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INTRODUCTION

A survey of red cherry acreage in Michigan (25), conducted dur-
ing the winter of 1948-49, revealed thaut the number of bearing trees
is dncreasing rapidly. Within ten years the tonnage of red cherries
in the state may well be expected to increase ten percent over present
production, and the increase may be as great as twenty percent.

With this potentizl increase in production, and with world pro-

duction of food rapidly recovering from the effects of World War II,
th% red cherry industry is faced with the necessity for producing
a high quality product and advertising it vigorously in order to
maintain a profitable outlet for the entire crop. Practices should

be followed in the growing and processing of cherries which wil!

benefit the industry most, for individuals will prosper as the
industry orospers.

In recent years red cherry processors have become increasingly
copscious of great variestions in the quality of the‘processed
product. This interest in quality has no doubt stemmed in part from
a consideration of the future status of the industry. It was imme-
diztely apparent that the quality of the finished product was closely
correlated with the quality of the raw product received from the
grpwers. In fact it 1s felt that the cherry crop is becoming more

variable in quality. Whether this variation haos always existed

without meking any particular difference, or whether the variation

is something new are unanswered cuestions. Accordingly it was consid-
erpd advisable to meke a study of orchard practices with the purpose
ofigaining informetion which might enuble growers to supply processors

wi@h the high quality product they must have if they are to maintain




a healthy red cherry industry in the State of Michigan. It was for
this purpose that the work reported in this thesis was undertaken.
This thesis covers only the initizl stages of a study which is
continuing at the Michigan Agricultural Experiment Station. Specif-
icelly, the work reported here is concerned primarily with the effect
of two different fungicides and of an oil-wax emilsion which has
recently come into limited use in cherry orchards, on the physiology
of the leaves and on the composition of the fruit. This particular
phase was selected for the first part of the study because obser-
vations had indicated a correlation between foliar sprays end quality
of fruit, and the physioclogical effects of these sprays was not as
well understood as other prictices, such as the use of commercisl

fertilizers, barnyard manure, and cover crops.
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REVIEW OF LITERATURE

The fact that the size of fruits varies with spray treatment

has been known as least since 1921. In that year Fisher (11)

reported that alkaline sprays dwarfed the fruit of sweet cherry
trees, and suggested that this may have been brought about through
an increase in transpiration resulting from injury to the cuticle
of the leaves.
Nutton and Wells~(10) reported dwarfing of red cherry fruits
from the use of Bordeaux mixture, compared to lime-sulphur. Results
reported by Rasmussen (38) were similar, but he found that Bordeaux
of a strength weaker than 4-6-100 did not give a detectable decrease
in size, He also reported no decrease from the use of Bordow.+

Groves et al (15) found that Bordeaux as well as several

proprietary copper fungicides, including Bordow, decreased the size.

of frult of red cherry in comparison to fruit from trees which
received no spray treatment. The decrease with Bordow and mort of
the other proprietary coppers was not as great os was obtainef with
Bordeaux. They found no effect on size from the use of either of
two organic materials, Fermate” and Japanese Beetle Spray (tetra-
methyl thiuramdisulfide). Langer and Fisher (23) obtained larger
red cherry fruit from trees receiving Fermcte than from trees

receiving Bordow.

1. Bordow is a proprietary copper matericl menufactured by the Dow
Chemical Company of Midland, Michigan.

2. Fermate (ferric dimethyldithiocarbamate) is an organic meaterieal (‘

manufactured by E. I. Du Pont de Nemours and Company of Wilmington,
Delaware.
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Miller et al (26) obteined an increase in thJ cize of red cherry

mixture to act as a spreader. The meterisl used was D-82, one

fruit when they applied an oil-wax emulsion with %he fungicidal
member of a series of emulsions sold under the trade name of
Dowax.1 The increases obtained were, 7, 15, and 35 percent when
one, two, and three applications, respectively, were made.

. Further work using five formulations of Dowax emulsions wes

reported by Neal et al (30). ALl of the emulsions increased the

size of cherry fruits in comparison with fruit fTom untreated trees.

The increase vas greater in orchards which were Tn sod than in those

which were cultivated. It was also greater where the set of fruit was

heavy than where trees were bearing a light crop. Dowax 222 was

harvest, and its use doubled the number of bushels of apples attaining
a minimm size of 2% inches in diameter.

l
ap-lied by these same workers to Grimes apple tr#es one month before
In commenting on the economlic aspects of us%ng Dowax 222 for

the sole purpose of increasing tonnage yields of}cherries Neal
et 8l (31) set ten percent as a reasonable value for the increase

in size of fruit to be expected from one application, although they

Agricultural Chemistry of the Michigan Experiment Station.

They were designed as transpirution - reducing sprays for use
primarily in off-setting the shock of transplanting. The
emulsions are protected by a U. S. Patent (27) assigned to the
Michigan State Board of Agriculture. A liscense to manufacture
them has been granted to the Dow Chemical Company. This
material was used on a limited scale commercially in 1947

and 1948 for the purpose of increasing the glze of cherry fruit.

The Dow Chemical Company did not sell the mﬁterial commerically
in 1949. !

|
1. These emulsions were formulzted by members oEgthe Section of



emphzsized the fact that great variation in response had been obtained
up to that time. They felt that prediction of the response to be
obteined would be very difficult.

Langer (22) experimented with Dowax 222 applications to red
cherry, pears, and apples and obtained increases with all three
fruits. Langer and Fisher (25) in a preliminary report on pert of
the date presented in this thesis, reported increases of from
3.7 percent to 17.3 percent from the use of one and two epplications
of Dowax 222 to Montmorency cherry trees.

Schuster and Stephenson (39) applied Dowex 222 to sweet cherries
for three seasons and obteined increases of as much as 20 percent.
The increase was greater where irrigation was used than where it wcs
not, and was also greater in a season when temperature was high and
humidity low during harvest than when converse conditions obtained.

So far as hgs come to the attention of this writer the earliest
report of a variation in solids content of cherries with different
spray treatments was that made by Rassmuscen (38) in 1939. He
reported that Bordeaux and Bordow increased the percentage total
Solids content of fruit as compared to lime-sulphur &nd resulted in
& darker color of fruit as well.

Groves et al (15) found an increase in soluble solids content
of cherry juice from the use of both Bordeaux and Bordow on the basis
of total amount in a give number of fruit as well as on the basis
of percentege. A decrease in solids was obtained by them from the use
of Fermate and Japanese Beetle Spray in one season. This effect was
not found when these organic materials were used in another season in

split schedules, lime-sulphur being used for the petal-full spray. ﬂ'
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Concerning the effect of Dowax emulsions on the fruit of red
cherry, Langer and Fisher (23) found that the use of Dowax 222
lowered the soluble solids and total solids content of fresh cherries
on the percentage basis. They stated that a reduction in the abso-
lute amount of solids per cherry was indicated. Dowax %22 also
resulted in a decrease in the drained ﬁeight of canned cherries.
Fermate had much the same effect in comparison with Bordow as did
Dowax when incorporated with either fungicide.

Physiological effects of foliar sprays havebeen the subject
of a l:rge amount of study. These studles nave dealtmostly with
photosynthesis and transpiration, although respiration has also been
studied to a considerable extent.

0ils have probably been studied from the standpoint of physi-
ological effects more than any other type of follar spray, and the
usual result has been a reduction in the apparent rate of photo-~
synthesis. Hoffmzn (R0) reported that two and three applications
of spray oils materially reduced carbon dioxicde intake by apple
leaves. Overholser et al (34) have given further evidence that oil
sprays reduce carbon dioxide intake, but they reported no reduction
from the use of light mineral oils. Overholser and Overley (33)
réported no reduction from applications of a combination of calcium
arsenate and mineral oil. In commenting on reduction of photo-
synthesis by oil sprays Ginsburg (14) suggested that the mechansim
may be a reduction in light intensity.

Oberle et al (32) found that pertoleum oils reduced respiration,
and that the reduction was less severe when dinitrophenolic materials

were used with the oils.
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In recent years considerable effort hazs been made to determine
whether hormone stop-drop sprays havé any direct effect on the
physiology of leaves and fruit. Early studies with these materials
indicated th~t there was no direct effect on maturity of fruit (7, 16).
More recently, however, Allen and Davey (2) and Gerhardt and Allmendinger
(13) have found that a-napthaleneacetic acid may acceleraté ripening.
Truab (42) found that citrus fruits ripened earlier vhen treated
with high concentratioﬁs of a-napthaleneacetic acid, Indolebutyric
acig. Low concentrations, on the other hand, retezrded rigening.

Smock and Gross (41) found that various forms of a-nupthalenacetic
acid incx;eased respiration of fruit during a short period of three
. to five duys, this neriodoccurring about two weeks after apolication.

The literature on physiological effects of fungicidal and
insecticidal materials other than oils is voluminous, so a complete
covercge will not be given.

Acnev end Childers (1) found that both magnetic spray, a sulphur
suspension, and lime-sulphur reduced aparent photosynthesis of
apnle leaves, lime—sulphur having the greater effect.

Hoffman (18) reported that som.e‘ spray materials rractically
stopped the assimilztion of carbon dioxide by apple leaves, treated
leaves huving assimilated as little as five percent as much as
untreated leaves. Using lime—sulpimr at the rate of 2% gellons per
hundred on bearing trees in the orchard, carbon dioxide assimilation
was reduced to about 25 to 75 percent of the rate before treatment.

Murphy (29) found that applications of bordesux tnd lime-
sulphur reduced photosynthetic activity. The largest reduction

obtained wac from 10.83 grams of sugar accumuluted per scuore meter
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of leaf surface for the control to §5.77 grams after three appli-
cations of lime-sulphur. He also reported that three applications
of Capro K, a proprietary copper fungicide, decreased photosynthesis
about 17 percent.

Christopher et al (6) studied the effect of lime alone and in
combination with other materisals and found no effect on the rate
of apparent photosynthesis.

Fossum and Laurie (12) obteined a reduction in apparent
photosynthesis from the use of several proprietary materials.
Similar results were obtained by Laurie and Witt (24/.

Pieniazek and Christopher (36) found that Fermate and lauryl
pyridium chloride reduced apparent photosynthesis.

Shutak and Christopher (40) studied respiration of tomato
leaves when sprayed with Bordeaux and found little effect from
the materizl. Pickett (35), working with peach -leaves using the
wahrburg manometric technique, found that foliar gpreys affected
the rate of respirétion of young leaves far more than mid-stem and
basal leaves. He found that lead arsenate and zinc sulphate decreased
respiration less thun did lead ersenate alone. Dichlorodiphenyl—
tricholoroethane increased resoiration markedly in yéung leaves
but hud & depressing effect on mature leaves. Benzenehexachloride
stimulated respiration, especially in young leecves.

Physiological studles with Dowax emulsions heve been quite
limited unp to this date. Results of two investigations with wax-
type meterials are of interest. Smock and Gross (41) found that
apple fruit dipped in 0.5 percent carbowax had a lower respiration

rate than untreated fruit. When a-napthaleneacetic acid wos applied
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with carbowax &s a carrier, the carbowax prevented the increase in
respirétion vhich was obtained when a-napthalene&cetic acld was used
alone in one year, but it did not reduce the stimulatory effect the
next yeer. Lanolin showed the opposite effect in that ;t increased
the rate of respiration. It did not offset the effect of the hormone
vhen used as a carrier.

Barr (5) has reported on work with Dowax emulsions on leaf
physiology. In analyzing leaf punches of maize, he used the accu-
muletion of sugars as o measure of photosynthesis, and obtained
a decrease in the rate of photosynthesis. The accumulation of
sugars in sprayed leaves wis 62.10 percent us great as in unsprayed
leaves on the day following the applic:tion. He found that twenty
days after the aprlication the accumulation of sugurs wes about
18 percent greater than at the time of the earlier analysis, and
suggested that reduced efficiency of the spray film in retarding
photosynthesis could have resulted from a change in the permeability
of the wax coating or from cracking or shrinking of the spray film,
or from both of these factors. From his reference to "wax and oil
emmlsions developed for the prevention of desiccation of shrubs and
trees in transplanting" it is assumed that the material he used was
"Dowax 82", or one of the other early emulsions of the Dowax series.

Further work was done on leaf physiclogy with these emulsions by
Comar and Barr (8). They found that one of the commercial emulcsions
in & concentration of 12.5 percent or higher at 110°F ceused very
severe injury to leaves of sunflower because of destruction of

chlorophyll. Concentrations of 4 percent caused some injury.
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Neal et al (30) analyzed cherry leaves for reducing sugars
and found thet application of 10 percent Dowax 222 retarded
photosynthesis temporarily. .

Reduction in trapspiration by potted cherry trees when treated
with Dowax 222 was found by Neal et al (30). At a concentration
of one percent this emulsion was as high as 60 percent efficient
in reducing transpiration just after application. Efficiency dropped
very rapidly, however, until the effect was practicaily nil after

about five days.
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METHODS AND MATERIALS

Field trials — Use was made of four privately ovned orcihards,
designated Orchards I, II, III, and IV, in conducting fiéld trials.
Experiments conducted in 1948, (in Orchards I, II, and III,) included
determination of size, soluble solids, total solids, drained weirht
of canned fruit and titratable acid content. (Orchards I, II, and
ITT were used.) Field work in 1949 consistéd of measuring the solids
content of cherries from Orchards IIi and IV,

Trees of all orchards were mature, lerge and vlgorous. Ail
orchards were managed under & system of clean cultivition during
spring and summer, followed by & fall cover crop. The soils of
Orchards I, II, and III were sundy louams. Each was undeflain'by
a heavy zone of accumulation at a depth of 3% to 4 feet below the
surface. The surface soil of Orchard IV wes considerably.heavier
than that of the other three. Excellent insect «nd disease control
was obtained in all orcherds throughout the experiments. Orchards
I and II were located in the southwestern cherry producing region
of Michigen, at Fennville in Allegan County and Gobles in Van
Buren County, respectively. Orchards III and IV were located at
Kewadin in Antrim County cnd Traverse City in Grand Traverse County,
respectively.

Orchard I comprised a single block of trees, all of which re-
celved fungicidel cover spreys of 3ordow. In 1943 Orchards II and
III were each divided into a Bordow block and & Fermate block. Each
block of these threc orchards was divided into three plots of two

or three rows each, the rows containing from 20 to 30 trees each.
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Plot 1 of each block received no Dowax, plot 2 recelved one
aprlication of Dowax 222, and plot 3 received two applications.

When one appliéation of Dowax was made it was included with the
second cover spray, applied vhen the pits had reached full size and
fruit had just begun to color. When two apélications were mede
Dowax was included with the second and third cover sprays, the third
being applied seven to ten days after the second or when fruit showed
about 25 percent red color. Spray treatment in Orchard II was
somewhat irregular in thet the first application of Dowax wes made
with the first cover spray on May 28, and the second with the second
cover spray on June 14,

One end of each block in Orchards II and III received a high
rate of nitrogen fertilization (ten znd eight pounds amiionium
nitrate per tree, respectively), while the otler end received a
lower rate (six and five pounds, respectively). Orchird I was
fertilized uniformly throughout at two pounds emmonium sulphate
per tree. |

Trees of Orchard I were on Mahaleb roots, and were spaced
twenty feet uperi on the souare. The trees were larger than in
the other orchards. The orchard was 16 years old. The cover crop
the previous fall was Sudan grass. The set of fruit in 1948 was
lirht, resulting from a large amount of rain and cool weather
during blossoming. The orchard received four cover sprays.

Trees of Orchard II were on Mazzard roots, and were spaced
fifteen feet apart on the triangle., The orchard was 39 years old.

The cover crop the previous fall was rye grass, vhich received 200
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pounds of an 0-20-20 fertilizer per acre. The set of fruit was
about 90 per cent. The orchard received three cover sprays.

Trees of Orchard III were on Mahaleb roots and were spaced
18 bf 20 feet. The orchard was 2L years old. The cover crop the
previous fall was éhewing fescue. The set of fruit was about 90
percenf. The orchard received four cover sprays.

In all orchards piéking wes done by plots in order of apparent
maﬁurity. The picking was spreszd out so that all plots were in as
nearly the same stage of maturity as was practicable under the
circumstances. Since transient labor was used in nicking it wes
not possible to séread the picking out as much as was desirable.

Soray materiuls --The fungicides used were Bordow, Fermate,

and Dithane. Bordow was mixed for all experiments at the rate of
four pound Bordow, three pounds hydrated lime, and two pounds lead
arsenate per hundred gallons of meterial. Fermate was used at the
concentration of two pounds Fermete and two pounds lead arsenate
per hundred gallons. Dithane (Disodium ethylene bisdithiocarbumete),
an organic material manufactured by Rohm and Haas Company, Phila-
delphia, Pennsylvania, was mixed at the rate‘of one nuart Dithane,
one-halfl pound monohydrated zinc sulphate, one-guarter pound hydrated
lime, «nd three pounds lead arsenate per hundred gallons. Dowax 222
wes used 1n all experiments &t the rate of one percent by volume.
Size determination -- Size determinstion in field experiments
wes mzde for three to five trees from each plot. These trees vere
selected on the basis of uniformity in size and vigor and freedom
from observeble winter injury and disease infection. Three samples

of 130 cherries each were picked from spurs only, tcking the entire
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spur cluster. Spurs were picked at random from the entire tree so
as to secure & fair representation of the total crop. Each sample
was weighed to “the nearest gram on 2 portable Toledo balance.
Volume was then determined by water displacement in a 500 ml. grad-
vated cylinder. Total yield per tree in pounds was determined as
the trees were picked.

Size was determined for Orchards I and III only once, that
being done just aheud of the pickers. Size of fruit in Orchard II
vas determined twice, once on July 14 for all plots and once us
the trees were picked.

-In an attempt to determine whether Dowax 222 had its effect
on size of fruit becouse of its being applied to the fruit or the
leaves a single tree was gelected for work in 1948, on which six
pairs of branches were selected and tegged. These paired branches
were selected so that one could be treated and the other left un-
treated as a control, in such a wvay that treated and control were
as nearly allke as possible. DBothh members of each pair were in as
nearly &s possible the same location with regard to exposure to
sunlight, and were attached to the same scaffold limb in order that
their supoly of nutrients from the tree would be as nearly equal
as possible. The two branches were also as nearly the same size as
nossible, being about threes feet in length and having similer patterns
of branching and about the same ratio of leaf area to number of
fruit. Treatments were made by spraying with a hand atomizer or
by dinping in a beaker. Controls were treated with distilled weter
by the same methods. Size of fruit wés determined by measuring the

smallest diameter with a calipers. Two measurements were mude.
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The first was made on June 25, two days after treatment, and the
second was made on July 8. The delay in making the first readings
was unavoidable, and not preferable.

In 1949 similar experiments were conducted except that smaller
branches were selected, being about 1% to 2 feet in length and
bearing from ten to fifteen cherries each. By selecting smaller
branches greater uniformity was secured. £11 treatments were iade
by dipping. Size was measured as volume by water displacement in
a ten ml. graduate cylinder on June 19 and 24, and in a 50 ml.
graduated cylinder on June 30, July 5, and July 13. Controls were
treated with distilled water.

Solidg Content — Soluble solids content was determined by
reading the refractive index of the expressed julice of a sample
made up of at least ten cherries from each field trial plot. These
samples were taken from a rendom sample picked from several trees
in each plot. Readings were repeated until at least three closely
agreeing values were obtained for each treatment. Refractive in-
dices were converted to percentage sucrose by the use of the Inter-
national Scale of 1936 (4). This technique was used by Allinger
et al (3) and was found satisfactory also for various varieties of
watermelon by Porter et al (37). It has been used in a large cmount
of experimental work in recent years, and is comuonly used by cherry
processors in checking quality of the raw product. Porter et al
found that the correlation betweer refractiveindex and total sugar
content was not perfect, but that it was close enough to make
refractive index a reliasble indication of solids content. It can

obviously be accurate us used to dute only in so far as the total
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soluble solids of the experimental solution approach a pure sucrose
solutidn. Since about 80 percent of the sugar of red cherries is
in the form of invert sugar and the correction factor for converting
refractive indices of sucrose solutions to those of invert sugar
solutions is 1.022, the values as reported here are probubly some-
what low.

Total solids content was determined by drying a composite
sample of from 80 to 200 grams in an oven at 100 to 105° C for
24 hours. In 1948 the pits were not removed from the dried flesh,
but they were removed and weighed separately in 1949, A1l weights
were accurcte to the nearest 0.l gram.

Drained Weight of Cupned Cherxies — Cherries from the 1948

experimental plots were kept separate and their identity maintained
through the various processing plants. Thé number ten cansg from
each treatment were set aside for dreined-weight measurements. All
of them were canned in water without change in the routine of the
pvlent where the processing was done. The drained weight measure-
ments were made by the standard method consisting of opening the
cans, emptying the contents of each can separctely on « screen
strainer, allowing them to drain in an inclined position for two
minutes, and weighing the drained fruit.

Titratoble Acid — A composite sample of fruit from each plot

of Orchaerd II was picked on June 18, 1948 and taken to the laborutory
vhere a known weight of zbout ten grams of julce was titrated against
0.1 Nedl, using phenolphthelein indicator. These determinations

were mcde in three replications.
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Uptake of Water ~— In commercial practice an attempt is made
to soak cherries before pitting. The temperature used depends on
the temperature of the availabele water, and the cost of refrigeration
or of obtaining water at & low tempersture. The length of time
cherries are sllowed to soak depends largely on the condition of the
fruit, the emount of space available, the schedule of arrival of
fruit from the orchards, and the capacity of processing facilities.
In general processors prefer to soak cherries for at least four
hours at a temperature of 50 to 65° F. The reason usually offered
for this soaking is that the cherries absorb water and become firm,
so that they pit cleaner and with less rupturing.

In order to determine the effect of .the application of Dowax
22% on the upteke of water in socking a single tree at the College
Horticultural Form, at East Lansing, was given one application of
Dowax 222. This application was independent of the fungicidel
program, being mede soon after the second cover spray was applied.
An adjacent tree which received no Dowax was used as a control.
Uptake of water was determined by weighing samples of cherries,
soelcing them in runring water for varying lenghts of time, end then
reweighing them. In order thati weights could be taken before &nd
after soeking under comparable conditions, the samples were first
immersed in water, immedictely drained and the cdhering surface
water removed by moving them around on e dry piece of cheese cloth.
This seme drying procedure was used after soaking. Scmples conteined
from 200 to 500 grems, treated and corresponding control always
beine of about equal weight. Treated and control were handled elike

throughout the experimentel neriods. Soaking wagc done in glase jars
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aboﬁt o foot tall. Tap water was run continuouslyover the samples
by attaching rubber tubing to a glass ¥ so that water from the same
tap was used in soaking & given treated sample and the corresponding
control. The soaking period was from 5§ to 28 hours, and the temper-
ature was 57 to 63° F., Loss of weight before soaking and its effect
on the uptake of water compared to that of sampies which were started
goaking soon after picking was measured by permitting some samples

to remain in quart berry boxes in the laboratory at a temperature

of about 70 to 80° F for 11 to 27 hours before soaking was begun.
Weights were taken at the beginning of this storage period, and
before and after soaking. Stems of most samples were removed, as

is done in the most frequent commercial procedure. Four samples had
the stems left intact to determine the relative magnitude of water
passege through the skins and through the puncture made in separaiing

the stems.

Eage of Pitting -~ The response of cherries in the pitting pro-

cess was studied by visual observation in commercial processing
plants und by measuring the amount of pressure required to breck the
skins and to pit the cherries using a hand type cherry pitter.
Observations were made of the cleunness with which the flesh was re-
moved from the pits, the failure of pits to be removed from the cherries,
rupturing of cherries, and failure of cherries to clear the pitters.
These observations were made on cherries from Orchards 1, II, and IlI
in 1948 in which field triels were made, &s reported above.

Pressure tests were mede on cherries from the same trees used

as a source of Dowax-treated and untreated fruit for determining the
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mecsurad, using
described by

by leal nunches

apparctus.

N

rries were se'placed that they were elways struck Squarely ohir




-21-

Figure 1. Carbon dioxide absorption apparatus. A, vacumn line from pump;
B, suction flask; C, mercury valve; D, inlet to mercury valve; E, drying
tower; F, central connecting flask; G, inlets from units; H, needle valve;
I, water manometer; J, hose containing capillary tube; K, phenolphtahlein
trap; L, absorption tower; M, water inlet; N, screw clamp; O, 1 1. volu-
metric flask; P, flexible joint; Q, point for connection of gas meter;

R, T, leading to by-pass; S, pinch clamp; T, tube to storage chamber; U,
wet test gas meter.
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Figure 2. Interior of storage chamber. V, disccator; W, envelop;
X, Paper clip; Y, wire frame.
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The measurement of carbon dioxide evolved consisted essentially
of Erawing air from around the leaves of a potted cherry tree through
en absorntion tower containing standardized alkali which removed
the carbon dioxide from the zir stream and converted it into soluble
carbonate. The carbonate was then percipitated and a sample of the
unneutralized alkali was titrated zgainst standardized acid. The
amount of alkali which was neutralized was then determined by dif-
ference; The cerbon dioxidevequivalent wes then calculated. The
rate of flow of air was measured, so that results could be expressed
as mg. carbon dioxide absorbed per liter of air. This carbon dioxice
represented that contained in the air and that added to the stream
by respiration of the cherry tree. A blank was operated with each
run to establich tﬁe carbondioxide content per liter of the air which
entered the envelopes; that added by respiration was then determined
by difference. Leaf area wus measured, and respiration ruate was
expressed as mg. carbon dioxide evolved per unit of leaf areca.

The carbon dioxide absorption apparatus ic pictured in Figs.

1 and 2. Lettered parts of these two figures are explained in the
fol'owing text. A Cenco Hyvac pump operated by a one-eighth horse-
power motor drew cir through tube A& from a suction flask (B), which
was in turn connected to a mercury valve (C) and to a drying tower
(E). The drying tower led to a central five-liter arction flesk (F)
which was provided with an outlet (G) for each unit. Each of these
outlets drew azir through a Hoke needle valve (H) connected to a water
mononeter (I), thence to & phenophtialein tran (K), wnd thence to

the top of the absorption tower (L). Vhen the :ump was sterted

suction on the absorption tower first caused the alksli in the 1000
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ml. volumetric flasks (0) attached at the bottom to rise into the
towers. Once the liquid hed risen air was drawn through the system
from tubing (T) which passed from the volumetric flasks through the
partition between the laboratory and the storage chamber shown in
Fig. 2 where the trees were placed during runs. Inside the storage
chamber the tubing lead first,tﬁdesicpatonat(v) vhich had no purpose
in these experiments, being inserted in the lines for use in studies
with small plants or plant parts. -From the desiccators air was
dravn from celophane envelopes‘(W),surroundingaa branch of a potted
cherry tree. These envelopes were not eealed completely so that
air was dravn into them}from the outeide.

The mercury valve (C) was provided for two ressons. First, it
served as a safety feature by removing all probability of implosion
of glass vessles in case the suction pump had been turned on at
any time when all openings to the atmosphere were sealed off. Second,
it provided a means vwhereby suction could be applied gradually to
the towers to prevent the water in the manometers from being sucked
into the tubing and thence to central flask (F) by 2 sudden rush of
air through one unit when the alkali rose in one tower more quickly
than in the others. This huzzard was great since there was & large
difference in tension on the two sided of the manometers. The
mercury valve consisted of a 30 mm. glass tube seuled at the bottom
and filled to a height of about one foot with mercury. This tube
vas fitted with a fwo-holed stopper through which it was connected
into the vacumn line through flask B, and to an inlet (D) from the
atmosphere. This inlet was a glass tube which permitted air to pass

readily to the pump when the lower end was raised out of the mercury,
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but restrained this passage as the tube was lowered into the mercury.
As the amount of suction required to draw air through the mercury
valve increased the suction on the tube leading to the towers in-
crecsed. After the alkali had risen in the towers this inlet tube
was always depressed far enough that no air entered: through it since
the full capacity of the pump was needed to maintain a suiteble flow
of air.

The drying tower (E) served to remove water from the air stream
before it passed into the pump. The central flask (F) served to con-
nect the one vacumn line from the pump to the six separate vacumn
lines leading to the towers; as a "head" in the system so as to de-
crease the fluctuation of suction on the towers; and to trap any
large amount of liguid being drawn through any of the lines.

The needle valves (lI) were used to regulate air flow through
the separate units. All velves were adjusted so that flow through
all towers was about equal, and a constunt amount of alkali was
used to avoid chenges from one run-to another. During the first
replication the valves were not adjusted dufing the runs, and the
rate of air {low was measured three or four times during each run.
The average of these measurements was accepted as the rate of flow
for the run. During the second and third replications the apgaratus
was cttended regularly and valves adjusted to maintein uniform flow,
as indicated by the anmometers. Slight variation occurred from time
to time as foeming in the towers increased cnd decreased in nearly
constant cycles. This, of course, caused a small variation in the

total flow through the system, but since all manometers were kept at




-0 -

about the same position relstive to the marks on the manometers ac-
cepted as their average reading error from this source was mini-
mized.

Manometers were made by bending four foot lengths of glass tubing
into a U shape, connected across the top by glass T's and rubber
tubing. The difference in tension on the two arms was increased so
that a suiteble reading of 10 to 14 cm. was obtained by inserting
into rubber hose J a piece of glass tubing with one end drawn out
into a capillary. The water levels in the manometers fluctuated
constantly, so glass beads were placed in the bottom of them to
decreese this fluctuation. Air flow was measured byvconnecting a wet
test gas meter (U) into the units between the zbsorption towers
and the envelopes. This point for unit number one is indicated by
the letter @ in Figure 1. The passage of cir through the test
meter increacsed the friction enough that the rate of flow was de-
creased slightly, so it was necessary to readjust the valve before
a reading could be taken. The time regquired for a given number
(usually 3) of liters of air to pass was measured with a stoo watch,
and converted to liters per minute. The manometers were calibrated
so that in later stages of the work the rcte of flow was read
directly from graphs of manometer readings in centimeters plotted
against liters of air per minute.

The difficulty in accurately establishing rate of air flow was

& sericus obstacle. A need was felt for a gas meter permanently

connected into each unit.
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The phenolphthalein trap (K) was used to indicate éarry—over of
alkali from the towers. It contained a small amount of distilled’
water to which three or four drops of phenolphthalein dye were added.

Absorption towers were six feet long, made of 30 m.m. pyrex
tubing. The bottom end of each was melted until almost closed, and
then 2 length of 6 m.m. pyrex tulbiing was fused to it. This pro-
vided a shoulder to support the tower in the frame. An extension
of this tubing of suitable length to reach to the bottom of the
volumetric flask was connected by a piece of rubber tubing (P).

This provided the flexible joint necessary to remove the volumetric
flask in which the alkali was placed. This flask was inserted onto
-& stopper which was left permanently on the extension of the absorp-
tion tower. There was & second hole in this stopper through vhich
was connected the tubing from the envelope. The air passihg
through the tower was brolken up into sm2ll bubbles to hasten the
absorption of the carbon dioxide by filling it almost to the top
with glass beads and short lengths of glass tubing. These were
prevented from falling through the constriction at the bottom by
a loyer of glass wool.

 The absorption tower also had connected into it a length of
tubing (M) which could be sealed off by a screw clamp (N). This
wes used in washing the towers dovm. The envelopes surrounding the
leaves were made of 300 MSAT 86 cellophane, a product of E. I. DuPont
de Nemours and Company. The method of closing the lower ends of the
envelopes with pgper clips is shown at X, and one of the wire frames
used to prevent-collapse of envelopes is shovn at ¥. Circulation of

air inside the envelopes was good when the pump was running as
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indicated by the rapid removal of tobacco smoke blovn into the
. envelopes.

Efficient removel of carbon dioxide from the air stream in
the absorption towers was indicated by the fact that vhen two
towers were connected in series no appreciable change occtrred in
the strength of the alkali in the second tower.

Leqf area was measured by tracing the shadow cast by the leaves
on paper when a light was placed below them, and measuring the
enclosed area with a planimeter. This measurement was made twice
for each replication, and daily growth was assumed to be constant.

Trees were placed in the chamber at about 5:00 PM. of each day
on vhich a run was made. The temperature of the chamber was main-
tazinedat 70 to 759 F. The runs were started between 6:30 and
8:00 PM.,being somewhat later for most of the runs for the sec-
one and third replications thun for the first replicetion. Each
run wus of three hours duration. Envelopes were placed ovef the
branches just before starting the run. These envelopes were aerated
by running a second suction pump for about two minutes, this pump
being connected with all units by means of gluss T's (R) between the
tovers and envelopes. After aerating the envelopes these bypasses
were sealed off by means of pinch clamps (S). The pump to the towers
was then staéted, the towers huving been previously charged by
pipetting 50 ml. of 1 N NaOH and 100 ml. of water into each volumetric
flack. The inlet of the mercury valve was then depressed and the
needle valves manipulated so that air stasted flowing through all

towers at the ssme time.
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At the end of each run the alkali was permitted to flow into
the volumetric flasks, and distilled water containing phenolphthalein
dye was drevn into the towers through the waster inlets (M), and then
allowed . to drain into the volumetric flasks below. Thls washing was
repeated until the phenolphthalein did not become colored. The flasks
were then removed, and saturated barium chloride was added to pre-
cipitate all carbonate. The flasks were then made up to volume,
shaken thoroughly, stoppered, and set aside to allow the carbonate
to settle overnight. Three replicate samples were then withdrewn
and titrated against standardized hydrochloric acid.

Calculations consisted of determining the number of milli-
equivelents of alkali with which the towers were charged, subtracting
the millieguivalents remaining after the run, and multiplying by
the eguivalent weight of carbon dioxide to determiné_the number
of grams of carbon dioxide absorbed in each tower. These were then
dividec by the number of liters of air which passed through each
tower. The value for the blank was then subtracted from each of the
other values to determine the total number of mg. of carbon dioxide
given off by each brench. These values were divided by 3, the length
of each run in hours, and then by the leaf area in square decimeters.
The fincl answer was mg. carbon dioxide given off per hour per
squere decimeter of lzaf urea.

Three replications of respiration studies were made by this
method. Each consisted ;f a standardization period to establish the
normal rate of respiration, at the end of which treatments were
made, followed by more measurements of respiration to determine the

effect of the treatments. One tree was left untreated as a control,
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since respiration varied from day to day irrespective of treatment.
The six units were thus used as follows: WNo. 1, blank; No. 2,
control; No. 3, sprayed with Fermate; No. 4, same as No. 3 except
that Dowex 222 was added; No. 5, sprayed with Bordow; and No. 6,
same as No. 5 except that Dowax 222 was added. Dates of runs and
treatments are showvn in Table XVIII. Applications were made with an
electric motor-driven atomizer.

Trees used in these experiments were set out in five-gallon
berry cuans containing a mixture of equal pafts sand and the remnants
of a compost pile. The trees were one-year-old budded seedlings.
They were set in the cans in late Aprii; The whips were cut back
to about six inches from the crowvns. After growth started all shoots
were removed except one on each tree. Just befbfé a tree was placed
in an experiment the lower leavés were removed so that all remsining
leaves could be enclosed in the envelope. Né fertilizer was applied
to the soil, and care consisted only of watering and removing weeds.
During the experimental periods the treecs were watered each night,
after runs were made, so that the hydration of tissue would be as
nearly uniform as possible when runs vere started. Except for the
timé when the trees were in fhe chamber for respiration runs they
were kept outside at all times. The cans were surrounded by black
cloth to protect them from the direct rays of the sun vhich would
have heated the growing medium and roots excessively.

Climatological data were obtained from the records of the U. S.
Veather Burenu Station at Lansing, Michigan. These records were
tcken ¢t the Capitol City Airport, vhich is ebout five miles from

the Michigun State College campus vhere this work was done.
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Since much recent work on respiration has made use of Warburg
equipment it was considered desirable to compare this method with the
modifisd Heinicke and Hoffman method described above. The Warburg
method was used by Pickett (35) in work with foliar sprays on
peach leaves, by Mitchell et al (23) in studying the effect of
severel materials on various plent tissues, and by Kelly.gi.él (21)
in studying the effect of growth promoting substances on pea and
ost tissues. Deys (9) usea anAadéptation of the Warburg apparatus in
studying the effept of bruising on the respiration of tea leaves.

‘Respiration studies with Warburg equipment was made on leaf
punches from three year old potted cherry freas, In order to in-

. crease the uniformity of samples one side of leaves was treated, and
the other side was left untreaﬁed’as a corresponding control. Two
standardization»runs werz made té test the accuracy of the method
before any treatments were made. Four disks were used in éach

unit. These disks were 10 m.m. in diameter and were cut out with a
cork borer pressed against a large cork. Measurements were started
about 30 minutes after the disks were cut.

Five units were used as follows: No. 1, control for No. 2;

No. 2, treated with Fermate for four runs and Fermate plus Dowax
222 for three runs; No. 5, control for Nos. 3 and 6; No. 3, treated
with Bordow for three runs and Bordow plus Dowax 222 for three runs;
No. 6, same as No, 3 except that an additional measurement wac made
vwith Bordow. Thus disks for Nos. 1 and 2 came from 6pposite sides
of the same leaf'; those for Nos. 3 and 6 came {rom the same side of
the same leaf; and those for No. 5 came from the opnosite side of

the soame leaf from which those for Nos. 3 and 6 were teken.
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Spray materials were mixed in the same way as for the previous
respiration studies. Applications were made by painting with a fine
brush, about 30 minutes before disks ﬁere removed.

Respiration runs were made with the water bath at 280 C, and
lasted Prom 60 to 100 minutes. Rexdings of the manometers were
tairen every ten miﬁutes, in centimeters. Manometer peédings wére
then plottéd agdinst'time, and cubic millimeters of oxygen . taken
Up per hour.were calculated by use of manometer constants calculated
by using hydrogen perdxide in the vescsels under such conditions that
the amount éf oxygen liberatedeas knovrm. The carbon dioiide evol#ed
was prevented from counteracting the suction created by the absorption
of oxygen by absorbing the carbon dioxide in concentrated sodium
hydroxide in the central vessels of the Warburg flasks.

After the completion of each run disks were dried to constant
weight at 1009C. &@nd final results were expressed as cubic millimeters

of oxygen absorbed per gram dry weight per hour.
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PRESENTATION OF DATA

Data from experimental work are presented on pages 42
to 64. Such remarks are made here as are necessary for cleri-
fication.

Data on size of fruit from the various orchards are given
in Tables I to VI. There is little relation between size of
trees and size of fruit. Variztions in size of fruit and yields
are very large between orchards, and within a given orchard and
a given treatment. In general it may be said that in a given plot
the smaller the trees the lower the totel yield and the smaller
the fruit. In Orchard I there is an exception in the one-Dowax
~P2 plot, where the smellest fruit came from the one outstand-
ingly large tree, and the highest yields came from the two
smallest trees. There are several exceptlons to this rule also in
Orchards II and III, These veriations in size and productivity
are disturbing in view of the elaborate precautions taken in
selecting experimental trees. In no case was more than one third
of the trees in a given plot selected for cize anal&sis because of
the difficulty in finding trees of about the sume diameter, volume
of foliage, number of scaffold limbs, freedom from visible injury,
and so on. It was desired to anclyze five trees from each plot,
but in somec cases it was necessary to make &« choice between re-
ducing this‘number ond selecting trees that were higlily varisble.
The choice made was to reduce the number of experimentzl trees, so
thet in soime plots only two or three trees were considered acceptabk.

The higher yields in Orchard III than in Orcherd II, undoubtedly

resulted from grezter volume of foliage due to wider cspacing,
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although many other fectors pley a part in determining size and
yields of fruit. Yields from Orchard I were higher than from
Orchard II in spite of their lighter set of fruit and lower rate
of fertilizer application, size of trees again being the logical
explanation.

The larger size of fruit from Orchard II than from either
of the other orchards vhere similar spray treatment was used is
attributed to the high productivity of the soil in Orchard II and
the unusuzl'y high rate of fertilizer application.

Table VII gives soluble solids and total solids content of
cherry samples from the éame plots as are covered in Tebles I to
VI on size of fruit. These data were not as conclusive eas desired,
especiclly in consideration of their tremendous importance. A
very undesirable feature of the data in Table VII is that the ef-
fect of Fermate and of Dowax 222 on the totel solids content of
cherries is calculated on the basis of the rwhole fruit. While
it is not 'necessarily a correct assumption that foliar sprays
have no effect on size und composition of pits, it seems much
more logical that most of the effect of spruys applied in these
experiments would be manifest by the fleshy pericarp and very
little by the stony pericarp or pit. This is indicated by the work (‘
of Tukey (43) who reported that the stony pericarp of Montmorency
cherry reeaches full size in about 22 days cfter full bloom. The
earliest date on which any Dowax was applied was May 28, when Dowax
222 vas included in the first cover spray in Orchard II. This
application came very neerly at the time the stony pericurps wvere

reacning full size, but all other applicstions of Dowax were
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made well after this stege of growth. In Orchards I and III the
first cover sprays, which did not include Dowex, also were mude
at sbout the time the stony pericarps were reaching full size.
Thus it is difficult to conceive of foliar sprays having an
aporeciable effect on the pits.

Since data were obtained for totael solids only on the bacis
of the entire fruit, it was impossible to express the effects of
the foliar sprays in any other way, except bﬁ weiéhing several
samples of pits and establishing an arbitrary figure for pit
weight. An endeavor to do this revealed that pit weight was such
a variable item that it would be preferable to express total solids
as the data were actuaily obtained, and continue this phase of the
work the next yeer.

The results of investigetions in 1949 on the effect of foliar
sprays on the solids content of cherries are shown in Tables VIII
and IX, The variation in weight of pits is clearly evident from
Table VIII, as is the absence of any trend in pit size except
for a fairly close relation to size of fruit within a given
orchard, regardless of spray treatment.

The low value of 0.44 grams total solids of {lesh per cherry
from the plot receiving Fermate as the fungicide without inclusion
of Dowax in Orchoerd IV should be disregarded. The low fresh
weirht of these samples may account entirely for the low value,
although tha accuracy of such a figure is difficult to conceive

in view of the high readings from other plots of the same orchard.
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Table X gives dreined weights of No. 10 cans of processed
cherries from the various plots. Those values marked with an
asterisk were not obtained by draining No. 10 cans, as were the
others, becsuse the commercial plant in which these cherries vere
processed was not operating a No. 10 line on the days these lots
were run through, and all cherries were put into No. 2 cans.

The values for these lots were obtained by draining ten No. 2
cans, teking the averape drained weight, and multiplying b; the
factor 5.25. This factor was derived by dividing the put-in
weight for No. 10 cuns used for cherries from this orchard

(83.5 grams) by the put-in weight for No. 2 cans used (16.1 grams).
This method is not entirely reliable since the fil'ing of No. 2
cans is only spot-checked and considerable variation is found.

The values are recorded nere largely because they sgree so

closely with those obtained from Orchards I and III, but they
should not be taken too literally.

Table XI contains data on titrateble acid content of expresced
Juice of fresh fruit from the various foliar sprey plots of
Orcherd II.

Tables XIT end XIII summarize experiments designed to determine
whether Dowax 2722 had its effect on size when apilied to the leaves
or vhen applied to the fruit. In Table XIII all averages given
are fenuine except for the following: a totul of 846 measurements
are indiceated, not including twelve oversights reprecented by
asterisks. Fourteen of these 846 meacurements were not obtained
because of early dron~ing of fruit. A plotted vulue was incerted

for five measurements when fruit dronsped between the last two
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meesurements, but in the other nine cases the fruit dropped too
much prematurely to use this nrocedure, and averages of the
remaining cherries were substituted for averages of all cherries
with which the experiment was begun. Calculated values were
substituted for six measurements which were out of line with the
measurements made before and after these purticular measurements,
by czlculating daily growth and assuming that it was uniform.

Twelve cherries were measured on each branch, except for
branch number five on which all measurements of one cherry were
disregsrded when this fruit practically stopped growing after the
second measurement.

In analyzing the data from the paired-branch experiment of
1949 it wac found that cherries varied in volume at the beginning
of the experiment from 0.7 to 2.8 ml. Since it was felt un-
reasonable to compare the growth increment of cherries that had
such a wide range of potential prowth, two ways of presenting the
data were used. In Table XIII where values appear for two different
numbers of cherries for a given branch the larger number represents
all cherries measured on that branch, and the smaller represents
the cherries that weré left efter dropping data on those cherries
thet were smaller than 1.0 ml. or larger than 2,0 ml. «t the be~
ginning of the exueriment. Additional measurements were dropped
from the tabulations in order to compare‘equal numbers of cherries
on each pair of brenches, and have these cherries of approximately
the same volume at the beginning of the experiment.

It should be emphasized here that data in Table XII are

expressed as effect on grovwth over a short seriod of time rather

than on total size renched ei a given time. This :ccounts for
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the large effects. As an example, the controls in the first pair

of branches in Table XII had an average volume of 1.46 c.c. on

June 25 and 2.40 c.c. on July 8. In order for them to have attained
a size ten percent larger than that actually reached it would have
been necessary for them to grow 26 nercent faster during the
intervening 13 days.

Data on pressure required to break the skin and to pit fresh
cherries comprise Tables XIV to XVI. These data could be expressed
as energy expended b+ multiplying distances and the weight of the
glass rod used (6.91 grams). However, the same relationships
would hold, and the data could be of no greater valﬁe if expressed
as energy because it would be impossigle to produce an exact
replica of the particular glass used. Thiz is also true of the
cherry pitter used. The decreuase in force required to pit the
cherrles between July 13 and 15 was due largely to a change in
technique. On July 13 the counter-weight was allowed to heng free
so that the pulley cord was in a state of tension when the pitter
started dovmward. It wes found thuat frictlon hnd less effeet on
the acceleration of the pitter if this counter-weight was supoorted
and the tension removed from the pulley cord before the pitter {‘
was started dovmward and this techninue was adopted on July 15.

Table XVII rives data on experiments designed to determine
the effect of Dowax 222 when apnlied to foliage on the uptake of
mater in the conlihg tanks. The temperature of the water in which
these cherries were soaked varied from 57 to 63° F,, but was the
seme for the two members of each pair of samples; that is, treated

and corresponding control.
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Results of respiration studies made by Heinicke-Hoffman method
are given in Table XVIII, and are presented graphically in Figs.

3 to 5 pages 65 to687. Figures in parentheses in the graphs following
names of foliar sprays used represent amount of daily growth by
leaves in sguere decimeters. The rate of respiration varies with
temperature, hydration of tissue, amount and nature of substrate and
respiratory enzymes, supply of oxygen, injury, and the presence

of foreign materials such as foliar sprays. Evolution of carbon
dioxide is accepted as one of the most reliable meesures of
respiration rete. It is, however, subject to error from such

causes ap variation in respiratory ratio, freedom with which fasces
can pass through the stomates and cuticle, and the limitations of
the method of measurement. Thus the large variations from day to
day are not surprising. The decrease in respiration rate from the
first to the third replication is attributed largely to aging of

the leaves, ressulting in a decrease in the supply of readily
oxidizzble substrate.

Variations from one branch to another, due to changes in
noture and supply of substrate and enuzymes, would be expected to
have been closely correlated with amount of growth of leaves. Since
it was not; and since there was much to be desired in the closeness
with which respiration rute of uwost leaf groups was correlated
with supply of substrate, as indicated by favorability of sunlisht
and temperature for the process of photosynthesis during the day
time; and since no definite trend wng established in the effects

on respiration rete of the folisr sprays which were zpplied, one
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must conclude that a large part of the variation in results was due
to limitations of the method.

Probably the greatest limitation of the method as used was
difficulty in accurately measuring rate of air flow. Tvwo others
were difficulty in rinsing all the alkali from the towers, and
the limited accuracy of titration techniques.

Table XIX gives data obtained from studies of respiration
of cherry leaves using the Warburg manometric method. Monometer
number three was used to duplicate number six, but was not ready
for operation during the first three runs. Manometer number two
developed a leak during the second run, and so readinzs for it
hod to be discarded for tﬁat run.

The results were corrected for errors ir calibretion by
mezns of standardization runs. Calibration error was so grect
the actual values reported have 1ittle more value than they would
have if a purely arbitrary monometer constant had been chosen.

However the trends obtained were constant enouwgh to he considered

fairly relizble.

The center scction of Table XIX, entitled '"Percentage,
Controls Expressed as 100", is presented In order that results
with manometer number three can be considered in analyzing these
data. It must be evcluded from the bottom section since this
manometer was not operated during the two standardization runs.

The center section of Table XIX was derived by dividing the
values for number two for each run by the corresponding values
for number one, and dividing the separute values for number three

and six L the corresponding values for number {ive.
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The bottom section of Table XIX was derived by multiplying
all readings for number two in the center section by the factor
100/73, or 1.37, which hag the effect of attributing all error
during the standardization run of August 22 to erroneous calibration
of the manometers;:the same method wes used for number six except
thet the average values for both standardization runs were used,
the factor being 100/180.5, or 0.554. This action was congidered
justifiable since all readings for the second run were higher

than for the first, and all changes were of about the same magnitude.
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TABLE I ~ Size of Cherries from Trees which

Received Bordow with and without Dovex 222, Orchard 1l

Trunk Circum. Yield Size of 300 Cherry Sample
(in.) (1bs.) wt. (g) Vol. (ml.)
Without Dowax, Harvested July 19

35 204 1240 1186

29 194 1237 1177
30% 179 1262 1189

41 162 1323 1255

26 106 1227 1160

Dowax 222 added once, Harvested July 20

30 212 1499 1428

52 ‘ 174 1365 1295

31 171 1370 1310

38 213 1335 1271

30 : 244 1436 1368

Dowax 222 added twice, Harvested July 21

31 232 1365 1311
34% 220 1356 1294

28 229 1405 1345

28 158 1375 1317

26 180 1331 1270

1. Each line represents an individuzl tres.
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TABLE II -~ Size of Cherries from Trees which

Received Various Foliar Sproys, Orchard II, Fer&;lized with
' Six Pounds Ammonium Nitrate per Tree™*

Trunk Size of 30Q Cherry Sample
Circum. Yield July 14 As Picked
(in.) (1bs.) Wt.(g) Vol.(ml.) Wt,(g) Vol.(ml,)
Bordow Treatment
Without Dowax, Harvested July 19
7 191.8 1305 1250 1279 1229
24 128.7 1208 1169 1283 1225
29 187.1 1372 1316 1325 1263
Dowax 222 added once, Harvegted July 2]
24 6.2 #* 1381 1433 1363
26 .166 .8 * 1437 1516 1476
Dowax 222 added twice, Harvested July 23
27 116.2 ¥* 1310 1416 1345
27% 163.6 # 1474 1447 1377
R4 90.3 ¥ 1468 1606 1519
Fermate Treatment
Without Dowax, Harvested July 19
25 113.5 1499 1452 1466 1408
25 126.9 1312 1272 1339 1284
27 127.7 1398 1346 1429 1370
25 116.5 1394 1342 1465 1400
Dowax 222 added once, Horvested July 21
26 123.2 1511 1460 1477 1424
28 152.1 1482 1428 1420 1360
26 124.8 1549 1494 1533 1475
Dowax 222 added twice, Harvested July 22
29 117.0 1598 1548 1596 1537
_7 111.0 1452 1410 1501 1433

1. Each line represents an individuul tree.

¥#* Indicates data not obtained.
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TABLE III - Size of Cherries from Trees which
Received Various Folier Sprays, Orchard II, Fertilized with
Ten Pounds Ammonium Nitrate Per Treel.

Trunk Size of 300 Cherry Sample
Circum. Yield July 14 As Picked
(in.) (1bs.) Wto () .Vol.(ml.,) ¥t.(p) Vol.(ml,)
Bordow Treatment
Without Dowax, Harvested July 20
* 182.1 1420 1362 1392 1325
25 113.4 1369 1310 1362 1302
24 91.2 1356 1303 1349 1278
25 142.6 1269 1215 1208 1170
Dowax 222 added once, Harvested July 22
26 9l.1 1306 1252 1412 1336
24} 113.8 1401 1339 1368 1301
26 121.7 1506 1457 1544 1452
Dowex 222 added twice, Harvested July 26
6% 109.2 1462 1410 1525 1458
R5 120.0 1347 1302 1345 1281
25 117.7 1547 1490 1547 1517
Fermate Treatment
Without Dowax, Harvegted July 20
24% 132.0 1259 1220 1248 1192
24 92.8 1323 1283 1380 1318
28 150.4 1424 1337 1349 1278
Dowax 222 added_once, Harvested July 22
281 121.1 1498 1453 1551 1482
25 127.6 1475 1423 1516 1446
25 97.3 1495 1445 1540 1472
Dowax 222 added twice, Harvested July 23
¥* 142.0 1835 1594 1657 1570
25% 152.8 1400 1354 1502 1450
21 138.6 1489 1448 1522 1466
25% 125.0 1499 1447 1562 1496

1. Each line represents an individuzl tree.

* Indicates data not obtained.
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TABLE IV - Size of Cherries from Trees which
Received Various Foliar Sprays, Orchard IITl.

Trunk
Circum, Yield Size of 300 Cherry Sample
(in.) (1bs.) Wi, (2) Vol, (ml,)
Bordow Treatment
Without Dowax, Harvegted Aug, 14

24 185 1109 1065
26 245 1140 1090
25% 246 1201 1158
253 239 1179 1135
24 187 1105 1071
Dowax 222 added once, Harvested A 14
27 234 1147 1099
263 277 1183 1134
26 228 1210 1149
26% 278 1317 1269
27 284 1292 1247
Dowax 222 added twrice, Harvested Aur. 14
26% 402 1273 1228
263 R70 1401 1350
26 R7L 1348 1297
27 357 1336 1284
26 243 1383 1340

1,

Fermate Treaiment
, Withoui Dowax, Harvested Aug. 13

26 259 1330 1278
22% 221 1400 1348
26 254 1391 1336
231 165 1234 1188
% 312 1262 1313
Dowax 222 added once, Harvested Aug, 13
_7 353 1358 1311
R5 222 1535 1482
233 220 1460 1405
25 215 1474 1416
25 256 1431 1378
Dowax 222 added twice, Harvest-d Aug. 13
23 2R5 1418 1366
26 338 - 1468 1411
28% R51 1487 1431
25 185 1431 1372
26% 265 1422 1364
Each line represents an individuzl tree.



TABLE V ~ Summery of Size of Fruit from
Trees Recelving Various Foliar Spreys

Ave. Increase from uge of Increase from use of
tve, Yield Ave. Vit. Fermate Ave.Vol. Fermate
Trunk Per 300 Dowax = and 300 Dowax and
Treat—- Cir~um. Tree Cherries 222¢* Fermste**Dovax 2224‘Cherries 2222'Fermates' Dowzx 2224°
mentr*  (in.) (1bs.) (erams) (%) (%) (%) (mi.) (%) (%) (%)
Orchard I
Bordéw (0) 32 169 1258 - - - 1193 - - -
Rordovw (1) 32 203 1401 11.4 - - 1334 11.8 - -
Bordov: (2) 295 204 1365 8.6 - - 1307 - 9.6 - -
QOrchard IT -~ 6 1lbs. NHs NO= ner tree - July 14
Bordow (0) 6% 169.2 1295 - - - 1245 - - -
Bordow (1) 25 131.5 * * - - 1409 13.2 - -
Bordow (2) % 125.4 3#* * - - 1417  13.3 - -
Fermate (0) 255 121.2 1403 - 8.3 - 1353 - 8.7 -
Ferm:te (1) 264 13Z.4 1514 7.9 * 16.9 1461 8.0 3.7 17.3
Fernzte (2) o 114.0 1525 8.7 * 17.8 1479 9.3 4.4 13.8
QOrchard IT - 6 1lbs. NHy NO=z per tree - as picked
Eordow (0) %% 169.2  12% - - - 1239 - - -
Sordow (1) 25 131.5 1475 13.8 - - 1420 14.6 - -
Bordow {2) 28 123.4 1489 14.9 - - 1414 14.1 - -
Fermste (Q) 25% 121.2 1425 - 10.0 - 1366 - 10.3 -
Fermate (1) 2Bz 133.4 1477 3.6 0.1 14.0 1420 4.0 0.0 14.8
Fernzte (2) 23 1i14.0 1549 8.7 4.0 18.5 1435 8.7 5.0 19.9
Orcnard II — 10 lbs. NHa N0z per tree - July 14
Bordow (1) 26% 132, 1354 - - - 1298 - - -
?ordow (1) <5y 108.9 1404 5.7 - - 1349 3.9 - -
Eorcow (2) 8L 115.8 1452 7.2 - - 1401 7.9 - -

Densifi

1.054
1.050
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£BLE V - Summery of Size of Fruit from Trees
Receiving Various Folizr Sprays (Cont'd.)

Lve. Increcse from use of Increase {rom use of
Eve. Yield Ave. Tt. Fermate Lve. Vol. Fermete
Trunk Per 300 Dowax . and 4 900 Dowgx . and
Treaf- Circum. Tree Cherries 2229+ Fermate®*Dowax 2227 °Cherries 222°° Fermete“ Dowax 2224 Density
ment~* _(in.) (1bs.) (erems) (%) (%) (2) (m.) (%) z) %) (g/ml.)
Orchard II - 10 1lbs. NHs N0z ver iree — July 14 (Cont'd.)
Fermate (0) 25% 125.1 13325 - -1.4 - 1293 - -0.4 - 1.032
Fermate (1) 25 115.3 1489 11l.8 6.1 10.0 1440 11.4 6.7 10.9 1.034
Fermate (2) 24 139.6 1506 12.8 3.7 11.2 1461 13.0 4.3 12.6 1.024
Orchard II ~ 10 1be. NHa NOz ner iree — as nicked
Bordow (0) 243 132.7 1728 - - - 1269 - - - 1.047
Bordow (1) 25% 108.9 1441 8.5 - - 1363 7.4 - - 1.057
Bordow (2) 255 115.6 1472 10.8 - - 1419 11.8 - - 1.037
Fermete (0) ©53 125.1 132 - -0.2 - 1263 - -2.5 - 1.050
Fermate (1) 26 115.3 1526  15.8 6.6 15.7 1457 16.2 7.6 15.6 1.047
Fermate (2) 24 139.8 161 17,7 6.0 17.5 1496 18.4 5.4 17.¢ 1.045
Orchard II1

Bordow (0) 25 2:0 1147 - - - 1104 - - - 1.03
Bordow (1) 263 260 12320 .7.2 - -~ 1180 6.9 - - 1.042
Bordow (2) 264 309 1548 17.3 - - 1302 17.8 - - 1.03
Feraste (2) 25 242 1243 - 17.1 - 1293 - 17. - 1.028
Fermate (1) 24% 253 1452 8.0 18.2 6.5 1393 8.1 18.5 26 .6 1.039
Fermazte (2) 26 252 1445 7.6 7.4 25.8 1389 7.4 6.8 25.8 1.040

1. Numbers in pcrenthesis indiczte the number of cover sprays which

Dowex 272 was incorporated.

Incre=sc over same funcicicde without Towex 220,

Incrense of Fermzte plots over Bordow plots receiving siuilar Dowax 2032 treatment.
Increaze of Ferncte plois receiving Cowax over Bordow plots receiving no Dowax 222.
Indicctes date not obtzined.

LA S I O
[ ]
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TABLE VI - Relation of Treatment to Size and Density of Cherries

Density 300 Cherries
Grams/M1. (2) Funricide
1.057 1441 Bordow
1.0E54 1258 "
1.053 1489 "
1.0580 1401 n
1.089 1326 Fermate
1.047 1576 n
1.047 1328 Boriow
1.046 1296 "
1.045 1768 "
1.045 1561 Fermzte
1,043 1425 "
1.043 1549 "
1,043 1354 Bordov:
1.042 230 n
1.041 1404 "
1.040 1295 "
1.040 1445 Fermate
1.040 1477 "
1.033 1452 "
1.029 1475 Bordow
1.0%9 1247 "
1.0383 1403 Fermzte
1.0323 15432 "
1.027 1514 "
1.037 1472 Bordow
1.037 13548 "
1.0%6 1452 n

)

No. of
Dovax 222

Lpnlications

N MOHOOOHMHMOMMFONOMMPMOOHOONOH

Orchard Hitrogen Fertilizer Time of Sampling
Number Avplied Per Tree (days before vicking)
IT 10 0
I
IT 5] 0
I
I1 10 0
I1 1) 0
II 10 0
II 6 0
I
II 10 0
11 6 0
II 6 0
II 10 6
III
11 10 8
II 6 5
IT1
II 6 0
ITI
II 6 0
I1I
11 6 0
I1I
I1 6 7
II 6 7
I1I
11 10 12




TABLE VI - Relation of Treatment to Size znd Density of Cherries

tve. ¥t. of No. of
Dengity 300 Cherries Dowax 222 Orchzrd  Nitrogen Fertiliger Time of Sampling
Gramg/il. () Funcicide Apnolicztions  Number Lpplied Per Tree {davs before nickine)

1.034 1440 Fermzte 1 II 10 8

1.022 1335 " 0 II 10 6

1.021 1225 " 2 II 6 3

1.024 1506 " 2 II 10 9
]
—
O
1

o



TABLE VII - Solids Content of Fresh Cherries from
Trees vhich Received Various Folier Sprays, 1948

Decrease in Amount of Solids

Total Solids in 800 Cherries from use of
Solubl Amount in Fermate and
Spray Solids™" 300 Cherriesd* Dowax 222% FermateS* Dowax 2220
Treatmentl® (%) %) (erams) (%) (%) (%)
Orcherd I
Bordow (0) 13.9 - - - - -
Bordow (1) 14.3 - - - - -
Bordow (2) 13,9 - - - - -
Orchard II
Bordow (0) 14.5 15.0 194 - -
Bordow (1) 13.7 13.7 202 -4,1 - -
Bordow (2) 12.0 11.5 171 11.9 - -
Fermate (0) 12.3 14.0 200 - 3.1 -
Fermate (2) 11.0 12.3 182 9.0 9,2 6.2
Fermate (2) 11,2 11.t 178 11.0 4.1 8.3
Orchard 111
Bordow (0) 13.7 16.9 194 - - -
Bordow (1) 12.0 15.4 189 2.6 - -
Bordow (2) 11.7 15.8 186 4,1 N -
Fermete (0) 11.6 13.8 185 - 4.6 -
Ferm:te (1) 10.6 12.1 17% 4,9 6.9 9.3
Fernmzte (2) 10.4 12.1 175 5.4 5.9 9.8

Numbers in parentheses indicate the number of cover sprays

with which Dowex 222 was incorporated.

Expres:zed 2s sucrose.

Calculated as product of experimentelly determined percentage solids times
average fresh weight of samples from Table V.

[S2 IV [
*

)



TLBLE VII - Solids Content of Fresh Cherries from Trees
which Received Various Folizr Sprays, 1948 (Cont'd.)

4, Decrease from same fungiéide without Dowax 222.
S. Decrease of Fermate plots from Bordow plots receiving similar Dowax 222 treatment.
6. Decrease of Fermate plots receiving Dowex 222 from Bordow plots receiving no Dowax 222.

:



TABLE VIII -~ Solids Content of Fresh Cherries from
Trees which Received Various Foliar Sprays, 1949

Total
Soluble Fresh Wt., Dry %t., Fresh W%., Dry t., Dry Wi., Solids of Flesh
Spray Solids®* Fruit Pite Flesh®* Fruit Flesh Per Cherry
Treatmentl- (%) () (g) (g) (e) () (%) () -
Orcherd IIT4:
Bordow (0) 15.2 85.7 5.4 80.3 16 .6 11.2 14.0 .45
Bordow (1) 15.5 91.5 5.1 85.2 15.8 10.7 12.4 .43
Bordow (2) 11.7 92.3 5.7 85 .6 13.7 8.0 9.2 .32
Fermzte (0) 13.2 110.4 6.4 104.0 18.0 11.6 11.1 .46
Fermzte (1) 11.8 104.3 5.7 98.5 15.8 10.0 10.2 .40
Dithene (0) 12.6 101.8 5.3 9.5 16.4 11.1 11.5 .45
Dithene (1) 15.2 92.8 5.5 87.3 15.6 10.0 11.5 .40
: Orcherd IV9*
Bordow (0) 15.6 83.6 4.4 84.2 17.7 15.3 15.8 B3
Bordow (1) 13.7 103.7 4.7 98.9 18.1 13.3 13.5 .54
Fermate (0) 14.5 88.7 4.6 84.0 15.7 11.1 13.2 .04
Fermate (1) 15.6 109.1 4.8 104.2 18.8 14.0 13.2 .53

1. Numbers in parentheses indicate the number of cover sprays with
wvhich Dowzx 222 was incornorated.

2. Expressed as sucrose.

3. Flesh refers to entire fruit less weight of dried pit in all cases.

4. 25 cherries per sample, average of three replications.

5. 25 cherries per semple, average of two replicationms.



TLBLE I¥ - Summary of Solids Content of Fresh Cherries
from Trees vhich Received Verious Foliar Sprays, 194¢

Decrezse from use of Decrease from use of
Fermate or ¥ermate or

Totz1l Solids of . Fermate or Dithene and Solublﬁ Dong Fermete or Dithane and
Spray Flesh Per Cherry®® Dowex 2223 Dith=ne?s Dowax 2225+ Solids“® 222°* Dithcne?s Dowex 2225
Trestmenth (=) (%) (%) (%) (%) (%) (%) (2)
Orchard ITT
Bordow (0) .45 - - - 15.2 - - -
Bordow (1) .43 4.5 - - 13.5 11.2 - -
Bordow (2) 22 28.4 - - 11.7 23.0 - -
Fermete (0) .28 - -3.0 - 15.2 - 13.2 -
Fermate (1) .40 13.1 6.3 10.5 1'.8 10.6 12.6 22.4
Dithane (0) JAE - 0.0 . 12.6 - 22.4 —
Dithene (1) .40 10.5 6.3 10.5 13.2 -4.8 2.2 13.2
Orcherd IV
Bordow (0) 83 - - - 15.6 = - - -
Bordow (1) .54 15.3 - - 13.7 12.2 - -
Fermate (1) .44 - 30.0 - 14.5 - 7.1 -
Fermate (1) .53 -11.9 1.9 18.9 13.6 6.2 0.7 12.8
1. Numbers in parentheses indicate the number of cover sprays with vhich Dowax 222

was incoroorated.

2. From Tzble VII.
3. Decrease from same fungicide without Dowax 222.
4. Decrease of Fermete or Dithane plots from Bordow plots receiving similar Dowax 222 treatment.
5. Decrease of Fermate or Dithane plots receiving Dowax 222 fron Bordov plots receiving no
Dorax 222.
X
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TABLE X - Dreined Weight of Canned Cherries
from Trees Thich Received Various Foliar Spreys

Decreese in Drzined Vt.
from uge of

No. of Dreined wt, Dow%x Fermate agd
Dowax 222 Per #10 Can 222-+ Fermate®* Dowax 222°°
Fungicide Applications __(oz8.) (%) (%) (%)
’ Orchard 1
Bordow 0 74.7 - - -
Bordow 1 72.2 3.4 - -
Bordow 2 68.6 8.2 - -
Orchard II
Bordow 0 75.0%° - - -
Bordow 1 69.54' 7.6 - -
Bordow 2 68.14 9.2 - -
Fermuate 0 73.5 - 2.0 -
Fermate 1 68.0 7.5 1.9 9.2
Fermate 2 66.9 9.0 1.8 10.8
Orchard III
Bordow 0 75.1 - - -
Bordow 1l 72.7 3.2 - -
Bordow 2 72.0 4.1 - -
Fermate 0 72.8 - 3.1 -
Fermzte 1l 71.6 1.6 1.5 4.7
Fermate 2 71.5 1.8 0.7 4.8
1. Decrease from same funzicide without Dowax 2%2.

Decrease of Fermete plots from Bordow plots receiving similar
Dowaz 2722 treatment.

Decrease of Fermate plots recelving Dowax 222 from Bordow nlots
receiving no Dowax 222.

Calculated from data obtained with number two cang by formula

1 #10 = 5} #2.
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TABLE XI - Titrateble Acid Content of Fresh Cherry Juice
from Trees which Received Various Foliar Sprays, Orchard II

Decrease in Acid Content
from usge of

No. »f Dowax o Fermate agd

Doway 222 ifl. of 0.1 N 2221 Fermate* Dovax 222°°
Fungicide Trestmznts Acid/Gram (%) (%) (%)
Bordow 0 2.0 - - -
Bordow 1 1.7 15.4 - -
Bordow 2 1.53 2Z2.9 - -
Fermate 0 1.42 - 29.4 -
Fernmate 1 1.53 6.3 2l.8 33.8
Fermate 2 1.15 19,0 24.8 42.8

1. Decrease from same fungicide without Dowax 2:2. -

2. Decrease of Fermate plots from Bordow plots receiving
similar Dowax 222 treztment.

3. Decrease of Fermate plots receiving Dowux 222 from Bordow
plots receiving no Dowax 2z2,

q



TLBLE ¥II - Sizne of Cherries on Branches to which
Dowax 282 was applied to Eitner Leaves or Fruit, 194sl+

Percent Increacse

Grovwth 3 in Growth from

Part No. of Averzge Size on June 25 June 25 to July 8 Use of Dowax 222,
Treated Cherries™* Dizmeter in Cm. Vol. in C.C. Diam, Vol. Diam. Vol.>*
Fruit

(dip.sed) 27 1.21 1.21 .40 1.46 33.3 55
Control 54 1.35 1.46 .30 .94
Fruit

(sprayed) 24 1.21 .93 JAd 1.46 27.5 16
Control 20 1.32 1.25 35 1.26
Leaves }

(dipped) 25 1.32 1.34 .33 1.03 6.5 0
Control 28 1.29 1.17 .31 1.03
Leaves ;

(sprayed) % (7) 1.23 0.99 <AL 1.35 10.8 7
Control 32 1.29 1.16 .37 1.26
Leaves

(lover surfaces

sorayed) 27 1.21 .96 .41 1.29 2.5 0
Control 31 1.23 1.00 .40 1.29
Leaves

(up er surfaces

sprayed) zZ0 1.39 l.44 .37 1.45 12.1 21
Control 37 (3) 1.41 1.51 .33 1.20

1. £11 +rezitments were mzde on June 23.

2. HNumbers in parenthesis reoresent the number of fruit that were dropped between the two
measurements, if any.

3. Ls expressed bv increase in diameter. —

4. Calculated by converting individuzl dizmeter measurements to volumes by the formula V= 1/6 // pd.

(e T
]



July 13

June 30 July §

(Volume in M1.)

Either Leaves or Fruit, 1848.
June 24

June 19

No. of
Fruit

A

toolied to

&

No. of

BLE XIII -~ Size of Cherriesg on Branches to Vhich
Treatiients

L

Dowax 222 vias

3

T

Part
Treated

No.

Branch
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TABLE YIV - Uptake of ¥ater by Fresh Cherries

Time Lapse Loss on Gain on
No. of Before Sozking Time ft. as ¥t. at Stert ¥t. at End Stand- Soak~- Net
Dowax 2232 was Started Soekxed Picked of Sozking of Sozking ing ing Loss
Applications (drs.) (Hrs,) (e) (g) (=) (%) (%) (%)
July 28
0 2 28 335 - 391 - -1.0 1.0
1 2 28 474 - 477 - 0.6 ~0.6
0 12 18 421 412 408 2.1 -1.0 3.1
1 12 18 418 406 407 2.9 0.2 2.6
Lucust 2
0 3 7 225 - 22T - 0.9 -0.9
1 5 7 256% - 258 - 0.6 -0.6
0 11 12 2285 223 224 2.4 0.4 1.3
1 11 12 281 - 255 254 2.3 =0.4 2.5
0 23 11 228% 217 220 5.0 1.4 3.7
1 23 11 258 248 247 3.9 -0.4 4.3
August 7
0 5 6 203% - 206 - 1.2 ~1.2
1 S 6 242 - 242 - 0.0 0.0
0 27 7 203 191 199 5.9 4,2 2.0
ll 27 7 203 209 210 3.7 0.5 3.2
Ol' S 5 205 - 206 - 0.5 -0.5
L 5 5 a5 - 245 - -0.4 0.4
Ol' 27 27 201 194 196 3.5 1.0 2.5
1 27 27 221 224 226 3.0 0.9 2.6

1. Stems attached.
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TABLE XV - Pressure Reguired to Pierce the
Skin of Fresh Cherries by Dropping a Glass
Rod Against the Cherries, August 7

Unsoaked Cherries Treatedl'
(Distance in Cm.)

Imature Mature Overrine
7 8 9 9%
7-% 8y 8 9
Gi 9 9 10
83 85 10 9
8 10 8%; 9
9 9% 10
9 83
9%
Average 7% ’ 9 9%

Mature Cherries -~ Distapce iE
T

Control Treated™’
Unsoaked
9 8%
9 81
] 8
8 7
8 8
8 9%
10 8
9
Average 9 8L
Soaked 6 Hrs.
5 4 4 4
41 4 5; 5
35 4 45 4
5o i
3 43 4 4
4 4 4
5 4% 3%
’ b
5 41 3z
4 43 5
Average 4% 4%

1. One spray treatment of Dowax 222 to foliuge.



TABLE XVI - Summary of Data on Pressure Required
to Pierce the Skin of Fresh Cherries by Dropping

August

August

August

August

August

August

Auvgust

August

~80-

& Glass Rod Against the Cherries

when picked

after 15 hrs.
storoge at 500F

after 12 hrs.
soaking at 630F

when picked

after 6 hrs.
soaking at 63°F

vhen picked,
immature

when picked,
mature

when picked,
overripe

Receiving One Spray
Treatment of Dowax 222
(Distance in Cm,)

9

Control

{Digtance in Cm.)

103



Force No. Cherries the Skin of ¥Which Force
(grams) Was Broken Was not Broken (erams)

Untreazted -~ July 13
70 0 3 2100
80 7 P4
380 ) 1

- .

Treated ~ - July 13
40 $] 0 2000
30 3 5
20 0 5

Untreated ~ July 15
40 3 7 1000
50 4 4 1100
60 2 4 1200
70 3 0

1.

Treated ~ July 15
40 0 5 1000
50 5 3 1100
60 3 0 1200
1. One sorey treatment of Dowax 222 to foliage.

TLBLE XVII - Pressure Recuired to Break the Skin and to
Pit Fresh Cherries Using a Hand Type Cherry Pitter

No,., Cherries Wnicn

Were Pitted

Were not Pitted

Most Few
Most Few
0 4
5 3
3 0
0 3
3 2
4 0

=19~



Mean

Temn.

Date _(°F)
June 22 70
" 23 72
"oo24 79
w25 75
"% 78
" 29 77
vF0 79
July 1 32

Duily erowth,

July 10

n
"

11
1Z

14
15
16
22

63
86
T2

6E
64
71
71

% of
Possible

Sunghine

dm2

Deily erowth, dm~

97
%6
80

17
76
52
98
37

97
92
91

o
~

86
95
87

Starting Time

COo Content
of Air

CQo Evolved, mg. per dm

TABLE XVIII - Amount of Carbon Dioxide Given off by
Cherry Leaveg Receiving Varinus Foliar Sprays

per Hour

(om) {mg.per liter) Check Fermaie Fermete & Dowax Bordow Bordow & Dowax
First Replication
6:44 .542 2.64 2.47 3.02 1.87 3.97
6:31 .549 2.67 2.93 3.46 2.84 2.85
6:30 .544 3.24 2.75 3.59 2.16 2.91
Treatzd June 25, 5 PN
7:07 .562 2.63 1.94 3.03 1.74 2.52
6:33 552 * 1.84 2.59 1.77 1.90
6:45 571 2,44 1.5 2.83 1.67 1.81
6:45 .538 2.83 1.22 2.85 1.97 2.28
B:2. .582 3.12 0.87 2.95 1.64 1.03 N
0.190 0.17 0.08 0.24 0.19 0
Second Replication
5:58 .410 0.67 1.01 1.42 1.10 1.20
7:34 . 384 0.88 J.66 1.20 0.94 0.96
7:43 412 1.10 1.00 0.92 1.26 0.71
Treated July 13-14, Widnight
7:58 .574 1.47 0.97 1.49 1.61 1.328
7:47 615 1.42 0.86 1.21 1.43 0.65
7:40 .583 1.60 1.37 1.28 0.91 0.46
7:37 . 502 1.01 0.43 0.07 1.14 0.07
0.0¢5 0,16 0.08 0.17 0.12



TABLE XVIII -~ Amount of Carbon Lioxice Given off by
Cherry Leaves Receiving Vsrious Foliar Soreys (Cont'd).

Mezn % of CO, Content
Temp. Possitle Starting Time of £ir €05 Evolved, mz. per an®_per Hour
Dzate (°F)  Sunshine (om) (me. per liter) Check Fermate Fermate & Dowaxr Bordow Bordow & Dows

Third Replication

July 17 74 85 7:38 .586 1.43 0.98 1.72 1.21 1.47
"18 87 7:35 .462 1.45 1.11 2.22 1.94 0.75
Treated July 20, 10 AM

July 20 71 79 7:40 420 0.88 1.3 0.94 0.97 0.54

mTose T 87 7248 LAT2 0.75 0.31 1.00 0.08

"opa T8 83 7:48 .398 0.36 0.65 0.49 0.87 0.13

Daily growth, dm? 0.06 0.05 0.10 0.0% 0.02
(93]
|

% Indicetes date not obtained.
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T!BLE XIX - imount of Oxygen Teken up b~ Le

af Punches from

Cherry Leaves Receiving Verious Folier Zorsys, fuguct, 1040t

Date
22 (PM) 23 (L¥) 22 (D) 24 (&) 24 (pPd) 25 (AR) 25 (P) 26 (&M) 26 (Pt
Cubic Millimeters ner Gram Dry Veisht ner Hour
204.3 227.0 2635.0 1983.1 179.72 198.4 185.8 208.12 150.56
148.4 * 265,62+ 124,45+ 175.35-  207.2%. 157.6%- 163.8%°  137.9°%
* -ox * 175.5°° 187.95- 138.85- 148.8%- 148.14° 126.8°-
94,2 108.2 174.1 145.94. 131.7 110.¢9 lOG.SA 110.2 72.7
179.4 190,92 202.6%*  238.0 110.85  161.05* 139.8%* 131.64- 13.7°-
Percentzce, Conirols Expressgsed cs 100
100 1090 100 1002 100, 100_ 100 100 ].OO5 |
7% * 101%- 6a<* 98°* 104%° 952. 792+ 125°° >
o !
102 100 100 100 100 100: 100, 1004 1005
* * 3t 1224 1asp- 1w®- le0t 174l 1352
185 17 1164‘ 165%- 34~"* 146+ 131°=" 1884' 119
Percentore, Controls Exnres ed as 100, lanometer Constant Corrected
100 100 1002 1002 100 _ 100 100 1002_ lOO3
100 s 138 3g~" 1243, 1425 120°- 108 171°-
100 100 1004 lOOA 100_ lOO5 1090 100 100
102 98 gat . 314 475, 81°+ 734. 1044 5O
« Spruy treztments zre indiceted by fo tnotes. There there is no footnote, no treuztment
vaz mede.
2. Fermste zlone.
Z. Fermete and Dowax 222.
4, Bordow =lone.
£. ZBordow and Dow:x 222.
st

Indicates dzta not obtained.
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Figure 5. Amount of carbon dioxide given off by cherry leaves,
receiving various folier sprays, first replication.
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RESULTS AND DISCUSSION

Inspection of Tables I through V indicates clearly that Dowax
222 caused an increase in the size of cherry fruit over tree re-
celving no Dowax. This is true for both weight and volume.

The averages of increases are as follows: Dowax (one application),
9.1%; Dowax (two applications), 11l.4%; Fermate as compared with
Bordow with similar Dowax treatment, 6.6%; combination of one Dowax
treztment and Fermate as compared with Bordow without Dowax,

16.6%; and combination of two Dowax treatments and Fermate as
compared with Bordow without Dowax, 18.4%. Since the magnitude

of increase wac so variable, the averages of increases given above
may not be closely reproducible.

Accepting the fact that both Dowax 222 and Fermate caused
an increase in the size of fruit, one naturally wonders vhut the
nature of the increase was. Any change in the relationship of
vater to solids would be expected to change the density of the
cherries, unless the solids had the same density as water.

Table VI shows that the density of cherries unzclyzed was
greater than one grom per miliiliter, the approximcte density of
wveter. Thus an increase in solids in proportion to water should
increase the density.

Other observations that should be made from Table VI are that
the four highest deasities were from plots which received Bordow
as the fungicide and the four lowest were from plots receiving
Fernate; that density increased as cherries :pproached maturity;

that density usually decreased when Dowax Z22 was included with
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Fernazte; that density increased as cherries approached maturity;

that density usually decreased when Dowax 222 was included with
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the fungicide; that there wag little correlation between size of
fruit and density; and that density readings were guite consistent
within Orchard I and within Orchard III, but were variable within
Orchard II and from one orchard to another.

Since Dowax 222 and Fermate decreased the density they must have
decreased the proportion of solids to water. Orchard I was expected
to have a high solids content because of light nitrogen fertilizer
apnlication, light set of frult, and large size of trées. The
poor correlation betieen size and density from one orchard to another
emphasizes the importance of temperature, light, tree vigor, moisture,
soil structure, and inherent fertility of the soil in regulating
plant growth, and cautions us not to relegute all differences to
variations in fertilizer programs and spray schedules.

Further evidence that Fermate and Dowax 222 resulted in a
decrease in solids content is given in Table VII. The correlation
vith dencity is as close as mey reasonably be expected in view
of the fact that several persons, times and sets of equipment
were involved in collecting date which contributed to the com—
pllation of this table. Here is the firet clue as to whether
the decreased solids content in proportion to water was due to
the retention of more water, a lesser increase in solids then in
water, or an actual reduction in the amount of solids produced.

As polnted out by Langer and Fisher (23) in analyzing this same
datua, there is an indication that use of Dowax 222 caused an actual
reduction in the absolute amount of solids produced as compared to

cherries from trees receiving no Dowax 222, The data are not
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adecuate to warrant & conclusion as to the effect of Fermate on
amount of solids per cherry.

Table VIII gives further evidence that Dowax 222 reduced
solids content both on percentage and absolute amount bases.

The use of Fermate as the fungicide also reduged soluble solids
content on the basis of percentege in comparison with Bordow.

The data indicate, however, that there was no appreciable change
in the amount of solids per cherry brought ebout by use of any
one of the fungicides with respect to the others, independent of
Dowuax treatment. It appears, hévever, that there was a reduction
in emount of solids attributable to Fermate and Dithane when used
in conjunction with Dowax 222. Total sollds of both the Fermate
and Dithane plots of Orchard III which received one ap-lication
of Dowax 222 were 6.3 percent lower than the solids of the Bordow
olot receiving Dowax 222 once. Fermate and Dithane have either
had a stimulating effect on the Dowax 222 which Bordow did not have
or had to & lesser degree, or have themselves been stimulated

to react in the presence of Dowax 227 as they did not react in
its ebsence.

An effect which is believed to be directly attributable to
this distorted relationship between water and solids content of
cherries is precsent in Table X. Here it is noted that the drained
welght of canned cherries was reduced both by inclusion of Dowax
R22 with the fungicide, =2nd by the use of Fermete as the fungicide
in comparison with Bordow. Vhile three of these values were

calculated from values obtained by draining number two cans, the
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put-in weight of which was not accurately checked, the trend is
undeniable. This phenomenon is regarded as having a very simple
explanation in that the higher the water content of the cherries
the grezter was the tendency for this water to be liberated from
the cherries and druined from the cans during the checxing of
drained weights.

In cherries receiving Fermate as the fungicide or Dowax 222
in eonjunction with either fungicide an insipid taste was detect-
able. It &es desired to ascertain whether this effect was due
entirely to dilution or reduction of the sugar, realizing thet such
a large reduction in total soluble solids could result only from
an effect on the sugars. Table XI shows that titratable acid
content was affected in much the same way as total soluble solids.
In fact the percentage reduction is greater than was obtained for
total soluble solids. If taien literally this table indicates
a change in tree physiology aside from effects on transpiration
and other water relationships.

Data in Tuble XII indicate that Dowax 222 caused an increase
of about 30 percent in the rate of growti of fruit in diameter
vhen the fruit was treated. The leaf treatments show a much smaller
increase in diameter-growth.- This presents a distorted picture,
however, since there is an increasingly leorge effect on volume
s the diameter is increased. If treated fruit were larger than
the corresponding controls at the time of the first measurement
and each averaged the same amount of increase in diameter, a
stimulating effect by~treatment would be indicated. By convertiing

the data to the basis of volunes by assuming that the fruit were
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perfect spheres the greater stimulating effect of Dowax 222Iwhen
apnlied to fruit than when applied to foliage appears to be less
certain.

In interpreting these data it is necessary to consider the -
relation between size of fruit at the time of treatment and amount
of growth made. Two leaf treatments showed no effect from treat-
ment; in one of these cases the average volume of controls was
smaller than that of treated fruit, and in the other case the controls
were 0.04 c.c. larger. The other two leaf treatments showed 7 and
21 percent increase'in volume growth from use of Dowax 222, and
controls were 0.17 and 0.07 c.c. larger than corresponding treated
fruit, respectively. The two fruit treatments gave 55 and 16
percent increase in volume growth from the use of Dowax 222, and
controls were 0.25 and 0.30 c.c. larger than corresponding treated
fruit, respectively, when first measured.

Smell. cherries would normally be expected to make more growth
during a short period of time than larger ones, other conditions
being egual. Individual cherries were not tagged and numbered,
so it is inmpossible to compare the performance of cherries of
more nearly equal size ut the time of the first measurement.

If the results reported here are teken literally one must
conclude that treatment of fruit had more effect than treatment
of leaves, that dipping fruit had more effect than spreying them,
thet treatment of the upper surfaces of leaves had more effect
than treatment of the lower surface or both surfaces, and that

spraying leaves had more effect than dipping them. The effect on
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fruit may be explained by a reduction in permesbility of the epidermis

and cuticle to water by the coating of ﬁowax 222. Since fruit

was thoroughly covered by spraying it seems unlikely that this
nrocedure would have resulted in the formation of a less efficent
film than dipvoing, which is the only logical etplanatioh for the
greater effzct from dipping than from spraying. Treatment of
upner surfaces could have had more effect than treatment of lower
surfaces by increasing the absorption of light in comparison to

no treatment, but if this were true the effect of treating both
surfuces should have had as much effect as treating the upper
surfaces only, unless treatment of the lower surface decreased

the rate of growth. This could possibly huve been brought about
by interference with absorption of carbon dioxide through the
stomates, since the stomates of cherry leaves are 2ll found in

the lower surfaces of the leaves. These explanations are fairly
well borne oul by the data. In actual percentzge increase, treat-
ment of the lower surfaces of leaves showed no effect, but since
controls vere slightly larger than treated fruit at the time of

the first measurement they would have been expected to make less
grovith than treated fruit. They actually made just as much. Vhile
treatment of leaves by spraying seems to have had more effect than
treatment by dippigg on the basis of amount of growth mnde, consid-
eration of tue difference in initial size of fruit materially
les:ens the reliehility of this observation. At the time of the
first measurement, fruit on the branch, the leaves of which were (
dinned, were larger than the fruit on the control branch. The

controls, then, would huve been expected to grow more; but they did
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not, possibly due to Dowax 222 treatment to the other branch.
The situation was reversed with fhe other pair of bfanches. The
‘cherries on the treated branch would have been expected to grow
more under similer treatment, and they did, by seven vercent.

So i% seems unfeir to attribute all the difference to Dowax treatment.
Inasmuch as these data are meager and also are subjeét to
several criticisms, it is not possible to draw positive conclusions.

EQen if borne out by further work the explanations given above
must remain theoretical until suitable technicues are develobed
cend information obtained on the effect of spray films on prem-
ability of fruit and leaf surfaces to water vapor, carbon dioxide,
end oxygen, on the absorption of light rays, and on temperature.
Further investigations were cafried out, in 1949 in an effort
to establish the mode of action of Dowax 222. [ part of this work
consisted of treating leaves and fruit in # manner somewhat similar
to the work conducted the year before. ilany refinements were made
in the technique, however, one of ﬁhe most important being the
measurement of fruit size in termé of volume instead of diameter.
The results are reported in‘Tuble XIIT, ond clearly do not sub-
stantiate the vrevious observations. In measurements of fruit of
comparable size at the beginning of the exveriment the averare
amount of growth between June 19 and July é for both treated and
untreated fruit did not differ by more than 0.1 ml. except in two
cuges; that is, leaf treatment group number 7 outgrew control group
nunber 8 by an aversge of 0.2 ml., and control grou, number 9 out-

grew fruit treatment group number 9 by an avercge of 0.2 ml.
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Since each volume measurement was no more accurate than to the
nezrest 0.1 ml. these data surely indicate that Dowax 222
had no effect on size in these experiments.

The difference in results reported in Tables XII and XIII
is subject to several possible explanations. As noted before,
the method of measurement was different. In 1948 diameters were
measured ‘with a calipers, whereas in 1949 volumes were measured
by water displacement in a gradﬁated cylinder. It is difficult
to say how nearly either method was to being accurate. Any one
diameter was read to about the nearest 0.02 cm., but individual
cherries varied. Soft cherries permitted the closing of the calipers
more than firm ones. It was difficult to adjust the calipers to the
fruit uniformly because of the difference in firmness, and yet it was
more zccurate to do the adjusting by touch than by sight; the same
position wag undoubtedly not measured for every cherry every time
because of changes in shape; diemeter wos not a perfect measure of
size in that growth was not a2lways uniform in all directions; and the
contaet of the calipers with the fruit mey have affected their grovth,.
However, it may be assumed that all these effects were ubout equel
between treatments. Thus it would seem that 21l diameter measurements
in Table XII are accurate to about the nearest 0.02 cm., since repeated
readings on the same cherry almost invariably fell within 0.01 cm. of
each other.

In measuring water displacement it was difficult to get the
cylinder exactly perpendicular to the ground; it was difficult to

obtain uniform baclkeground to read the menisci; the menisci were some-

times distorted by the :resence of foreisn todies such as dust
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particles; it was very difficult to keep the cylinder clean; and the
volume of stem immersed in the water could not be kept perfectly
uniform. The sensitivity of the method also had its limitations.
The cylinder could not be read more accurately than to the nearest
0.1 ml., It was necessary to read the cylinder twice for each cherry
each time its size was determined. The immersion of the cherries in
water could also have had an effect on them. ButAany differences from
these factors should have been relative, or at least the difference
between treated and untreated could not have been large. It would
appear thct any value in Table XIIT is accurate to about the nearest
0.1 ml.

There was another difference in the procedure of experiment for
these two years. In 1948 much larger branches were treated than in
1949. In the extreue case there were probobly three times as maﬁy
leaves on sounie branches in 1948 as there were on the branches used
in 1949.

It is also possible that different stages of growth could have
accounted for different results in the two years. Treatments were
made on June 19 and June R3. These are guite cloce in the calender
year, and by observation the {ruit were in ahout the same stage of
growth, being slightly more advanced in 1949. The difference in
staze of growth is of more significance then casual consideration moy
indicate in light of the findings of Tukey (43). He found that there
is very little increase in volume until the pits are hardened, and
then the period of final swell displeys practicelly a linear relaztion-~
ship between increase in volume and time. It is not likely that any

cherry involved in either year concerned here had failed to reach the
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final swell stage at the time treatments were made.

The matter of cherries taking up water in the soaking or cqoling
tenks is controversiel. One of the arguments advanced against the
use of Dowax 222 on red cherries was the decrease it caused in the
absorption of water in the soaking tenks, with resulting difficulty
in pitting, perticularly from the standpoint of the failure of the
flesh to be completely removed from the pits. This wos supposed to
hove resulted in more rupturing of cherries in the pitters.

Several tests were made in 1948 to determine the effect of
Dowax 222 on the uptake of water during soaking. These results,
shovn in Table XIV, show that there was seldom a net increase in
" weight of cherries after soaking at 57 to 63°F, regardless of Dowax
treatment. This was especially true when cherries were allowed to
sit at room temperature (80 to 909F) for several hours before soaking
was stearted, as is almost invariebly the case in cohmercial practice.

Doﬁax 222 decreased the rate at which water was lost on stend-
ing. However it also reduced the rate at which this lost weight was
recovered. When little or no weight was lost treated cherries in
general weighed very slightly less than untreated cherries after
socking. Leaving the stems attached materially reduced the rate
of water loss on standing by untreated cherries; it had the same effect
on treated cherries but to a lesser degree. It aclso impaired the
recovery during Soaking by untreated cherries, but had little effect
on treated ones. The net effect of Dowax was & slightly greater net
loss or a slishitly smaller net gein.

Feeling that the difference in uptake of water by cherries from

trees which had received Dowax was so little different from those
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from untreated trees, it was considered desirable to meke further

studies of the reaction of cherries to the pitting process. From
observations in commercisl processing plants no difference could be N
detected in the cleanness with which the flesh was removed from the
pits from different treatments. There was a large difference in this
measﬁre of pitting efficiency as the mats through which the pite were
nlunged by hund pitters became worn, irrespective of spray treatment.

In order to determine whether Dowax 222 had any‘effect~on the
firmness of flesh and on toughness and elasticity of skins the distance
through which a small, blunt pointed glass rod had to be dropped
in order to pierce the skins was measured, and reported in Table XVI,
It was noted that as fruit metured the amount of pressure recquired
increased. This was attributed to e softening of the cells of the
flesh, so that there was more "give" before the skin was broken. Vhen
picked at the same time cherries from Dowax-treated trees recuired
slightly less pressure to break the skins than cherries from control
trees. This was another indication that Dowax 222 delayed maturity
of fruit., Also noted in Table XVI is the fact that the amount of
pressure required to break the skins was very greatly reduced by soaking
at 57 to 63°F. This is another indication that it is not uptake of
water that mckes cherries pit easier, since this would surely have
caused cuerries to be more turgid and would have resulted in less
"give" when the rod was dropped.

With this much evidence against easier »itting becausc of uptake

of water, it would seem that the change must have been due to & change

in temperature. However dry storage for 15 hours at 50°F reduced the

force required to break the skins only about one third as much ac
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soaking for 12 hours at 57 to 63°F. No difference was detected between
the effect of soaking or cold storage on Dowax~treated and untreated
fruit. It must be assumed, then, that soaking had an effect aside
from the lowering of temperature, and probably aside from the effect
on water content of the cherries. This was probably in the form of
reducing the toughness of the skins.

Further evidence that Dowax 222 treatment reduced the amount of
force required to break the skins of cherries is presented in Table
XVII. 4 difference in the amount of force required to force the pits
out of the cherries is not clearly indicated, however. The difference
between treated and untrested could again be attributed to lack of
maturity, to an effect on the toughness of skins, or to an effect on
the flesh.

Respiration studies were conducted for the pursose of ascertalning
whether or not this process could account for the effects which the
various foliar sbrays had been found to have on the composition of
fruit. The data obtained by the Heinicke-Hoffman method are quite
inconclusive, for reasons discussed under “Presentation of Data".

No treatment drastically chunged the rate of respiration from that of
the control for 2ll replications, as shown by Table XVIII and Figures
3 to 5, pages65 t067. In the first replication all treatments
reduced the rate of respiration as compared to the control. The
reduction from Fermate and Dowax R22 combined wos very slight, end
that by Bordow and Dowax combined was by far the greatest. In the
second and third replicatisns the rates of respiration for all leaf
groups was so slow that no distinct differences were indicated. There

was a slight reduction by all tre&tments in the sccond renlication, thet
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by Fermzte and Dowax combined being the greatest. In the third replication
respiration rate was increased by both fungicides when used alone;
and decreased by both in combination with Dowax.

In Table XIX it will be noted that the emount of oxygen taken
up by leaf punches that had been treated with Fermete (manometer
number two) were grecter than that taken up by the corresponding
control (manometer number one). This was true both when Dowax 222
was included with the Fermate and when it was not. The opposite
was true of Bordow, as seen by comparing the results obtained with
manometer number five (the control) and number six (treated).

The increase in respiration by use of Fermate, as measured by
the uptake of oxygen, is indicated by the fact that 138, 88, 134 142,
130, 108, and 171 percent as much oxygen was teken up during seven
runs by treated disks as was taken up by untreated disks. These
figures cverage 130 percent, so that the average increase obtained was
30 percent. Of these values three of the highest, 134, 142, and 171,
were obtained when Dowex 222 was included with the Fermate. This is an
everage of 149 percent, compered to 116 percent when Dowax was not
included. This indicates that Dowax 272 increased respiration as well
as did Fermate, or thet it had 2 stimulating effect on the Fermate.

The decrease in respiration by use of Bordow is indicated by the
fact thut only 64, 91, 47, 81, 7%, 104, and 66 percent as much oxysen
was taken up during seven runs by treated diclis as was talten up by
untreated disks. These figures average 75 percent, showing a decreease
of 25 percent in the rate of respiration. Of these values 47, 81, and

66 were obtsined when Dowax 222 was included with the Bordow. The




-81.-

average is 68 percent, compared with 88 percent when Dowax was excluded.
Thus Dowax 222 either decreased respiration or stimulated the Bordow
to have more effect than when used alone.

Since both fungicides had the same effect alone as when combined
with Dowax 222 but the amount of effect was greater when it was included,
it appears that Dowax 222 increased the effectiveness of the fungicide
in modifying respiration rather than having a direct effect. However
results obtained with manometer number three do not substantiate this
finding. This manometer was not operated during the standardizetion
runs, hence no statement can be made from results obtained with it
concerning the effect of Bordow as compared to no treatment. Values
' obtained, with no correction for callibration error, were 122, 140,
and 174 for Bordow alone and 143, 170, and 133 for Bordow combined
with Dowax R22. Here inclusion of Dowax increased the upteke of
oxygen from 145 percent of that of the control to 149 percent. Bearing
this in mind, as well as the large variction from day to day, it seems
doubtfgl if the above statement concerning the effect of Dowax 222 on
respiration should be accepted at this time.

The stimulating effect of Fermate and the retarding effect of
Bordow on respiration under the conditions of this experiment are
quite acceptable, according to the limited amount of date presented.
Comparisons of solids content in this thesis are made only between
various treatments, and not between treated end untreated. If such
a comparison were made the increase in respiration by Fermate would
be expected to cause the actual amount of solids produced per cherry

to be 1ower than for untreated cherries. Conversely, the decrease
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in respiration by Bordow would be expected to increase the actual
amount of solids per cherry as compared to untreated fruit. Groves
et al (15) found this to be the case. They found that in 1941,

100 cherries from unsprayed trees contained an average of 59.4 grams
soluble solids; the same number of fruit from trees receiving BordoWw
contained 61.1 grams; and those from trees receiving Fermate contained
56.4 grams.

In tables VII to IX of'this thesis a décrease in actual amount
of solids per cherry from the use of Fermate seems somewhat doubt-
ful. This is not in keeping with the findings of Grove et &l or the
prediction made above on the basis of its effect on respiration.

The discrepancy between these results and those reported by
Grove et al have a possible explanation in the effect of Fermate on
other physiological processes. Fermate is reported to héve a stimulating
effect on growth of leaves. It was a common observation during these
experiments that foliage was more dense, greener, and"apparently more
healthy when Fermate was used then when any of the other fungicides
were used. Fermate was used in all these experiments at the rate of
two pounds per hundred gallons of material, whereas Grove et al used
only half this strength. Thus the stimulatory effect obtained by
them would not have been as great.

The discrepancy between the predicted decrease in amount of solids
by use of Fermate end the failure of Fermate to actually reduce the
emount of solids, as reported in Tables VII to IX, has a possible
explanation also in other physiological effects. Respiration does not

2lone determine solids content. Its opposing process, photosynthesis,
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is responsible along with elaboration of food material for the building
up of solids in the plant. The solids content of fruit is also
effected by the translocation of food material into the fruit. The ,
effects of Fermate as found are thus easily reconcileble to the facts.

| Dowax 222 bas been shown to decrease the actual amount of solids
per cherry vhen combined with either fungicide. An increase in respiration
was indicated for Dowex when combined with Fermate but was doubtful
when combined with Bordow. Since Bar (5) reported a decrease in
photosynthesis in maize from application of Dowax and Neal et al (30)
obtained similar results with potted cherry trees, this seems to

be a loéical explanation for the decreased solids content of cherries
resulting from its use.

It appears from results of research reported in this thesis that
increases in size of red cherry fruit may be'expected from the use of
Fermate for the control of Cherry Leaf Spot, compired to the size
vhich may be expected if the fungicide used is Bordow. Entirely
satisfactory control of the disease was obteined by the use of either
fungicide during the seasons of 1948 and 1949. It also appears certain
that larger fruit can be expected by inclusion of Dowax 272 with the
fungicidal mixture.

The incremses in size obtained by use of these materials appear
to be attributable entirely to an increase in the water content of
the fruit. The actual solids content of each cherry has not been found
to increase; in fact an actual reduction may result. This means that
more tonnage of cherries may be picked from orchards, but less calorie
value may go into each container of processed cherries unless, the

put-in weight is increased.




~84-

Growers are subject to decreased profits from two sources in
spraying. These ére the cost of spreying, vhich is essentizl for
diseese control; and reduced yields, resulting from the dwarfing
effect of the fungicides which have been most commonly used in the
past. His moral right to alleviate the latter condition by the use
of fungicidés which will not dwarf fruit, or by the applicztion of
a material such as Dowax 222 for the specific purpose of off-setting
the dwarfing effect of fungicides, carries little ﬁeight in a free-
enterprise system.

But in a larger sense practices used by cherry growers should be
decided neither on a moral basis nor by shortsiglited application of
economic principles. There are few if any instances of better relation-
ships between producers and processors in Michigan thén is exemplified
by the cherry industry; there is undoubtedly no instance in which the
congeniality of this relationshin is more essentisl. The decisions
can be made best by the team, and in this way the maxtimum volume of
red cherries may be profitably grorm, processed, and sold. If the
expected increase in production becomes a reality, as it surely will,
mére attention will undoubtedly have to be paid to maintaining and
increasing quality. Foliar sprays is presented as one factor affecting
quality.

Ap:zlication of Dowax 222 might seem to be a means of preventing
or decreasing the incidence of cracking of Steyman ap-les, which
occurred in alarming proportions in the Shenandoah-Cumberlaond repion
of the United States in 1948 ancd 1949. However, the author is of the
opinion that such an attempt wil® not be successful. Horticulturzal

fruits were endowed by nature with scanty pericarps, to serve only




~85-

in the dissemination of seeds. ian has, through plant breeding adapted
them to better serve his needs. Furthermore, he has forced these
fruits to the possible limit of their capacity, through improved
cultural practices. It seems possible that Stayman apples have been
induced to crowd water, sugars, acids, pectins, and so on, into their
cells in such large amounts during favorable seasons for growth that
the cell ﬁalls have broken under the strain. A material such as
Dowax 222 would be expected to reduce the readiness with which water
could diffuse out of the cells through the epidermis; thereby
aggravating the situation more than it would be alleviated by possible
increase pliability of the epidermis, or by possible reinforcement of
the epidermis and cuticle as a shell counteracting the pressure of

the expanding cells of the pericarp.
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SUMMARY

Studies were made during 1948 and 1949 of the effect of foliar

sprays on the fruit and leaves of red cherry (Rrunus cerasus L.

variety Montmorency). The spray materials used in most of the work
were the two fungicides, Fermate and Bordow, and a transpiration-
reducing emulsion, Dowax 222. The effect of these two fungicides
was determined when applied alone and in combination with Dowax 22«
in most of the experiments.

Effects were studies on size, totql solids content, soluble
solids content, titratable ‘acid content, drained weight, uptake of
vater on sooking, and ease of pitting of fruit, and on respiration
of leaves. Size was determined in block experiments in commercial
orchards by weighing fruit and measuring water displécement, and
in experiments on small branches of mature trees by measuring fruit
diameter with a calipers and volume by water displacement. Total
solids were determined by drying whole fruits to constant weilght in
the oven, and soluble solids by determining the refractive indices
of expressed juice. Titratable acid content was measured by titrating
scmples of expressed juice with standardized hydrochloric acid.
Dfained weight of canned fruit was measured by the standard test,
using No. 10 cans. The upteke of water on soaking was determined by
weighing samples before and after soaking, the soaking being done in
glass jars in the laboratory by allowing tap water to run constantly
over the fruit. Ease and efficiency of pitting was determined by
observation in commercial processing plants and by the use of pressure

tests. The rate of respiration of leaves was determined on potted
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cherry trees by measuring the amount of carbon cioxide given off by
the leaves, using a modification of the Heinicke-Hoffman azpparatus,
and by measuring the amount of oxygen taken up by leaf punches, using
a Warburg appératus.

The fruit from trees which had been sprayed with Bordow were
smaller in size than thos treated with Fermate, and were higher in
tétal solids, sgoluble solids, titratable acid, and drained weight of
fruit. In these respects inclusion of Dowax 2:7 had much the same
effect as th; use of Fermate in comparison to Bordow. Dowax 222
decreased the actual amount of solids produced per cherry. It also
slightly reduced the ﬁptake of water on soaking, and reduced the amount
of pressure required to pierce the skins, evidently because of a delay -
in maturity. A possible explanztion of the effect of these materials
on solids content was found in their effects on the rate of respiration
of leaves, Fermate causing an increase and Bordow a decrease. Dowax

222 did not have a consistent effect on respiration.
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