table 5.—Leaf-fall caused by lime-sulphur and lead arsenate.

Leaves persistent on spurs in September (average)

Materials :\}1{1;{))\1;1]?11 At Morrice At Belding
7.71/(;:1;(‘}71:1'1\7ﬂ};\;;nrd- Wagener | Baldwin Spy N MeclIntosh | Baldwin
ston
Check..... . - . 6.4 5.0 5.6 % ¢ 5.3 6.0 5.1
Lime-sulphur. ... .. .. 215 gal. | I -
Lead-arsenate... .. .. 2 or 3 1b. 3.7 4.1 1.6 2.6 2.4 5.1 2.9

Lower Concenrations of Lime-sulphur and Lead Arsenate—The data
just presented have to do with lime-sulphur and lead arsenate at the so-
called standard concentrations. Several attempts have been made to deter-
mine the effect of lowering the concentration of one or both of the in-
gredients of the combination or of eliminating the lead arsenate. In 1920,
at Morrice, several variations were used, as shown in Table 26, Plots 2,
6, 7, &, and 9. The results of these tests are summarized in Table 6. These
counts were usually made in September.

Another similar series was carried on at Morrice in 1927, The detailed
statement of treatment and results is shown in Table 27, Plots 2, 3, 4, 5 and
9 and the results are summarized in Table 7. A third set of experiments
was carried out in 1928, as shown in Table 28, Plots 3, 8, 9, 10 and 17.
In this work, all plots were sprayed uniformly in the pre-blossom applica-
tion. In the post-blossom applications, the lead arsenate was used at the
rate of three pounds in 100 gallons in the petal-fall and in the two-weeks
applications and two pounds in the sccond brood application on all plots;
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Table 6.—Effect on premature defoliation of lowering the concentration of lime-
sulphur and lead arsenate, Morrice, 1926.

Leaves lost from spurs
(perccntagc}s) of )origmal
o Amount in ARIDOrH
Plot Material 100 gal.
Jonathan Hubbardston
2 and Vv sramnssssvs is swmssesssin Limesulphur: : «o ¢ s s ssssnwsssssis 214 gal. o7 34*
Lead arsenate,.........cooenvnaines 2 Ibs.
Bossemmnmmess snn vsmnme v s 55w v LG SUDEE wss 6.0 wuosssmen v s voa 214 gal. 32 34
Lead arsenate: .« : scasmsmnsssisssvs 11b.
A N . e Lime-sulphur. ........ ... ... : 11{ gal. 18 13
Lead arsenate......... S s 11b.
6.0ovceiiinienaneiieooooo..| Lime-sulphur. . ... .......... 114 gal. 0 14
Lead arsenate none
e e o LA S AR A SR (8111 (v] APPSR URSIR I 3 (]

*Average of two plots (Nos. 2 and,9).

but the lime-sulphur was varied from one gallon to two and one-half gallons
in each 100 gallons of spray. The results are summarized in Table 8. Still
other data are available from the work at Morrice in 1930, as shown in
Table 30, Plots 9, 12, 13, 14, and 15. 1In these tests, the lead arsenate was
used uniformly on all sprayed plots but liquid and dry lime-sulphur were
each used at two concentrations. The results are summarized in Table 9.

Table 7.—Effect on premature defoliation of lowering the concentration of lime-
sulphur and lead arsenate, Morrice, 1927.

Leaves lost from spurs
(percentages of original
Pl . Amount in numbers)
ot Materials 100 gal. =
Jonathan
5 S U Lime-sulphur. .................... 114 gal. 29
Licad arsensiliey s s s ssoess vaminsons none
7 S R SR S TP Lime-sulphur. .. ... T 214 gal. 44
Lead arsenate..................... none
Dol ¥l o nmmisssntromms possasass Lime-sulphur..................... 214 gal. 63*
Lead arsenate. 2 1bs.
e S T 5 AT S R SRS T TG ETA] DI By nsirs wvosing s rapstesivmies 214 gal. 69
Liead arsenate. .snsesssesvisammns 11b.

*Average of two plots (Nos. 2 and 9).
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Table 8.—Effect on premature defoliation of lowering the concentration of lime-
sulphur and lead arsenate, Morrice, 1928.

Leaves lost from spurs (percentages of checks)

Plot Materials A]!(I)l(;)lgl;‘;% i,,"
Jonathan Hubbardston Wagener
LA b N —— Lime-sulphur. ............ 214 gal. 54 37 68
Lead arsenate............. 3 1bs.

10z cascarsommmpniniesoson Lime-sulphur. ............ 2 gal. 50 25 66
Lead arsenate............. 3 1bs.

Dhsmons v oq sammmeny 5o 5 Lime-sulphur. ............ 114 gal. 58 22 54
Lead arsenate............. 3 lbs.

- Lime-sulphur............. 1 gal. 54 25 34
Lead arsenate....... 3 Ibs.

*These concentrations refer to the post-blossom applications as all plots were sprayed uniformly in pre-blossom applications
The lead arsenate was reduced to 2 Ibs. on al! sprayed plots in the second brood application.

In Table 6, lime-sulphur, two and onec-half gallons, and lead arsenate,
two pounds (Plots 2 and 9) and one pound (Plot 8) are shown not to
have caused significantly different amounts of leaf-fall on either Jonathan
or Hubbardston. Lime-sulphur, one and one-quarter gallons, and lead arse-
nate, one pound (Plot 7) and with no lead arsenate (Plot 6) are shown to
have caused much less defoliation than lime-sulphur at the rate of two and
one-half gallons (Plots 8, 2, and 9). With Hubbardston, there was no
essential difference in results from one pound of lead arsenate and no lead
arsenate ; but, with Jonathan, the addition of one pound of lead arsenate
(Plot 7) caused an absolute increase in leaf-fall of 9 per cent over that
from no lead arsenate (Plot 6). The most significant and consistent differ-
ence in this group of plots is hetween Plots 6 and 7 which received one and
one-fourth gallons of lime-sulphur and Plots 8, 2, and 9, on which two
and one-half gallons of lime-sulphur were used.

The results presented in Table 7 show that lime-sulphur with two pounds
of lead arsenate (Plots 2 and 9) and with one pound (Plot 3) caused only

Table 9.—Effect on premature defoliation of lowering the concentration of lime-
sulphur and lead arsenate, Morrice, 1930.

Leaves lost from spurs
. (percentage of check)
Plot Materials A%%“;h}“
Jonathan
B v os s v s i b Lime-sulphur. ............... ... 214 gal. 11
Lead arsenate.  cos s . essvvmmonnss 3 1bs.
12 R e TR Lime-sulphur. ..............c.... 1 gal. 11
Lead amB8enato. . vusvsissmistorary 3 1bs.*

*2 pounds were used in the second brood application.
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slightly different amounts of leaf-fall. ILime-sulphur of the same concen-
tration but with no lead arsenate (Plot 4) caused much less injury, and the
reduction of the lime-sulphur to one and one-fourth gallons and without lead
arsenate (Plot 5) produced still less leaf-fall.  Time-sulphur without lead
arsenate caused an appreciable amount of leaf-fall but lowering the con-
centration of the lime-sulphur resulted in a marked decrease in leaf-fall,

In 1928, the lead arsenate was kept uniform but the lime-sulphur was used
at four concentrations: one, one and one-half, two, and two and one-half
gallons.  The results presented in Table 8 show that, with Jonathan there
were practically no differences; on IHubbardston, there were no significant
differences except possibly for the greater leaf-fall with the highest con-
centration of lime-sulphur; but, wnh Wagener, there was a direct relation
between the concentration of the 11111(‘—51111)1111 and the amount of leaf-fall.
The results with Johathan were definitely affected by what was probably an
increase in arsenical injury and yellow-leaf development in Plots & and 9,
where the lower concentrations of lime-sulphur were used. The general
condition of the foliage in these plots was very much better than in Plots
10, 2, and 11; but, in spite of this, injury of the yellow-leaf type was con-
spicuous and all such leaves fell at once. The greater part of this develop-
ment came during late June and July. A conspicuous accompaniment of
this injury in Plots 8 and 9 was the invasion of fungi into practically every
injured spot. These were undoubtedly sa )101)11_\/’[1( in nature though this
phase of the problem was not studied in (lctzlil. Tt was determined defi-
nitely* howm(r that black-rot was not present. The total absence of these
fungi from the leaves of adjacent unsprayed trees is evidence that they
were not parasitic.

A fact (Ieﬁmtclv shown in Table 8 is the extreme susceptibility of Wag-
ener to injury, the intermediate position of Jonathan, and the relative re-
sistance of Hubbardston.

Tn 1930, Table 9. the leaf-fall was very much less than in many vyears
but the results with high and low concentrations of lime-sulphur were of the
same nature as shown in Table & for 1928. The actual amount of injured
area on leaves in Plot 9 was much greater than in Plot 12, where the lower
concentration of lime-sulphur was used but the loss of leaves was equal.
The saprophytic fungi were just as conspicuous in Plot 12 in 1930 as in
Plots R an(l 0 in 1928 and much more conspicuous than in Plot 9 (1930).
Counts were not made on Hubbardston and Wagener, but their condition was
hetter in Plot 12 than in Plot 9 and there was little of the vellow-leaf injury
and none of the saprophytic fungus.

Summarizing the results presented in Tables 6, 7, 8, and 9, it is evident
that despite some inconsistencies there are certain definite tendencies. The
lowering of the concentration of lime-sulphur, especially with smaller
amounts of lead arsenate, resulted in reduced leaf-fall. Injury does not
seem to be lessened by reducing the lead arsenate hut with the lime-sulphur
concentration constant there is more injury with lead arsenate than without.
T.owering the concentration of the lime- sulphm but with the lead arsenate
uniform, has resulted in more vellow-leaf injury on Jonathan, but not on
other varieties.

Calcium Arsenate vs. Lead Arsenate The substitution of calcium
arsenate for lead arsenate hecause of its compatibility with lime-sulphur and
hecause of its lower cost has been suggested frequently.  This material was

*By Dr. Ray Nelson of the Section of Botany,
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used m a few cases in this work and no marked difference was noted in the
amount of injury. Calcium arsenate, however, is not generally accepted
as being equal to lead arsenate for codling moth control.  Reports of tests
of calcium arsenate are found in Table 28, Plot 15; Table 30, Plot &; and
Table 34, Plots 4 and 5.

The Use of Supplementary Materials to Reduce Injury

Modifications of the combination of lime-sulphur and lead arsenate to
reduce the injuries have been suggested.  These modifications are supposed
to eliminate or reduce the burning caused by the lime-sulphur or to check
the reaction between lime-sulphur and lead arsenate and thus prevent the
development of arsenical injury. Several of these modifications have heen
tested under Michigan conditions.

Tobacco Dust—CGround tobacco or tobacco dust was found by
Thatcher and Streeter (23), in laboratory experiments, to check the forma-
tion of water soluble arsenic when lime-sulphur and lead arsenate are com-
bined. Tobacco dust was used in this way in field tests in two orchards in
1928. The results at Morrice with Jonathan, Hubbardston, and Wagener
are presented in Table 28, Plot 5, and at Belding with Baldwin in Table
34, Plot 2. These, together with those from the use of the ordinary com-
bination of lime-sulphur and lecad arsenate, are brought together in Table
10 and show that the addition of tobacco dust did not result in any significant
difference in injury.

Table 10.—Effect on premature leaf-fall of modifying the lime-sulphur-lead arsenate
spray with tobacco dust and calcium sulphate.

Leaves persistent on spurs (in late September)
Madterials Ai](];())”;',‘::lt“ e = —
Jonathan Hubbardston Wagener Baldwin
Lime-sulphur. . ......... . R 214 gal. 3.3% 4.7t 1.61 2.4
Lead arsenate. . . .. e 3or2lb.*
Lime-sulphur. . . R b oy 214 gal.
Lead arsenate. . . . g e e e 3or2lb.* 3.9 5.3 1.7 2.3
Tobaceodust.................... ... 51b.
Lime-sulphur. . . 215 gal.
Lead arsenate....... ......... 3or2lh. 3.5 4.6 2.0
Calcium sulphate. .. ... 4 1b.

*Two pounds used in the second-brood application.
tAverage of two plots.

Calcium Sulphate—The use of calcium sulphate has been sugeested
by Mogendorf (18), as a means of inhibiting the formation of water soluble
arsenic from lead arsenate. Calcium sulphate with lime-sulphur and lead
arsenate was used in one test in 1928 at Morrice with Jonathan, Hubbard-
ston, and Wagener (Table 28, Plot 4) and the results are shown in Table
10 in direct comparison with lime-sulphur and lead arsenate without the
calcium sulphate.  The data do not indicate any benefit from the addition
of calcium sulphate.
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Casein Spreader——I'hc addition of casein spreader to the lime-sulphur-
lead arsenate spray, as previously stated, is believed by some to be beneficial
and by others to increase the possibilities of injury. Casein spreader has
been used in several instances in this work: At Morrice in 1924, Table 23,
Plot 2; 1925, Table 25, Plot 3; 1926, Table 26, Plot 3; 1930, Table 30,
Plot 1; at Belding in 1925, Table 31, Plot 2; and 1926, Table 32, Plot 3.
The data from all these experiments, except the one in 1930 at Morrice,
are summarized in Table 11. In one instance only, with Jonathan in 1925,
was there any noticeable difference in favor of casein spreader. In three
cases, the results are practically the same but in the other six cases there
were fewer leaves persistent where casein spreader was used. The obvious
conclusion is that the addition of casein spreader to the lime-sulphur-lead
arsenate spray is more likely to increase than to lessen leaf-fall.

Table 11.—The relation of casein spreader to injury from lime-sulphur and lead

arsenate.
Leaves persistent on spurs (average)*
Materials A?(l)(())ungl:n Year
Jonathan Hubbardston Wagener Baldwin MecIntosh
Lime-sulphur. ... 214 gal. 1924 1...oveoscveinn 3.5 (4.5) 1:410.0) Msomsscrsommnleame e
Lead arsenate... . 21b. 1925 4.7 (3.9)* 4.6(4.9) ..o 3.6 (4.9) 5.4 (6.2)
Casein spreader. . 11b. 1926 4.6(4.8) £0ME:0) [vssscsessmmmnn 4.4 (4.5) 5.8 (5.7)

*The figures in parentheses show the results from the same concentrations of lime-sulphur and lead arsenate without casein
spreader.

Cane Sugar—Canc sugar is used in the manufacture of dry lime-
sulphur to inhibit the breaking down of the sulphur compounds in the lime-
sulphur and it has been claimed that its presence checks the formation of
water soluble arsenic when lead arsenate is used with the dry lime-sulphur.
Cane sugar was used with liquid lime-sulphur and lead arsenate at Morrice
and Belding in 1925 (Table 25, Plot 6 and Table 31, Plot 6). The figures
obtained at Morrice (Table 25, Plot 6) with both Jonathan and Hubbardston
show significantly less leaf-fall than where sugar was not used (Plot 2).
At Belding (Table 31, Plot 6), there was greater leaf-fall where sugar was
added than where none was used (Plot 3). Iactors other than spraying
materials may have been operative in increasing the injury in Plot 6. This
work is not extensive enough to be conclusive but there is some indication
that sugar may be of value in this connection.

Lime—The incorporation of lime in the lime-sulphur-lead arsenate
spray has been advised many times to reduce spray injury. Both hydrated
and quick lime have been used in these experiments. The results of these
tests are shown in Table 23, Plot 3; Table 25, Plot 4; Table 26, Plot 4;
Table 28, Plots 1 and 2; Table 31, Plot 4; Table 32, Plot 5; and Table 34,
Plots 7 and 8. These data are brought together in Table 12. In a total
of 14 comparisons, only two show marked differences and these are not in
one direction. Otherwise, the data indicate that lime did not increase or
decrease injury to foliage.
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Table 12.—The relation of lime to injury from lime-sulphur and lead arsenate.

Leavespersistent on spurs (average) t
Materials A"(])?)“;a']?” Year e
Jonathan Hubbardston Wagener Baldwin MeclIntosh
Lime-sulphur. . . . 215 gal. 1994: scisonmnssavnm BED) e essrssnmmalsvaismmenanvessliass o sambons
Lead arsenate. ... 2or 31h. 1925 5.4 (3.9)f 48049 | 4.4(4.9) 7.0 (6.2)
][5 7 (1 SRS | —————— 1926 5.0 (4.8) EHLG)  [-awmovensyywne 4.6 (4.5) 6.0 (5.7)
1928 3.4(3.6)t 4.1(4.0)1 1.7 (1.4t 1.6 (2.4) 3.3(3.9)

*Refer to the original tables, as indicated in the text, for the amounts of lime used.
1The figures in parentheses show the results from the same concentrations of lime-sulphur and lead arsenate without lime.
tAverage of two plots.

Aluminum Sulphate —Investigations in Canada (3) have shown that
the use of aluminum sulphate with lime-sulphur and arsenicals has resulted
in marked improvement in certain respects. Aluminum sulpbate at the rate
of 374 pounds to each gallon of lime-sulphur solution reduces or eliminates
the injurious effects of lime-sulphur that are so serious in that territory.
This should be expected since this amount of aluminum sulphate precipi-
tates practically all the sulphur in solution in the lime-sulphur. This com-
bination was used at Morrice and Belding in 1927, as shown in Table 27,
Plot 8 and Table 33, Plot 4. Tt caused slightly less leaf-fall than the same
concentration of lime-sulphur and lead arsenate, as indicated in Table 27,
Plots &, 2 and 9 and Table 33, Plots 4 and 3. The foliage on trees sprayed
with the aluminum sulphate modification was of excellent color and free
from lime-sulphur burn but there was a rather severe development of yellow-
leaf injury, indicating that the modification does not work well with lead
arsenate.

Iron Sulphate—Iron sulphate (ferrous sulphate) has been experi-
mented with in several ways in connection with spraying materials. Ex-
amples of this are the investigations of Waite (24), who combined it with
self-boiled lime-sulphur; of Ballard and Volck (4) who found lime-sulphur
and iron sulphate desirable as a spray for the control of apple powdery
mildew. This spray, which was known as ‘“iron sulphide” was further
tested in Oregon by Winston and Childs (26).

The combination of iron sulphate with lime-sulphur sprays to serve as
a marker has been practiced to a considerable extent in certain districts.
The reports concerning the use of iron sulphate have not all been in accord
and little has been reported concerning it in recent years.

Investigation of the use of iron sulphate with lime-sulphur and lead arse-
nate began in Michigan in 1925. TIron sulphate was added in this work at
the rates of one-half, one, and three and one-half pounds of iron sulphate
for each gallon of lime-sulphur concentrate. The lime-sulphur was always
used at the rate of 274 gallons with water to make 100 gallons. Iron sulphate
has also been combined with the lime-sulphur-calcium arsenate combination
and with dry lime-sulphur and lead arsenate. Three and one-half pounds
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is approximately the amount of iron sulphate required to precipitate com-
pletely one gallon of lime-sulphur concentrate. Omne half pound, therefore,
would precipitate approximately one-seventh of cach gallon of lime-sulphur.

The procedure usually followed in mixing iron sulphate with the other
ingredients follows: Start filling the sprayer tank with water and, when
there are 25 to 50 gallons in the tank, add the iron sulphate, then the lead
arsenate ; and, lastly, when the tank is nearly full, add the lime-sulphur. Fill
the tank with water and apply. Keep the agitator in operation at all times.

Iron sulphate was used at Morrice in 1925, as shown in Table 25, Plot
5, and at Belding, as indicated in Table 31, Plot 5. The percentage loss,
by count, of leaves from spurs from four varieties is shown in Table 13.
These percentages are calculated from the leaf-fall records presented in
Tables 25 and 31.

Table 13.—The effect on leaf-fall of adding iron sulphate to the lime-sulphur and
lead arsenate spray, 1925.

Percentage of leaves lost from spurs

Treatment —
Jonathan Hubbardston MeIntosh Baldwin
Lime-sulphur and lead arsenate. ......................... 16 24
Iron sulphate, lime-sulphur and lead arsenate.............. 4 22

The premature leaf-fall when the iron sulphate was added was much
less and the general condition of the foliage was much better than where
lime-sulphur and lead arsenate without the iron sulphate were used.

In 1926, iron sulphate was used in the same way as in 1925, as indicated
in Table 26, Plot 5 and Table 32, Plot 7. TLime-sulphur and lead arsenate,
as shown for Plots 2 and 4 respectively in Tables 26 and 32, caused pre-
mature leaf-fall during the season of 31 per cent for Jonathan, 32 per cent
for Hubbardston, 16 per cent for MclIntosh, and 26 per cent for Baldwin.
The same materials with iron sulphate added caused losses of 13, 23, 20, and
16 per cent, respectively, for the same varieties. The leaf-fall was signifi-
cantly less with iron sulphate in Jonathan, Hubbardston, and Baldwin but
slightly greater in McIntosh.

In 1927, iron sulphate was used at Morrice (Table 27) as in 1925 and
1926 at the rate of one-half pound for each gallon of lime-sulphur (Plot 6)

and at the rate of 374 pounds to each gallon of lime-sulphur (Plot 7).
It was used in the same manner at Belding (Table 33, Plot 6). The pre-
mature loss of leaves on Jonathan at Morrice without iron sulphate (Plot 2)
was 61 per cent of the original number of leaves: with one-half pound of
iron sulphate to each gallon of lime-sulphur, the loss was 46 per cent; and
with the iron sulphate increased to 312 pounds, the premature loss of leaves
was reduced to 35 per cent. The general appearance of the foliage in
Plots 6 and 7 was decidedly better than in Plot 2 and indicated an even
greater improvement than is shown by the leaf counts. At Belding, with
Baldwin, the results were in line with those at Morrice.  In Plot 3, where
no iron sulphate was used there was a 06 per cent loss of leaves; and, in
Plot 6, where it was used, this loss was reduced to 37 per cent. ‘The




SPRAY INJURY STUDIES. 1 29

larger amount of iron sulphate (3% pounds) makes the spray mixture
“heavy” and with poor wetting properties and probably reduces the fungi-
cidal value. In 1927, it was observed that the use of iron sulphate in late
summer is likely to cause some spotting of the fruit because the residue
persists, and, further, that the arsenical residue may be undesirably high
where the iron sulphate was used. Jecause of these conditions, it
was decided that the combination of iron sulphate with lime-sulphur in
the second brood application is undesirable; and, in all succeeding in-
vestigations, bordeaux and lead arsenate instead of the iron sulphate
combinations have been employed for that application. Reference to the
use of iron sulphate in succeeding experiments means, then, that iron sul-
phate, lime-sulphur, and lead arsenate were used in the earlier sprays and
that bordeaux and lead arsenate were used in the second generation applica-
tion.

At Morrice, in 1928, iron sulphate was used at two rates: One-half
pound and one pound to ecach gallon of lime-sulphur, as indicated in Table
28, Plots 6 and 7, and at Belding at the rate of one-half pound with each
gallon of lime-sulphur with both lead and calcium arsenate, as shown in
Table 34, Plots 5 and 6. The results of these tests are brought together

in Table 14.

Table 14.—The effect of adding iron sulphate to lime-sulphur with lead and calcium
arsenate, Morrice and Belding, 1928.

Leaves persistent on spurs (average)

Materials A‘\;'lli‘il)\l;:ilf“ Morrice Belding
Jonathan Hubbardston Wagener MelIntosh Baldwin
Lime-sulphur. . .. ... 3.6 4.0 1.4 3.4 2.4
Lead arsenate. . .. ..
1
Lime-sulphur*. ... ... 214 gal.
Lead arsenate. ... .. 3or2lb.t 6.2 6.3 3.4 3.9 2.9
Iron sulphate. . ... - i 114 1b.
Lime-sulphur*. . 214 gal
Lead arsenate. ........ .. 3or2lb.f 8.3 6.2 B2 s
Iron sulphate. .......... 214 1b.
Lime-sulphur®. ... .. ... 2145 gal.
Calcium arsenate. ........ illBe. s s e s e agmenspmal s 3.8 2T
Iron sulphate. ........... 144 1b.

*Bordeaux was s'ibstituted for lime-sulphur and iron sulphate in the second brood application.
12 Ihs. were used in second brood application.

These data show a very much better condition at Morrice where iron
sulphate was used and a noticeable difference at Belding.  There was
little difference at Morrice between the two amounts of iron sulphate but
the general condition of the foliage was slightly better where 274 pounds
were used. The use of iron sulphate with lime-sulphur and calcium arsenate
at Belding gave practically the same results as with lime-sulphur and lead
arsenate.
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A study of iron sulphate was continued at Morrice and Belding in 1929
in experimental plots and it was also used by many apple growers in Michi-
gan. An effort was made to determine (1) in which applications it is most
desirable to use iron sulphate, and (2) the effect of adding casein spreader to
the combination. At Morrice (Table 29), iron sulphate was added in Plot 5
in the pre-pink, pink, petal-fall, and two weeks applications ; in Plot 0, it was
omitted in the pre-pink; and, in Plot 4, it was not included until the two-
weeks application. In Plot 3, casein spreader was used with iron sulphate
in the pink, petal-fall, and two weeks applications. In Plot 10, dry lime-
sulphur A was substituted for liquid lime-sulphur. At Belding (Table 35,
Plot 4), iron sulphate was included in all the early applications. It was also
applied in several combinations in another orchard at Belding. The re-
sults of this experiment are not reported in detail as none of the injury that
was to be studied developed under any treatment.

Leaf-fall, at Morrice, was significantly reduced by the addition of iron
sulphate, as shown in Table 29, where Plots 4, 5, and 6 all show a larger
number of leaves persistent than in Plot 2 where no iron sulphate was added.
Leaf counts are presented here for five varieties—Jonathan, Hubbardston,
Wagener, Baldwin, and Spy. The omission of iron sulphate in one or more
of the early applications (Plots 4 and 0) did not materially change the re-
sults from those obtained in Plot 5. The inclusion of casein spreader (Plot
3) did not have any marked effect on leaf-fall. At Belding, (Table 35) leaf-
fall was severe both with and without iron sulphate but was distinctly worse
where iron sulphate was not used (Plot 3) than where it was (Plot 4).

Dry lime-sulphur (Table 29, Plot 7) caused slightly less leaf-fall than
lime-sulphur (Plot 2). The inclusion of iron sulphate with dry lime-sulphur
(Plot 10) produced effects not greatly different from those obtained in Plot
5 where iron sulphate was employed in the same way with liquid lime-
sulphur.

There were several periods during 1929 when conditions were very favor-
able for true lime- sulphm burn, and, at both Morrice and Belding, iron sul-
phate at the rate of one-half pound to each gallon of lime-sulphur failed to
prevent this injury. It is obvious, therefore, that there can be no advantage
in adding iron sulphate in this proportion when lead arsenate is not usul
It is further evident that the inclusion of iron sulphate is less important in
the pre-blossom applications and that it is probably most important, to
reduce foliage injury, in the two-weeks application or any time soon after
that when lime- sulphur and lead arsenate are used.

The investigations with iron sulphate were continued in 1930 at Morrice,
as shown in Table 30. Iron sulphate was used in Plot 6 in all applications
except the second brood application, and, in Plot 7, it was not included until
the two-weeks application. In Plot 8, calcium arsenate was substituted for
lead arsenate; in Plot 2, NuRexform lead arsenate was substituted for the
regular lead arsenate; in Plot 1, casein spreader was added; and, in Plot
5, dry lime-sulphur A was substituted for liquid lime-sulphur. Leaf-fall was
about the same in all these plots. The number of leaves persistent in four
of these plots was 4.4 and in two there were 4.6. Lime-sulphur and lead
arsenate without iron sulphate (Plot 9) caused the loss of more leaves than
occurred in any plot with iron sulphate. The premature leaf-fall with the
regular lime-sulphur-lead arsenate spray was much less in 1930 than in
most preceding years. These results indicate, as did those of 1929, that the
injury that is prevented by iron sulphate follows the after blossom applica-
tions.
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The data just summarized show definitely that the addition of iron sul-
phate to lime-sulphur (214 gallons in 100) and lead arsenate results in
significantly better foliage than when the same concentration of lime-sulphur
and lead arsenate without iron sulphate is used. This improvement is shown
by a reduction in premature leaf-fall and by a much better condition of the
persistent leaves. Most of the benefit results from the inclusion of iron
sulphate in the after-blossom applications, which are the ones most often
followed by yellow-leaf injury. This indicates that the better condition of
the foliage is the result, in part at least, of checking arsenical injury resulting
from the soluble arsenic formed when lime-sulphur and lead arsenate are com-
bined rather than by reducing true lime-sulphur burn. The results of 1929
show that one-half pound of iron sulphate to each gallon of lime-sulphur
does not prevent the lime-sulphur injury. Complete chemical studies of the
effect of iron sulphate on the lime-sulphur and lead arsenate spray have not
been made but analyses indicate that the formation of water soluble arsenic
is checked when iron sulphate is present.*

Dry Lime-sulphur-—Dry lime-sulphur has been used in many of these
experiments. The value in the control of apple scab has been discussed in
a previous publication (13). The way in which dry lime-sulphur has been
used is indicated in Table 25, Plot 7; Table 26, Plots 11, 12, and 13; Table
29, Plot 7 and 10; Table 30, Plots 5, 13, and 14; Table 32, Plots 8 and 9;
Table 33, Plots 7 and 8; and Table 35; Plot 2.

At Morrice, in 1925 (Table 25), dry lime-sulphur A (8 pounds in 100)
caused about the same amount of leaf-fall (Plot 7) as liquid lime-sulphur
(214 gallons in 100) in an adjacent plot (Plot 8). In 1926, dry lime-
sulphur A was used at three concentrations: 6, 8, and 10 pounds in 100
gallons. There was little difference in results on Jonathan but with Hubbard-
ston there was a direct relation between concentration and leaf-fall, 10 pounds
in 100 causing the greatest loss of leaves and 6 pounds the least, (Table 20,
Plots 11, 12, and 13). Liquid lime-sulphur at the rate of 214 gallons in
100 (Plot 9) caused about the same amount of leaf-fall on Jonathan as dry
lime-sulphur and on Hubbardston slightly more than the approximate
fungicidal equivalent of the dry (10 pounds in 100). In 1929 (Table 29), a
comparison of dry lime-sulphur (Plot 7) and liquid lime-sulphur (Plot 8)
used at equivalent strengths shows rather heavy leaf-fall with both but slight-
ly greater with the liquid.

Dry lime-sulphur with iron sulphate (Plot 10) in the early applications
and bordeaux in the last caused, on the average, about the same results as
liquid lime-sulphur used in the same manner (Plot 4). In 1930 (Table
30, Plots 13 and 14), the use of dry lime-sulphur at two concentrations
caused less leaf-fall than comparable concentrations of liquid lime-sulphur
(Plots 12 and 9). Accurate comparisons are impossible, however, because
the results obtained on different trees within the plots sprayed with dry lime-
sulphur were extremely variable. Factors other than spraying materials
were involved. In Plots 5 and 6, dry and liquid lime-sulphur with iron
sulphate produced identical results.

At Belding, in 1926 (Table 32), dry lime-sulphurs A and B at the rate
of 10 pounds in 100 gallons (Plots 8 and 9) caused slightly more leaf-fall
than liquid lime-sulphur of comparable concentration (Plot 4). In 1927,
at Belding, the results were almost identical (Plots 3 and 7) and the same
condition prevailed in 1930 (Table 35, Plots 2 and 3).

*By O. B. Winter of Section of Chemistry of Michigan Agricultural Experiment
Station.
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These data indicate that liquid and dry lime-sulphur, used in amounts
comparable fungicidally, cause about equal amounts of leaf-fall, but a com-
parison of the condition of the persistent leaves often indicates hetter results
with dry lime-sulphur.

DEFOLIATION FROM SULPHUR SPRAYS OTHER
THAN LIME-SULPHUR

Several sulphur sprays, other than liquid and dry lime-sulphur, were used
i these nvestigations.  Among these, were dry-mix sulphur-lime, wettable
sulphur, colloidal sulphur, flotation sulphur, and calcium monosulphide.

Dry-mix-—Dry-mix was used at Morrice in 1924 as indicated in Table
23, Plots 4 and 5. In Plot 4, it was used throughout the season. It was
used in Plot 5 for the after-blossom applications, lime-sulphur having heen
used in the preblossom period. The amount of leaf-fall was small in hoth
plots and less than with lime-sulphur in Plot 1. Dry-mix was used also
at Belding in 1927 in the after-blossom applications after lime-sulphur in
the pre-blossom period (Table 33, Plot 2). Teaf-fall was less and leaf
condition better than in Plot 3 where lime-sulphur was used throughout the
season.

Wettable Sulphur—A\ wettable sulphur was used at Morrice in 1926
(Table 26, Plot 1) in the two-weeks and second-hrood application following
lime-sulphur in the petal-fall and earlier applications. The amount of leaf-
fall was distinctly less with both Jonathan and Hubbardston than where
lime-sulphur was used throughout the season (Plot 2). There was, how-
ever, some yellow-leaf injury following the last sprav. [Lime in the mixture
might have prevented this. A wettable sulphur was used in 1927 at Morrice,
as indicated in Table 27, Plots 11 and 12. T.eai-fall was severe in both
these plots and occurred to about the same degree as on lime-sulphur sprayed
trees. The injury that caused the loss of leaves was of the yellow-leaf type.
This material was ineffective in scab control and a high percentage of the
leaves were affected by scab. Lead arsenate was used with the wettable
sulphur and it is probable that the severe development of vellow-leaf mnjury
resulted from arsenical injury through the scab lesions.

Colloidal Sulphur-— Colloidal sulphurs from different sources were
used in 1924 at Morrice, as shown in Table 23, Plots 6 and 7. No leaf-fall
of consequence occurred with either but neither controlled scabh in a satis-
factory manner.

Flotation Sulphur—I‘lotation sulphur was used at Morrice in 1928
(Table 28, Plot 16). Trees sprayed with this maintained excellent foliage
throughout the season. A further test of the same product was made again
at Morrice in 1930 (Table 30, Plot 3). The foliage again remained in ex-
cellent condition throughout the season.

Calcium Sulphide A\ recently introduced material, calcium sulphide
(Cal-Mo-Sul), was used at Morrice in 1930, as shown in Table 30, Plot 4.
There was no evidence of injury to the foliage.

Sulfocide A sodium-sulphur compound, known as Sulfocide, was
used in several experiments in the early part of these investigations. Casein
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spreader was always added to the spray when lead arsenate was used. This
was in accordance with the manufacturer’s instructions, to reduce the forma-
tion of water soluble arsenic when the sodium sulphide was combined with
lead arsenate. Sulfocide was used at Morrice in 1925 (Table 25, Plot 1),
at Belding in 1926 (Table 32, Plot 0) and in 1927 (Table 33, Plot 5). Leaf-
fall was greater at Morrice in 1926 than with lime-sulphur but was slightly
less at Belding in 1926 and 1927.  Since this material was found to be in-
effective in the control of apple scab, investigations with it were discontinued.

Foliage Injury from Copper Sprays

Bordeaux—Bordeaux has been used continuously on one plot at Mor-
rice and on one plot at Belding. Time-sulphur or lime-sulphur and iron
sulphate has been substituted for bordeaux in the petal-fall application in
recent seasons in order to reduce to a certain extent the russeting on the
fruit. In one year, a prepared bordeaux was substituted for the home-made
material.  The bordeaux used in 1925 was made according to the 4-8-100
formula and this material has been used since at a concentration as low as
2-2-100. The concentration used each year is indicated in the proper table
in the appendix. The plots that have had bordeaux used continuously have
uniformly had very light leaf-fall and the foliage has almost always re-
mained in excellent condition throughout the season. The results are shown
in Table 23, Plot &; Table 25, Plot 9; Table 26, Plot 10; Table 27, Plot 10;
Table 28, Plot 12: Table 29, Plot 9; Table 30, Plot 10; Table 31, Plot 1;
Table 32, Plot 2; and Plot 1 in Tables 33, 34, and 35. The condition of the
foliage i these plots is compared with that in plots sprayed with lime-
sulphur and lead arsenate for each year in Table 15.

Table 15.—Comparative foliage condition with bordeaux and lime-sulphur.

Leaves persistent on spurs (September)
Year Jonathan Hubbardston Wagener Melntosh Baldwin
w— Lime- o Lime- N Time- — Lime- - Lime-
Bordesu sulphur Bordesx sulphur Bordeaux sulphur Bordeaux sulphur Bordeaux sulphur
1928 | essaims - 5.8 4.5 1.0 2.6 e sl
1925 7.7 ‘ 4.6* 6.5 4.9* 6.7 6.2 5.7 4.9
1926 6.6 5.0* 6.9 £.6% [.cscsns i 5.7 4.8 4.5
1927 5.0 ’ 2.7*% | ! 1.4 | 1.8
| | |
1928 6.2 3.3% 6.5 | i 3.1 i 1.6 ‘ 3.6 i 2.4
| |
I R - 1 4 I — |7 T A "77777’
1929 ‘ 3.8 | 2.3% 1.3 | 2.4* 3.7 1..3* 3.9 i 1.2
|
B — S — o ! - e S
\ | \ \
1930 | 4.9 4.1

*Average from two plots,
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These data show in every instance that there has been a greater number of
leaves persistent with bordeaux than with lime-sulphur, and, furthermore,
the condition of the persistent leaves on the bordeaux trees was always better
than where lime-sulphur was used.

Bordeaux has been used, beginning in 1928, in the second brood applica-
tion on all plots that have been sprayed in the earlier applications with lime-
sulphur and iron sulphate. The results from this practice have been
satisfactory and bordeaux is especially desirable at that period because it
can be used when the temperature is high. Lime-sulphur is likely to cause
immediate injury under such conditions and the greatest development of
vellow-leaf injury usually follows the use of lime-sulphur and lead arsenate
at that season. Bordeaux may be used in the second-brood application after
lime-sulphur without as well as with iron sulphate. The use of bordeaux
in the early summer applications is very undesirable, however, on most varie-
ties of apples in Michigan because of the russeting of the fruit.

Other Copper Materials—In 1928 scveral copper compounds were
used at Grand Rapids as indicated in Table 36. T.eaf-counts were not made
in these plots but rather heavy leaf-fall occurred from both grades of basic
copper sulphate and both kinds of copper carbonate. These materials were
all used in proportions such as to give approximately equal amounts of copper
in the dilute spray.

SPECIAL METHODS EXPERIMENT

The investigations carried on in 1924 that involved the use of special
methods, which are described on page 15 will be discussed from three points
of view :—concentration of materials, rate of application, and units of ac-
tive ingredients applied. The effect of these three factors on injury to
foliage and fruit are considered in succeeding paragraphs.

Injury to Foliage

Concentration of Materials—Two concentrations of lime-sulphur and
bordeaux were used. The lower concentration of each has been termed
weak and the higher concentration strong. T.ead arsenate was used at corre-
spondingly weak and strong concentrations with both lime-sulphur and
bordeaux. These concentrations are shown in Table 2, page 17.

On Hubbardston, with the light application of weak lime-sulphur (Table
24, Plot 10) there was a leaf loss of 23 per cent. Since this is almost
identical with the leaf-fall on the unsprayed trees (Plot 9), it may be said
that there was no injury of consequence from this treatment. The light ap-
plication of strong lime-sulphur (Plot 13) caused a reduction of 44 per
cent which is a significant increase. A moderate dosage of weak lime-
sulphur (Plot 11) caused a loss of 35 per cent while the moderate applica-
tion of strong lime-sulphur (Plot 12) caused 41 per cent of the leaves to
fall and the same dosage of strong lime-sulphur (Plot 15) resulted in the
severe loss of 76 per cent. The results with Wagener are very similar.  With
the light applications, there was a difference of 2.5 leaves per spur between
the weak and strong lime-sulphur; with the moderate application a differ-
ence of 1.3 leaves per spur, and with the heavy application a difference




Figure 1. Injuries to Foliage from Bordeaux and Lime-sulphur. A. lLower
leaf shows early red or purple spot stage of copper injury and with some areas
dead and brown. Brown spots and some vellowing are shown on second leaf
and the final yellow-leaf stage is illustrated in the upper leaf. B. Lime-sulphur
burn is present on all three leaves.
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Figure 2. Lime-sulphur Injury to Young Leaves. A. Spurs from unspraved
trees with no injury but some crinkling from frost. B. Spurs from trees sprayed
with lime-sulphur (2% gal. in 100) that dried quickly. . Spurs from trecs
sprayed with lime-sulphur (2% gal. in 100) that dried very slowly. Severe in-
jury and stunting followed. The blossoms have been removed from all spurs.




Figure 3. Lime-sulphur Injury to Mature Leaves. A. Shoots from trees
sprayved with lime-sulphur (2%5 gal. in 100) with temperature of 89° F. B. Leaves
irom trees sprayed on the same day with bordeaux with temperature at 94° F.
There was no injury.




Figure 4. Injury from Lime-sulphur and Oil Emulsion. A. Leaves from
trees sprayed in delayed dormant stage with lime-sulphur (3 gal. in 100) and
a commercial oil emulsion (3 per cent). B. Leaves from the same orchard
sprayved in delayed dormant stage with lime-sulphur (12%% gal. in 100).
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Figure 5. Distortion of Leaves Resulting from
Lime-sulphur Injury. Marginal injury to partly de-
veloped leaves causes distortion. The injury resulted
from the petal-fall application. See Figure 6 also.
|

Figure 6. Distortion of Leaves Resulting from Lime-sulphur Injury. Leaves
with marginal injury assume many fantastic forms. The injury followed the
petal-fall application. See Figure 5 also.
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Figure 7. Marginal Injury from Lime-sulphur and Dry Lime-sulphur. A.
Leaves from trees spraved with liquid lime-sulphur (24 gal. in 100). B. Dry
lime-sulphur (10 1bs. in 100 gal.) was responsible for injury on these leaves. This
injury was the result of the use of liquid and dry lime-sulphur in the pink ap-

plication. . No injury occurred when bordeaux was used under similar con-
ditions.



Figure 8. Frost Injury to Leaves. Ircezing during the early pre-blossom
period often causes blistering and cracking of the leaves as shown at A and
crinkling of the whole leaf as in B. See Figure 9 also.




Figure 9. Frost Injury to Leaves. [‘rost injury often causes severe crinkling,
blistering and stunting of the leaves that come with the blossoms. In A is shown
the condition typical of the pre-blossom and blossom period; in B is presented

the condition found about two wecks after petal fall. New normal leaves have
developed and many of the old, crinkled leaves have vellowed and fallen. These
spurs are all from unspraved Jonathan trees.




Figure 10. Frost Injury to Fruit. A form of frost injury that is often
confused with insect and spray injury is here shown. This undoubtedly
results from freezing before the blossom buds have separated in the
clusters. It occurs on the upper portion of the pedicel and the adjacent
lower portion of the small fruit as shown in A and later as the fruit
grows it is drawn over at an acute angle toward the side where the in-
jured area is located as shown in B.

Figure 11.  Frost Injury to Fruit. The injury illustrated in Figure 10 is re-

sponsible for the blemishes on mature apples shown here.




Figure 12. Stunting from Lime-sulphur.
dormant or prepink stages sometimes
of that resulting from frost injury.
lime-sulphur and bordeaux when
Stayman, lime-sulphur: B. Stayman, bordcaux: C.
D. Duchess, bordeaux.
Figure 13.)

LLime-sulphur, used in the delayved
causes dwarfing of the foliage in excess
Here are shown the comparative cffects of
used in the delayed dormant application. A,
Duchess, lime-sulphur; and
lLime-sulphur does not always produce this ceffect. (Sce



Figure 13. Stunting of Leaves. l.ime-sulphur used in the delayed dormant or
prepink often does not increase dwarfing. A, Frost dwarfing on unsprayed
Jonathan. B. Spraved with lime-sulphur but without greater dwarfing.




Figure 14. Foliage Dwarfed by Excessive Spraying. The excessive use of
lime-sulphur and lead arsenate may check growth seriously and cause heavy
premature leaf-fall. A, MclIntosh foliage irom trees sprayved excessively. B.
MclIntosh foliage from trees spraved thoroughly but not excessively. See Figure
15 also.




Figure 15. Fruit Injured by Excessive Spraying. Injury to fruit as well as to
foliage may result from excessive spraying with lime-sulphur and lead arsenate.
A. Fruit irom normally spraved MclIntosh trees. B. Fruit from excessively
sprayed trees. See Figure 14 also.




Figure 10. Sunscald and Blossom-end Injury. At A are shown
various stages of scald. This is more severe on fruit that has been
sprayved with some sulphur material. Blossom-end injury is shown in
B. The third apple from bottom shows rot which often follows this
injury.



Figure 17. Arsenical Injury. The first stage of arsenical injury is red or
purple spots as shown at A. The first stage usually seen, however, is brown spots
and there may be no further development but leaves usually turn vellow, as
in B and drop prematurely.

Figure 18. Spray Injury and Fungi. Injury often develops as a result of
spraving materials penetrating through scab lesions as with lime-sulphur and
lead arsenate in B and with bordeaux in C. Saprophytic fungi often invade
injured arcas as in A with lime-sulphur and lead arsenate and in D where bor-

deaux had caused the primary injury.




Figure 19. Russeting by Frost. Russcting
may result from injury by frost or spraying
materials. This apple has been injured by
frost but lime-sulphur and lead arsenate and
bordeaux cause russcting of a similar type.
See Figures 20 and 21.

Figure 20. Russeting by Lime-sulphur and Lead Arsenate. Injury to the fruit
in the form of russeting often follows the use of lime-sulphur and lead arsenate.

Figure 21. Russeting by Bordeaux. Bordeaux is very likely to cause russet-
ing of the fruit. It may occur as a light netting of the skin or may be much
more severe than shown here.
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of 1.8 leaves. There were fewer leaves persistent in every instance with
the high concentration. It is very clear, then, that the concentration of the
lime-sulphur is an important factor in the development of foliage injury.

A comparison on Hubbardston of the two concentrations of bordeaux
with light, medium, and heavy applications (Table 24, Plots 16 to 21)
shows a doubtful correlation between concentration and leaf-fall. With the
light application, the increase in concentration shows an increase in leaf-
fall from 14 to 26 per cent; with the moderate applications, the increase in
loss 1s from 21 to 28 per cent; but, with the heavy application, there was a
decrease from 23 per cent with the weak bordeaux to 19 per cent with
the strong. The variations are not large and not always in the same direc-
tion, and in no instance is the amount of leaf-fall greatly different from that
on the check. With Wagener, there was slightly more leaf-fall in each case
with the strong than with the weak bordeaux. It seems, therefore, that the
concentration of bordeaux of the type used is of doubtful importance, within
the range used in this study, in causing leaf-fall and certainly is much less
important in this connection than lime-sulphur.

Rate of Application—The results with Hubbardston (Table 24) show
that with the weak lime-sulphur (Plots 10, 11, and 12) each increase in
dosage resulted in a corresponding increase in leaf-fall. With the light
application there was a loss of 23 per cent, which was, as previously indi-
cated, identical with that on the unsprayed tree; with the moderate applica-
tion, there was a loss of 35 per cent, and, with the heavy application, the
loss was increased to 41 per cent. With Wagener, 4.6 leaves per spur
were persistent with the light application, 3.2 with the moderate and only
2.6 leaves with the heavy application. With the strong lime-sulphur, each
increase in dosage resulted in a marked increase in leaf-fall. The percentages
of loss on Hubbardston were 44, 63, and 76 per cent, respectively, for light,
moderate, and heavy applications (Plots 13, 14, and 15). The results with
Wagener are very comparable as the number of leaves persistent for each
dosage was 2.1, 1.9, and 0.8, respectively, for the light, moderate, and
heavy applications. There is, therefore, a very definite relation between the
rate of application and the amount of injury that occurs from the use of
lime-sulphur.

The effect of the rate of application with bordeaux is rather indefinite.
With weak bordeaux on Hubbardston (Plots 16, 17 and 18), the leaf-fali
was 14, 21, and 23 per cent respectively for the light, moderate, and heavy
applications.  With Wagener, the differences were of about the same magni-
tude. The results with Hubbardston with strong bordeaux (Plots 19, 20
and 21) show no definite relation between the rate of application and leaf-
fall as there was less leaf-fall with the heavy application than with the
light and with Wagener the results were essentially the same with all three
dosages.

Amount of Active Ingredients—It has just heen shown that concen-
tration and rate of application bear a direct relation to the amount of injury
resulting from lime-sulphur but that there is little or none when hordeaux
is used. There is still another angle of approach which, for lime-sulphur,
is probably the real determining factor. TIn the fifth column of Table 24 are
indicated the relative amounts of actual lime-sulphur, bordeaux, and lead
arsenate that were applied with cach treatment. Plot 10 received a light ap-
piication of weak lime-sulphur, and, since this is the smallest amount used
in any plot, the value of “one” is given to the amount of active ingredients




© 36 MICHIGAN SPECIAL BULLETIN NO. 218

applied to these trees. Plot 11 was sprayed with the same concentration
but received twice as many gallons as Plot 10; so it is obvious that two units
of lime-sulphur were applied. Plot 12 received three units, Plots 13 two,
and Plots 14 and 15 received four and six units respectively.  The amount
of injury in relation to the units of active ingredients is shown in Table 10.

Table 16.—Effect of active ingredients on leaf-fall in lime-sulphur-lead arsenate and
bordeaux-lead arsenate sprays.

Leaves persistent per spur
) Units September 30 (average)
Materials Concentration active
ingredients
Hubbardston Wagener
1 6.1 4.6
\\'L‘Zlk = >7‘7’—2 S 5 2 = 3 2
. 3 | 44 2.6
Lime-sulphur and lead arsenate S— - S R
2 4.6 2.1
Strong 4 3.0 1.9
6 1.7 0.8
1 6.5 4.7
Weak 2 5.9 4.4
3 6.0 4.0
Bordeaux and lead arsenate S
3 5.8 3.8
Strong 6 5.5 3.6
9 6.1 3.8
Check 6.0

These data show, with one exception, a definite relation between the
amount of leaf-fall and the units of active ingredients. Similar data for
hordeaux are also presented in Table 16 but show little correlation between
the amount of active ingredients applied and the amount of leaf-fall occurring.

INJURIES TO FRUIT

Three types of injury by spraying materials to fruit are considered in
this discussion: russeting, blossom-end injury, and scald (sun scald).

Russeting

Precise determination of the proportion of russeting attributable to spray-
ing is difficult. Weather, vigor of the tree, and variety are factors; variation
from tree to tree and from year to year and the lack of an exact standard
of measurement of russeting contribute to the difficulties. Some of the in-
consistencies here recorded are as yet unexplained. There are, however,
rather definite indications with certain treatments. Attention will first he
given to the experiments at Morrice described on page 15 in which special
methods of application were employed.
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Concentration—Lime-sulphur and lead arsenate (Table 24) at the
high concentration caused more russeting on Hubbardston than equal dosages
of weak lime-sulphur (Plot 10), 7 per cent of the fruit was lightly russeted;
and, with the light application of strong lime-sulphur (Plot 13), there was
12 per cent of light russet. The moderate applications produced 12 and 27
per cent of light russet, respectively, for the weak (Plot 11) and strong

(Plot 14) lime-sulphur; and, with the heavy application, the injury increased
fmm 13 per cent of light russet with the weak material (Plot 12) to 27 per
cent of light russet, 10 per cent of medium, and 1 per cent of heavy russet
with the strong lime- sulphur (Plot 15). These figures show a definite
relation between the amount of russeting and the concentration of the lime-
sulphur and lead arsenate, though they do not show which ingredient is most
important in causing that injury.

With bordeaux on Hubbardston (Table 24), the light application of weak
material (Plot 10) caused 38 per cent of light, 50 per cent of medium, and
7 per cent of heavy russet, as compared to 7, 49, and 40 per cent of light,
medium, and heavy russet with the light application of strong bordeaux
(Plot 19). The moderate applications resulted in 20, 50, and 20 per cent
of light, medium, and heavy russet respectively with weak bordeaux (Plot
17) but this was increased with the strong bordeaux (Plot 20) to 4, 33,
and 62. Thus, each dosage of strong bordeaux shows russeting to a much
greater degree than the same dosage of weak bordeaux.

Rate of Application—With lime-sulphur on Hubbardston (Table 24),
each increase in dosage, with concentration constant, resulted in an increase
in russeting. These (I1Hm ences were not always large.  With weak lime-
sulphur, the amounts of light russeting were 7, 12, and 13 per cent respec-
tively for the light, moderate, and heavy applications (Plots 10, 11, and 12).
With the stmno lime-sulphur (Plots 13, 14, and 15), there was 12 per cent
of light russet with the light (ll)l)ll(dll(m, and 27 per cent with the moderate
dppln,atlon, and, with thc heavy application, there was 28 per cent light,
10 per cent medium, and 1 per cent heavy russet, a significant increase in
each case.

Referring again to Table 24, and comparing various dosages of the weak
bordeaux, it appears that of the light, medium, and heavy russet there were,
respectively, 38, 50, and 7 per cent for the light application; 26, 50, and
20 per cent for the moderate, and 12, 52, and 36 per cent for the heavy
dosage (Plots 16, 17 and 18). With the strong bord caux, the amounts of
light, medium, and heavy russet, respectively, were 7, 49, and 40 per cent
for the light application; 4, 33, and 02 per cent f<>r the moderate applica-
tion; and 10, 36, and 53 per cent for the heavy dosage (Plots 19, 20 and
21). 1In every case, except one, an increase in dosage, with concentration
equal, resulted in an increase in the degree of russeting, the exception being
where two treatments (moderate and hm\ y applications of strong l)mdmu\)
caused russeting to an extreme degree.

Amounts of Active Ingredients—I‘igures showing the relation of this
factor to russeting are presented in Table 17. These data show a definite
relation between the amount of russeting and the units of active ingredients
of lime-sulphur and lead arsenate applied. With bordeaux, the data show,
with one exception, a definite increase in the degree of russet with each in-
crease in the number of active ingredients. The exception is the one pre-
viously noted, from six to nine units, where the injury at six units was so
heavy that there was little chance for an increase at nine.
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Table 17.—Effect of active ingredients on russeting in Hubbardston from lime-
sulphur-lead arsenate and bordeaux-lead arsenate sprays.

i Russeting (per cent)
Units
Materials Concentrations|  active
ingredients . .
Light Medium Heavy
1 7 0 0
Weak 2 12 0 0
3 13 0 0
Lime-sulphur and lead arsenate —
2 12 0 0
Strong 4 g 0 0
6 2§ 10 1
b 38 50 7
Weak 2 26 50 20
3 12 52 36
Bordeaux and lead arsenate —_— — — —
3 @ 49 40
Strong 6 4 33 62
9 10 36 ' 53

These data show (1) that russeting with both the lime-sulphur-lead arse-
nate spray and with bordeaux is directly proportional to concentration, the
rate of application, and the amount of active ingredients; and (2) that
bordeaux in the smallest amounts may be expected to cause more russeting
than even excessive amounts of lime-sulphur and lead arsenate. In the suc-
ceeding paragraphs, there will be presented data concerning the effect of
normal applications of lime-sulphur, lead arsenate, bordeaux, and other
materials on the development of russet.

Lime-sulphur and Lead Arsenate—The effect on russeting of the use
of lime-sulphur, 274 gallons, and lead arsenate, 2 or 3 pounds in 100, is
shown in nearly every table in the appendix and the results with this com-
bination are taken as a standard with which to compare other treatments.
These data are presented in Table 23, Plot 1; Table 25, Plots 2 and 8; Table
26, Plots 2 and 9; Table 28, Plots 3 and 11; Table 29, Plots 2 and 8; Table
30, Plot 9; Table 31, Plot 3; Table 32, Plot 4; Table 33, Plot 3; Table 34,
Plot 3; Table 30, Plot 6, and Table 37, Plot 1. A summarized tabular state-
ment of the increase in the percentage of fruit russeted above that occurring
on unsprayed trees is shown in Table 18.

These data show an increase in russeting from lime-sulphur and lead arse-
nate in nearly every instance. The variations from year to year and between
varieties in one year are noticeable. No explanation of these variations is
offered. There 1s definite indication, however, that this spray is very likely
to cause some light russeting and occasionally severe injury.

Lime With Lime-sulphur and Lead Arsenate —I1ydrated or quick lime
was added in several cases to the lime-sulphur lead arsenate spray. The
results are shown in Table 23, Plot 3; Table 25, Plot 4; Table 26, Plot 4;
Table 28, Plots 1 and 2; Table 31, Plot 4; Table 32, Plot 5, and Table 34,
Plots 7 and 8. These data are summarized in Table 19,
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Table 18.—Russeting from lime-sulphur and lead arsenate.

Increase in light russet (per cent) from lime-sulphur and lead arsenate
over that on unsprayed trees
Year
Hubbardston Jonathan MelIntosh Stayman Grimes
(1)) SR 12
L2 A -, 10.9* 0 5.9
J 11— 2.8* 34.0and 11,61 8.7
1927 . . ou cinvensascson 0* 2.5 6.9
TO28L . s wirosirsiemmivess —14.7* 19.3 and 10.0F 37.1 and 8 61 31,40 and 13 7 and —8}
1929, . s siswsmis comsn 25.3and 1.7¢
L1930 o smomesine s e 11.7

*Average of two plots.
T'[‘_he second_ figure is medium russeting and there was in a few instances a small amount of heavy russet also.
{Light, medium and heavy russet.

The addition of lime to the lime-sulphur and lead arsenate spray reduced
the amount of russeting. None is recorded for either treatment in 1925
with Jonathan. The reduction was small in some instances but was marked
in others, and the general appearance of the fruit was probably improved
to a greater extent than is indicated by the percentage differences.

Table 19.—The effect on russet of lime in the lime-sulphur-lead arsenate spray.

Decrease (per cent) in light russeting resulting from lime-
sulphur, lead arsenate and lime from that caused by lime-sulphur

and lead arsenate without lime
Year
Hubbardston Jonathan MeIntosh
O O et 55 s e S A R 8.0
1925. .. . T = 8 2.5 g 3.0
1898, 5 csicasnacips s . s ; 4.3 18.2 and 10.2} 5.5
1 e S NN i) 8.0,19and13t  |....... ... ... ... DT

*No russet occured with either spray.
tLight and medium russet.
{Light, medium and heavy russet.
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Casein Spreader with Lime-sulphur and Lead Arsenate Results from
the use of casein spreader with lime-sulphur and lead arsenate are shown in
Table 23, Plot 2; Table 25, Plot 3; Table 26, Plot 3; 'I‘ablg 29, J"lot 3 (this
1s with iron sulphate and should also be compared with Plot 4); Table 30,
Plot 1 (this is also with iron sulphate and should be mm])‘u ed with Plot 6) ;
Table 31, Plot 2; and Table 32, Plot 3. These data are summarized in
Table 20.

Table 20.—The effect on russet of casein spreader in the lime-sulphur-lead arsenate

spray.

- ) 7]1;.% (po: C(!l;‘) ;l;;;ru;til:n;(ix; fr:m”l?w:

sulphur, lead arsenate and casein spreader over that caused by

i lime-sulphur and lead arsenate without casein spreader
Hubbardston Jonathan MeclIntosh

;24,_4. ..77 . . o . . ‘} - ;;Lxl(;zi } |
RN B I R
S EPE N B
31213 KO 2.3 ‘
- . S— )
1980ie sensnmsnen s s i s s Mhimepsb it insosse s @ | | 12.5 ‘

*Light dll(l heavy russet.

They show no essential differences in three instances but do show a decrease
in russeting with casein spreader in one instance and increases in four cases,
two of which are large. The results are apparently irregular but some
factor evidently affects the combination of materials so that, under some
conditions, the addition of casein spreader causes a marked increase in the
amount of russeting.

Iron Sulphate—The addition of iron sulphate to lime-sulphur and lead
arsenate has, in some instances, resulted in a marked reduction in russeting;
in some cases, there was no russeting with either combination, in others,
there was no difference but in still others there was a slight increase with
the iron sulphate. The general indication is that there is slightly less russet-
ing when iron sulphate 1s added but, because of the large error involved in
classifying russet, it is hazardous to attempt a definite conclusion.

Dry Lime-sulphur—Scveral comparisons of dry and liquid lime-sul-
phur were made in the course of these experiments. ’J‘hc results are shown
in Table 25, Plot 7; Table 20, Plots 11, 12, and 13; Table 29, Plot 7; Table
30, Plots 13 and 14; Table 32, Plots 8 and 9; and Table 33, Plots 7 and 8.
At Morrice, with dry lime-sulphur A, the results are extre m(*l\' variable, prob-
ably indicating that these differences are not significant or that Hubbardston
is not a good variety for such studies unless the differences are marked.
With Jonathan, the same material gave better results in the two seasons,
for which results are available, than the equivalent of liquid lime-sulphur.
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At Belding, in 1926 and 1927, where records are available on McIntosh for
dry lime-sulphurs A and B, there was distinctly less russeting with liquid
lime-sulphur than with either of the dry materials and there was less russet-
ing with A than with B. These figures, which compare the two kinds of
dry lime-sulphur, are supported by data obtained in another orchard at
Belding in 1930 on McIntosh. The results of this experiment are not re-
ported here in detail but may be summarized to the effect that there was
practically no russet with liquid lime-sulphur or dry lime-sulphur A but
considerable netting of the skin with dry lime-sulphur B. In 1926 and
1927, the injury with the dry lime-sulphur was manifested chiefly in the
form of conspicuous roughening of the lenticels rather than a definite russet.
With Jonathan at Morrice, there was probably a greater difference in the
appearance of the fruit than is indicated by the percentage differences in
russeting.

Wettable Sulphur and Dry-mix— At Morrice, in 1924, with Hubbard-
ston (Table 23), the use of dry-mix (Plots 4 and 5) resulted in 12 and 7
per cent of light russet as compared to 13 per cent with lime-sulphur (Plot
1). In 1926 (Table 26), the results were the same with Hubbardston, (Plots
I and 2) but with Jonathan there was 4 per cent of light russet with wet-
table sulphur while with lime-sulphur there was 26.3 per cent of light russet
and 4.8 per cent of medium russet. In 1927 (Table 27), no russeting was
recorded with either material on FHubbardston.  With Jonathan, no russet
counts were made with the wettable sulphur used on Plots 11 and 12 but
the finish and general appearance of the fruits was much better than in
other plots, though scab control was very unsatisfactory. At Belding,
in 1927 (Table 33), there was somewhat less russeting in the dry-mix plot
(Plot 2) than with lime-sulphur (Plot 3). The use of dry-mix was not
started, however, until the two-weeks application and a greater difference
might have prevailed if dry-mix had been used in the petal-fall spray. The
conclusion based on the results of these experiments and on observations
made in commercially sprayed orchards, is that the finish of the fruit from
trees sprayed with dry-mix sulphur-lime or wettable sulphur is usually su-
perior to that of fruit from lime-sulphur sprayed trees. Scab control, how-
ever, is a limiting factor in the use of these materials.

Flotation Sulphur— Koppers flotation sulphur was used at Morrice in
1930 (Table 30, Plot 3). On Jonathan, there was 3.2 per cent of light
russet as compared to 12.9 per cent with lime-sulphur (Plot 9) and the
difference in the appearance of the fruit was greater than is indicated by
these figures. The value of this material for scab control, under Michigan
conditions, has not been established.

Bordeaux—The principal limiting factor in the use of bordeaux for
all summer applications on apples in Michigan is the russcting that follows
its use.  Ample evidence to support this statement is found in the data pre-
sented in Table 23, Plot 8; Table 25, Plot 9; Table 26, Plot 10; Table 27,
Plot 10: Table 28, Plot 12: Table 29, Plot 9: Table 30, Plot 10: Table 31,
Plot 1: Table 32, Plots 1 and 2; Table 33, Plot 1; Table 34, Plot 1, and
Table 36, Plot 5. There is almost invariably a large increase in russeting
over that found where lime-sulphur and lead arsenate were used. This
statement refers to the use of bordeaux for all applications or for all except
the petal-fall when a lime-sulphur spray was sometimes substituted.  Bor-
deaux has been used repeatedly in the second-brood application when some
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lime-sulphur spray has been applied in all previous applications. No russet-
ing has been observed to result from such use. The use of bordeaux in the
pre-pink or delayed dormant application would be desirable to reduce certain
types of foliage injury but this practice cannot be recommended unqualifiedly
because slight russeting develops in some scasons although excellent results
have been obtained in other years. One instance of this is shown in Table
37, Plot 4, with Duchess and Grimes. There is one variety that is signifi-
cantly less susceptible to russeting from bordeaux than others. Northern
Spy, as observed in commercial work and in the one instance that it was
studied in these experiments, has been found to be much less subject to
russet than any other variety observed. In Table 29, Plot 9, Spy shows 10.3
per cent of light russet from the use of 2-2-100 bordeaux in all applications
except the petal-fall. With Baldwin, the injury was increased to 37.2 and

Table 21.—Blossom-end injury on Jonathan apples.

Apples with blossom-end injury (per cent)
Materials with which lead arsenate Amount in _—
was combine 100 gal.
1925 1926 1927 1928 1929 1930
Lime-sulphur...................... 214 gal. 3.1-4.7% | 6.2-7.5*% 0-0* 0.6-4.9*% | 6.6-8.2*% 0.8
Time-sulphur. ..................... 214 gal.
Quicklime........................ 5 1bs. 0.8 8.8 0.7
Lime-sulphur................... ... 214 gal.
Casein spreader........ ... ......... 1b. 2.0 9.0
Lime-sulphur . 214 gal.
Canesugar............. vee.| Bom 6.7
Lime-sulphur...................... 214 gal. 0.9-0.4-
Iron sulphate...................... 114 1bs. 0 2.7 0 0 1.0-0.2-0*| 0.3-0.9*
Dry lime-sulphur A............. ... 8-10 Ibs. 4.7 1.1 6.1 11.6
D701 75 (2111 2-2-100 and
3-3-100 0 0 0.8-0.3f 0 0

DIEOCIAE. ... pemmies 4 0 06 spivimons 9o .| 2/3 gal.
Casein spreader. .................. 3 Ibs. 11.3
Kopper's flotation sulphur...........| 161bs. 10.4
Calcium sulphide (Cal-Mo-Sul). . .. 1214 1bs. 9.1
(0177 RO . 0 1.4t 0 0 0 0.2%

*Fach figure is from a different plot.

tA lime-sulphur spray was used in the petal-fall application.

1This injury was unquestionably caused by something other than spraying material, but was such that it could not be defi-
nitely distinguished from true blossom-end injury.
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9.0 per cent of light and medium russeting, and with Jonathan to 42.8,
18.0 and 2.9 per cent respectively of light, medium, and heavy russet. It
is true also that there was much less russet on Spy with lime-sulphur (Plot
8) than on Baldwin and Jonathan.

Other Copper Sprays—DBasic copper sulphate and copper carbonate
were used as shown in Table 36, Plots 1, 2, 3 and 4. Compared with bor-
deaux (Plot 5) there is with Stayman a definite increase with all special
materials. There 1s less of light russeting, but decidedly more of heavy
russet. With Grimes, the results are not so greatly different from bordeaux
but there is still too much.

Blossom-end Injury

Blossom-end injury, which has been described on page 12 has not been
observed on many varieties. Records are available in this work for Jonathan
only. It has been found, however, on Northern Spy, Winter Banana, Ben
Davis, Gano and other varieties. There is a definite relation between the
presence and amount of this injury and the material with which lead arsenate
is combined. Data for Jonathan which are presented in Tables 25, 26, 27,
28, 29, and 30, and are summarized in Table 21 show definite trends. When
lead arsenate (2-3 Ibs. in 100 gallons) was used with liquid lime-sulphur
(214 gallons in 100) or dry lime-sulphur A (8-10 Ibs. in 100 gallons), con-
siderable blossom-end injury developed (see Table 21). The addition of
lime improved results in some instances, but not always. The presence of
casein spreader had no significant effect. Cane sugar, with lime sulphur
and lead arsenate, did not prevent the injury. The addition of iron sulphate
reduced this injury significantly. Bordeaux and lead arsenate caused prac-
tically none of this type of injury. With Sulfocide it was severe, with
Koppers flotation sulphur there was some and with calcium sulphide there
was a small amount. The two outstanding combinations in the elimination
of this trouble on Jonathan are (1) bordeaux and lead arsenate and (2)
lime-sulphur, iron sulphate and lead arsenate.

The relation of the concentration of the lime-sulphur and lead arsenate
to this injury is not established in this work. In Table 26, Plots 6, 7, 8, and
9, there are four variations and with the results shown in Table 22, and a

Table 22.—Blossom-end injury on Jonathan.

l})\[pplcs withI
. AHlOll]Itr ill 0Ssom-enc
Plot, Materials 100 gal. iy
(per cent)
D et Lime-sulphur. . ........................... 214 gal. 7.5
Lead arsenate..................coo. 2 Ibs.
O T T TS A0S SO el AN R S TAme-sulphur: & . comimessvs i cssatmmssisiivi 214 gal. 5.4
0 MY T (T AR 11b.
T Lime sulphur. . . covvnvievvsisossmmnnnsanss 114 gal. 2.2
Liead arsenafe. . o oomeme <5 s s mmssindis 5 11b.
O ——————— Lime-sulphur. . ... ........... ... 14 gal. 3ty |
Ticad arsenate. s . o s swvwen s o v i s s s pumpmneies none
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lessening of injury with each reduction in concentration of either material
is indicated. Other data, apparently contradictory, follow.

In the same experiment (Table 20, Plots 11, 12 and 13), dry lime-sulphur
A was used at three concentrations, six, eight, and ten pounds in 100 gallons
with 10.1, 6.9 and 11.1 per cent of blossom-end injury respectively for the
three concentrations of dry lime-sulphur. I.ead arsenate was used uniformly
with all at two pounds in 100 gallons. There is no correlation here hetween
concentration and injury. In 1928 (Table 28, Plots 8, 9, 10, and 11), lime-
sulphur was used in the after-blossom applications at four concentrations ;
one, one and one-half, two, and two and one-half gallons in 100 gallons.
The lead arsenate was uniform in all, with three pounds in the petal-fall and
two-weeks applications and two pounds in the second brood spray. The
amounts of injury were 4.9, 18.7, 6.1, and 3.8 per cent respectively for
the four concentrations of lime-sulphur, and again there is no correlation.
In 1930 (Table 30, Plots 9, 12, 13 and 14), with lead arsenate uniform in
all plots lime- sulphm was used at two concentrations, one gallon and two
and one-half gallons in 100, and dry lime-sulphur A at two concentrations,
four and ten pounds in 100 gallons. The results with the liquid lime-sulphur
were 23.9 per cent and 0.8 per cent respectively for the one gallon and
two and one-half gallons. There was 26.7 per cent injury with four pounds
of dry lime-sulphur and 11.6 per cent with 10 pounds. The injury with the
low concentrations of liquid and dry lime-sulphur not only affected a higher
percentage of the fruit but the injury on cach apple was much worse than
with the high concentration of each kind of lime-sulphur. This greater
severity of injury with the low concentration may have been due to a greater
development of rot, although this phase of the problem was not studied.
These results with regard to conc cntlatmn of 111]1(’ sulphur and the develop-
ment of blossom-end injury, obviously, are not conclusive although the most
severe injury observed was with low concentrations of liquid and dry lime-
sulphur.

Sunscald—A limited amount of data concerning the relation of spray-
ing materials to the dev olopmcnt of sunscald is av ml ible.  The data are pre-
sentcd in Table 30. The latter part of the summer in 1930 was very favor-
able to this sort of injury and it was seen in practically all plots, sprayed
and unsprayed, but there were marked differences in the amounts under
various treatments. The plots that were sprayed with sulphur preparations
in the second-brood application showed more than those that were unsprayed
or were sprayed with bordeaux at that time. The samples from which the
counts were made were not taken in such a way as to show the full develop-
ment of this injury but give a general comparison.  Of the unsprayed fruit,
0.7 per cent were affected; for the plots spraved with hordeaux in the last
application, 0.9, 0.4, 0.3, 0.9, 0.2, 0.8, 0.3, 0 per cent; for Koppers
flotation sulphur, 2.0 per cent; for calcium sulphide, 2.1 per cent; for lime-
sulphur (214 gallons in 100) 2.6 and lime-sulphur (1 gallon in 100) 0.4
per cent and for dry lime-sulphur (10 pounds in 100 gallons) 1.4 and dry
lime-sulphur (4 pounds in 100 gallons) 2.0 per cent. These figures show
definitely less with bordeaux but the figures for the worst plots where sulphur
spravs were used do not show the full extent of injury there.
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SUMMARY
Types of Injury

Lime-sulphur, alone or in combination with lead arsenate, may cause defi-
nite and almost immediate injury that is called lime-sulphur burn. This is
characterized hy brown leaf tissue in small or large areas. High temperature
favors the development of this injury and is pmlm]) »one of the most im-
portant determining factors but injury does not always occur when the
temperature is high and may occur when the temperature is low. High
humidity and slow drving at high or low temperatures favor injury but low
humidity and rapid (h\m” are unfavorable to injury cven though the tem-
perature is high. Tender foliage is more susceptible to injury than mature,
hardened foliage. High concentrations of lime-sulphur cause more injury
than low concentrations, other factors being equal. Heavy application is like-
wise likely to increase injury and the presence of oil in lime-sulphur may
result in more injury than would result from lime-sulphur alone.

Distortion of leaves often results from marginal injury by lime-sulphur
when the leaves are partly grown.

Stunting and blistering of the leaves that appear with the blossom buds
often occur as the result of frost injury. This is sometimes increased by
lime-sulphur.  Stunting and generally retarded leaf development may result
from the excessive use of lime-sulphur and lead arsenate during the period
when the leaves are developing.

Lime-sulphur injury often occurs through deep seated scab lesions on the
leaves. This kills the scah but may cause the leaves to drop

Sun scald on the fruit may occur with any spraying treatment but its de-
velopment seems to he accentuated by the presence of sulphur in any form.

Dry Time-sulphur may cause all the effects observed to follow the use of
liquid lime-sulphur but when used at c<|ui\'alcnt concentrations (four pounds
of dry for one gallon of liquid) there is usually slightly less injury with the
dry lime-sulphur. There are differences, however, hetween different hrands
of dry lime-sulphur.

I'ree sulphur sprays such as dry-mix, wettable sulphur, flotation sulphur,
cte., have not been observed to have caused any direct injurv to foliage.
Calctum monosulphide (Cal-Mo-Sul) has not caused injury to the foliage of
the apple.

Yellow-leaf injury often follows the use of lime-sulphur and acid lead
arsenate and is believed to result from the water soluble arsenic formed when
these materials are combined. This injury is sometimes seen in the initial
stage as purple or reddish spots, but the first stage usually observed is small
or large brown spots that may or may not be followed by yellowing of the
leaves. T.eaves drop soon after turning yellow. Yellow leaves may appear
within a week to ten days after an application but the appearance may be
delayed longer than that.

Much of the russeting of the fruit following the use of lime-sulphur and
lead arsenate is probably the result of injury from water soluble arsenic.
The role of lime-sulphur in this connection is not fully established although
lime-sulphur alone causes practically no  russeting.  Frost injury often
causes russeting that is indistinguishable from russeting caused by spraying
materials,
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Blossom-end injury is caused by soluble arsenic in lime-sulphur-lead arse-
nate sprays and with lead arsenate in other combinations.

Bordeaux sometimes causes injury to the foliage of the apple. This injury
is evident first as purple spots which turn brown and the leaf may become
yellow and drop. This injury usually is not of consequence on apples in
Michigan. The russeting of the fruit, following the use of bordeaux in early
summer applications, is a limiting factor in the use of this spray on apples.
Bordeaux applied late in the season has not caused russeting.

Amounts of Injury to Foliage and Fruit

Lime-sulphur, used alone, may under some conditions cause true lime-
sulphur burn. ITeaves so injured may or may not drop prematurely but even
when this injury does not occur there is often slightly greater premature
leaf-fall than from check trees. This injury is less with low concentrations
of lime-sulphur. TLime-sulphur without lead arsenate causes very little or
no russeting of the fruit.

The use of lime-sulphur (214 gallons in 100) and lead arsenate (2 to 3
pounds) in mid- and late-summer often causes serious loss of leaves as a
result of arsenical injury. The loss may he 40 to 50 per cent or more of
the leaves on spurs. Wagener is very susceptible and McIntosh very resist-
ant to this yellow-leaf injury. The leaves that persist are often injured so
that their functioning is undoubtedly impaired. This spray also often causes
considerable russeting of the fruit and on susceptible varieties, blossom-
end injury. The applications most responsible for russeting of the fruit have
not been determined but the petal-fall and other ecarly season applications are
probably important.

Lowering the concentration of the lime-sulphur but not of the lead arse-
nate usually reduces foliage injury on most varieties but there are exceptions
to this. The effect of lowered concentration on russeting is not clear, but, in
most instances, the general appearance of the fruit from these plots has heen
much better than with the higher concentrations. Blossom-end injury has
not been consistently reduced but has actually heen greater in some instances
with low concentrations.

The addition of lime to the standard concentration of lime-sulphur (274
gallons in 100) with lead arsenate has not reduced or increased foliage in-
jury but has reduced the amount of russeting. The effect of lime on blossom-
end injury is not well established.

Casein spreader has not decreased foliage injury but has increased it in
several instances. Russeting has been greater in several cases and blossom-
end injury has not been prevented.

The addition of cane sugar, calcium sulphate, or ground tobacco has not
caused significant differences in foliage injury, russeting, or blossom-end
mnjury.

Aluminum sulphate has not prevented vellow-leaf injury.

Tron sulphate in the so-called standard lime-sulphur-lead arsenate spray
has reduced yellow-leaf injury remarkably, but does not prevent true lime-
sulphur burn unless used in large quantities. Russeting is probably re-
duced to a certain extent and blossom-end injury is practically prevented.

Dry lime-sulphur has caused about the same amount of leaf-fall as com-
parable amounts fungicidally of liquid lime-sulphur, but comparisons of per-
sistent leaves have often indicated a slightly better condition where the dry
lime-sulphur had been used. One gallon of liquid lime-sulphur is considered
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to be equal to at least four pounds of dry lime-sulphur in the control of apple
scab. Russeting on Jonathan has been less with dry lime-sulphur than with
an equivalent of liquid lime-sulphur, but with MecIntosh there has been
more russeting with the dry lime-sulphurs and there have also been con-
sistent differences between two brands of dry lime-sulphur. Blossom-end
injury seems to be just as great with the dry as with the liquid lime-sulphur.

Dry-mix, wettable sulphurs, and other free sulphur materials in combina-
tion with lead arsenate are unlikely to cause injury to foliage, especially if
lime is present in the mixture. The finish of the fruit is usually excellent
where they are used and blossom-end injury usually is not so serious as when
lime-sulphur and lead arsenate are used. A limiting factor in the use of
these materials is their relatively low fungicidal value in the control of apple
scab.

Flotation sulphur has not been observed to cause any foliage injury or
russeting of the fruit, but considerable blossom-end injury developed in
Jonathan when this sulphur was used with lead arsenate. Calcium mono-
sulphide has not been observed to cause any injury to apple foliage or fruit.
The value of these materials to control scab has not been established in
Michigan.

Bordeaux causes very little foliage injury on the apple under Michigan
conditions, in fact, bordeaux sprayed trees are usually characterized by ex-
cellent foliage. DBlossom-end injury has not been observed on bordeaux
sprayed trees, but the all-scason use of bordeaux is undesirable on most
varieties because large amounts of russeting usually develop from early sum-
mer applications. Bordeaux, however, can be used very advantageously in
the late summer application as russeting is unlikely to occur at that time and
there is little or no hazard to foliage when spraying with bordeaux is done
in periods of high temperature.

Other copper sprays, such as basic copper sulphate and copper carbonate,
have caused severe injury to hoth fruit and foliage.

One experiment in which special methods of applications were used
showed definitely with lime-sulphur and lead arsenate that injury to foliage
and russeting of the fruit are directly proportional to concentration, rate of
application, and the actual amount of active ingredients applied. With bor-
deaux and lead arsenate, there was little or no correlation between leaf-fall
and any of the factors mentioned, but russeting of the fruit was very defi-
nitely correlated with concentration, rate of application, and the amounts of
copper applied.
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Table 23.—Experiments at Morrice, 1924.

} ‘ Leaves on spurs (average) Russet on fruit (per cent)
\ \
Plot | Materials A | Hubbardston Wagener Hubbardston
|
\ | , :
| |
| J Original ‘ June 30 ‘ August 5 | September 3 | September 30 September 30 Light J Medium
: ‘ — ‘
1. Lirne-Sulphir™, ; oo oeevssssses osmmomasinsss s oo 214 gal. J ‘ 6.3 ‘ 6.3 4.5 4.5 2.6 13 ’ 0 %
- . Lime-sulphur*. .. oooinvrriiriee i 25 ¢ =
Casein spreader. . .................ooo 1 b .9 6.1 ‘ 6.1 3.6 3.5 1.4 25 7 =
c: Lime-sulphur* 215 gal. ‘ ‘ <
QIO e s m0.65 50 simweeis wn 10 Ibs. ’ 78 ‘ 5.9 5.9 ‘ 4.1 1 T N 5 0 E‘
aazsnames B S R — 25 Ibs. 78 | 57 | 51 | 58 54 [ooiii., 12 0 a3
B v Lime-sulphur* (prepink and pink applications) .. .. 214 gal. ‘ [ | =
Dry-mix* (petal-fall, two weeks and second-brood appli- 7.9 6.2 ‘ 6.2 ‘ 5.9 5.9 ‘ ........... 7 0 =<
L1 Ta)1 1) B . 25 lbs ’ wn
G.ilalisltang Colloidal sulphur I*.........................ooo... 10 Ibs. 7.8 ‘ 6.4 6.4 5.4 5.3 ‘ 348 2RA 3 0 g
T Colloidal sulphur TI*............................. 15 gal. 75 | 64 6.4 5.7 55 | w0 o
8 sesinss Bordeaux* (average of six plots shown in Table 24). . . e 7.6 | 6.7 5.9 5.9 5.8 ‘ 4.0 R—— g
9. e it e AN T S B R R 7.8 6.3 6.3 6.2 60 |........ T o0 ’
-
“Lead arsenate was used, unless otherwise indicated, at the rate of 2 Ibs. in each 100 gallons of spray in the pink and all succeeding applications.
: w
-



Table 24.—Experiments at Morrice, 1924,

J — == =

Leaves on spurs (average) | Russet on fruit (per cent)

. Relative [
5 — Amount in Rate of amounts Hubbardston Wagener Hubbardston
Plot Materials | a2 ks
P | 100 gal. application active
| [ ingredients | : -
| [
g | | J June I | June 30 | August5 | September 3 September 30‘ September 30 Light Medium Heavy
| { | |
N ‘ \ | o
| ‘ ‘ | | ‘ |
| Cheek L [IERTEPPE | E———— I J 63 | 62 | 0 | 1 0o 0
10.... ‘ Lime-sulphur. ... | 11, gal, ‘ |
Leadarsenate... .| 1'51bs. | Light 1 7.9 66 | 66 ‘ 62 6.1 ‘ 16| T o 0
11.... | Lime-sulphur. .. | | J ; ‘ ‘ 4
Lead arsenate. . . Moderate | 2 8.0 | 6.1 6.1 5.2 5.2 | 3.2 12 0 0
12....| Lime-sulphur. .. .. 1Ly gal, | '
| Lead arsenate. . . 11, Ibs. Heavy 3 8.2 57 5.7 | 44 {4 2.6 13 | 0 ; 0
13... ‘ Lime-sulphur. . . .. 3 gl | | | ;
| Lead arsenate. .. 2lbs. | Light 2 | 8.9 6.2 62 | 4.8 4.6 21| 12 0 0
= ‘ S e L
14....| Lime-sulphur. . ... 3 eal. ‘ ‘ ;
‘ Lead arsenate. ... 3 Ibs. Moderate 4 8.1 5.7 5.7 ‘ 3.3 3.0 1.9 27 | 0 0
15....| Lime-sulphur. .. 3 gal. ‘ ‘ ‘
Lead arsenate. .. 3 1hs. Heavy 6 7.3 5.0 5.0 1.9 LT | 0.8 28 10 1|
16....| Bordeaux.........| 2-4-100 | |
Lead arsenate ... 11h. Light 1 7.6 7.1 6.7 | 6.6 6.5 4.7 38 50 7
— - . | | S
17 Bordews 2-4-100 ‘ ' | | ;
exd arson: 11b. Moderate | 2 5| 6.6 6.1 | 6.1 5.9 4.4 2% 0 2
18 Rordex 5 2-4-100 | | ‘
‘ Lead arsenate.....|  11b. Heavy | 3 7.8 6.8 6.1 6.1 6.0 4.0 12 52 36
19. Bordeaux........ ‘ J [ |
Lead arsenate ‘ Light. . 3 \ 7.9 6.8 5.8 5.8 5.8 3.8 7 19 1 10
20....| Bordeaux......... | | ‘ J ; ‘
Lead arsenate. . . Moderate fi | 7.7 6.6 5.6 } 5.6 | 5.5 | 3.6 4 33 ‘ 62
21....| Bordeaux. ... 3-12 ‘ ‘ | ‘ | 1
| Lead arsens 3 1hs Heavy | 9 7.6 | 8.7 6.1 ‘ 6.1 6.1 10 | 36 53

1dS NVOIHOIIN
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Table 25.—Experiments at Morrice, 1925.

HIANLS AYNLNI AVIdS

§

1

Leaves on spurs (average) Injury to fruit (per cent)
| |
| A Jonathan Hubbardston Hubbardston Jonathan
Plot Materials A?;)%u;:{‘m
\ [ |
| | . . . Blossom-
Original | June 18 1 July 25 | Aug. 18 | Sept. 10| Original | June 2¢ | Aug. 1 Aug. 17| Sept. 9 1%::’:& “,‘T\l\lg? Igl‘l(:zl(ff ‘llglll:l?\‘
| | | ‘ 3
Tisssenps | Sulfocide®. . oo 2/3 gal 1 ; 1 | I
| Casein spreader 3 lbs. 7.7 64 | 60 | 43 | 3.2 6.8 5.7 5.5 | 5.0 4.7 22.9 0 0 11.3
I Lime-sulphur®, ............... | 215 qal 75 | 64 | 61| 47| 390 | 7.2 I 6.1 5.1 49 | 213 0 0 5.1
B saragale Lime-sulphut®. .. oooovinianas 215 gal. J 7
Caseinspreader. .............. 11b. 7.9 7.2 6.8 5.5 47 | 6.3 5.6 5.5 4.8 1.6 19.1 0 0 2.0
- .| Lime-sulphur*, ‘ N | 7 | )
| Quicklime............coo.... 7.7 71| 69 | 5.9 54 | 7.2 ‘ 5.7 5.5 4.9 l 4.8 | 18.8 0 0 0.8
i
Dvaasa 00 Linnestinhit®. . cocenesvpixane ‘ = ‘
Txom SUIDHAEE. o s« ¢ s nmemsde s 7.8 7.6 7.5 T4 | 7.2 7.1 | 8.1 ' 6.1 5.9 5.8 7.1 0 0 |0
[ T Lime-sulphur*. ............... 2 | | -
CaneSugar; : .« sumesswses B 50z 7.8 7.3 el I 6.2 | 6.1 €1 6.0 5.9 5.5 5.4 19.9 0 0 6.7
T harbbal 3% Dry lime-sulphur A*........... 8 lbs. 7.6 7.3 7.1 ‘ 6.1 5.2 6.7 | 6.2 ‘ 6.2 5.8 5.0 25.3 0 0 4.7
8.. Lime-sulphur* (same as Plot 2) . . 215 gal. 7.6 7.8 7.2 | 6.0 5.3 72 ‘ 6.0 5.9 ! 51 4.8 16.4 0 0 4.7
9. Bordeauxt*. .................. 48100 | 81 | 81 | 80 | 80 | 77| 73 | 67 | 66 [ 65 [ 65 | 726 | 85 | 244 | 0
W avevaisis {41531 PSPPI RPPITY P 7.6 7.5 7.4 7.4 T4 | 7.0 ‘ 6.7 6.7 6.5 6.5 7.9 0 0 0
| | | |

*Lead arsenate was used, unless otherwise indicated, at the rate of 2 Ibs. in each 100 gallons of spray ia the pink and all Izter applications.
TQuick lime was used in making this bordeaux.



Table 26.—Experiments at Morrice, 1926.

Leaves on spurs (average)

Injury to fruit (per cent)

|
i Amount in Jonathan Hubbardston Hubbardston Jonathan [
Plot Materials 100 gal. e & | Blessorss
3 J cend
| | ol . oht | Medi injury
June4-5 | June 28| Aug. 5 | Sept. 13 i June 12| June 28 ‘ Aug. 5 | Sept. 14 f I%é;:gt :\If{i;];‘gp I{fxil(tt \]I{L‘;lsl::?
‘ |
: - Lime-sulphur (pre-blossom and calyx ; ‘ | ‘ ‘ ]
applications)*..................... 214 gal | I
Wettable sulphur (2 weeks and second 7.2 7.1 7.0 59 | 68 | 69 | 69 | 64 | 108 | 0 4.8 0 2.4
rood applications).................. 10 Ibs [ | |
2, Lime-sulphur*. ... ... | 21501 70 | 68 | 63 | 48 | 68 ‘ 5.9 ‘ 5.6 | 46 | 109 | 10 | 263 | 48 | 62
Bhr bl 2 Lime-sulphur*. . ... .. ... ... ... . .. 215 gal. ‘ | ‘ | |
Casein spreader 11b. 6.6 ‘ 6.6 6.5 48 | 71| 2 5.6 i 4.0 | 16.3 (1) 340 | 9.0 9.0
- | {
4. Lime-sulphur*, ....................... j 214 gal. [ | ‘ | J
Quick lime..... .. | 5lbs. 65 | 64 | 62 | 50| 71| 64| 61| 45| 68| 0 158 | 1.4 | 88
/s Lime-sulphur*. ... ............... ... [ 215 gal. i ‘ ‘ B
Iron sulphate, . ..ovvvvnnniniiensnnnenn 114 Ibs. ’ 6.8 } 6.7 6.9 | 5.9 7.0 6.4 6.1 ‘ 5.4 12.7 [ 0.1 18.0 0.5 2.7
(¢ —— Lime-sulphur......................... | 1M{ gal. ‘ | | | ‘ |
Lead arsenate.......... ... ... . . .. | none | 6.9 6.9 6.9 ‘ 6.3 72 | 6.8 6.7 | 6.2 10.0 ! 0 16 .4 0.2 | 1.1
(R Lime-sulphur. . 114 gal. | | [ | | ‘ [
Lead arscnate ‘ Ib. 7.0 ‘ 7.2 6.8 l 58 | 7.3 ‘ 70 | 7.0 ‘ 6.4 ‘ 0 ’ 0 [ 114 0.7 | 2.2
B s snmes Lime-sulphur. .. .................... .. 215 gal, r ‘ } ’ | ‘ ‘ } | (
Lead arsenate......................... | 11b. | 7.7 | 6.8 6.6 5.3 6.9 6.7 6.3 4.6 15.0 ‘ 0.1 32.4 0.6 | 6.4
R Lime-sulphur................ . 214 gal. ‘ ‘ ‘ ‘ ‘ ‘ }
Lead arsenate.........coomvenrnnn..nn. 2 ibs. 6.6 ‘ 6.3 | 6.2 | 52 | 7.1 | 6.4 ‘ 3.8 4.6 10.8 | 0.2 41.7 18.5 | 7.5
0. Bordeaux*—t. .................. ) r 2-9-100 | 7.1 | 6.8 7.3 6.6 6.9 8.7 | 7.1 L6 | 561 ‘ 106 | 58.3 80 0
11 Dry lime-sulphur A* .. 101lbs 69 | 67 | 65 | 51 | 68 | 6.5 ‘ 52 | 5.0 | 17| 07 | 374 | 14 | 111
: Dry lime-sulphur A* ... ... ... .. .. | 8lbs 6.8 ‘ 6.6 8.7 5.0 6.8 | 6.9 | 6.8 | 5.8 7.0 0.6 32.2 23 | 6.9
| |
£ TR — Dry lime-sulphur A*. ... .. .. ... .. .. 6 Ibs. b | 6.5 6.6 Bl 7.0 | 6.8 : 6.5 6.5 6.1 0 33.8 2.6 i 10.1
b | 3
|
0 [ [ROp—— ORI w5 wg 844 Ehtsmigins oo i ............ 7.0 ‘ i ¢ 6.9 6.8 ‘ 6.8 ‘ 6.5 ‘ 6.8 ‘ 6.1 8.6 0.2 i 0 ‘ 1.4

*Lead arsenate was used, unless otherwise indicated, at the rate of 2 Ibs.

TQuick lime was used in making this bordeaux.

in each 100 gallons of spray in the pink and all later applications.
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Table 27.—Experiments at Morrice, 1927.

| 1 Leaves on spurs (average) Injury to fruit (per cent)
| | |
| . . Jonathan Hubbardston Jonathan
Plot Materials ‘ '“\'11(';;)‘1:1]1‘1 |
i ‘
‘ 1 B . | Light | Medium | Licht | Medium | Blossom-
| | June 14 | Auz.3 | Sept. 7 Qcz. 5 Russet Russet Russet Russet | s
| ‘ | injury
| ‘ \ |
= . ,
1 .| Lime-sulphur (Rain water from cistern used for this plot)*. ... 1.6 0 (s S (P (AT o
i SRR Lime-sulphur (We | |
plots)*........ ‘ 2.9 0 0 2.5 3 0
G sivens | TABIESUIPRUEL & i ¢4 4w b Aase v s b idirsie os 5 s 95 6 S awies & |
Liend argenale; c; s« osx svin srmvmusbs s e a iy £y s 5o anmmamess ! e 2.2 0 0 2.7 0 0
4. ..., Lime-sulphur. . .. ... ..o | 214 gal. i ‘
Lead arsenate. .. ... ...ouvvuerroniiriniiieiroenniiiiinns | none i 6.9 4.8 1] 3.9 0 0 0 0 0
L A IITRE BRI, 2 o5 v o 5w e s s 1gs A 2 p oo ap SREEE S |
Liead arsenate. . - s 1 ssommmssey sxsnvs saniansens s | 6.9 59 5.5 49 | 0 0 0 0 0
Brrsssing Lime-sulphur*. . . prny ‘ |
Iron sulphate. ............... b B e 77 53 | 4.9 4.1 0 0 0 0 0
| — Torrn st bR ® i & 5 aewas kot S5 4 45 Brube o e 5 58 585 5 Avianne | I | |
Trom Blphobe., i« ¢ 55 p6psommonunasisisbsrmpassisssassss ‘ | 7.6 | 6.3 5.7 1.9 ‘ 0 0 0 0 0
L Lime-sulphur®. . ... ... e s ‘ ‘
Aluminum sulphate. ............. ... | 7.6 ‘ 5.2 4.4 3.5 ‘ 0 0 0 0 0
.7 Lime-sulphur®. . . ... ouiriiniit ii e 7.0 4.2 | B .5 8.5 0 {7 A PR vn. (ARG ————
A || . Bardents LOTEHONRY, . 10w smiens v e s §asal shusians s s e s ¢ aumms 4 lbs. 7.8 6.6 6.1 5.0 33.2 ABIOT | ansn s samsnlls sv il e mes e
1y [F— Lime-sulphur (pink applieation)*. ... .............. ........ 215 gal. | |
Mulsoid sulphur (petal-fall, two weeks and second brood applic.) 8 lbs .8 4.4 | 3.7 2.9 0 (/A P e Ty PP
5L/ Lime-sulphur (pink and petal-fall applications)*...... ... .. ... 214 gal. \ |
Mulsoid sulphur (two weeks and second-brood application). . . .. S Ibs. 6.0 4.9 | 43 3.1 | 0 () R S N ) PP rRy
|
18l argmiac DB o0 e e s s e g A A A T 0 e B A P TR A e | B B s | EESTR. (1% P 1 0 0 0 0 0

*Lead arsenate unless otherwise indicated, was used in all plots at the rate of 2 Ibs. in 100 gallons.
TThere is also 7.4 per cent of heavy russet.
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Table 28.—Experiments at Morrice, 1928.

Leaves on spurs (average)

Injuries to fruit (per cent)

|
Hubbard- | W

. Amiount ia Jonathan ston agener Hubbardston Jonathan
Plot Materials Ih = 100 gal.
Kger: 18 Sept. 91 St 14 | Sunth 18 Light Medium Heavy Light Medium | Heavy Bl?j&’“'
| g waph. & aeph. DERU, 25 Russet Russet Russet Russet Russet ‘ Russet S
| 1 1 | ‘
2 § . (Lime used in petal-fall, S12
Lo.... B‘melzsli‘ggur two weeks and second 2t gal 1.9 3.9 4.3 1.9 17.6 g3 | 13
HIGE brood application).* Slbs i oo B & el gixg ‘ 2
2 Lime-sulphur | . T . 215 gal | [ | ‘
Quick lime | (Limeusedinallapplic.) | Slbs. ‘ 1.6 3% | 88 | 1.5 16.3 §8 | 1.2 4.0 4.8 0.1 0.7
Blisis Lime-sulphur®. .. ... | 2seal | 48 | 36 | 4.0 1.4 249 104 | 2.6 152 4.6 0 06
” S Lime-sulphur*. . .......... 2Ls gal, | ‘ |
Caleium sulphate 4 Ibs. £97 | 3.5 | 4.6 2.0 33.4 16.4 ‘ 1.2 19.2 8.3 1.0 0.6
L I— THAESEIBHOIY . o+ o oo v i cmomonsonsoness 215 gal. | | ‘ ‘
Tobaceo dust. . ........... 5 lbs. ‘ 4.9 3.9 8.3 i g 31.4 13.8 2.4 23.9 11.2 1.0 0.8
Banisns Lime-sulphur | (Allapplications except in 214 gal. |
Iron sulphate | second brood) 114 Ibs. 5 6.2 | 6.3 3.4 26.2 6.1 | 1.2 14.8 3.6 0 0
Bordeaux (Second brood application)*. . . 2-2-100 | ‘ 1
| =y
Ceivivne Lime-sulphur | (All applications except 21y gal 1 ‘
Iron sulphate © second brood)* Lbs. 6.4 6.3 | 6.2 3.2 32.8 11.4 ) 5 16.8 2.3 0.3 0.2
Bordeaux (second brood application). .. .. |
Shipiens | Lime-sulphur (prepink and pink applic.). 215 gal
Lime-sulphur (petal-fall, two weeks and | 4.0 3.3 5.6 3.2 30.8 4.1 0.4 19.7 1.4 0 3.8
| second brood application)*. ... ... .. 1 gal |
() Lime-sulphur (pre-pink and pink applie.). 215 gal 1
| Lime-sulphur (petal-fall, two weeks and | 4.6 3.0 5.8 2.2 34.6 | S.9 0.1 2.7 2.4 0 6.1
second brood applieation)*. . . .. ceenl| 115 gal.
(] P Lime-sulphur (pre-pink and pink applic.) 25 gal. | |
| Lime-sulphur (petal-fall, two weeks and ‘ 4.9 3.6 5.6 | 9 24.7 4.3 0.4 27.3 13.3 03 18.7
second brood application)*. ... ... ‘ 2 gal | }
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Table 28.—Experiments at Morrice, 1928 —Continued.

Leaves on spurs (average)

Injuries to fruit (per cent)

|
ot ‘ Saibite Sl Jonathan H‘Q;}Siﬂ' Wagener | Hubbardston ‘ Jonathan
c Materials 100 gal. [
‘ i
§ " . | Blossom-
Qant € & o & Light Medium Heavy Light ‘ Medium Heawvy |
I Aug. 16 | Sept. 21 | iept.1% | Bept. 18 | Russet Russet Russet Russet ‘ Russet Russet ‘ ilfjl:{:\.
= N . !
i o [ | Lime-sulphur*. . ................... ... 4.2 3.0 5.5 | 1.8 37.8 12.2 1.1 | 2.5 | 154 ‘ 2.9 4.9
12.. Bordeaux (All applie. except petal-fall)f. . | _ ‘ ‘ ‘
Lime-sulphur (petal-fall applic.)*........| 2'ggal. | ... ... 6.2 6.8 l 3.1 32.1 35.6 18.7 | 36.9 53.9 2.0 0.8
13 | Bordewsx (All applic. except petal-fall)*. 2*2—1010 i " ‘ s | . i | : 5
Lime-sulphur | 2% gal. | 6. 6. 3.8 28.6 38.6 31. 38.9 55.2 | T 0
| Tron sulphate | (petal-fall application)... 114 Ibs. ‘ | ! ‘
14 ‘ Bordewsx (pre-pink and second brood | | | |
| applieation only)*. .. .......... g 2-2-100 | ‘ |
Lime-sulphur | (pink, pet1l fall and two- 2% gal. |...i.iene. 5.0 6.9 3.3 36.1 181 1.5 18.6 | 5.7 0 0.9
Iron sulphate [ weeks application) 114 1bs. |
15 Lime-sulphur. .. ...................... 214 gal, \ :\ ‘
Caleium arsenate 2lhs. |.......... 3.8 5.8 | 2.7 35.4 6.7 0 Hensazsicatkasshae iy 52222308l 2 & 3o
Quicklime. ... ... 8 lbs. | |
16...... ; Koppers flotation sulphur®. . ... ........ T0E:  ossssemes 5.4 6.9 ‘ 4.7 25.9 1.8 (17 R PEETR S
| | ‘
1T s o558 } GHERE: s snntom ppssasrm i S 5 2assabinsham T3 ‘ 7.1 7.4 5.0 46.0 1.9 0.2 26.6 | 0 0 0

*Lead arsenate was use l, unless otherwise indicated, at the rate of 3 lbs. in each 100 gal. in the pink, petal-fall and two weeks application and 2 Ibs.in the second brood spray.

FAll bordeaux was made with quick lime.
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Table 23.—Experiments at Morrice, 1929.

| |
| Leaves on spurs (average) | Injuries to fruit (per cent)
\
s Jonathan | Hubbard- | Wagener | Baldwin Spy | Jonathan Baldwin Spy
Plot Materials Amoun.t i ston
100 gal. |
1 . . Blossom- . . .
. S & 5 | Light Medium Light Medium Light
Sept. 10 | Sept. 11 | Sept. 10 | Sept. 10 | Sept. 12 Russet: Russet in%[\ll(gy Russet Russet Russet,
1
ik o zonce Bordeaux (Prepink and second brood ap-
DUERTIDTNE. .. e o o somiarsiosinn s s 8 n s 2 noieis -2-100
Lime«su]phur} (Pink, petal-fall and two 214 gal. 3.4 4.9 3.2 3.7 4.1 | 20.8 0 0 29.7 ; 108 SN PN
Iron sulphate | weeks application) 111 Ibs. |
2......| Lime-sulphur*........................ 214 gal 2.4 2.4 1.1 1.6 2.0 | 1B.5 0 6.6 39.6 7L | PER—
t . Lime-su‘}pﬁur (Prepink application)*. . ... 2% gal. 1
Lime-sulphur 1 R XTI 214 gal.
Tron sulphate ¢ (Fint, pefabfoll and 1+ 317 3.6 3.8 3.1 3.4 3.2 | 208 0 0.2 29.1 2.9 4.9
Casein spreader WECKE BpDY a2 11b.
Bordeaux (second brood application). . ... 2-2-100 | |
s Lime-sulphur (prepink, pink and petal- ‘
fall '{ppll(,lltlo.l) 214 gal. "
017 5 5 . " = i
{‘rl(r)lzlt‘sﬁ\ll);ﬁl:tlé — apphcatlon) %1: 3.4 4.1 2.2 3.6 3.6 | 18 0 1.0 34.4 b1 0.7
Bordeaux (%econd brood application). ... . 2-2-100
3. Lime-sulphur } (prepink, pink, petal-fall 214 gal. |
Iron sulphate [ and two weeks applie.)* 114 lbs. 4.1 4.0 3.1 2.9 4.4 17.4 0 0.2 29.3 2.6 1.0
Bordeaux (second brood application). . ... 2-2-100
B | Lime-sulphur (prepink application)*. .. .. 214 gal. | B
Lime-sulphur | (pink, petal-fall and two 214 gal. 4.0 4.0 3.1 3.3 4.4 4.5 0 0 39.5 9.7 (5804
Iron sulphate [ weeks application) 114 lbs.
Bordewux (second brood applieation). ... . 2-2-100 |
Teusian Dry-lime-sulphur A*................... 10 Ibs 2.5 2.9 1.7 1.8 3.5 | 26.7 0.6 | 61 | 305 | 204 | ‘235
8...... ‘ Lime-sulphur (same as Plot 2).......... 215 gal. 24 2.3 1.4 ‘ 1.9 ‘ 2.9 1.6

8S
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Table 29.—Experiments at Morrice, 1929—Continued

Leaves on spurs (average) | Injuries to fruit (per cent)
_p T Jonathan Hustigird' Wagener [ Baldwin Spy ' Jonathan Baldwin Spy
Plot Materials [ |
100 gal.
| o
| 5 . Blossom- . . .
Q Light Medium Light Medium Light
Sept. 10 | Sept.11 | Sept.10 | Sept.10 | Sept.12 | pycqey Russet in?ffiy Russet Russet Russet
| .
Revpie: Bofr(%iamx (all applications except petal- _— | | |
A i oo St b N RS 2-2-100 | |
ime-s - 215 gal. . : o ‘ 7| y 37.2 9. 10.3
Limesulphur | otol ull application) | Fi7f- | 28 | 49 | ol R L L B ’ ol B
10...... Dry lime-sulphur A (prepink applic.)*.. 10 Ibs. - N
Dry lime-sulphur A ) (pink, petal-fall 10 Ibs. 3.7 2.3 2.8 | 2.7 4.5 | 221 2.4 0.2 34.8 8.7 0.7
Iron sulphate / and two weeks 114 Ibs. | | .
application) ‘ ‘
Bordeaux (second brood application). ... . 2-2-100 | \ |
11, Sartie 88 PIOE 3%, ... e seniessssis| 4650 5a s 3.4 | 38 | 31 14 | 201 2.6 0.2 |ovirerenns S 2.0
1%, i Same as Plot 1*.....oovooveineeeiini] e J 88 | 40 2.0 | 15 | 225 3.8 B2 [eome onsomifsosgsims 3.1
130 | CHBEK, oo mes st s e s s e v o s smeminss " ......... v 6.2 | 53 | 103 0.5 0 l .......... ‘ .......... 4.0
!

*Lead arsenate was use, unless otherwise indicated at the rate of 3 lbs in 100 gallons in the pink, petal-fall and two weeks applications and 2 Ibs. in the second brood.

TAIL bor.de:\ux was made with quick lime.
1There is also 2.9 per cent of heavy russet.
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Table 30.—Experiments at Morrice, 1930.

Leaves on

i (average )

09

Amount in

‘ | spurs Injuries to fruit (per cent)

‘ON NLLATING IVIODOAIS NVOIHOIN

SIe

Plot Materials 100 gal. | Jonathan } Jonathan
[
|« % Light Medium ‘ Blossom- a
‘ Sept. 17 ‘ Russet Russet end injury Seald
|
|
! |
Bl e . Lime-sulphur ) 215 gal. | !
| Tron sulphate (Al applicitions except second brood)* 1Y lbs. | 4.4 21.9 0.9 | 0 | 0.9
("asein spreader | 11b. | |
Bordeaux (second brood applieation) . ................ L T 5T B e 5 A T A ST RS 3-3-1001 [ ‘ | ‘
| |
5 R . - 914 g
& " };'l:;lleilsllllxl)‘l]lhll\l: (All applications except second brood)*—% T‘f ﬁ;l i 4.6 ‘ n 0.2 0.1 | 0.4
| Bordeaux (second brood application). ... | 3-3-100 ‘ |
3 Lime-sulphur (prepink and pink applications)*..... ... ... ... .. .. .. .. .. ... ... | 2)% gl
Koppers flotation sulphur (petal-fall, two weeks and second brood applications). ... ..... ... .. | N 5.0 3.2 0 10.4 2.0
o A |
4 Caleium sulphide (Cal-Mo-Sul)*. ... o oo 1215 Ibs. 4.6 ‘ 1.1 ’ 0 | j 2.1
| |
i .| Dry-lime-sulphur A1 4y 0 o . . " | 101bs. ‘ | ‘
Teousdlohate (All Apphcafmns except second brood)* | 141bs. | it | 9.2 | 0 0.1 0.3
Bordeaux (second brood application). .. .......... .. ... . .. .. .. 4 T B B cncn 3-3-100 | |
3 . R = | |
Biscananas {r‘:“]e:‘fl];;";‘:; . (All applications except second brood)* . ‘ i | 10.7 | 0.1 ‘ 0.1 [ 0.9
Bordeaux (second brood applieation) ... ... | ‘ ‘ | |
7 PP . Lime-sulphur (prepink, pink and petal-fall applications)*. . ... .. ... ... .. . . .. . ... .. | ‘ | i
1 < , . . | 2
[Ar];')rr‘x Q.u‘llxl)ll;};?; (two weeks application) | | 4% 9.4 ‘ 0.1 ’ 0.1 92
| Bordeaux (second brood BDIIOABIONY . 11051515 505 5 50 8968t 5,5 5 o i el e 4 3 e B | |
8.0 .| Lime-sulphur ) ‘ | ‘
Tron sulphate - (All applications except second brood) {6 | 12.3 ‘ 0.1 0.6 0.8
Caleium arsenate |
Bordeaux (second brood application) .............. .. | |
L2 S .| Lime-sulphur*. . . . B a0 o i oo e T b s v S T e




Table 30.—Experiments at Morrice, 1930—Continued.

Amount in

Leaves on
spurs
(average)

Injuries to fruit (per cent)

Plot Materials 100 g4l Jonathan Jonathan
; ‘ \
& =i Light | Medium Blossom- |
Sept. 17 | R Russet end injury 1 Sunseald
| |
10 .. . B_(ero wx (All applications e\:c_eptjwt-ll-f,tll yR—t ‘ _ | i ‘
Lime-sulphur | (petal-fall application) 4.9 | 47.5 21.8 0 0.3
Iron sulphate | | ‘ 1
11 .....| Bordeiux (Delayed dormant and second brood applications)*. .. ... 3-3-100 | g }
1me-st n " 2 pa T 3.8 ¢
ﬁ?:f\;fll)[})ll::; f (pink, petal-fall and two weeks applications) T ‘2 ﬁ;\l 4.7 ‘ 3.8 ‘ 0.3 0
B, .| Lime-sulphur*.............. 1l 4.1 | 1.3 0.4
| = i
13... coo0 Dry lime-sulphur A* ..o 4 lbs. | 5.0 | 8.7 | 2.0
| C. |
11 ...| Drylime-sulphur A*,......... 10 Ibs. 4.4 6.1 0.2 11.8 1.4
i 1
1 TN | 11 R Y 4.6 1.2 0 0.2 | 0.7

*Lead arsenate w!
TQuick lime was
INuRexform lead

in making all bordeaux.
rsenate was used in this plot.

sed, unless otherwise indicated, at the rate of 3 Ibs. in 100 gallons in the pink, petal-fall and two-weeks applications and 2 Ibs. in the second brood spray.
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Table 31.—Experiments at Belding, 1925.

Amount in

Leaves on spurs (average)

Injury to fruit

Plot Materials 100 gal. Melatosh Baldwin MeIntosh
Original ’ June 1 ‘ July 22 August 26 Original June 1 July 22 ‘ August 26 | Light russet (per cent)
|
........ Bordeaux*—t............ 4-8-100 J 7.0 ‘ 6.9 6.8 | 6.7 6.6 6.2 6.1 ‘ 5.7 39.6
........ Lime-sulphur*, ... ... .. 214 gal | B
Casein spreader. . ..... ... 11b. 7.4 7.2 7.1 ’ 5.4 6.6 5.2 5.2 3.6 38.1
........ Lime-sulphur*, .. ........ 214 gal 7.4 ' 7.3 “ 7.2 } 6.2 r 8.5 5.8 L 4.9 4.4
........ Lime-sulphur®, ,,........ 214 gal. ‘ i ‘ | o
Quick lime. .............. 5 1bs. 7T 7.5 | 7.4 7.0 | 6.5 5.4 5.3 4.4 10.7
,,,,,,,, Lime-sulphur*. .. ........ 214 gal, - . ‘ | .
Iron sulphate.......... .. 114 bs. 7.2 7.1 Tl 6.9 6.4 5.5 54 5.0 5.2
....... Lime-sulphur*. .. ... .. 214 gal. R | = ’ ‘
Camesugar.............. 5oz. | 6.8 6.6 6.5 58 | 64 5.3 5.2 3.9 20 4
' |
| ! | |
........ 611, A IERTTOPPVLY) (. 6.9 6.5 6.2 | 61 | 61 8.5

7.0 6.9

*Lead arsenate was used at the rate of 2 Ibs. in each 100 gallons of spray in the pink and all later applications,
TQuick lime was used in making this bordeausx.

9
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Table 32.—Experiments at Belding, 1926.

Leaves on spurs (average)

Injury to fruit (per cent)

Plot Materials e Intosh | Baldwin Melntosh
|
| | I | . .
June 6 July 7 August 5 1September 16i June 6 ; July 7 August 5 |September 16 }%i?ett \14{?‘{515‘3:1
| | i
| Ortho bordeaux*. ........... diey  esesssrmaesmsnpyssamms N P SN 88.6 11.3
. Bordeaux*—f............... 2-2-100 7 7.5 7.5 T 63 | el 55 | 48 55.4 243
Bz Lime-sulphur*. ............ 214 gal. | |
Casein spreader. . ........... 11b. 6.8 6.5 | 6.2 5.8 6.1 ‘ 5.7 5.6 ‘\ 4.4 4.4 0
4. | Limesulphur*. ... 215 gal. 6.8 63 | 5.0 5.7 | 61 5.5 5.5 | 45 88 0
ORI Lime-sulphur* ] 215 gal. ‘ | !
Quick lime....... 0.0 5 1bs. 6.9 64 | 62 60 65 58 5T 46 3.3 0
6...... Sulfocide™. . . .......... .. 15 gal. ‘ : ‘ i
Casein spreader. ............ 2 Ibs. ‘ 7.2 6.7 6.6 6.2 | 6.4 ‘ 6.1 ‘ 6.1 5.1 12.1 0
B citisns Lime-sulphur*. . ............ 214 gal. | : |
Tron sulphabe; s svsesssumis 14 lbs. | 7.2 6.5 6.3 5.7 | 6.2 ‘ 6.2 | 5.9 5.2 1.9 0
 — Dry lime-sulphur A*. ... ... . 10 lbs l 6.8 6.2 | 5.9 RS | 6.4 ‘ 5.8 | 5.7 4.0 12.5 0
9. | Dry lime-sulphur B*... ... 10 1bs 6.6 6.0 5.9 5.1 R 25 2 0
| |
: {1 ] ! (6117 Y (e — 7.3 6.8 6.5 6.6 6.1 5.9 | 6.1 5.6 0.1 0

*Lead arsenate was used at the rate of 2 Ibs. in 100 gallons in the pink and all later applications.

tMade with quick lime.
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Table 33.—Experiments at Belding, 1927.

¥9

JIHOTIN

7r

Leaves on spurs (average) | Injury to fruit (per cent)
|
Plot Materials ‘ A%%u;:]f" | Baldwin Meclntosh
i e
E ’ | & ; Light Med
‘ June 21 July 29 i September 21 October 12 Ruisi-t | Rf“l:i‘l;l
- ™ ‘ - -
..... Bordeaux (Ortho)*. .............. . ............. .. 5.9 5.6 5.3 4.4 39.8 25.1f
........ Lime-sulphur (pre-blossom and petal-fall applications)*. .. ...... ... ... ... ... B | ‘
Dry-mix (2 weeks and second brood applications). . . .. + at . ‘ 5.6 4.7 ‘ 4.7 | Dt B | 0
Lime-sulphur®*. ... .. ... . ... ... ... ... 54 | 4.3 | 2.7 1198 6.0 0
Lo sulpBur®, o . o oooiime nomne s onmmme s s omsnn s S 5 8 B
Aluminum sulphate..............oo 5.8 5.2 ‘ 4.6 3.4 | 3.2 0
..... RGN, . . 00 05 555 500 58 8 b 8 4 ‘ . ‘
Casein spreader. ... ..o 5.8 | 4.2 3.8 3.0 5.0 0
LAR-SUIOROIY 0o & v s vssinaion o e s sien s o murssiim e ve s o B e . B
Ironsulphate. .............................. 5.6 5.3 | 4.1 3.5 5.7 0
¥ ‘ Dy e Alohue A%, wnesvins s dsmommess NEL TR ’ ‘ 5.0 3.8 2.5 1.9 | 5.6 |
8 . Drylime-sulphur B*............. .. ... ... TR o] ‘ ‘ } 18.3 0.6
‘ |
Check....oovvvvneinin T EED DG KON RS ! 5.9 5.8 5.4 4.3 0 0
|

*Lead arsenate was used at the rate of 2 hs. in 100 gallons of spray in the pink and all later applieations.
TThereis 4.2 per cent of heavy russet also.
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Table 34.—Experiments at Belding, 1928.

| Teaves on spurs (average) | Injury to fruit (per cent)

Plot } Materials . Amount in September 19 ‘ MeIntosh
100 gal.
| I "
s , 4 Ticht Medium
Baldwin 1 MelIntosh | Russet Russet
| | |
| Bordewux (All applications except petal-fal)*—t. ... ... ................. PR g 2-2-100 | ‘ |
{‘rl::l m][l;}}:h:;: (petal-fall application) 21z eal. | 3.6 | 395 24.7%
. s B | | L
..... | Lime-sulphur*. .. ... | |
Tobaceo dust. . . 2.3 ‘ PR
: | Lime-sulphur*. . .. . it T B e B e e BT e st s ) . 21, gal. 2.4 } 3.4 Al 8.6
P . Lime-sulphur........ ... ... e S S I & i 205 gal. | ‘ :
| Calcium arsenate. . .. - ) R S 2 lbs. } 2.7 3.9 11.9 0
© Quick lime. .. ... S Ibs i
| Lime-sulphur } ‘ |
| Iron sulphate ¢ (prepink, pink, petal-fall, and two weeks applications) | ‘ |
} Calcium arsenate | | 2.7 3.8 21.2 0.7
| ?‘:{(tfl}:‘ - (second brood application) [ ’
| Lime-sulphur | , Sod o A AL & e ol TR 21y gal.
Iron sulphate (prepink, pink, petal-fall and two wecks applications) 117 Tbs X 3.9 2.7 0.8
i R . 4 1bs, 2.4 9.9 26.7
Bordeaux (second brood application)... ... ... ... G et 4.8, e 2 R e - 2-2-101)
7. Lime-sulphur | . N CRRTI 214 gvxl.‘l | |
Ditioke litog (Lime used in all applications) § Ibs. 1.6 ‘ 3.9 124 0
""" <+ | Lime-sulphur (Lime used petal-fall, two weeks and second brood applications)* ‘ 21wl ‘ |
Quick lime el e i e : i o SIbE. L ssanseass 3.4 14.3 0.6
| ( |
.......... | Chetle, ., .0nie P : 4.6 | 4.6 0 0

| |

*Lead arsenate used in ~ll plots except where otherwise indicated.
TQuick lime used to make borderux.
1There is also 9.5 per ceat of heavy russet.
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Table 35.—Experiments at Belding, 1929.

1' Leaves on spurs (average)
Plot Materials Amount in Baldwin
100 gal.
September 5
............. Bordeauxt™ =T svssr v vamsimen raes 5 s8 s a5mas 508 55958 m & 2-2-100 3.9
............. Dry Hme-Sulphiie A%, .. . o0 soeivn oo as mmaimsnns b aonens 10 Ibs. 1.3
............. B TP ST TR s o e e o R R e IV D0 o 1 T e e . S A QA BT B G o SRV 6 [ AT s SR 214 gal. 1.2
............. Lime-sulphur - y 214 gal.
I:é?]:ﬁp‘ﬁ:;g ¢ (All apphcaiu?ns fz.\cept second brood) 1% ﬁ?s 2.6
Bordeaux (second brood application). .......... ... Sl gD T B 0 ) eyl 0 R T ST e el o 2-2-100

*Lead arsenate used with all materials. . ) o
tLime-sulphur and iron sulphate, as in Plot 4, substituted in petal-fall application.

99
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Table 36.—Experiments at Grand Rapids, 1928.

Injury to fruit (per cent)

Plot Materials Air(l)c()]ugat[?n Stayman Grimes
Light Medium Heavy Light Medium Heavy
Russet Russet Russet Russet Russet Russet
; . Corona copper carbonate*. ... .. ... ... 2 lbs. 23 33 11 | 58 42 0
s 4 a5l e Corona 5097 plus (copper carbonate)*. ... .. .. .. .. 2 lbs. 19 38 50 49 48 2
Brinwiin g it vac Pure basic copper sulphate*. .. .......... 2 lbs. 10 39 50 38 53 7
(P Let-down basic copper sulphate®. ... ... .. b e el P 2 lbs. 20 29 44 39 59 8
{; AN— BOBAGIIRY, . 1« « v+ ¢ wesmsmomarmsmonsi s o 2-2-100 33 47 16 59 38 2
- Lime-sulphur*. .. ............. ... .. 214 gal 31 40 13 69 29 0
Pl A 800,000 Check.............. o vl 535 5. TS . U 6 554518 Gt B 5 28 & oo 0 s e [1} 0 0 62 37 0

*Lead arsenate was used with all materials in all applications except the delayed dormant.
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Table 37.—Experiments at Grand Rapids, 1929.

89

|
‘ | Injury to fruit (per cent)
1
s 5 Amount in 2 .
Plot Materials ! 100 gal. | Duchess Grimes
; |
| | "
‘ Ligh
| g ight Medium
‘ ; Light Russet | Russet Russet
|
1............| Lime-sulphur (All applications)*. ... ... .. .. . 214 gal, ‘ Practically none 297 ‘ 27
2............| Limesulphur (delayed dormant application)*. . 214 gal. }
Lime-sulphur | s 214 gal.
Iron sulphate (pink, petal-fall and 2 weeks applications) 144 lbs. | Practically none 43.2 2.9
| Bordeaux (second brood application).... ... 2-2-100
3o .| Lime-sulphur | o . o 915 gal,
ITron sulphate [ (All applications except second brood) ‘ 114 lbs. Practically none 38.8 1.9
| Bordeaux (second brood application)........................ ... | 2-2-100
Boemsinn nomnas Bordeaux (delayed dormant and second brood applications)*. . 2—2—10]0 Largelpel centage 1of l ( o
Lime-sulphur | . 214 gal. apples with light 51.5 S
Tron sulphate | (pink, petal-fall and 2 weeks applications) ‘ 107 b, Acttiog of Tusset, ‘
| |

*Lead arsenate was used with all materials.
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