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INTRODUCTION

The stage of maturity” at which an apple is harvested is most impor-
tant in determining its subsequent life. Of the numerous factors influen-
cing the quality of many varieties of apples during storage and subsequent
handling, perhaps none so largely pre-determines the development of proper
flavor and freedom from many physiological diseases as the proper stage of
maturity at harvest.

Formerly, during years of export demand for apples, consumer prefer-
ence for small sized apples and the better prices received from early
sales led growers to sell certain varieties, especially Jonathan and
Grimes Golden, at an immature stage. Such fruits prematurely harvested
often reached their destination in an unattractive and unpalatable condie
tione

For grower and consumer protection, grade standards for U.S. No. 1
apples demanded that the fruits should be of such maturity at harvest to
insure the proper completion of the ripening process during subsequent
handling. Since this stage of maturity was more clearly defined by the
subsequent storage quality than by any known index used during the harvest
period, the general judgment of maturity at harvest by the grade inspec-
tors sometimes led to friction between the Inspection Service and the

growers., If there were available socme reliable harvest index that would

%lhe term "mature" or "maturity" is used in these studies in refer-
ence to those ripening processes in progress while the fruit remains on
the tree. "Ripening" refers to those same changes after the fruit is
picked.



reflect differences in fruit maturity resulting from differences in growth
status of the orchards concerned, as well as accurately forecast keeping
qualities of the fruits, then the development of proper shipping and
storage quality could be assured to the ultimate benefit of both the
grower and the consumer,

Prior to the inauguration of this study, previous work at Mary-
land (25,28) showed several commonly accepted maturity measurements either
to fail in forecasting differences in keeping qualities, or to be unreli-
able in determining small differences in fruit maturity. Included in
these trials upon Jonathan and Grimes were the pressure test, the electri-
cal maturity test, the index figure test, ground color changes, percent-
age of blush on Jonathan and quantitative and qualitative starch determie
nations. Only the starch tests and color develcpment showed sufficiently
high correlations with storage quality of Jonathan to prove worthy of
further test. The qualitative starch test had an additional advantage in
that it was simple and easily enacted and understoods

The purpose of the maturity studies with Jonathan herein reported
has been to test the qualitative starch method under the range of Maryland
conditions, Taken into consideration during a three-~year period have been
nutritional level or growth status of the trees, and such orchard prac-~
tices or conditions which might be considered to influence the time of
fruit maturity,.

Since Hesse and Hitz (26) have shown premature harvest of Grimes
Golden not to reflect as much in poor flavor development as in storage
wastage caused by wilt and superficial scald, the control of this wastage
is the primary reason for proper maturity at harvest. If control measures
for wilt and scald, other than harvest at exactly the proper stage of
maturity, could be used commercially, this variety could flow into trade



and storage channels at earlier and longer periods than are now employed.
Golden Delicious is a variety of apple highly valued for its dessert
qualities. Unfortunately the epidermis of this variety i§ not particular-
ly efficacious in protecting against moisture loss, and tlig course of com—~
mercial handling, this variety often loses considerable turgidity, If
this moisture loss could be prevented or reduced, the fruit might enjoy a
more enviable position in the fruit industry. The purpose of the waxing
studies herein reported has been to study the effects of wax emulsions in
controlling storage wilt of Grimes Golden and Golden Delicious apples

picked at progressive harvest dates.

LYITERATURE REVIEW

Since apple maturity as influencing storage quality, and as influenced
by nutritional levels and growth status of the orchard, have long been
studied, a voluminous amount of literature has accumulated. Because there
are available several publications or reports (25,26,28) which have dis-
cussed this literature, only that considered pertinent to the subject is
here considered.

Of the many tests to guage apple maturity those which appeared more
promising for Maryland conditions were reported by Hesse and Hitz (25,26,28).
They concluded that only the starch-iodine test, when compared with the
pressure test, the electrical maturity test, the index number test and
blush changes yielded results worthy of further or complete trials

The method of determining the starch content in halved apple fruits
by exposure to iodine was first used by Bigelow, Gore and Howard (5) in
noting the starch changes in certain summer varieties. Although they
stated the starch loss to be very uneven in the varieties they studied,
more significant is their detailed description of the pattern of starch

loss in the apple. Askew (2) used this qualitative method to follow starch



behavior during growth and ripening of Jonathan and Dunnts Favorite.
Although he noted the location of starch loss in maturing fruits, he did
not suggest the method for use as an index of maturity.

Although this gqualitative method has been tested in various apple-
producing sections, not all of the conclusions have been in agreement.

As an indication of proper time of picking, Swith (50) found the test
beneficial in the control of bitter pit in certain English varieties.
Using the method, he was able to guage harvests at sufficiently late
stages to preclude the development of the disease.

In agreement with Smith's work, denoting successful application of
the qualitative starch test as an indication of maturity, is the work of
Davis and Blair (12) with McIntosh and Fameuse., With both varieties starch
hydrolysis showed a definite pattern, as revealed on halved apples dipped
in a prepared iodine solution. Based on different stages of the hydroly-
sis as shown by photographs, they prepared a standard for the proper har-
vest stage of those two varieties., However, they mention that fruits of
apparently the same stage at harvest may not behave alike in storage.

This was thought possibly due to different nutritional levels of the trees

Hinton (27), following an extensive study of this index with English
varieties, found that fruits grown under different cultural conditions,
but showing the same starch content at harvest, behaved differently in
storage. This result and the observation that apples from cultivated
plots lost starch more rapidly than those from grassed plots led to the
conclusions that an accurate maturity index would take into account the
ripening rate, as shown by the starch test, and the content of dry matter
and sugars as indicated by the sucrose-hexose ratio., From studies in con-
junction with these he did not find catalase and oxidase activity, pressure

test, weight and size changes, nitrogen content, acid hydrolyzable materials,



sucrose and reducing sugars to have any additional roles as possible
indices of maturity.

Studies of the method with New Zealand varieties led Tiller (55) to
conclude that the qualitative starch test was unsatisfactory, His com-
plaint against the test was due to the high variability between fruits
within samples of Jonathan and Cox Orange. He suggested that the varia-
tion might prove so great as to mask the effect of the time factor upon
starch hydrolysis,.

Baves (17) reported little success in attempting ".....to correlate
maturity by means of the starch test with fertilizer application." Devel-
opment of scald in storage served as the criterion for the determination
of best maturity.

Since well=colored fruits have often been found less susceptible to
certain physiological diseases commonly assoclated with immaturily, devel=-
opment of overcolor has often been used to guage proper time of harvest,
Brooks, Cooley and Fisher (7), Plagge, Maney and Pickett (44), Ramsay
et. al, (46) and others (17,18,51) have found superficial scald less pre~
valent on well-colored fruits and upon blushed cheeks of fruits with less
color, Verner (57) however, considered the influence of color upon scald
as only coincidental with maturity. He found immature fruits of high
color to scald worse than fruits of later pickings with less color,
Although scald, bitter pit (50) and soft scald (44) have often been en-
countered less on well-colored fruits, studies of red color development
under various conditions by numerous workers have invariably led to the
conclusion that this is not a satisfactory index of maturity.

Among growers and apple dealers particularly, it has been thought
that the fertilizer and cultural practices may affect fruit quality. At

one time fruits from orchards which were known to have been fertilized



with nitrogen suffered a loss of premium on the market due to the belief
of a detrimental effect of the fertilizer upon shipping and keeping qual~
ity. Of the reported research almost all has been unanimous in reporting
no commercially significant differences in storage quality, providing
fruits were at the same level of maturity at harvest, From an extensive
study of the effect of nitrogen and potassium fertilizers upon firmness
and keeping quality, Degman and Weinberger (14) reported ".....it has been
impossible to find any direct influence of nitrogen on firmness or keeping
qualityeesss” on apples in Maryland., They did find an increased percent-
age of total nitrogen in the fruits from the nitrated trees, which, al-
though accompanied by a higher respiration rate in storage did not cause
greater breakdown. They emphasize that their conclusions are based upon
apples of equal size, color and maturity and suggest the nitrogen applica-—
tion, wnless used in conjunction with good orchard practices might have

an adverse effect upon those characteristics, Gourley and Hopkins (22)
reported nitrogen applications to be followed by fruits of increased size,
less color and greater suscepbtibility to scald. Respiration rate of
fruits in storage was not influenced by nitrogen application nor could
Jonathan breakdown be induced by the fertilizer treatment, Overley and
Overholser (40) agree with Degman (13) that comparable Jonathan samples
from nitrated and check trees do not show differences in their softening
rate or keeping quality. However, they point out that nitrogen applica-
tion causes larger sized apples under most conditions and that these larger
fruits were found softer and more susceptible to Jonathan breakdown and
soft scald. Here again the effect of nitrogen is indirect in that the
differences in keeping quality of the fruits are attributed to differences
in amomnt or vigor of foliage. These results indicating the small influ-

ence of nitrogen on keeping quality are in agreement with the work of
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Knowlton and Hoffman (32) on varieties of the Winesap group and with that
of Magness and Overley (37) on Jonathan, and others (1,4,21,33,48).

Although nitrogen app]ications may in some instances increase
color (1), it is gemerally agreed by many workers (17,22,37,40,41) that in
most cases. nitrogen applications are accompanied by a retardation in devel-
opment of color. Although an increased total nitrogen content of the
fruits might also be present, the decreased color has seldom been directly
attributed to the nitrogen content. Recently, Magness et. al. (34) found
a relationship between nitrogen content of twigs and leaves and fruit
color which they believed indicative of a retarding influence of nitrogen.
From analysis of twigs of one hundred and five young, bearing Rome trees
receiving nitrogen at different times during the year, a regression of
=51.6 of color on nitrogen content of twigs was computed. On eleven trees
which had received soluble nitrogen just after petal fall or immediately
following cessation of terminal elongation, they found a "relatively high"
nitrogen content and a color value not only below the group average but
also "below the expected color based on the nitrogen content of the leaves."
The poorer color of this group was attributed to a direct nitrogen influ-
ence rather than to greater growth and shading. They suggest, however,
that young trees are most responsive to nitrogen application and that,
although this nitrogen-color relationship probably has wide application,
the exact duplication of results might be prevented by various orchard
conditions.

In connection with studies attempting to increase the color develop-
ment of apples Dustman and Duncan (16) have recently identified the red
pigment as idaein, a glycoside yielding cyanidin and galactose upon hydrol-
ysis. To determine the effect of certain thiocyanate compounds upon color

formation, they sprayed apple trees with soluble forms of these materials,



For fall varieties, spraying with ,05~2.,0 percent solutions in August
caused an improvement in both red and yellow color. The increased ground
color, resembling that of more mature fruit, was suggested to be of pos-
sible value in reducing storage losses from superficial scald,

Although meny workers have indicated that nitrogen may delay fruit
maturity (13,37,40), the only factual evidence is presented by Verner (57).
Using scald development in storage as & measure of fruit maturity at har-
vest, he emphasized that the increase of overcolor was only coincidental
with maturity in determining subsequent scald development. He stated that
the percent scald on Yorks, "....spicked on October 14 from the fertilized
trees was no greater than in the fruit picked one week earlier from the
check trees, despite the fact that there was still great contrast in color
development.®

There is considerable evidence that trees receiving nitrogen respond
with inereased fruit size (1,4,14,§2,33,57). Most of the workers have
also reported an increased nitrogen content in the fruit from treated
trees, which may have an influence upon keeping quality. Wallace (58)
found grassed plots in England to yield fruits of a lower nitrogen content
and longer storage life than fruits from cultivated plots. Haynes and
Archbold (23) found in English varieties that samplés of high nitrogen
and lowered carbohydrate content to have a decreased storage life.

Aldrich (1) says that the nitrogen content can be increased slightly with-
out a deleterious effect upon storage quality, but explains this as prob-
ably due to a higher amount in the seeds rather than in the flesh of the
fruits. Gourley and Hopkins (21) and lagasse (33) found increases of 100
and 18 percent in nitrogen content of fruit respectively, to have no det-
rimental effect upon storage quality, and Lagasse further states that the

increase in the nitrogen content of the seeds was insignificant.



Degman (13,14) reported an increased nitrogen content of fruit which was
proportional to the amount of nitrogen applieds Although he found an in=-
creased amount of starch and total carbohydrates accompanying the higher
nitroéen content in York, the opposite was true with Stayman Winesap. The
higher nitrogen content was not reflected in poorer keeping quality.
Gourley and Hopkins (21) found a "somewhat higher® total sugar conbtent in
samples from check and low nitrogen trees, Wallace (58) showed an ine-
creased percentage of dry matter from his cultivated plots which also had
the higher nitrogen content. The influence of nitrogen treatment may or
may not, through its influence upon total dry matter influence a qualita-
tive test of starch content such as the test used in this study.

With Grimes Golden the chief storage disorder following premature
picking is the more frequent occurrence of certein physiological diseases
in storage. The limits of the harvest season in which this variety will
develop standard storage quality are wider than for the Jonathan variety
(25,28), If, by some treatment previous to cold storage, Grimes apples
could be protected against excessive moisture loss, the picking season
could be considerably extended to the ultimate benefit of the commercial
grower,

Magness and Diehl (35) found that respiration, the rate of softening,
ground color changes and other ripening processes in winter varieties of
apples could be retarded by coating apples with oils and paraffines to
reduce the permeability of the epidermis. The degree of retardation was
directly proportional to the quantity of the coating material., They found,
however, that with the heavier coatings undesirable flavors, resulting
from anerobic respiration, were common. They concluded that coatings of
such materials sufficiently concentrated to significantly retard the ripen-

ing process would cause undesirable flavors in stored fruit. Smock (52)
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used a water solﬁble wax with a carnauba-paraffin base on Gravenstein and
Yellow Newtown and concluded that waxing apples and pears was not satis-~
factory under 211 conditions. After the fruits were waxed, the physio-
logical changes taking place over a relatively short period at high tem-
peratures were measured. The wax emulsions, used at full manufacturer's
concentrations, reduced the ripening processes, but there always resulted
an wnpalatable flavor caused by anerobic respiration. He suggested, how-
ever, that waxing might be applicable if greater dilutions and lower stor-
age temperatures were used., He observed considerably less wilt and a re-
duced scald on some of the waxed samples.

Miller, Neilson and Bandemer (38) in an experiment of a preliminary
nature found undesirable breakdown in apples dipped in paraffin. However,
fruits dipped in a paraffin wax,emulsified with ammonium linoleate supple-
mented with bentonite or ball clay, had a reduced shrinkage when compared
with check fruits., No off flavors, scald or breakdown resulted from the
waxing treatment.

Although "Dowax" at various dilutions reduced shrivelling, Jones and
Richey (30) found the emulsions to leave an objectionable deposit and to
shorten the storage life of Grimes and Gano. The shortened storage life
resulted from a "burning" caused by the wax.

Platenius (45) measured the thickness of dry wax films which were
obtained when vegetables were dipped in various miscible waxes, He found
the wax coating to be very thin, sveraging one to two microns, which, he
concluded, did not seriously affect natural gaseous exchange.

Hitz and Haut (29), using the same carnuaba-paraffin wax used by
Smock (52) and at the greater dilutions suggested by him, found that with
Grimes Golden apples, waxing reduced the weight loss during storage and
also the number of fruits graded out because of wilt after 21 weeks of
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cold storage. It was found, bhowever, that waxing fruits immediately after
picking apparently increased the susceptibility of those apples to scald
as compared with unwaxed samples of the same storage treatment,

Smock (53) in 1939 reported that carnuaba~paraffin waxes of a slightly
different formula from the wax used previously, materially reduced the
wilt of apples in storage, especially when fruit was held under conditions
of low humidities, The effect of the wax upon scald was seemingly de~
pendent uvpon fruit maturity, and he remarks, ",....,vhen the fruit was
picked at the time of commercial harvest, it (the wax) never significantly
increased the amount of scald at any concentration.”

Fisher and Britton (19), although making no mention of the difficulty
of maintaining extremely high humidities in commercial storages, as well
as preventing the growth of certain fungi, reported that during the stor-
sge period, storage humidity was a more important factor than waxing with
2 carnuaba-paraffin wax in determining weight loss in storage. However,
during the period after removal from cold storage, waxed samples had an
average daily weight loss of fifty-six percent of the unwaxed fruits.
Cenerally, the waxing treatment increased scald and reduced the rate of
respiration. Further evidence of a retarded ripening process was indi-
czted by the delay of mealiness of Delicious, coreflush in McIntosh and
Jonathan spot in Jonathan, all generally associated with over-ripeness in
these varieties,

Even though it were feasible to employ high relative humidities to
prevent moisture ioss during storage, there is little possible control
of humidity during the period after fruit leaves storage and before it
is consumed. Smock (53), Claypool (10) and Hitz and Haut (29) have sug-
gested that during this perlod, when low humidities are often encountered,

waxing may prove extremely beneficial in preventing moisture losse



Claypool (10) suggested that the benefit of waxing fruits results
from a reduction in moisture loss, thereby maintaining good condition and
eating quality for a longer period. He found waxes to improve the keep-
ing quality or appearance of pears, apples, peaches, nectarines, and
cherries,

Prior to the use of oil paper and wraps in controlling scald, the
loss from this disorder was tremendous. Brooks, Cooley and Fisher (7)
found the severity of attack to be influenced by many conditions or fac-
tors of which proper harvest maturity was very important. Plagge, Maney,
and Pickett (44), for control of secald, rec;onunended that fruit be picked
in a mature stage, graded, packed with ciled paper or wraps and stored
immediately at a temperature of 35 ~ 36°F. promptly after pickings They
reported any delay in cold storage to be detrimental 1o seald control.
Brooks, Cooley, and Fisher (7) considered any delay in storage to adversely
influence scald development, but they mention cases when less scald was
found on delayed samples of Grimes Golden, especially if the fruits were
well ventilated during the period of delay. Their recommendations for
scald control (8) do not show delayed storage to be of benefit in any
variety.

Eaves and Hill (18) did report considerably less scald development
on immature McIntosh which had been held above cold storage temperatures
for two weeks before cold storing.

There is the same lack of agreement in the effect of delaying cold
storage on other physiological disorders of apples. Plagge and Maney (43)
found delayed storage would both increase and decrease soggy breskdown of
Orimes Golden in storage, depending upon the fruit maturity at harvest.
Compared with immediate storage, Brooks and Harley (9) found a 3=t day de-

lay period to double the amount of a similar low temperature breakdown of
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Jonathan in storage. Conversely, this latter disorder was lessened by
delayed storage in the work of Trout and Tindale (56).

Although parasitical rots and diseases are increased by delaying
fruit before cold storage, (24,44,46,48) and Jonathan and Baldwin Spot
may be more severe (44,48), Rasmussen (47) found a five-day delay to re-
duce wastage at the end of storage of New England McIntosh. He adds,
however, that apples so treated would probably not last as long on the
retail stands as apples placed in cold storage sooner. A longer delay
period, two weeks, was found to adversely affect the storage life of
varieties of the Pacific Northwest by Ramsey, et. ale. (46),

Perhaps the best explanation of the influvence of delay before cold
storage upon the development of certain physiological disorders is given
in results secured by Kidd and West (31). They state that with maturity,
apples approach a climateric in respiratory activitye. The more nearly
complete this climateric the less was the scald attack, Delaying storage
on apples, which had been picked before their climateric, was found bene-
fieial in reducing scald. Storing apples at the peak of the climateric
was found to increase their susceptibility to low temperature breakdown.,
Thus it can be seen thet the influence of delay before storage may pos-—
gibly be a function of the respiratory activity at time of picking, and
that the results secured from delayed storage dependent upon relative
stage of fruit maturity,.



MATERTALS AND METHODS

General Methods

For both the maturity and waxing studies, storage behavior and the
development of optimum edible quality during cold storage served as stan-
dards for evaluating the efﬁcacy of any given treatment. The storage
room was cooled by diffusion-type storage equipment with Freon used as
the refrigerant. Storage temperatures approximating 32°F, were maintained,
The samples were packed in oiled paper, and when placed in storage, were
packed in one=half bushel open hampers which were placed in open orchard
lug boxes to facilitate stacking.

The determination of storage quality was similar in all studies.
After a storage period varying from twenty to twenty-two weeks, the fruits
were graded for rots, wilt and scalded fruit, counts being made of the
number of fruwits falling in each class. Fruits showing physiological
breakdown were counted as rots, bubt in a separate category from parasite
ical rots. Fruits were considered wilted when the wilt was apparent
either by sight or by a characteristic feel when handled. Scalded fruit,
whenever the disorder was sufficiently heavy, was divided into "slight
and severe" categories. All scald was considered slight until enough of
the surface, approximately fifty percent, was covered to sericusly in-
fluence the marketability of the fruit. A scald value was determined by

formula to weigh the degree of severity: 1 x slight scald + 2 x severe scald.
Total number of fruits in sample
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Methods Incident to_the Qualitative Starch Index Studies with Jonathan

The quelitative starch test as a maturity index is based upon the
reaction between starch and iodine. It is well known that as the apple
matures there is a decrease in the starch contents To follow this change
twenty apples were halved tfansversely. One-half of each apple was rinsed
in water and placed, cut surface down, in a shallow dish of IKI soclution
at a concentration of 0.25 grams of iodine and 1 gram‘of potassium iodide
per hundred cubic centimeters of water. The halved apples were allowed
to remain in the solution for one minute. After removal they were allowed
to dry approximately five minutes before comparison with the pattern chart,
Figure 1, adapted for Jonathan from the Davis and Blair (12) chart for
Fameuse and McIntosh.

In addition to the qualitative starch test observations were made
upon ground color and percent blush.

Field Plots and Methods Used in 1938 Studies

Since Auchter (3) had shown there was little cross-transfer of nitro-
gen in apple trees, it was thought half-tree nitrogen applications might
reveal closer differences in tree nutrition than could otherwise be ob-
tained.

Jonathan trees furnishing fruits for the maturity studies were located
in commercial orchards at Colesville and Frederick, Md., At Colesville six
trees of approximately twenty-five years old and of relatively uniform
size and vigor were selected, Fertilizer was applied to whole and half
trees as shown in Table I. At Frederick four trees of comparable growth
and vigor were selecteds Fertilizer treatment of these trees is also
shown in Table I. In both orchards rainfall within a few days of applica-

tion was sufficient to make the materials available,



Figure 1. Stages of starch conversion in Jonathan as shown
by starch IKT reaction,



Figure 1



TABLE I
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PFertilizer Treatment of Trees Used as Source of Samples for Maturity

Studies on Jonathan.

Colesville and Frederick Orchard. 1938.

Blocks

Tree

Fertilizer Treatment

Colesville Orchard

od oo wWw e

Bast 1/2 of Tree
West 1/2 of Tree

Thole Tree
Whole Tree

Whole Tree
Thole Tree

North 1/2 of Tree
South 1/2 of Tree

Frederick Orchard

QO ww =i

Whole Tree
Whole Tree

East 1/2 of Tree
West 1/2 of Tree

East 1/2 of Tree
West 1/2 of Tree

Cheek; no nitrate applied
5 pounds sodium nitrate applied July 31

10 pounds sodium nitrate applied July 31
Check; no nitrate applied

10 pounds sodium nitrate applied July 31
Check; no nitrate applied

Check; no nitrate applied
5 pounds sodium nitrate applied July 31

10 pounds sodium nitrate applied July 31
Check; no application

5 pounds sodium nitrate applied July 31
Check; no application

Check; no application
5 pounds sodium nitrate applied July 31




18

Samples for the starch studies were selected twice weekly beginning
on August 23 at Frederick and August 24 at Colesville, Samples for stor-
age studies were begun at the same time and were continued at weekly in-
tervals thereafier until four samples had been tzken from the Colesville
ploets and five from the Frederick plotses To 2id randomization of sampling
a greater quantity of fruits was picked from all parts of the tree than
was necessary for the tests. The apples for the tests were then picked
at random from the harvested sample.,

To test any possible influvence of red color or light upon starch
conversion and to possibly indicate a correlation between starch content
and blush, approximately sixty fruits on each of five trees were enclosed
with black muslin bags on August 5. On four different picking dates five
fruits were removed from each tree and tested for starch content which was
in tuwrn compared to the starch content of the closest adjoining uncovered
fruit. At the final picking sufficient bagged fruits remained to allow
for a storage sample.

For determination of the nitrogen content of the fruit, thirty rep-
resentative fruits were selected from each tree under treatment at the
time of the final harvest. In preparing for analysis a thin slice was
taken from each apple and a sufficiently sized portion of that slice was
used to obtain two fresh weight samples of twenty grams each, which was
composed of approximately equal portions from each of the thirty apples.
These duplicate portions were used for nitrogen determinations., To pre-
serve nitrogen samples until time of determination each twenty-gram sample
was sealed in a tin can containing 160 cubic centimeters of hot ninety-
five percent alcohol with a small amount of calcium carbonate added. At
the time the determinations were made, the contents were filtered and

after repeated washings with alcohol, the filtrate was evsporated to
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almost dryness and total nitrogen determined by the Kjeldashl method. The
residue was ground to pass through a forty-mesh screen with a Wiley micro-
mill, Total nitrogen content was obtained on one gram of this screened
residue by the Kjeldehl method. This method was adopted from Hesset!s (25)
method with similar material., Nitrogen figures are expressed as the abso-
lute amount in the extract and the amount in one gram of the residue,

Field Plots and Methods Used in 1939 Studies

Studies in 1939 were confined primarily to the Frederick orchard.
Jonathan trees comparable in size and vigor and bearing good crops were
selected. Tree treatment is given in Table II.

Sampling methods were the same as in 1938, except that four weekly
storage samples only were made., Samples for the qualitative starch test
in Jonathan were taken twice weekly from August 28 wmtil September 25.
Samples for storage studies were selected weekly during the same period.

The 1938 method of obtaining representative samples for nitrogen de-
terminations was again used. However, instead of preserving in alecohol,
the duplicate samples from fruits collected September 14, and which had
been used for determination of dry weight, were saved and stored in a dry
place. At the time the nitrogen determinations were made, the samples
were re-dried to a constant weight of within 0,05 grams. The dried sample
was grownd to forty’ mesh fineness and stored in a dessicator until used.
Total nitrogen was determined on one gram of this material by the Murneek
and Heinze (39) modification of the official Kjeldahl-Gumning-Arnold method.

Field Plots_and Methods Used in the 1940 Studies

As synthetic growth substances provide a means of prolonging the time
fruits can remain on the trees, their use offered an opportunity to study
the qualitative starch test over a wider range of fruit maturity. The

recent report by Dustman and Duncan (16) suggested that over-color might be
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TABLE IT

Fertilizer Treatment in 1939 and Fertilizer and Orchard Treatment in

1940 for Jonathan Trees used as Source of Fruit for Maturity Studies.,
Frederick Orchard. 1939.

Tree No. 1939 Treatment 1940 Treatment
A 10# NaNO3 7/31 10# NaNO; 8/1
As Check 0.1% Na thiocyanate 8/12
Ag 5# NaNO3 7/31, 8/15  10# N:I;g%i tzzg 3 37;’{? Na thiocyanate 8/12;
By 5# NaNOg 7/31, 8/15 Check
Ba Check 0s1% Na thiocyanate 8/12; "Fruitone" 9/15
B, 10# NaNO3 7/31 10# NaNOj 8/1; 0.1% Na thiocysnate 8/12
Cy Check "Fruitone® 9/15
Cy 10# NaNO3 7/31 10# NaNO3 8/1; "Fruitone" 9/15

Cy 5# NaNO3 7/3L, 8/15

Dy 10# NaNO3 17/31

Do 5# NaNO3 7/31, 8/15

Dg Check Check
By Check

Es 5¢# NaNOg 7/31, 8/15

Eg 10# NaNoO3 7/3L
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increased with sprays of sodium thiocyanate. It was also desirable to
know if the starch test would indicate fruit on trees sprayed with thio-
cyanate to be more mature at any harvest period than similar unsprayed
trees, and it was hoped that perhaps the increase in coloration might
facilitate scald control, as suggested in the literature (7,16,44).

To take advantage of any cumulative effect of nitrogen treatments,
the same trees of the Frederick orchard were used again in 1940. In
Table II are presented the 1939 treatments and the 1940 treatments of the
same trees,

The thiocyanate treatment consisted of spraying the designated trees
with a O.1 percent solution of sodium thiocyanate solution on August 12,
Approximately ten gallons of the solution were applied to each tree.

The synthetic hormones to delay harvest drop were applied in the form
of the commercial preparation, "Fruitone", used at the rate of two-fifths
pounds per hundred gallons of water. The trees were sprayed by the grower
September 14-16 at the rate of ten gallons per tree.

With Jonathan, storage samples and samples for the starch test were
taken once weekly., Sampling commenced September 6 and continued through
September. 26 allowing a total of four storage samples.

In 1940 a supplementary test was conducted to determine the influence
of widely varying orchard conditions upon the accuracy of the starch test
in forecasting maturity. These studies were comprised of fifteen Jonathan
orchards in Western Maryland where variable fertilizer treatment, tree age,
general tree vigor and crop sizes prevailed. To provide an index of the
growth status of the trees from which the samples were taken in each case,
terminal growth from at least ten growing peints from five to ten trees
was measured. On three picking dates, at weekly intervals, a sufficiently

large sample of fruit was picked from each orchard to furnmish fruits for
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the starch test and for studies of subsequent storage behavior,

All storage samples were packed with oiled paper in one-half bushel
open hampers and stored as previously described. The samples were graded
during the last week of January and again in the third week of February.
Storage after the January grading was in a storage room held at 50°F,
Palatability tests were also made at the February examination,

Methods Incident to the Waxing Studies with Grimes
Golden and Golden Delicious

Preliminary work in 1936 and 1937 (29) at this station had indicated
that waxing apples with Brytene 489A to be of value in prolonging storage
life, especially from the standpoint of retarding dessication. A more
complete study was undertaken to determine the effects of the wax treat-
ment upon weight loss, ripening, storage disorders and general keeping
quality of Grimes Golden and Golden Delicious, varieties which are known
to wilt badly under some conditions of growth and storage.

Orchard sampling methods were similar each year. On each sampling
date fruits were selected at random from a great many trees., Cleaning
these samples in a commercial flotation-type washer or in a brush cleaner
further randomized the samples, After cleaning, the fruits were placed
in one=-half bushel open hampers in which they remained during the pre~
ripening and waxing treatments and wntil they were graded at the end of
the cold storage periods.

The same method of applying the wax to the apples was used each year.
The apples to be waxed were in one~half bushel hampers, and the whole was
immersed in the wax solution made at a concentration of one part of the
comnercially prepared wax to two parts of water. The dipped fruits were

allowed to drain and dry overnight before they were placed in storage.
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Ten apples were selected from each basket, marked with India ink and
weighed. This made it possible to follow the weight changes throughout
the pre-ripening and storage periods,

The term "pre-ripening" is hereafter used to designate a treatment of
delayed storage whereby the apples were stored in a closed 60°F, room be~
fore waxing or cold storing, The length of the pre-ripening period varied
in different yearse.

Cold storage temperatures and conditions have been previously des-
eribed.

Grading methods at the end of the storage period were the same as
those used with the maturity samples, and have been previously described.
To remove the effect of unequal storage periods upon the changes following
harvest, each sample was examined at a pre-determined number of weeks from
the harvest date of that sample rather than at the same date.

Methods Used in the 1938 Waxing Studies

Included in the 1938 studies were samples of Grimes Golden from the
Frederick orchard and samples of Golden Delicious collected from a2 commer=—
cial orchard near Ashton, Md. All samples from each orchard were picked
once weekly with the exception of the last sampling of Golden Delicious.
Because this orchard had been harvested before the time of the last sam-
pling, and the apples placed in common storage by the grower, the samples
selected were taken from the storage. Samples at six weekly harvest dates,
commencing August 16, were taken from the Frederick orchard, and four from
the Golden Delicious orchard commencing August 30. About four bushels of
fruits were picked from at least ten trees. After cleaning, these four
bushels from each orchard, on each harvest date, were divided ihto eight
equal lots. Four of the eight lots were waxed with Brytene 489A, one lot

receiving wax the same day of picking, and the other lots after one, two
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or three weeks of pre-~ripening respectively. After the wax had dried,
the samples were placed in cold storasge. One of the remaining four lots
was placed in cold storage on the same day of picking, and the remaining
lots after one, two or three weeks of pre-ripening respectively, to serve
as checks to the waxing treatments,

During the storage periods, changes in weight loss were followed by
weighing the ten previously marked fruits at five, twelve and twenty-one
weeks from harvest and again after the fruits had been exposed to 60°F.
for three weeks following the period in cold storage. Samples were graded
twenty-one weeks from harvest and again following the exposure to 60°F. or
twenty-four weeks from harvest,

Methods Used in the 1939 Waxing Studies

The 1938 results indicated waxing to be beneficial in retarding wilt,
but that a week of pre-ripening was necessary before scald could be ade-
quately controlled. In 1939 it was deemed desirable, therefore, to inves-
tigate the efficacy of shorter pre-ripening periods upon scald development.
It was also believed important to determine whether comparable results
could be expected with apples packed in the regular commercial bushel
baskets,

To test the shorter pre-ripening periods, approximately eight or nine
bushels of fruit were picked from the Grimes trees of the Frederick orchard.
On the weekly sampling dates commencing August 14, and continuing wntil
8ix samples had been picked, the fruits were picked from several trees so
that representative samples could be selected for each picking. After the
fruits had been cleaned in a brush cleaner, they were divided into sixteen
equal lots, Dupliéate lots were waxed on the day of picking and after two,
four or seven days of pre-ripening. After drying the samples were placed
in cold storage. Duplicate check lots were placed in cold storage at the

same periods.
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Weight changes were followed by welghing ten marked fruits in each
lot at various intervals,namely, at the time of harvest, after the pre-
ripening treatment or at time of waxing, and when removed from cold stor-
age twenty-two weeks from harvest.

The test of waxing fruits in commercial packages was made on Grimes
Golden and Golden Delicious. The Grimes Golden were obtained from the
University orchard at Beltsville, Md. at two picking dates. After pick-
ing they were cleaned, sorted, and sized so that the apples used were of
a two and one-half inch minimum diameter., Enough fruit to furnish twenty
packed baskets was picked on September 6 and September 14 and divided
into ten equal lots. Duplicate baskets were waxed following picking and
after four, seven or fourteen days of pre~ripening, After the fruits had
dried they were packed in bushel baskets and placed in cold storage. Dup-
licate unwaxed check baskets were placed in cold storage after the same
periods of pre~ripening. Grading methods were similar to those previously
described except that wastage and good fruits were weighed rather than
counted.

The test with Golden Delicious was essentially the same, Thirty
cleaned, graded and packed baskets of fruit were obtained from a co-opera=-
tive packing house on September 20. They had been picked two or three
days previously and were slightly immature. The baskels to be waxed were
unpacked, waxed and repacked according to the pre-ripening schedule pre-
viously described for Grimes Golden., Grading methods after cold storage
were also the same., In addition two baskets waxed the day of selection,
and two unwaxed check baskets were left in the pre-ripening room for six

weeks and then graded,
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Methods Used in the 1940 Waxing Studies

The 1939 results indicated that, under harvest or storage conditions
favoring scald development, the pre-ripening periods previously found
beneficial in reducing scald did not always give adequate control. Since
an increased ground color, of the type indicating a greater fruit maturity,
had been found sometimes beneficial in reducing scald (7), it was desir-
able to know the effect of the increased ground color resulting from thio-
cyanate sprays (16) upon the subsequent scald development of waxed apples.
The fruit was picked from the Grimes Golden trees of a "Fruitone'=
nitrogen~thiocyanate experiment with treatments similar to those used in
the maturity studies with Jonathan in 1940, Table III shows the 1939 and
1940 treatments on this block of trees, To remove any possible effect of
the "Fruitone'=-nitrogen treatments upon the representativeness of the
sample, equal amounts were selected from each tree of the treatment and
were segregated only by the thiocyanate treatment. Since the experimental
trees were of a combination of the three treatments mentioned, any in-
fluence of nitrogen or "Fruitone" would have been represented equally
in samples selected on the basis of thiocyanate treatment., On each of
four harvest dates, approximately three bushels of fruit were picked
from the four trees sprayed with thiocyanate and from four unsprayed
trees receiving otherwise the same treatmentse

After cleaning in a brush cleaner, the fruits of the two lots were
divided into six equal parts, and packed in one-half bushel open hampers.
One hamper from the thiocyanate lot and one from the unsprayed lot were
waxed the day of harvest, and other lots were waxed after four and
seven days of pre-ripening. Check hampers from both lots were given the

same pre-ripening treatments as the waxed fruits.
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Fertilizer Treatment in 1939 and Fertilizer and Orchard Treatment in

1940 of Grimes Golden Trees used as Source of Fruit for Waxing Studies

in 1940. Frederick Orchard.

Tree No. 1939 Treatment 1940 Treatment
Ay 5# NaNO3 7/31, 8/15 19%236"8/;}1 (53.1% Na thiocyanate 8/12;
A, Check Check
Ay 10# NaNOg 7/31 10# NaNO3 8/1; 0.1% Na thiocyanate 8/12
By 54 NaNO3 17/31, 8/15  10f NaNO3 8/1; 0.1% Na thiocyanate 8/12;
"Fruitone" 9/15
Ba Check 041% Na thiocyanate 8/12
By 10# NaNoy 7/31 10# NaNO3 8/1
¢y Check "Fruitone" 9/15
Co 10# NaNOg 7/31
C3 5# NaNO, 7/31, 8/15
Dy 54 NaNO3 7/31, 8/15
Dy Check Check
Dq 10# NaNog 7/31
By Check
Ey 10# NaNO3 7/31

5% NaNO5 7/31, 8/15




Methods of following weight changes and grading methods were as
previously described. After the grading twenty-one weeks from storage,
the samples were held in a room at approximately 50°F. for two weeks,

and then re-graded as in previous experiments.

RESULTS

Results Incident to the Maturity Studies on Jonathan

The results of progressive harvest dates, nitrogen treatments, color
changes,"Fruitone® and thiocyanate sprays upon the reliability of the qual=
itative starch test as a maturity index for Jonathan as indicated by the
development of edible and keeping qualities during subsequent cold storage
are hereinafter presented for each of the years under study.

Results of the 1938 Studies

Table IV reveals that on successive harvest dates at the Colesville
orchard there was a progressively improved palatability of storage samples,
which had been forecast by the concomitant increased starch conversion at
the successive times of harvest. From the table it is evident that good
edible quality did not develop in storage if the samples had not reached a
starch test of appl:o:dmately five prior to harvest. There was a decreased
wastage, excepting the last harvest, with the higher readings of the starch
test. Since throughout the experiment the primery cause of storage wastage
was wilt and the increased wilt of late pickings had been adequately ex-
plained by Clements (11), the test showed effectiveness in forecasting
storage quality. The table alsc reveals, however, that the difference in
wastage which samples from two different trees might develop in storage was
not always in proportion to the difference those samples might show in

starch content at time of harvest.
Although the nitrate application increased total nitrogen content of

fruit, Table V, the meszn difference did not prove of statistical significance.
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TABLE IV
Starch Test and Percent Blush at Eight Sampling Dates and Development
of Waste and Palatability in Storage for Samples from Nitrated and
Check Trees. Colesville. 1938.

Harvest Starch Test Percent Blush Total Waste Palatability®

Date NO3 Check N0y Check NO3 Check NO3  Check
Aug. 17 1 1 6 5

Aug. 24 1.6 1.5 2540 31.2 60e8 5440 1.0 1.0
Aug, 27 20 248 21,0 30.2
Aug. 31 3.0 3.1 3245 38.2 49¢5 5448 1.5 1.7
Sept. 3 366 L7 4042 4842
Septe 7 501 5e1 5242 4745 b4e0 3745 2.1 23
Sept. 9 644 546 5542 5449
Sept. 15 7.0 594 5349 5340 245 2.5

*1a Poor; 2 -~ Good; 3 ~ Excellent
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TABLE V
Effect of Nitrogen Application in Late July Upon Total Nitrogen Content, Color Formation,

Starch Loss, and Keeping Quality of Jonathan. Colesville and Frederick Orchards. 1938.

Number of Mean of Mean of Mean Sun of nyn g Value
Measurement Comparisons NO3 Blocks Check Blocks Difference Squares Value forSZign.
Colesville QOrchard
NO5 Content 4 04747 04652 «0945 0.1571 498 3.18
Blush 28% 33.18 36446 3427 174600 1447 24052
Starch Content 28 3427 3442 Oel46 34011 0693 2,052
Storage Waste 16%% 52425 49.81 Reld, 48TL.O0 04546 2,131
Frederick Orchard
Blush 272/ 32,99 30.96 1.93 1208,00  1.47 2.056
Starch GContent 302/ 3405 2495 0.l 6652  1e18 2.045
Storage Waste 15¢/ 60.4 4942 11.27  2899.00  5.18 2,14

¥ 7 Sampling dates; ** 4, Sampling dates; a/ 9 Sampling dates; b/ 10 Sampling dates; ¢/ 5 Sampling dates.
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The same table reveals that the effect of nitrate application upon the
starch test, color and storage wastage was also insignificant,

Harvest date was more instrumental in determining development of pal-
atability than wes the nitrogen treatment, Table IV. The difference that
resulted from the nitrogen treatments were almost too small to be discerned
by the judges. This was also true with texture, aroma, and appearance,
those somewhat immeasurable factors important in determining a suitable
or pleasant flavor.

The results at the Frederick orchard largely substantiated the results
in the Colesville orchard, Table V. The insignificant differences in blush
and starch content are interesting because both were contrary to those shown
at Colesville, Compared with the check trees, samples from the nitrated
trees showed the higher blush and the greater starch conversien. Also con-~
trary to the insignificant influence of nitrogen upon keeping quality at
the Colesville orchard was the significant increase in wastage from the ni-
trated trees at Frederick, This increased waste was also due primarily to
the increased percentage of fruit graded out for wilt,

As revealed in Table VI, there was at the Frederick orchard also a
progressively improved palatability with successive harvest dates accom-
panied by a greater starch conversion at each harvest, However, fair pal-
atability developed in storage samples of the Frederick orchard when the
starch test at harvest was approximately three. The best flavor did not
develop unless samples had a starch test of approximately four at time of
harvest,

The development of wastage in storage was apparently uncorrelated with
harvest date and also the starch test at time of harvest. The progressively
greater starch conversion accompanying successive picking dates was not re-
flected in improved keeping quality in storage. It has been previously
mentioned that wilt was the primary cause of wastage in storage.



32

TABLE VI

Starch Test and Color at Progressive Sampling Dates and the Development

of Wastage and Palatability in Storage of Samples from Nitrated and
Check Trees of the Frederick Orchardse. 1938,

Average Percent Relative
Date Starch Test Color Total Waste Palatability *
NO3 Check N03 Check N03 Check N03 Check

8/23 1.0 Ll 9.3 743 646 175 57.% 5.7 1.0 1.0
8/26 14 L3 20,0 1440

1+

8/30 1.2  1le3 2140 1940 50,0 = 6.2 40.3 3.0 147 1.5
9/2 1.9 1.7 30,0 20,0

9/6 341 246 3840 39.0 57,0 = hel 47e= 5.5 245 2.2
9/9 340 3ek  46.0 4640

G/13 4e0  3e7  59.0 65.0 6640 % 41 48,5 2.6 3.0 3.0
9/16 5.5  5e4

9/21 8,2 845 7240 62,0  65.0 3.5 55.% 7.5 3.0 3.0

-

* 1 = Poor; 2 - Good; 3 - Excellent
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The results of bagging fruits revealed rather clearly that color
development had little relationship to starch loss in Jonathan, Table VIT
shows the inconsistent differences in starch content of baggzed and une
bagged fruits,

Table VIT
Comparison of the Relative Starch Content in Bagged Jonathan
Apples with the Closest Adjoining Unbagged Fruits at Fowr
Harvest Periods. Frederick Orchard. 1938,

Harvest No. Com- Mean Mean Mean ngn LAl
Date parisons Bagged Not Bagged Difference Velue Nec. for
Sign,
Septe 2 24 4Le25 3483 o2 +936 2.06
Septe 9 26 5404 4e81 23 o546 2,06
Sept. 16 28 5018 5082 064 2.36 2.05
Sept. 21 20 8.55 8034 .21 0789 2.09

In only one case was there a significant difference in starch test
between bagged and unbagged fruits, The one exception indicated a greater
starch conversion due to bagginge The bagged fruits developed a high
ground color, whereas ground color of the unbagged fruits was mostly
masked by the over-color. Although the relatively small storage samples
in this case would not Jjustify final conclusions, no difference in keep-
ing quality was observed between bagged and unbagged samples picked and
put in storage September 21, The palatability of the bagged fruit was
equal to the unbagged fruits in the opinion of the judges sampling bothe

The 1938 studies at the Colesville orchard revealed the qualitative
starch test to be effective in forecasting storage quality, measured by
the development of wastage and palatability. With samples from the Fred-
erick orchard, storage wastage, caused primarily by wilt, was apparently
wcorrelated with the starch test at harvest. Improved palatability was

found on samples which had shown the highest starch tests at harvest,
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but the development of fair palatability was at a lower starch test than
were the Colesville samples. In neither orchard were the nitrate appli-
cations significantly influencing the starch test or the development of
blush. Bagging fruits did not retard rate of starch conversion.
Results of the 1939 Studies

The studies of this year were somewhat enhanced by storage conditions
favoring scald development. During the last part of December the refrig-
erating machinery ceased operation and before being discovered, conditions
prevailed which are generally regarded as optimum for scald development.
When the machinery ceased operation, there was no forced ventilation of
the fruit and the temperature of the room reached 45° or 50°F. for a
period of a week or ten days. Since both the experimental and other fruit
from different orchards stood in the same cold storaée room, and all
showed scald to a degree far in excess of the normal year, it is assumed
that the scald attack was due to those abnormal conditions just described.
The apples were graded only once, twenty-two weeks from harvest, and were
held in cold storage until that time.

Table VIII illustrates the development of scald in storage from the
first three picking dates, the only samples on which scald developed on
Jonathan, and the starch content and percent blush of the samples on
those harvest dates. Although there was a progressively increased starch
conversion with successive harvest dates and a similar decrease of scald
attack with progressive harvest dates, the variability in the scald attack
was not forecast by the starch test at harvest,

In the same table, the development of blush, although shown in 1938
to have no direct influence upon maturity, did have more significance in
determining scald attack in 1939. Those samples which had developed at

least forty percent over—color before harvest never developed a scald
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TABIE VIIX
Percent Blush, Starch Test and Scald Value at Time of Grading for the
First Three Harvest Dates of Frederick Jonathan, 1939.

Split Application:
S July 313 Augel5  _ 10f NOg July 31 No Application
3 Seald % Starch Scald % Starch Scald
Plot Blush Stareh Value Blush  Noe Value Blush No. __ Value

A 26 1.7 96,9 16 1.6 3844 30 1.6 7047
B 19 1l.L 129.4 20 1.2 95.3 22 1.t 8644
C 15 1.6 64e7 26 Lo 8043 38 1.7 8247
D r7A 1.8 101.4 31 1.8 101.6 37 1.2 29,9
E 32 1.1 89.6 23 2.7 100.0 35 l.l 53,0

SeEt o 7
A 48 hels o 45 32 3e2 39 3.6 9.1
B 32 Le2 7240 39 363 16.1 33 3.8  1liel
c 18 36 17.8 39 4eR 7e5 40 346 7.8
D 27 340 28,3 50 3ek 50 52 3.6 —
E 47 el 97 51 4e2 -— 30 3e4 5¢7
Se E‘b . M
A 65 540 — 76 4e'? — 56 566 —
B 38 5e4 e 63 540 — 64 542 e
c 52 51 — 60 4LeQ oo 80 Lol ——
D 60 5 02 5 03 62 3 L 5 — 79 5 o2 Sm———
Mean three 41.0 20,8 23,0

Barvest Dates
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4va1ue of over ten in storage. In early pickings, however, where scald
was severe, it was observed that the scalded portion often extended into
the blushed cheek of the fruit. On the samples of September 7 harvest,
the fruit from the A, B and E blocks receiving the split nitrate applica-
tions had an average blush of forty-eight, thirty-two and forty-seven
percent, respectively. In each case seventy percent of the fruits ex-
amined had forty percent of the fruit surface covered with red color at
the time of harvest. Yet the amount of scald developing on each sample
differed materially on that date, and was higher than on the B sample of
September 14, having thirty-eight percent average blush with only half of
them with forty percent or more blush, This would indicate that the value
attributed to increased color as scald preventive is only coincidental
with an increased fruit maturity.

The number of apples graded out for wilt and rot at the time of the
storage examination in these 1939 studies was insignificant. However,
it is probably accounted for by the fact that these apples were not stored
at 60°F. following the period of cold storage, as was employed in 1938.
Such storage at high temperature favers the development these disorders.
Because of the relative unimportance of disorders other than scald;, the
seald value in these tests is a general index of the keeping quality.

The nitrogen content showed a relationship with severity of scald.
On averages of each treatment, scald and percent total nitrogen in samples
selected for nitrogen determinations showed a close relationship which
indicated a greater scald attack on fruits of a higher nitrogen content.
Certzinly there was a greater prevalence of scald on samples from the
nitrated trees, with the split application showing the greatest effecte

The mean difference in scald value for the three storage examinations

which developed scald was greater between the samples of the split
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application of nitrogen and the single application than between the
latter and the check receiving none. This is interesting in view of the
results the determination for total nitrogen discussed later. Although
the means showed this relationship between nitrogen content and scald
development, comparisons from individual trees with the amount of scald
developing on storage samples from those trees did not always show the
association,

The data in Table IX indicate that the application of nitrogen in
the form of sodium nifrate to the trees increased the nitrogen content of the
fruit tissue in samples from the treated trees. The only significant in-
crease, however, was due to the split application of five pounds July 31
and five pounds August 15. Ten pounds of sodium nitrate applied approxi-
mately seven weeks before samples were taken for nitrogen analysis did
not increase the nitrogen content of the fruits significantly over that
of check trees. Analysis of variance showed significance existing between
treatments, plots and the interaction, plots X treatment. The significant
differences are evident from Table IX. The significant interaction indi-
cated variability within the plots and the variable response to the fer-
tilizer treatment,

The increased nitrogen content in samples from the nitrated trees
was not associated with any significant change in starch content. Through-
out the whole test period, the change in starch content accompanying suc-
cessive harvest dates was the only significant starch change taking place.
Table X shows the starch content over the test period, and the differences
necessary between means for significance as calculated by analysis of
variance are given in Table XI.

Also shown in the same tables a2re the changes in blush that were

necessary for statistical significance. As with the starch content there
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Total Nitrogen (Fresh Weight Basis) of Apples Collected Sept. 14

from Trees Receiving Either Ten Pounds of Sodium Nitrate July 31 or

Five Pounds July 31 and Five Pounds Auge. 15 (Split) and from Check

Trees Receiving No Nitrate,

Frederick Jonathan, 1939,

Check Split 104 July 31 Plot

Plot Repe Repe Repe Repe Repe Repe Mean
A 60335 40330 40355 40333 40355 0364 0342
B «0301 40286 40327 40338 40342 40340 «0322
c 60252 L0250 L0350 L0363 0319 40304 «0306
D 0034, o0346 40350 40353 <0305 40291 0315
E 0342 L0341 0317 0370 40257 40283 0318
Mean of

Treatment «03127 #0436 <0316
Nec. for signe 5% +0011

Between Treat. 1% 00158
Nec., for signe 5% #0015

Betvween Plots 14 +C0203

NF" Talue:s Plots 7.79"; Treatment 20.,6" 3 Replicate o4l

¥ significant at 1% Level.
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TABLE X
Percent Blush and Starch Content, as Indicated by the Qualitetive Starch
Test, Averaged from Five Plots of Three Nitrogen Fertilizer Treatments

Throughout the Experimental Period, Frederick Jonathan Orchard, 1939.

Split
5% July 31
_Sit Auge 15 107 July 31 Check Mean
Starch ~ Starch Starch Starch
Date  Blush Test Blush Test Blush Test Blush _ Test
Aug. 28 10 1.3 12 1.4 15 le4 12,5 14
Aug. 31 23 15 23 1.7 32 1.4 2643 1.6

Septe 4 19 3.0 24 2.9 28 3el 23.1 3el
Septe 7 34 347 45 3.7 39 366 393 37
Septe 11 33 Le8 42 4ol 45 hed 38.8 Leb
Septe L4 57 5e1 61 4e7 68 4e9 61le8  4e9
Septe 25 86 647 85 647 90 6.5  86.9 66

Mean 375 3672 Lle5 3466 bhre7 3467



TABIE XI

Means, and Differences Necessary Between Means for Significance

of Plots, Fertilizer Treatment and Dates for Data in Table X

Starch

s :
Plot Mean : Fertiliger Treatment : Dates Mean

H Mean :
A 3.80 : : Aﬂg. 28 104
B 376 : Split 3¢72 : Aug. 31 1,6
o] ‘ 3.70 e 10# July 31 3066 H Sep‘b. 4 301
D 3652 : Check 3,67 : Sept. 7 37
E 3465 : Sept, 11 beb

H H Sept' llp 4.9

: : Sept. 25 646
Dif. Nece. 5% .30 : 023 : 036
for Sign. 1% o540 : 31 @ 048
nFn Value .11 : 26 3 216460%

Percent Blush

Plot Mean : Fertilizer Treatment : Dates liean

: Mean
A 42,7 :+ Aug. 28 12,5
B 357 SPIit 37«5 : Aug. 31 2603
c 4—008 H lQ? JUI.V 31 4le5 ¢ Septo 1 23.1
D 4300 ¢+ Check 4407 H Sept. 7 39.3
E bleQ 2 s Sept, 11 38.8

: :+ Sept. 14 61.8

: 1 _Sept, 25 8649
Dif. Nec. 5% é.ee : 3.% ; g-gl
for Sign. 1% 7 ¢ A «30
ngn Vai‘llle 3:99** H 8: 2'7('}2 168 ‘2‘34-:('

%% Significant at 1% Level



were significant changes due to successive harvest dates. Only one
block, namely B, averaged a significantly lower color throughout the
seasone This block also showed a high scald value for the harvest dates
on which scald developed and samples for nitrogen analysis from this
block showed one of the highest mean total nitrogen contents.

The trend of significance for the effect of nitrate application upon
color was the same as that for nitrogen content. Table XI shows that a
significant retardation of color followed only the split application of
sodium nitrate., The retardation following the single application did not
differ significantly from the check, and samples of both had a significantly
higher blush than samples from the trees receiving the split application.
A similar trend in total nitrogen content has been previously discussed.
Again, the differences existing between means of percent blush were com-
parable to the differences existing between means of scald value for the
nitrogen treatments, Teble VIII.

The 1939 results with Jonathan disclosed, therefore, that the split
application of sodium nitrate caused a significantly increased total ni~-
trogen content in samples of those trees receiving the split application
in comparison with trees receiving only one application or check trees.
This significant increase in nitrogen content had no influence upon the
starch readings, but did cause a retardation of color of the same order
of significance as in total nitrogen content. Accompanying the greater
nitrogen content and color retardation was a higher scald value on samples
from the nitrated trees. The mean differences were comparable.

Results of the 1940 Studies

Table XIT shows the progressive changes in starch content, percentage

blush and percentage of good apples remaining after the second storage



TABLE XIT
Mean of Starch Content, Percent Blush and Percent Good Fruits
in Storage Samples at the Second Storage Examination of Jonathan
for Three Harvest Dates and for Individual Trees at the Iast

Harvest Date. Frederick Orchard, 1940.

Starch Percent Percent
Date Tree Test _Blush Good Fruit
Sept. 6 (mean 8 trees) 1le5 26,8 bLhre3
Sept. 13 (mean 9 trees) 2e5 63,7 61.6
Sept. 20 (mean 8 trees) 3¢3 8448 61.5
Sept. 26 (mean 9 trees) 5e5 91.2 70.6
A 6ol 94,40 60.0
A, Lok, 95.C 54e5
A3 5.0 85.0 7064
Bl 642 97.0 8343
B, 602 87.0 Lol
Bg 4Le5 8945 875
Cl 58 90,0 7842
Cy 547 92,0 68,1
D 50 91.0 620
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examination for all picking dates. As in previous years, there was pro-
gressively improved keeping quality accompanying samples of successive
harvest dates, which was forecast by a progressively greater starch con~
version at time of harvest. The best keeping quality was in the lots of
the last harvest and which was forecast by a starch test of approximately
five at time of harvest.

The starch test did not forecast the variations in keeping quality
of samples fram individual trees on the last harvest date. The starch
test and keeping qualities of samples of this harvest date have been in-
cluded in Table XXI to show the apparently uncorrelated variability in
both the starch test and the keeping quality. A comparison of trees A,
and 33 will illustrate this lack of association. Storage samples of
these two low starch tests,practically at the same stage at harvest, in
one case showed the least wastage of all samples and in the other case,
the greatest wastage. Another indication was the poorer keeping quali-
ties of some samples showing the highest amount of starch conversicn
prior to harvest.

As determined by the author with oceasicnal additional aid, there
were no differences in palatability of samples of the same date. Samples
of the early harvest dates did not equal the palatability of the last
harvest samples, which were rated excellent as compared to small samples
gathered even later in the season, On samples of the last harvest dates,
those samples with the low starch test were rated of equal palatability
with samples of the higher starch tests. It is significant,however, that
a starch test of approximately five was reached before pleasant palata-

bility developed in storage.



fable XITY
Mean Effects of Orchard Treatments Upon Percentage of Good Apples
at the End of the Experimental Period, and "t" Values of

Determining Their Significance. Frederick Jonathan, 1940.

Mean Sum nge
Treatment of Mean of Al Nec., for
Treatment Difference Squares Value 5% Sighe
Thiocyanate 5844 61 7243 35 2el3
Check 59.0
Check 0.2 3.11 8194.5 54 2.13
"Fruitone” 6l.1
Check 55.5 5453 854040 1.01 2413

Table XIIT reveals that the effect of the various orchard treatments
upon keeping quality, as measured by the percentage of good apples remain-
ing after the second storage examination, was insignificant., Using
paired comparisons to determine mean differences and their significance
allowed four comparison of any one treatment on each picking date or a
total of sixteen comparisons. In no case did the difference yield "t"
values of five percent significance.

The results of the orchard treatments of nitrate fertilization and
spraying the trees with sodium thiocyanate and "Fruitone" are presented
in Tables XIV and XV. As in previous years, date of harvest significantly
influenced the starch test readings, and the nitrate treatment showed no
significant effect. The "Fruitone" sprays also showed no effect upon the
starch test. The significant retardation of starch conversion by the
thiocyanate sprays was mnexpected in view of the inconsistent effect of
the sprays upon fruit color. This treatment, as well as the nitrate and

"Fruitone" treatments had no significant effect upon fruit color, Tables

X:[VandXV.
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TABLE XIV
Starch Test and Percentage Blush of Samples from Jonathan Trees Receiving Various Treatnments

of Nitrate Fertilization and Sprays of Sodium Thiocyanate and "Fruitone", Frederick Orchard, 1940.

Starch Content

10 1bs Nitrogen No Nitrogen
< Thiocyanate No Thiocyanate Thiocyanate No Thiocyanate «
No No No No

Date "Fruitone'" "Frultone" "Fruitone! "Fruitone" "Fruitone" "Fruitone" "Fruitone" "Fruitone!"
Sept. 6 1.2 104 1.6 204 1.6 1.1 1.7 104
Sep‘b. 13 2.3 2.9 202 3.1 2.5 2.0 2.6 2.5
Sept. 20 2.4 208 301 401 306 2.6 309 309
Sep‘b. 26 5¢0 4.5 507 6.4 6.2 4.4 508 6’2
Mean™ 272 2.90 3012 4600 3650 2452 3¢50 3.50

Percentage Blush

Sept. 6 2745 2645 2540 355 1l.2 4342 2845 17.2
Septe 13 6l.5 5647 The5 85.0 78,0 7647 60.9 66.0
Sept. 20 8640 6547 90.0 8647 82,7 92,7 91.5 82,7
Sept. 26 8540 90.0 9240 9440 87.0 9540 90.0 97.0
Mean** 6540 59.7 7064 753 o7 7649 67.7 6547
* Necessary for significance between these means: ** Necessary for significance between these means:

5%, 0.595 1%, 0.80 5%, 10493 1% 14.8



TABIE XV
Means of Starch Content and Percentage Blush with Differences

Necessary to Determine Significance of the Experimental Factors

in Table XIV
Starch Content Percent Blush
Mean of Mean of

Treatment Starch Content Treatment Percentage Blush
Date of Harvest Date of Harvest

Sept. 6 1.55 Septe 6 26,8
Sept. 13 2.50 Sept. 13 6347
Septe 20 3630 Septe 20 8,48
Sep’b. 26 5052 Sep‘b. 26 91,2
Dif. Nec. 5% 0e42 Dif, Nece. 5% 7.98
for Signe 1% 0457 for Sign,. 12 10.86
MF"_Value 142,60 nFn Value 367 7%
Thiocyanate Sprayed 291 Thiocyanate Sprayed 66459
Not Sprayed 3e54 Not Sprayed 69,78
Dif, Nece. 5% 04295 Difs Nece 5% 5462
for Sign. 1¢ 0.40 for Sign, 1% 759
WF® Value 198%3# UF" Value 1,52
10# NaNOg 3.19 10# NaNo 6746
No Nitrogen 3e25 No Nitrate 68.7
Dif. Nec. 5% 04295 Dif. Nec. 5% 5462
for Signe 1% 0440 for Sign. 14 759
WFR Value 0,12 "E" Value 20
"Fruitone® 321 tFruitonet 664,96
No "Fruitone 3423 No "Fruitone 69441
Dif. Nec. 5% 00295 Dif. Nec. 5% 5062
for Signe 1% 0.40 for Sign. 1% 7459
"F" Value 0.0 "Fn Value .88

** gipnificant at 1% Level
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In Table XVI the grading results of the samples from Western Mary-
land indicate that most orchards, if not picked prematurely, were at the
earliest limits of the mature stage at the time of commercial harvest.
With only one exception, those samples which had the highest starch con-
version test at time of harvest kept best in storage and developed the
greatest palatability. Excepting the sample from the Wharton orchard,
all storage samples which showed a keeping quality of ninety percent or
more good at the first storage examination, had starch tests at harvest
of four or more. Samples which had starch tests only slightly under four,
generally had figures close to ninety percent good at the first storage
examination, Those samples with the lowest starch test showed the greatest
wastage and were most lacking in palatability. The one notable exception
to a starch test of four forecasting good keeping quality in storage was
the sample from the Hixon orchard. Although the starch test of this lot
was relatively high at time of harvest, the keeping quality was relatively
poor; nevertheless the palatability of this sample was the best of any
orchard,

Of the samples showing a starch test of four, all developed at least
a "good-excellent" palatability in storage, althought this same degree of
palatability was also developed by some samples which had varyingly lower
gtarch tests at harvest., It should be pointed out, however, that for the
development of comparable edible qualities in storage, there was a wide
range in the starch test at time of harvest.

The relationship of tree vigor, as indicated by terminal growth, to
stage of maturity of the fruits, judged by starch and storage tests, is
of interest, All the samples from trees having less than six inches
average terminal growth had comparable starch tests at harvest and showed

similar keeping and edible qualities in storage, excepting the Wharton
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_ TABIE XVI
Fertilizer Treatment and Other Data Pertaining to Jonathan Trees Furnishing Samples for Maturity Studies in
1940; the Maturity Measurements at Time of Commercial Harvest and Storage Quality as Evidenced by Percentage

Good Apples at Two Storage Fxaminations and the Development of Palatability of Samples Selected at the Indicated Dates

Age Gentl Date of Date Palata-
Fertilizer of Terminal Tree Comm, of Blush Starch Percent Good bility
Orchard Treatment Trees QGrowth Vigor Crop Harvest Test 9 Noe 19 wks 23 wks 23 wks
Wishard 10-6~/,, spring 25-30 11,.5 Ave. Ave. 9/23 9/19 57 3¢6 8942 18.4, 260
Manure Light
Lookout 4# NO5 spring  20-25 6¢l  Ave. Good 9/15 9/16 78 Leb 9041 3942 245
Hixon None 35=40 1.0 Poor Few 9/18 9/18 98 Lele  The3 1543 340
Taylor L# NO3 split® 30-35 5e2 Ave., Few 9/19 9/18 72 346 6ls4 1507 2625
RineHart 4# NOg split® 30-35 11.4 High Ave. 9/17 98 76 3.9 88,0 10.0 2,0
Sweeney 54 NOy spring;, 25 243 Good Good 9/16 9/17 93 Le7 9149 38,7 245
None ~“before
Henderson 3# NOy spring 35 11.0 Good Ave. 9/19 9/17 T 36 8940 34e5 2.5
Ridgefield 3# NOj spring 25 9+4  Fair Good 9/15 9/10 44 1.6  48.1 3.7 2,0
Wharton None, Cover 25 56  Fair Good 9/17 9/17 90 2.8 9244 5844 2.0
Disced in July
Scott 4# NO5 Fall 20 9.4 Good Good 9/28 9/18 90 3.8 TLe6 16,9 1.2
Cohill 25 . 845 Good TFew 9/18  9/18 4545 LeTF 513 347 2.0
Elberta #1 200# P. on 5 13,2 Good Good 9/19 9/17 85.2 3.0 Tl 1545 2.5
cover
Elberta #2 200# P. on 35 T7e5 Avese Ave. 9/17  9/17 7640 3eh 6348 1941 2425
» cover
D.E. Rinehart 6# NOgspring 12 Good Ave. 9/22  9/19 MW 49 909 272 2.5
Gardenhour 5-6# Cyan, Fall 25 6o _Aves Aves 9/22 9/19 T2 2.8 773 _30s6 2,75

’* Two pounds fall; two pounds spring #%* Nob tested immediately
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orchard. However, many trees averaging over six inches of terminal growth
Yyielded fruit as mature as that from trees under this figure. None of
the samples from orchards averaging over ten inches of terminal growth
had starch test of four or above at time of harvest or ninety percent
good when removed from storage, although some orchards closely approached
those levels, None of the samples testing four or more at harvest or
having ninety percent good at the first examination were from orchards

of the greatest terminal growths., Those characteristics accompanying

the most vigorous growth apparently retarded maturity, and the difference
was shown by the starch test on samples selected at the approximate time
of commercial harvest.

The development of blush showed no apparent relation with storage
quality or palatability. On samples collected at approximately the same
date, there was a color retardation on the more vigorous trees. Again,
using six inches of terminal growth as the criterion, those trees of the
lower classification yielded the greatest number of samples of the higher
color percentages,

The correlation of starch content and blush in samples of the
various orchards over the harvest season, as well as the variability in
color percentages of samples of the same or similar starch tests, is
illustrated in Figure 2. The same range in starch conversion was evident
for each color division. The correlation values are interesting only in
their variable values at the different harvest dates. The low "r" value
of the first date was probably due to the limitations of the qualitative

method in accurately measuring starch content at the high starch levels.
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Figure 2. Dot chart of starch test and percent blush on the
individual apples comprising the maturity test for
fifteen Jonathan orchards in Western Maryland at
three sampling dates. 1940. ™"r" values: first
sampling date, +0,13; second sampling date, +0s64;
third sampling date, +0.74; for all samples +0.51.
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Results Incident to the Waxing Studies with Grimes Golden

The results of waxing, pre-ripening, date of harvest and thiocyanate
spray treatments upon (a) weight loss during the storage periods, (b) store
age wilt, (c¢) the development of scald, (d) ground color changes and (e)
palatability are hereinafier presented for each of the years comprising
the studies,

Results of the 1938 Studies

In Table XVII, summarizing the data in Appendix Table I, it is re-
vealed that all waxed samples had less weight loss at the end of the cold
storage period, twenty-cne weeks from harvest, than the wnwaxed samples
of otherwise the same treatment. Averaging the weight changes in waxed
samples of all pre~ripening periocds at all harvest dates, ‘the waxed samples
showed a reduction in weight loss of 22,0 grams per thousand grams origi-
nal weight when compared with check unwaxed samples. A difference of
7.86 grams denoted significance at the 1% level. The influence of pre-~
ripening periods upon the weight losses at the end of the cold storage
period were insignificant, although the mean weight loss/gimples pre-
ripened more than one week was greater than the loss on samples placed
in cold storage without pre-ripening. The greatest difference attributed
to the pre-ripening treatment was 6.5 grams per thousand where differences
of 8,2 grams were necessary for 5% significance. The table also shows
that dates of harvest were significantly influencing weight loss by the
end of the cold storage periocds The greatest significance was in the
greater weight loss of the last two harvest dates over the losses of the
first three.

Table XVIIX shows the effect of the experimentel factors uwpon weight
loss of samples stored at 60°F, for three weeks after their removal from

cold storage. The data indicate that the waxing retained its effectiveness
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Means of Weight Losses, in Grams per Thousand Grams Original Weight,

at Time of Removal from Cold Storage, Twenty-one Weeks from Harvest,

of Grimes Golden'Given Various Treatments at Six Harvest Dates and

Differences Necessary for Significance Between Means as Calculated by

Analysis of Variance.

Frederick Qrchards.

1938.

Treatment Mean
Waxing Treatment
Not Waxed T2
Dif, Nec. 5% 5083
for Sign. 1€ 7.86
Nos. Wecks Pre-ripened
0 57.6
1 5646
2 6441
3 62,6
Dif. Nec, 5% 842
for Sign. 13 11,1

Treatment Mean
Date of Harvest

Aug. 14 5646
Aug. 23 51.7
.A.'Ugo 30 48.8

Sept. 6 60.0
Septe 13 7049

Sept. 23 7303

Dife Nece 5% 9080
for Sign. 1% 1306




TABLE XVIXT
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Means of Weight Losses, in Grams per Thousand Grams Original Weight,

During the Post Storage Period of 609F. for Three Weeks for Samples

of Grimes Golden Given Varioﬁs Treatments at Six Harvest Dates and

Differences Necessary for Significance Between Means as Calculated by

Analysis of Variance. Frederick Orchards. 1938.
Preatment Mean Ireatment Mean
Waxing Treatment Date of Harvest
Not Waxed 20,2 Aug. 23 1440
Dife. Nec. 5% 1.24 Sepi'u 6 17.7
for Ssign. 12 1,66 Septe 13 20.5
nF" Value 56,9%%  Septe 23 2546
No. Weeks Pre-ripened

0 20,0
1 17.9
2 17.3

3 16.3
Dife. Nece 5% 1075 Dif. Nece 5% 2.15
for Sign. 12 235 for Sign, 1% 2.88¥
HEN yValue 6,77  Hp" Value 31,11%

% gignificant at 1% Level
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in retarding weight loss during this period. The difference of 4.6 grams
per thousand grams original weight was significant at the one percent
levels The data also reveal that during this period the pre-ripened samples
lost less weight than samples placed in cold storage without pre-ripening,
There the pre-ripening period was two or more weeks, the losses were sig~
nificantly less than the none~pre-ripened samples. The later harvest dates
showed a significantly greater loss than the earlier dates during this
period also.

Table XIX, summarizing the data in Appendix Table II, shows that for
the entire experimental peried, including cold stérage and the three weeks
storage at 60°F., the reduction in weight loss of waxed samples of all
pre-ripening trestments at all harvest dates over the check unwaxed samples
averaged 27.1 grams per thousand grams original weighte A difference of
842 grams denoted high significance. The insignificant influence of pre=
ripening periods upon the total weight loss over the entire experimental
period indicates that the significantly increased loss in samples of the
longer pre-ripening periods during the three weeks at 60°F, did no more
than to level values so that the net differences at the end of the experi-
ment were even smaller than at the time of removal from cold storage. The
greatest difference did not reach five percent significance.

The significant increases in weight loss accompanying harvest dates
are most evident in this table.

Figures 3 and 4 show wastage from varicus causes on the Frederick
Grimes at the twenty-one weeks grading, when taken from cold storage, and
the three weeks period at 60°F. Only the good apples of the twenty-one
weeks examination were put in the 60° room, and Figure 4 shows the amount
of wastage on those apples. The reduction in number of fruits discarded

for wilt as the result of the wax treatments is evident., Also noteworthy



TABLE XIX

Means of Total Weight Losses, in Grams per Thousand Grams Original
Weight, at the Fnd of the Storage Periods, Twenty-four Weeks from

Harvest, of Grimes Golden Given Various Treatments at Six Harvest

Dates and Differences Necessary for Significance Between Means as

Calculated by Analysis of Variance., Frederick Orchard, 1938,

Treatment Mean Treatment Mean
Waxing Treatment Date of Harvest
Waxed 648 Auvgust 14 72,0
Not Waxed 91.9 August 23 66,1
’ ! August 30 6344
Difo Nec. 5% 6008 Sep‘b. 6 77.8
for Sign. 1% 8e2 Sept. 13 91,8
Sep‘b. 20 99.1

No. Weeks Pre-ripened

0 7840

1 748

2 8le3

3 7942
Dif, Nece 5% 8.59 Dif. Necoe 5% 10.5

for Sign. 1% 11,6 . for Sign. 1% 1442




Figure 3.

Figure e

Grimes Golden 1938. Percent wastage of waxed and un-
waxed fruit when given various pre-ripening treatments
at time of harvest followed by cold storage for twenty-
one weeks from dhte of pickinge

Grimes Golden 1938, Percent wastage of waxed and wn-
waxed fruit when given various pre-ripening treatments
at time of harvest, followed by cold storage for twenty-
one weeks from date of picking and thereafter held at
60°F, for three weeks, to simulate market conditions
after storage.
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was the greater discard, with only few exceptions, for the urmwaxed samples
of no pre-~ripening treatment in comparison with the discard of the waxed
samples of the longer pre~ripening periods. The longer pre-ripening
periods were generally accompanied by a greater wastage, caused primarily
by wilts The wax treatment, however, retarded wilt so that in the waxed
samples the differences in wilt caused by pre-ripening were insignifi%ant.
With all samples wilt decreased as the apples became more mature with pro-
gressive harvest dates, except for the last pickinge

A1l three factors of the experiment, wax treatment, pre~ripening
period and date of harvest influenced scald, At the earliest pickings,
waxing increased scald development, especially if no pre~-ripening was em-
ployede On the first harvest scald developed on both the waxed and une
vaxed samples receiving no pre-ripening treatments. For the following
two harvest periods scald developed only on the fruits waxed and placed
in cold storage without pre-ripening. The fourth (September 6) and the
£ifth (September 13) harvest dates developed no scald. Witk the harvest
dates on which samples developed scald, pre-ripening one week beforé wax-—
ing or placing in cold storage precluded any secald attack,

Rot development, shown in Figure 4, was significantly greater on
samples of the last harvest date when compared with some earlier dates.
None of the other experimental factors were important in determining the
development of rot.

Observations were made on ground color through the storage periods.
The changes in ground color during this period are shown in Table XX as
averaged for the waxing and pre-ripening treatments. Until the limits of
the color changes on the Magness chart (36) had been reached, date of
harvest was unimportant in determining the rate of change, The table in-
dleates that the greatest change in ground color during the three weeks
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TABIE XX
Changes in Ground Color of Grimes Golden During Pre-ripening, Cold Storage and for the Entire
Experimental Periods, Including the Post Storage Period at 60°F, s Twenty-one to Twenty-four Weeks

from Harvest. Averaged for All Harvest Dates of Frederick Orchard. 1938.

Treatment : Change in Ground Color
Weeks Waxing *¢ During Total Change Total Change Total Change
Pre-ripened fPre-ripenir;& 12 wks from picking 21 wks from picking 24 wks from picking
0 Waxed o5 o3 1.4 ‘
0 Not wa.xed 1.4 1.8 244
1l Waxed o3 o6 1.2 1.7
1 Not waxed§ o3 1.7 2.0 243
2 exed : 1.0 1.8 2,0 2.1
2 Not waxedt 1.0 2.2 2.3 245
3 Waxed ¢ 1.8 242 2.3 2.5
3 Not waxed: 1.8 23 245 28

*e
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period at 60°F, following cold storage was in the fruits showing least
previous change. This was mostly due to the limitations of the chart.
Although an advanced stage of five/z:zimated, the color intensities beyond
stage four were no more than estimates.

The data in Table XX also show the inhibiting effect of the wax treat-
mt./:glegr change and the increased colcration caused by the pre-ripening
treatments, During cold storage the most attraetive apples were those
which were yellowed by the pre-ripening treatment and then waxed. They
maintained a bright yellow, smooth finish for a longer period than did
the unwaxed fruits., Date was an important factor in this respect in that
the same stage of yellow color was reached with less pre-ripening on the
later picking dates. By the end of the cold storage period the unwaxed
samples of the longer pre~ripening periods, especially of the late pickings,
were of a very intense yellow color. For any given i:icking date those
waxed with no pre-ripening, or pre-ripened one week, and the unwaxed,non-
pre-ripened samples were the greenest of the fruits, After three weeks
at 60°F. the unwaxed samples were at the advanced yellow stage. Those
apples waxed with no pre-ripening or only one week!s pre-ripening were at
the most attractive stage of coloration, but the coloration was uneven,
The inhibiting effect of the wax prevented a umiform coloration, unless
the color had largely develcped before the wax was applied.

Palatability tests were in general agreement with the ground color
studies. Those apples of the greatest atiractiveness were most palatable.
At the end of the cold storage period, those apples retaining the greenest
color, regardless of previous treatment were undesirable because of an
immature, sour flavor, whereas those showing the more advanced yellowing
were superior. After the three weeks' period at 60°F., however, these
latter samples were mostly in an over-ripe stege for best flavor, being
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mealy and tasteless. The waxed samples of the shorter pre-ripening treat-
ments, which were greenest when removed from cold storage were of the
best flaver and color after this three weeks! period,

Sumnarizing, these studies with Grimes showed waxing retarded weight
loss and wilt, but increased the susceptibility of the samples to scald.
The data further show, however, this difficulty with scald was alleviated
by pre-ripening samples for one week without detrimental effect. The wax~
ing treatment slowed the rate of ripening, as indicated by ground color
and palatability tests, and because of this, apples can be ripened to an
attractive yellow stage, and if waxed, can be held at that stage for
longer periods than unwaxed samples.

With Golden Delicious waxing also significantly retarded weight loss
twenty-one weeks after picking, as shomn by the data presented in Table XXI.
The retardation of weight loss in waxed samples averaged for all pre-
ripening treatments from 2ll picking dates amounted to 27.0 grams per
thousand grams original weight. A difference of 8,04 grams per thousand
dencted significance at the one percent level,

The pre-~ripening periods had a greater influence upon total weight
loss in Golden Delicious than in Grimes; pre-ripening the fruit more than
two weeks resulted in a significantly greater weight loss at the end of
the cold storage period. The data in Table XXI show also that weight
losses became greater as the harvest date progressed. Samples of the last
picking lost a significantly greater amount than did those of the first
two pickings.

The effect of waxing Golden Delicious upon the subsequent development
of wilt in storage is indicated in Figure 5. It is evident that waxing
reduced wilt, especially on those samples of the shortest pre-ripening

periods., As far as keeping quality over a long storage period is concerned
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TABLE XXX
Weight Loss, in Grams per Thousand Grams Original Weight, at Time of
Removal from Cold Storage, of Golden Delicious Given Various Treat-
ments at Four Harvest Dates, and the Means of Weight Losses with
Differences Necessary for Significance as Calculated by Analysis of
Variance, Ashton Orchard. 1938,

Number Weight Change Number Weight Change
Weeks Grams per 1000 grams Weeks Grams per 1000 grams
Pre- Original Weight Pre- Original Weight
ripened Waxed Not Waxed ripened Wexed Not Waxed
Avg, 30 Sept. 7
0 67.4 9443 0 5845 8644
1 736 92.3 1l 7564 119.1
2 7546 93ed 2 6942% 94e?
3 2 102.2 3 The? _92.6
Septels Sept. 24
o 779 107.9 0 7063 10446
1 TReR 100.0 1 M5 11545
2 7B.1 102,0 2 82.5 109.2
3 89.3 11465 3 102.5 128.9

* Filled in by formula for missing data (42)

Treatment Mean of Treatment Mean of
Wt. Loss Wte Loss
Waxing Treatment Harvest Date
Waxed 76.6 Aug. 30 84475
Not Waxed 103.6 Septe 7 8348
Septe. 15 92,7
Dif, Nec. 5% 592 Sept. 24 99.1
for Signe. 1% 8.04
"F" Value 91,10%¥*
No. Weeks Pre-ripened
0 83¢4
1 9044
2 88,0
3 . 99,0
Dif. Nec. 5% 8438 Dif. Nece 5% 84,38
for Sign. 1% 1.4 for Sign. 1% 11-4**
WFt Value 4055 "FR Value 6ol

¥ significant at 1% Level



Figure 5. Golden Delicious 1938. Percent wastage of waxed and
unwaxed frulit when given various pre-ripening treat-
ments at time of harvest followed by cold storage for
twenty-one weeks from date of picking.
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there seems little advantage to pre-ripening Golden Delicious before cold
storage, since it appears from the data that the development of rot was
independent of any experimental treatment, and this variety was not sus-
ceptible to scald.

Ground color changes of Golden Dejicious were measured by the ground
color chart (36) and are presented in Table XXIF. Averaging all harvest
dates, the change in ground color for each week of pre-ripening m;s about
one-half of a stage. Thus, samples picked at stage two were at stage
three and one~half after three weeks of pre-ripening. In cold storage
the waxing retarded ground color change, and at the end of the cold stor-
age period, twenty-one weeks from harvest, the waxed samples of the short
pYe-ripening periods averaged about cne-half to three~fourths of a stage
less color than wnwaxed samples of otherwise the same treatment. Regard-
less of the waxing treatment, samples pre-ripened three weeks had almest
the same ground color at the end of thé cold storage period. They were
of an intense yellow-orange color which was difficult to determine because
of the lack of standards., This advanced color was not attractive.

There was a progressive i;xcrea.se in ground color associated with
dates. These relative differences were maintained during subsequent treat-
ment until intensity of color made measurements difficult. The most
attractive apples throughout the period in cold storage were those picked
at approximately the time of commercial harvest and pre-ripened one weeke.
At the time of removal from cold storage, twenty-one weeks from harvest,
apples given no pre-ripening treatment weve at a less attractive greener
stage and those of the longer pre-ripening treatments were of a too deep
yellow color, especially those not waxed.

Following the twenty~-one weeks examination some fruits of each lot

were hel® at 600F, for itwo weeks, and observations were made on ground
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TABIE XXII

Changes in Ground Color, Averaged for All Picking Dates, of Golden

Delicious Dwring Pre-ripening and Cold Storage and Total Changes From

Harvest at the Time of Removal From Cold Storage, Twenty-one Weeks
From Harvest. Ashton Orchard., 1938,

Waxed Not Waxed
No. Weeks —
Pre-ripened 0 1 2 3 0 1 2 3
During Pre-
ripening 0 3 1.2 104 0 3 1.2 104
During Cold
Storage Period 05 06 .5 .6 le2 1.0 075 o7
Total Change 5 o3 147 240 12 1.3 1.95F 2417

* Pinal ground color on samples was of an intense yellow beyond the
limits of the Magness (36) Chart.
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color at the end of this period. The ground color changes were very
rapide The waxed apples not pre-ripened were uneven in coloration, both
as regards to different apples within the lot and different sections of
the surface of individual fruits, Unwaxed fruits of the same pre-ripening
treatment developed a normal wmiform color, especially those of the last
two harvest dates. Fruits of any given harvest date, which had been pre-
ripened for one week and then waxed were still attractive at the end of
this period while the unwaxed fruits of the same pre-ripening treatment
were approaching the unattractive deep yellow color,

The palatability tests at the time of removing the fruits from storage
indicated that Golden Delicious should be mature at harvest before proper
palatability will develop in storage. Samples of the first two pickings
never developed a i::leasant or even suitable palatability even after the
pre-ripening treatments. On the last two harvest dates those samples
waxed without pre-ripening had a sour or alecoholic taste, which was un~
palatable, Those unwaxed samples receiving no pre-ripening had the char-
acteristic slightly green taste of cold storage Golden Delicious which is
not quite as pleasant as that developed in a short time after such fruits
are removed from cold storage. The pre-tipening treatiment of one week
apparently improves the palatability of both the waxed and unwaxed samples.
The majority of the judges considered the unwaxed apples receiving one
week of pre-ripening to be the best flavored of all those tested, Although
samples of longer pre-ripening periods had suitable flavor, the majority
of the judges placed them below the samples just mentioned possibly be-
cause of greater toughness accompanying the greater wilt.

After the two weeks at 60°F., these apples were again tested for
palatability. Those fruits waxed and stored immediately were rated as

best. There was no evidence of a sour or alcoholic taste. The samples
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which rated second best were those waxed after one week of pre-ripening,
During this period at 60°F. storage, both the waxed and unwaxed samples
of the longer pre-ripening periods developed excessive wilt or over-
ripeness, and did not compare in quality with the samples just mentioned.
Results of the 1939 Studies

The primary object of the 1939 studies was to determine whether
scald control of Grimes could be attained with pre-ripening treatments of
less than one weekt!s duration. The treatments were inadvertently placed
t0 a very severg test by the storage conditions so favorable to scald de-
velopment as described in connection with the results of the maturity
studies in 1939.

The efficacy of the waxing treatment in retarding weight loss and
wilt is showmn by the data presented in Table XXYIY, which is a condensed
form of the data presented in Appendix Table IXF, and in Figure 6 respec-
tively.

The analysis of variance for weight loss at the end of the cold stor-
age period, twenty=-two weeks from picking, showed three significant in-
teractions, dates X pre-ripening period, dates X waxing treatment and
pre-ripening X waxing, Appendix Table IIT. These significant values in-
dicate that waxing and pre-ripening did not show the same effect on every
date and that waxing did not always have the same effect on the pre-
ripened samples. The significance of these interactions is a measure of
variability of response to the treatments and is not considered of interest
except to note that the response was variable. The variability influenced
the determination of significance of some treatments. Using analysis of
variance for the masin effects only, i.e. leaving some significant inter-
actions in error, the pre-ripening treatments were not significant in de-

termining the weight loss at the end of twenty-two weeks, Moreover, no



TABIE XXITY
Means of Weight Loss, in Grams per Thousand Grams Original
Weight, at the Time of Removal from Cold Storage, Twenty-two
Weeks After Harvest, of Grimes Golden Given Various Treatments
at Time of Harvest and Differences Necessary for Significance

‘Between Such Means., Frederick Orchard., 1939,

Treatment Mean Treatment _Mean
VWaxing Treatment Date of Harvest
Waxed 45.8 August 21 6549
Not Waxed 751 Avgust 28 76.1
: sept" 4 46.2
*le. NecCe 5% 4056
for Sign. 1% 6412 Septs 1L 534
*¥pif. Nece 5% 1465 *Dif. Nece 5% 6ol
for Sign. 1% 2421 for Sign, 14 8.61
- *¥pif, Nece 5% 2436
No. Days Pre-ripened for Sign. 1% 3.17
g 2g:g Replication
4 62.3 1 6143
7 59.9 2 5945
*Bifo Nec, 5% 601" *-H’.Difo Nece 5% 1.65
for Sign. 1% 8461 for Signe 14 221
#%pif, Nece 5% 2436
for Sign. 1% 3el7

* From Analysis of Variance for Main Effects Only.
*¥From Analysis of Variance with Certain Significant Interac-
tions Removed from Error.



Figure 6, Grimes Golden 1939. Percent wilt of waxed and un-
waxed fruit when given various pre-ripening treat-
ments at time of harvest followed by cold storage
for twenty-two weeks from date of picking,.

Figure 7. Golden Delicious 1939. Percent wastage of waxed and
unwaxed fruit when given various pre-ripening treat-
ments at time of commercial packing and followed by
cold storage until January, 1940.
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date differed significantly from any other date. Reducing the error
variance by removing the significant interactions reduced the differences
necessary for significance so that certain significant differences were
seen in pré—ripening treatment and each date differed significantly. In
view of the large differences in weight loss resulting from the waxing
treatment, the small differences resulting from the various pre-ripening
treatments were probably without commercial importance, This view is
substantiated by the differences shown in wilt resulting from the waxing
and pre-ripening treatments in Figure 6. Except for the September 4
harvest, the differences resulting between waxed and unwaxed samples were
larger than differences resulting from the pre-ripening treatment. Only
on the unwaxed samples of August 28 did pre-ripeﬁing increase wilt to
such extent to prove of possible commercial interest,

The weight changes of samples at different dates corresponded closely
with the amount of wilt at grading. The samples of September 4 showed
the least weight loss and the least wilt and other positive interrelatione
ships between these two were evident. The low percentage of wilt from the
September 4 picking, compared with samples picked oneweek earlier and one
week later, may indicate that there is only a relatively short time during
harvest that wilt can be controlled without supplementary measures.

The influence of waxing upon the subsequent development of scald is
clearly evident from the resulis preéented in Table XXIV. With only one
exception, the waxed samples on any picking date or with any pre-ripening
treatment, had a higher scald value than comparable unwaxed samples, Con=-
sidering only meens of duplicates, this amounted to a mean difference of
38,3. Computing differences resulting between all waxed samples and all
unwaxed samples yielded a "t" value of 3.91. A "t value of 2,947 denoted

significance at the one percent level.
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Scald Values™ Upon Removal from Cold Storage, 22 Weeks After Picking,

for Waxed and Unwaxed Samples of Grimes Golden at Four Different Har-

vest Dates and Pre-ripening Periods. 1939.

Waxed Not Waxed Mean
Days
Pre-ripened 0 2 4 7 (0] 2 ra 7
Date of Harvest
August 21 192 141 180 176 163 1317 145 72 150,0
August 28 175 189 149 142 158 128 77 2 127.5
September 4 196 ~ 181 90 90 194 148 82 95 13445
September 11 191 183 158 120 184 159 120 82 149.6
Mean 188,5 173e5 1hbe? 132 17447 14145 106.0 62,7

Mean: Waxed 159.6; Not Waxed 121,.2

* Scald Value: 2 x No. SevereScald + 1 x No.Slight Scald

Total No. Fruits in Sample




Although some scald developed on every lot of fruit, its severity
lessened with the longer pre-ripening periods. For any picking date
those samples pre-ripened for two, four or seven days developed less
scald than those samples stored the day of harvest., This held true re-
gardless of the waxing treatment. The average scald value of those apples
pre-ripened one week was less than one-~half of the average scald value of
the samples placed in storage without pre-ripening, In fact, the rate of
scald reduction accompanying pre-ripening was comparable on both waxed
and unwaxed samples. Comparing only means of the pre-ripening columns,
it is interesting that the reduction of scald value accompanying pre-
ripening, although proceeding at approximately the same rate in both
waxed and unwaxed samples, was about two days more advanced in the samples
not waxed.

Of special note was the reduced average scald value of samples pre-
ripened one week before waxing compared with the samples placed in storage
without pre-ripening or waxing. Scald was more effectively controlled by
pre~ripening one week and then waxing than by placing the fruits in cold
storage without pre-ripening and without waxing,.

Summarizing, the data have shown that wilt was reduced by the waxing
treatment to such an extent that samples pre-ripening one week had a fewer
number of wilted fruits than unwaxed samples stored immediately. Further-
more, the same relationship to treatment also held true for the develop-
ment of scald, Therefore, since rots developed in no pronounced trend,
the smallest amount of wastage developed on those samples pre-ripened one
week, waxed and placed in storage.

Observations of ground color changes largely substantiated the 1938
results with this variety. Samples pre-ripened two and four days, espe-
cially for the first two picking dates had color. changes much like the
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samples stored immediately without pre-ripening.

The results with the commercially packed Golden Delicious, as indi-
cated in Figure 7, show a reduction in wilt on waxed samples which has
commercial importance. The influence was evident both in cold storage
samples and on some samples left at the pre-ripening temperature for six
weeks, indicated as “common storage® in Figure 7.

The data in Figure 8 show the effect of the waxing and various pre-
ripening periods upon the storage behavior of Grimes Golden packed in
comnercial packages. On samples picked September 6, very little wilt de-
veloped in approximately twenty-two weeks after picking. It is evident,
however, that the pre-ripening treatments reduced scald development on
both the waxed and wnwaxed samples. On samples picked September 14, the
waxing treatment was effective in reducing wilt. Contrary to the effect
of the waxing and pre-ripening treatments wpon scald development in pre-
vious work with samples packed in open hampers, was the reduced scald dee
velopment in the waxed samples and the failure of the pre~ripening periods
of less than two weeks to materially reduce scald severity on the unwaxed
samples picked September 14. This may possibly be a function of aeration
during pre-ripening which is discussed later,

Although ground color changes were not closely followed, it was ob-
served that the pre-ripening materially improved the ground color in both
varieties, The appearance of the fruit in cold storage was enhanced by
pre-ripening and waxing. With Golden Delicious, however, the practicabil-
ity of pre~ripening for more than one week is limited by the increased

wastage which would result following long periods of storage.

Results of the 1940 Studies

The results of the weight loss determinations at the time of removal

of Grimes Golden from cold storage, twenty-one weeks from harvest, and



Figure 8., Grimes Golden 1939. Percent wastage of waxed and
unwaxed fruit when given various pre-ripening treat-
ments at time of commercial packing and followed by
cold storage until January, 1940.
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after the post period of storage at 50°F. for two weeks, are shown in
Tables XXV and XXVI respectively. As in previous years, the waxed fruits
of all treatments lost significantly less weight than unwaxed fruits have
ing otherwise the same treatment, At the end of the cold storage period,
the mean retardation of weight loss amounted to 31,1 grams per thousand
grams original weight and only 4.77 grams were necessary to show signifi-
cance at the one percent level, Table XXV, After the post storage period,
the mean difference was 35.6 grams per thousand, where a difference of
5496 grams denoted high significance, Table XXVI., In Figure 9 the reduc~
tion in wilt resulting from the wax treatment is shown. It is evident
that waxing reduced wilt regardless of other treatments employed. When
the whole experimental periocd was considered, the average percent wilt in
all waxed samples was less than one—tenj;h the wilt in the mwaxed samples,
Table XXV also shows that, at the time of removal from cold storage,
the average weight loss of all samples pre-ripened one week was signifi-
cantly greater than the non-pre-ripened samples. However, this significant
difference of nine grams per thousand grams original weight does not have
the commercial importance of the thirty-one grams decrease attributed to
the waxing treatments during the same storage periqd. Furthermore, as
shomn by the small insignificant differences attributed to the pre-ripening
treatment in Table XXVI, those samples given no pre-ripening lost more
weight during the post storage period at 50°F, than did the pre-ripened
samples. Therefore, pre-ripening was not important in determining weight
loss when the entire experimental period is considered. In Figure 9,
showing percentage wilt graded out over the entire experimental period,
samples pre-ripened one week had a slightly greater amount than samples
not pre-ripened. Using paired comparisons on the data in Appendix Table IV

to test the statistical significance of this difference, a "t" value of
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Weight Loss, in Grams per Thousand Grams Original Weight, at the Time

of Removal from Cold Storage, Twenty-one Weeks from Harvest, of Grimes

Golden Given Various Orchard and Harvest Treatments with the Treatment

Means and Differences Necessary to Show Significance Between Such Means.

1940.
Dates Sept. 6 Septe 13 Sephs 20 Sept. 26
Iot Mean
TWA bhye2 4148 42,7 5443 4548
TWB 59.3 4201 4106 5301 59.0
TWC 593 572 577 5944 5844
TA 80.8 7845 88.0 879 838
TB 73.0 793 9842 80.0 82.6
TC 82.0 89.5 8448 95.1 97.8
WA 4346 3363 4049 5145 4243
WB 5640 5545 4348 4845 51.0
WC 5645 58.7 579 5649 5745
A 76.9 N 735 7547 7644,
B 80,8 7360 81.0 7949 787
c D5 M5 89.4 7643 8le2
Treatment Mean of Treatment Mean of
Weight Loss . Weight Loss

Barvest Date Thiocyanate Treatment
Septs 6 66,0 Trees sprayed 67.91
Sept. 13 640 1% Na Thiocyanate
Sept. 20 66,6 Trees not sprayed 6465
Sept. 26 68.2
Dif, Nece 5% 502 Dif. Nec. 5% 3455
for Sign. 1% 6474 for Sign. 1% 4477
"Ft Value «98 "F" Value 3.70
Days of Pre-ripening Waxing Treatment

0 62.1 Samples Waxed 5047

4 6543 Samples Not Waxed 81.8

7 TLe2
Dif. Nec. 5% 4-35 ?if .SI.\Tec. ié 2-?;7
for Sign. 1% 5484 or olgne .
ngn v:iﬁe 9,28%% "F" Value 312, 7

%# Significant at 1% Level
T=Samples were taken from trees sprayed with % Na Thiocyanate Aug. 12,
W=Samples waxed before placing in cold storage.
A=Sample placed in cold storage day of Harvest.
B=Sample placed in cold storage after 4 days of pre-ripening at 60°F,
C=Sample placed in cold storage after 7 days of pre-ripening at 60°F.
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TABLE XXVI

Weight Loss, in Grams per Thousand Grams Original Weight, for the Entire
Experimental Period, Twenty-three Weeks from Harvest, of Grimes Golden
Given Various Orchard and Harvest Treatments with the Treatment Means

and Differences Necessary to Show Significance Between Such Means. 1940.

Dates Septe 6 Septe 13 Septe 20 Sept, 26
Lot Mean
TWA 6149 7362 68e4 77.0 70.1
TWB 7448 TLe8 59.6 757 7065
TWC 73.0 81,8 8243 760 7843
TA 111.0 135.0 . 13543 122,7 126.2
B 98,0 124.2 137.0 110.4 117.4
TC 107.4 134.7 118,8 12843 122,3
WA 61.0 TRe2 68.4 6943 67.3
WB 705 87.1 6347 66,7 72,0
m 7300 85.2 76.8 7206 76.9
A 107.7 136.8 118.3 10443 116.2
B 106,.7 121.4 118.2 107.6 11345
c _ 103,.8 122,2 125.4 10242 113.4
Treatment Mean of Treatment Mean of
Weight Loss Weight TLoss

Harvest Date Thiocyanate Treatment
Sept. 6 8744 Trees sprayed 974
Sept. 13 103.8 o1% Na Thiocyanate
Sept. 20 977 Trees not sprayed 9344
Dif. Nec, 5% 6455 Dif. Nec. 5% 4463
for Sign. 1% 8.76 for Sign. 1% 6419
ngn Yalue Q R7*¥ "FY Value 3.10
Days of Pre-ripening Waxing Treatment

0 9542 Samples waxed 7246

4 93.3 Samples not waxed 118,2

7 977
Dif. Nec. 5% 5466 Dif. Nece 5% 4e63
for Sign. 1% 757 for sign. 1% 6419
"F" Value 1,24 "FM Value 470,90%%
¥ Significant at 5% Level #3¢ Significant at 1% Level

T = Samples were taken from trees sprayed with .1% Na Thiocyanate Aug. 12.
W = Samples waxed before placing in cold storage.

Samples placed in cold storage day of Harveste . )

Samples placed in cold storage after 4 days of pre-ripening at 60°F,
Samples placed in cold storage after 7 days of pre-ripening at 60°F,

Qi
LI I



Figure 9.

Grimes Golden 1940. Percent wilt at the time of
removal from cold storage, twenty-one weeks from
harvest, and for a post storage period of 50°F,

for two weeks, twenty-three weeks from harvest,

for frults given various orchard and harvest treat-
ments,
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2.7, was obtained, This "t" value, from a mean difference of 8.41, was
less than the value of 2,94 necessary for significance at the one percent
levels It was above the five percent level of significance, however.
Since samples given the four-day pre-ripening period had a mean value for
percentage wilt which was intermediate with the values of no pre-ripening
and seven days pre-ripening, it is evident that pre-ripening had no highly
significant effect on wilt when the entire experimental period was con-
sidered.

The samples from the trees sprayed with sodium thiocyanate showed a
greater weight loss during the twenty-tne weeks period ‘than did the samples
from unsprayed trees, but Table XXV reveals the difference to be of no
statistical significance. Although the difference was slightly greater
following the post storage period for two weeks at 50°F., as shown in
Table XXVI, it still lacked statistical significance. This slightly
greater weight loss in the samples from the thiocyanate sprayed trees was,
nevertheless, reflected in gréater wilt, Figure 9., Using paired compari-
sons, from the data in Appendix Table IV, to evaluate the statistical sig-
nificance of the mean difference 8,3 percent wilt developing during the
entire experimental period, a "it" value of 2,91 was obtained. A "t'" value
greater than 2,79 indicated signifioance at the one percent level., Thus,
an insignificant difference in weight loss was reflected in a significant
inerease in percentage wilt resulting from the treatment,

At the twenty-one weeks examination there were no significant dif-
ferences in weight loss due to harvest dates, Table XXV. The data in
Table XXVI reveal that after the post storage period some dates were show-
ing significa@ effects upon weight loss when the entire experimental
period was considered. A comparison of data in Table XXVI with the grading

results in Appendix Table IV shows no apparent relationship between wilt
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and weight loss as far as dates were concerned. In fact, the samples of
the September 13 picking showed a significantly higher mean weight loss
than two of the three other harvest dates, but had the second lowest mean
wilt development, averaging all treatments.

On every picking date those samples which had been waxed had a higher
scald value at the end of the experimental period than did the correspond-
ing unwaxed samples. Using paired comparisons from Table XXVIT to test
the mean difference of 25,1 in scald value, a "t" value of 3.65 was ob~
taineds A "t" value of 2.8l denoted high significance.

On every picking date those samples from trees sprayed with Na thio-
cyanate had higher average scald values than samples collected from the
trees not sprayed with the thiocyanate, Using paired comparisons from
Table XXVII to test the mean difference of 17.2 in scald value, a "tV
value of 4.98 was obtained. A "t" value of 2.81 denoted high significance.

With all treatments in Table XXVIT averaged, the more advanced ma-
turity of the later picking dates was accompanied by a reduction in scald
value, The scald value of the last harvest period was little more than
cne~fourth that of the first harvest date.

There was a reduced scald value on samples given the pre-ripening
treatments, Table XXVII. The mean difference of 28,1 between the average
scald value of the non-pre-ripened samples and those pre-ripened one week
yielded a "t" value of 5,03 compared to a value of 24,94 necessary for
high significance, Pre-ripening four days reduced scald compared to no-
pre-ripening. The mean difference of 15,3 yielded a "t" value of 2,72
which was between the 5% and 1% levels of significance. The difference
between four and seven days of pre-ripening was comparable.

The effect of the various treatments upon keeping quality is most

clearly summarized in Figure 10. This illustration shows & lower percentage.



TABIE XXVIT
Scald Values™ at the End of the Experimental Period for Grimes
Samples Picked at Four Harvest Dates and Given Different Orchard

and Harvest Treatments. Trederick Grimes. 1940.

Mean
Septq 6 Sept. 13 Sep‘b o 20 Sep‘b . 26

TWA 117 6844 60.8 44,40 7246
TWB 40 6541 7042 5e2 45.1
TWC 40 373 Te2 0 21.1
TA 3 44.e0 4241 17.6 2647
TB 7.6 2343 3367 1.8 16,6
TC 54 0 0 0 1.4
WA 7842, 3641 24e3 17.3 38.9
B 3545 8.4 31.8 0 18,9
WG 2640 9.8 2.8 0 9.6
A 0 37 15.0 9.8 Tl
B 0 0 13.8 0 34
C 0 0 3.0 0 1.0
Mean 59.& 24. 7 23. ; 8".'0'
T = Samples from trees sprayed with % Na Thiocyanate Aug. 12
W = Samples Waxed before placing in cold storage.
A = Samples pre-ripened O days before cold storage.
B = Samples pre-ripened 4 days before cold storage.
¢ = Samples pre-ripened 7 days before cold storage.

* geald Value: 2 x No. Severe Scald + 1 x No, Slight Scald
Total No. of Apples in Sample




Figure 10. Grimes Golden 1940. Percent good fruit remaining
in samples when given various orchard and harvest
treatments followed by cold storage for twenty-
one weeks from date of picking and thereafter held

. at 50°F, for two weeks, to simulate market conditions
after storage. ¢
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of good apples on the unwaexed samples. This was due mainly to the wilt
in those samples. The samples from the thiocyanate sprayed trees had a
lower percentage of goocd apples because of the greater number of scalded
and wilted fruits on these samples compared to the waxed samples from the
msprayed trees. The higher percentages of good apples associated with
the increased length of pre-ripening on the waxed samples was the result
of greater scald control obtained with the four-and seven-day pre-ripening
treatments, as well as the fact that the increased wastage from wilt
associated with the pre-ripening periods was not equal to the resultant
increased scald control. The relatively small amount of scald on thé un-
waxed samples allowed wilt to be of greater importance in determining the
number of apples discarded from these samples. Where inereased scald
control was not considered, greater wastage occurred with the increased
length of pre-ripening. On the samples from the thiocyanate sprayed trees,
where scald development was greater than on unsprayed trees, the scald
control accompanying the pre-ripening periods of :gour and seven days Just
about equaled the increased wilt accompanying the;e pre-ripening periods.
Therefore, the differences in percent good apples of samples from the
thiocyanate sprayed trees given the different pre-~ripening periods did
not differ markedly. The reduced number of good apples associated with
four-and seven=day pre~ripening periods of the wnwaxed samples from the
trees receiving no thiocyanate was due to the reduced scald on these
samples. In this case the percentage of good fruits was largely deter=
mined by the amount of wilt, which was greatest when the fruits were pre~
ripened.

The results illustrated in Figure 10 substentiated the conclusions
of previous years that the best keeping quality was found in waxed samples

pre-ripened one week before waxing and placing in cold storages
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The results of spraying with Na thiocyanate to increase ground color
were not clearly evident. By mid-September a difference in tree appear-
ance could be discerned. Especially on the south sides of the trees,
where sun exposure was greatest, the apples on the sprayed trees had the
deep yellow shade and red tints reported by Dustmen and Duncan (16), In
the shaded sections of the trees the coloration was not so pronounced.

In many of these sections the fruit coloration was no greater than on
the wnsprayed trees. As shown in Appendix Table V, the fruits of the
September 6 harvest from both the sprayed and wmsprayed trees were at the
same ground color stage, as measured by the Magness, et. al., color chart
(36), although some fruits of the sprayed trees appeared of deeper yellow.
Samples from sprayed trees were considered half a stage more advanced at
the September 13 harvest and a quarter of a stage more advanced at the
September 20 picking. On the last picking date the increased coloration
of the more mature fruit from all trees erased any effect of the thiocy-
anate treatmente

Table XXVIITI presents e condensation of the data in Appendix Teble V
to show the relative effects of the treatments upon ground color change.
The data show that the wax inhibited ground color change slightly. The
mean reduction over the entire experimental period for the waxed samples
over the corresponding wnwaxed samples was less than one~half stage. The
difference might have been somewhat larger, but some changes in ground
color were very difficult to measure since stages beyond four were estimated.

Deta in Appendix Table V also show the effect of pre-ripening upen
ground color. At the end of the experiment the increased coloration of
pre-ripened samples over the non-pre-ripened samples having otherwise the
same trestment, averaged about one-half stage. Here again, the changes
may not have been accurately recorded because of the difficulty in measuring
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TABIE XXVIII

Changes in Ground Color Averaged for the Four Harvest Dates to Show the
Relative Effects of Certain Orchard and Harvest Treatments Upon Ground
Color of Waxed and Unwaxed Grimes at the End of the Cold Storage Period,
21 Weeks After Harvest ,/i?ger the Post Storage of 2 Weeks Exposure to

50° Fo 1940,

_Sept, & Sept. 13 Sept. 20 __Sept. 26 Average
Tot 21 wks 23 wks 21 wks 23 wks 21 wks 23 wks 21 wks 23 wks 21 wks 23 wks
TW"a 1.0 1.75 50 1l.25 -— 1.25 1.¢ 1.25 83 1438
THB 15 20 50 1650 75 le25 l.25 240 1.0 1.7
TWC 1.5 2425 125 1.75 1,75 20 — 2,0 1.5 2.0
TA 15 265 1.0 2,0 75 175 10 1e5 1l 140
TB — 275 1.25 2425 1.0 2,0 175 1.75 13 2_.2
TC — 3625 75 225 240 2.0 175 2425 1.2 244
WA 1425 2.0 75 240 25 175 o75 125 75 175
WB — — 1.0 2425 50 15 1.25 1.50 92 175
WC — 2e25 1,0 Re25 2.0 2425 1.25 2425 144 2425
A — — 125 245 75 240 1e25 1650 1,1 240
B — — —— 2475 e75 240 1o75 2425 1la25 2425
C —— Re75 2.0 275 75 2.0 175 2425 1e5 264
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the ground color beyond stage four on the chart. But the table does in-
dicate that ground color can be increased by a pre-r:‘lpening treatment.

The most attractive apples throughout the storage period were those
pre-ripened seven days. The apples of especially the later pickings were
highly colored when pre-ripened. When these apples were waxed, they re-
mained attractive in appearance during both the cold storage period and
the post storage period of two weeks at 50°F. At the end of the post stor=
age period the unwaxed samples were often of such intense color as to be

unattractive in appearance,

DISCUSSION

Previous studies (26) of the reliability of various maturity indices
studied wnder Maryland conditions indicated the qualitative starch test
to be the only one worthy of further test for possible commercial use in
Maryland, Although many of the other indices tested by Hesse and Hitz (26)
showed a general relationship with fruit matwrity, they failed to reliably
forecast differences in keeping or edible quality during subsequent storage.

In the studies herein reported, considering the results of each year
and averaging all treatments, the starch test generally showed good corre-
lation with fruit maturity, In every case there was an increased starch
conversion with progressive harvest dates; also accompanying successive
harvest dates was an increased palatability development during storage
and generally an improved keeping quality. For every year and under all
experimental factors, the samples picked on harvest dates showing the
highest starch conversion had also the highest gquality after storages

To prove reliable, however, an index of maturity should record small
differences between trees or orchards resulting from differences in growth
status or nutritional level. The most direct method of modifying tree
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nutritional level has been by the use of nitrogen application to the tree.

The influence of nitrogen application upon keeping quality has been
thoroughly studied in Maryland by Degman (13) and elsewhere by other
workers (4,17,21,23,32,33,40,43,57.,58)s Most of the work is cansistent
in reporting no influence of nitrogen upon keeping quality, providing the
fruit is of the same size and at the same stage of maturity at harvest.
It has been regarded by these same workers, however, that nitrogen appli-
cations do retard maturity, and that there may be a decreased keeping
quality as a result of premature harvesting. Nitrogen effects upon keep~
ing qualities, coloration and palatability of samples at comparable hervest
dates were employed in the studies herein reported only to test the effi-
cacy of the qualitative starch test in measuring the differences in matur-
ity resulting from the influence of tree nutritional level,

In these studies, application of sodium nitrate to trees near the
last of July did not always significantly increase the nitrogen content
of the fruit tissue., The application caused an increase in the nitrogen
content of the fruit tissue in 1938 and in 1939, but only the split appli-
cation of five pounds July 31, 1939 and five pounds August 15, 1939 showed
a statistically significant increase. In neither year did ten pounds of
nitrate applied July 31 or August 1 cause significant changes in total
nitrogen content of the fruit tisswves ¥n 1939 the samples from trees re=-
ceiving the split application of nitrate differed significently both from
the check trees and from the trees receiving nitrate in the single ten=-
pound applicastion July 3le Since the method of preparing the nitrogen
samples precluded the possibility of seeds being included in the samples
for nitrogen determination, the increase was in the fruit tissue. An
inereased nitrogen content of the seeds rather than in fruit tissue was

offered as a possible explanation by Aldrich (1) to those cases where
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slight increases in the nitrogen content of whole fruits showed no influ-
ence upon keeping quality. The results of these present studies are in
agreement with those of Gourley and Hopkins (21) and lagasse (33) in that
the increased nitrogen content was in the fruit tissue.

The inﬂuénce of the nitrate application upon coler development was
signifieant only where the nitrogen application caused a statisticelly
significant increase in nitrogen content of the fruit., That was only with
split application of nitrate in 1939, Aldrich (1) found that an increase
in total nitrogen content of fruit tissue resulting from application of
four pounds of sodium nitrate per tree August 19 caused retardation of
eolor on Stayman and York. From resulis of ten-pound applicaticns on
Auvgust 1, Fletcher (20) concluded that nitrogen application after cessa=
tion of terminal growth had no effect upon fruit color, although he made
no nitrogen analysis of fruit tissuwe. Rainfell records indicate, however,
that the nitrates became available shortly after application. Gourley
and Hopkins (21) reported an increased nitrogen content in fruit tissue
from August applications, and although they alsc reported a reduced colo-
ration, the extent of the reduction is not mentioned nor evidence pre-
sented. Magness, et. al (34) found that July 11 application greatly re-
duced red color at harvest on fruits from young trees of the Rome Beauty
variety. The nitrogen application caused an approximately nineteen per=
cent increase in nitrogen content of the leaves, but no analysis was made
on fruit tissue. Other reports, although not always accompamied by chem-
ical analyses, indicate a retarding influence upon color from nitrogen
applications (32,37,40,41,57)e

The results reported in these studies indicate that when nitrate ap~
plicaﬁions after cessation of terminal growth are followed by significant

increases in nitrogen content of the fruit, there is a retardation of color.
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Since the qualitative starch method indicated no differences in starch
content resulting from nitrate applications, even when the treatment sig~
nificantly reduced coloration, the suggestion of Magness et. ale (34)
that the influence is probsbly direct is substantiated here where nitrogen
analysis was made on fruit tissue,

Nitrate applications influenced keeping quality only on samples of
the Frederick orchard in 1938 and 1939. In 1939 the mean develcpment of
scald was proportionally in the same direction as was the influence of
nitrate application upon blush and total nitrogen content of the fruite.
It was apparent that the increased scald on samples from the nitrated
trees was proportionally equivalent to the reduced coloration. Many
workers (7,17,18,44,48,51) have cbserved this apparent relationship be-
tween coloration and scald. Only Verner (57) has suggested both to be
coincidental with fruit meturity. In these studies such was indicated in
the bad scald year of 1939. In the results it was pointed out that highly
colored samples of one picking date showed more scald than less colored
samples of the picking date one week later, This one illustration indi-
cetes the relationship between color and scald development is not always
direct, but that in certain cases, both are correlated with a maturity
factor. Another indication of joint correlation of color and scald dev-
elopment with a maturity factor was the entire absence of scald on any of
the bagged fruit placed in storage. Although these samples were always
picked late in the season; the entire absence of scald on these samples
refutes the possibility of a direct relationship between scald and color.

With the exception of scald development in 1939 and total wastage in
Frederick Jonathan of 1938, the wastage in storage was not influenced by
the nitrogen treatments, Flagge et. al. (43,44) and others have reported
certain other storage physiological diseases to be influenced by tree
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vigor, but because of the relative unimportance of these disorders in de-
termining waste in these studies, they are reported only as rots.

Neither the "Fruitone" nor the thiocyanate treatment in 1940 in-
fluenced keeping quality.

Verner (57) reported a detrimental effect of nitrogen application
upon quality and palatability, stating that especially with Black Twig,
"eoeeelt was possibles..efor a blindfolded person to segregate many
mixed lots of apples from nitrated and non-nitrated trees into these two
classifications merely by the sense of smell." The flavor was also super=-
ior in samples from the check trees. In the studies herein reported it
was impossible to detect any differences in flavor that could be attributed
to the nitrogen treatment. On samples from the Frederick orchard, in
vwhich the effect of nitrate applications was studied, the differences in
flavor were noticeably different only on different harvest dates. Without
fail, the later the date of harvest the more pleasing was the aroma and
flavor when the samples were removed from cold storage. At any harvest
date differences between samples from nitrated and non-nitrated trees were
too small to detects

¥n weighing the efficiency of the qualitative starch method in deter-
mining matwity at harvest, some variable results must be considered. In
the orchards of the fertilizer experiments where data on starch changes
were obtained on individual trees, in none of the three years did the test
forecast the differences in keeping quality between the samples from the
different trees, Certain of the data have indicated that these differences
in keeping behavior were the result of the influence of nitrogen in retard-
ing fruit maturity. Although there is no criterion available to determine
what effect relative differences in nitrogen content of the fruit might

have upon this retardation, it is considered significant that where nitrogen
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application caused statistically significaent increases in fruit nitrogen
content, there was significantly less color and a proportionally greater
comparable scald development in storage. In no instanee did the starch
test indicate any such differences in maturity, Additional data indicat-
ing the relative unimportance of starch content at harvest in determining
storage wastage was the influence of the thiocyanate sprays upon starch
content in 1940. In this case the samples from the sprayed trees averaged
a significantly higher starch content which was not reflected in poorer
keeping quality in storage.

However, in 1938 it was found that a test of five indicated best pal-~
atability in storage, and even though keeping quality could not be accu~
rately forecast in either 1939 or 1940, there was a progressive change in
starch conversion with the advance of harvest dates. In 1940 most samples
showed a test of five or more on the i.ast harvest date, and also the best
average keeping quality and palatability in storage., In the study of this
index on a group of Western Maryland orchards in 1940, it was, in the ma-
jority of cases, well correlated with the development of wastage and pal-
atability in storage. Although tests of five had not been attained by the
time of commercial harvest, those samples of the highest tests generally
had the best keeping quality in storage and the best palatability when re-
moved from storage.

Many of the disadvantages of the test as an index of storage quality
may result from its variability. Tiller (55) reported the extreme varia-
bility between samples prevented its accurate use. Davis and Blair (12),
Hinton (27) and Hitz (28) found a variable storage response to samples
averaging the same starch content at harvest, In the figure giving the
correlation coefficients between percentage blush and starch test on apples

tested in the Western Maryland orchards in 1940, it was emphasized that
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there was a great difference in starch content of samples showing the
same blush, This same variability was evident in the twenty readings
making up the average starch test of any tree for any date. It was not
unusual for a sample of twenty apples though, to have a range five or six
stages which would yield a relatively high standard deviation and coeffi=
clent of variability. For example, Tree Aj of the September 26 sampling
in the Frederick orchard in 1940 had at least one of the twenty apples
falling into eight of the numbered stages and more than two fruits in each
of six stages. For that tree on that particular picking date the standard
deviation was 1.79, and the coefficient of variability was 35,8 percent.
The average starch reading on twenty apples from each of nine trees was
505 on that particular date. The coefficients of variability for the
starch readings on each of the nine trees making up the average ranged
from 14.0 t0 35.8 percent and averaged 23e4 percent. Due to the method

of sampling, this variability in stareh test is considered a measure of
the variability between individual fruits on the tree,

This variability may be the basic cause of failure in any attempled
method of indicating fruit maturity. The necessity for studies to clarify
this variability is indicated. Dorsey and McMann (15) found two hundred
pounds of fruit per tree to be the smallest sample to accurately represent
size differences between eight trees of the Jefferis variety. For the
commercial use of any index by the grower or ‘the Federal-State Inspection
Service, such large samples would not be economiecally feasible, A better
approach than large samplings would seem to be a study of the correlation
between the maturity test and keeping and edible qualities of the indivi-
dual fruitse

Ff the maturity test and storage test could be made on the same
fruits, then the influence of each stage of maturity upon storage quality
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would not be hidden by variability, and it would not be necessary to
assume a similarity between fruits which various measurements have proven
non-existent.

A definition of mature fruits was given by Hesse (25): "e....that
stage of development the fruit must obtain to continue the ripening pro-
cesses with full development of characteristic quality and appearance
after removal from the tree and under normal conditions of storage." Be-
cause of the very broadness of the definition, the ultimate measure of
fruit matwity most frequently relied upon has been the development of
optimum edible and keeping qualities of the fruits in storage. This method,
however, is subject to criticism because storage conditions will largely
determine the "quality and appearance" after storage. Ome illustration
will emphasize the point: I¥In 1939 the storage conditions favored scald
development, There is little doubt that the picking of September 7 with
an average starch content of 3,7 and an average blush of 39.3 was more
mature than the fruits of September 6 picking in 1940 with an average
starch content of 1.5 and an average blush of 26.8. Yet the appearance
of the September 7 picking of 1939 was more unattractive at the end of
the storage period because of an average scald value of 13,1, compared to
no scald development of a less mature sample of 1940.

Throughout the experiment, with 1939 excepted, wilt was one of the
most common causes of wastage. Clements (11) has suggested that wilt may
be largely a function of the sealing of lenticels at the time of maturity.
He found that during the final period that the apple remains on the tree,
certain growth conditions may cause breakage of the sealed lenticels and
greater water loss would be observed in storage. The importance of stor-
age humidity in controlling storage wilt has been emphasized many times

(19,49 »53)e This cause of wastage, greatly influenced by the storage
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atmosphere or epidermsl layers of the fruit, was a measure extensively
used to judge the efficiency of maturity index such as measuring the
starch content at the time of harvest. It would seem, with growth con-
ditions influencing such factors as russeting and degree of lenticel seal=
ing, and thus, the amount of wilt, and with varying storage conditions
also affecting it, that wilt development would be sufficiently independent
of the starch content at harvest so that the latter could not be expected
to reliably forecast storage wilt, especially in successive seasons,
Since other variables are therefore operative, only insofar as wilt devel-
opment might be correlated with maturity and this, in turn, indicated by
the starch test, could it be hoped that the test would forecast the degree
to which wilt would develope. Yet, wilt was an important cause of wastage,
and must, as such, be considered in storage studies.

The results of these studies herein reported show the qualitative
starch test to be a relisble index of the development of edible quality
in subsequent storage, and, therefore, it satisfies the requirements for
a standard of maturity for use by the Inspection Service, since, as has
been previously mentioned, the grade requirements demand only that the
apples be of such maturity at harvest to insure the completion of the
ripening process during subsequent handling. However, since factors other
than the optimum maturity may influence sto:age behavior, as previously
mentioned, it does not necessarily forecast under all conditions, the
storage life of the fruit, Notwithstanding this, a general assoclation
between maturity as indicated by the starch test, and subsequent storage
behavior has been found in these studies.

Hesse (25) and Hitz (28) concluded that the chief disadvantage of
picking Grimes Golden prematurely was the tendency of this variety to wilt

under such conditions, Undesirable or insipid flavors resulting from
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premature pickings were not as apparent as with other varieties., It has
been suggested that if the wilt in prematurely picked samples could be
controlled, the harvest season on this variety might be extended.

In preliminary experiments Hitz and Haut (29) found that waxing
apples with a miscible wax, Brytene 489A, would largely comtrol wilt, but
that the wax treatment immediately after harvest increased the severity
of scald in storage.

The results of the studles herein reported have shown waxing to have
a highly significant influence upon weight loss and wilt development in
storage. For the three years, the weight losses, at the times Grimes
Golden samples were removed from cold storage, for all unwaxed samples
averaged fifty-six percent (27.4 grams per thousand grams original weight)
greater than waxed samples receiving otherwise the same treatment. In
Golden Delicious the difference amounted to thirty-five percent (27.0
grams per thousand grams original weight). For the entire experimental
period, including the post storage periods at higher temperatures the
difference in Grimes Golden amounted to fifty-three percent (36.3 grams
per thousand grams original weight). On all harvest dates and at all pre-
ripening periods the waxed samples showed less waste from wilt than the
unwaxed samples of otherwise the same treatment. The wax treatment re-
duced wilt during the period the apples were in cold storage and during
the period of 50-60°F, storage, simulating conditions found in trade out-
let chammels, Other work (10,30,38,52,53) has shown that the wax treat-
ment will reduce weight loss during storage. Fisher and Britton (19),
while attributing to the wax great value in reducing weight loss under
conditions of low humidity, found storage humidity to be more important
in controlling moisture loss while the fruits were in storage. The in-
fluence of high storage humidities in controlling wilt in storage have
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been signified by Smock (52,53) and others (6,44,49). The difficulty of
maintaining high relative humidities, above 80-85%, under cold storage
conditions renders such storage conditions economically unsound. And,
in addition, many molds capsble of growth at 32°F. find the high atmos-
pheric moisture ideal for growth (54)e The ability of the wax to reduce
weight loss and wilt under usual storage humidity conditioms is a distinct
advantage of the wax treatment. Even at a relative humidity of 85% Fisher
" and Britton (19) found the average daily weight loss of several varieties
of unwaxed apples to be over one and one-half times greater than waxed
samples, all stored at 70°F,

Under the cold storage conditions of these studies, the reduction
in weight loss was important because of its relation to wastage from wilt
in storage. Smock (53) has suggested that at a weight loss of approxi-
mately five percent, visible shriveling or wilt becomes evident upon the
fruits. Therefore, any reduction of weight loss in the proximity of that
level may be considered beneficial in reducing the amount of wilt. At the
end of the period in cold storage the average percentage of original
weight loss on 2ll waxed samples was approximately five and for unwaxed
samples seven to eight percent, At the end of the period of exposure to
higher temperatures following cold storage, the differences were still
greater, These differences, although not of great magnitude, were impor-
tant in determining the amount of wilt because of values equal to or
greater than the level at which wilting bas been shown to occur (53).

Although the wax treatments were highly efficient in reducing weight
loss and wastage from wilt, the waxing also increased the amount of scald
on the samples, At all harvest dates on which scald developed, excepting
the commercially packed Grimes of September 14 in 1939, all waxed samples

had a higher scald value than the wnwaxed samples, This is not in agreement
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with the conclusions of Smock (53) who used different concentrations in
studying the effect of the same waxes upon scald development, He found
that at some concentrations, one of which was the concentration reported
here, scald could be reduced. He concluded that with Rhode Island Green-
ing, the effect of waxing on scald was a funetion of fruit maturity and
the nature and concentration of the wax. Fisher and Britton (19) found
waxing to induce "a type of scald not observed on the checks,"

Regardless of the waxing treatment, pre-ripening was found to reduce
the scald devalopmeﬁt on all Grimes Golden samples held in cold storage.
Every year of experimentation, pre-ripening one week reduced the severity
of scald attack in both waxed and unwaxed fruits. In 1938 this amount of
pre-ripening was sufficient to preclude scald development on any harvest
date, and in 1939 and 1940 pre~ripening for that period reduced scald
severity to a level below or comparable with the development on unwaxed
samples of no pre-ripening which is the commercial procedure.

This method of reducing scald has not found general support in the
literature. Brooks, Cooley and Fisher (8) recommend immediate cold storage
for best scald control. Plagge, Maney and Pickett (44) also concluded
that scald was greater on samples delayed one week, but their data revealed,
especially with prematurely picked Grimes, a delay in storage of one week
actnally reduced scald. Even on Grimes picked at later dates the differ-
ence in scald between those samples stored immediately and those delayed
one week was less than one percent. The increase in scald after two weeks
delay was much greater. Probably based on these two recommendations, many
of the general bulletins discussing storage of apples, such as the one
recently published by Smock (54), have recommended immediate storage of

apples for scald control regardless of the maturity factor.
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In agreement with the results of these studies are those of Eaves
and Hill (18) who found a delayed storage decreased scald on immature
McIntosh and of Kidd and West (31) who found at certain stages of matur-
ity that a delay before storage was beneficial in reducing seald on
Bramely Seedling. Also there have been brought to the writer's attention
certain instances in the commercisl industry where a delay in storage has
reduced scald. One such instance will serve as an illustration. In 1938
a large commercial packing house packed two car~loads of Yorks from the
same orchard on the same day. One car was shipped immediately upon com-
pletion of loading and the fruits were in cold storage not longer than
two days after picking., Due to negligence somewhere along the line, the
other ecar did not reach storage until about one week after loading. Obser-
vation at nearly the end of the storage season revealed the fruits of the
first car had scalded to such an extent in storage that a reduction in
price was taken. Truits of the second car were in a bright condition
with no scald apparent at the time of observaticn. Judging by the appear-
ance of the ground color on samples from the first car and by the amount
of blush on samples from both cars, the fruits were rather immature at
time of harvest.

Throughout these studies pre-ripening in only one instance failed to
be beneficial in reducing the amount of scald. Since many of the changes
in constituents of picked apples are similar to the changes taking place
while the apples are maturing on the trees, but possibly at a faster rate,
it is difficult to explain the reports of increased scald accompanying
delay before cold storage unless it is a function of aeration during the
period of delay. If the cause of scald is considered to be an accumula-
tion of certain aromatic estexs and gases in the epidermal layers of the

fruit (7), the high temperatures of the delay period possibly allow a
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higher relative accumulation of these materials thén in the low tempera-
tures of cold storage over a longer period of time. Such lack of aeration
might be found where the pre~ripening treatment was given in unventilated
storage rooms, particularily if packed to approximate capacity with fruit,
but obviously such conditions need not prevail to meke pre-ripening a
feasible operation under commercial conditions, Brooks, Cooley and Fisher
(7) recognized this point and declared that delayed storage in a closed,
wventilated room or refrigerator car would likely cause scald in storage
later, Moreover, these authors state: "If it is possible to give good
aeration during the delay, the results may be distinetly beneficialecesss
especially if it (the fruit) is rather immature." Nevertheless, in another
publication (8), they do not recommend delayed storage, or pre-ripening,
under any condition of maturity, harvest or aeration, Although in these
studies scald development was materially reduced or precluded on samples
pre-ripened in a closed, uvnventilated room, this is probably not neces-
gsarily in disagreement with the preceding discussion because the room was
not filled to capacity. Since the number of fruits in the pre-ripening
room at any one time was relatively small, very likely there was suffi-
cient diffusion of the noxious materials from the fruits packed in open
hampers into the storage atmosphere not heavily laden with the gases,
Tt would seem that the container and liners would offer less opportunity
for the diffusion of the noxious materials from apples packed in commer
cial packages.

It is possible that such may partially explain the ineffectiveness
of the pre-ripening treatments of less than two weeks to reduce the seve
erity of scald on the samples of the September 14, 1939 picking that were
packed in commercial packages. However, the fact that all pre-ripening

periods had an influence vpon scald severity of the September 6 picking
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indicates that factors other than aeration were important. The 1939 test
of the effect of the experimental factors upon scald development was a
very severe test in that storage conditions prevailed which are considered
ideal for scald development. The great retardation of scald on the
samples pre-ripened two weeks would indicate that under the storage con-
ditions of 1939, less than two weeks pre-ripening was insufficient to pre-
clude the development of scald. On the September 14 picking 211 waxed
samples showed less scald development than the unwaxed samples. This
effect has been mentioned by Smock (53) but is/!siggstantiated by other re-
sults in this study.

In controlling scald the importance of harvesting at a mature stage
was evident throughout the experiment.

Although there were differences in significance during any period of
storage, the influence of the pre-ripening treatment upon weight loss was
comparable each season. During the period the fruits were in the pre-
ripening room, they lost more weight than fruits of the same harvest dates
in cold storage. When the pre~ripened fruits were-placed in cold storage
after the pre-ripening period, they lost weight less rapidly than the non-
pre-ripened sarples of otherwise the same treatment, This difference in
rate of weight loss was not sufficient for pre-ripened and check samples
to show comparable amounts of loss at the end of the period in cold stor-
age, twenty to twenty-two weeks from harvest. Generally, however, it was
sufficiently high that, at least for samples of Grimes pre-ripened not
over one week, the differences in weight loss over the entire experimental
period were not significant, and in some cases the pre-ripened samples showed
less weight loss than the non-pre-ripened samples. 1In all cases the waxed
samples pre-ripened one week showed less weight loss than unwaxed samples

placed in cold storage without pre-ripening, This difference was reflected
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in the amount of wilt developing in each category.

Magness and Diehl (35), Smock (52,53), Fisher and Britton (19), and
Hitz and Haut (29) have shown that covering the fruits with a wax coating
retarded ripening as indicated by ground color changes, respirations rates
or both. This same retardation, based upon ground color changes, was evi-
dent in this experiment. This suggests one commercial application in
which some growers have shown interest., The sales appeal of yellow var—
ieties is enhanced when the fruits show a bright yellow color rather than
the dull green so typical of these varieties on the market. If the fruits
can be pre-ripened to a bright yellow color and waxed, the retarddtion of
ripening by the wax treatment should hold them at this atiractive stage
for a longer periocd than unwaxed fruits ripened to the yellow color. Of
additional benefit is the sheen furnished the fruits by the wax coating.

A disadvantage of waxing non-pre-ripened Grimes Golden and Golden
Delicious of an intense green color was\the splotched and uneven coleora-—
tion when the fruits were exposed to ripening temperatures after cold
storage. However, if apples were pre-ripened one week before waxing, there
resulted an attractive ground color which was maintained during the post
storage period simulsting the period between storage and consumer in the
commercial method of distributioen.

Summarizing, the effect of the experimental factors on the keeping
qualities of Grimes Golden showed that waxing would markedly retard weight
loss and wilting, but that waxing without pre-ripening would increase the
severity of scald. Scald control was enhanced by any pre-ripening treat-
ment;. Since waxing effectively controlled the development of wilt and
since pre-ripening for one week either significantly reduced scald or pre-
cluded it entirely without significantly affecting the development of

wilt, the higher percentage of good apples obtained at the end of the

51293
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experimental period in every year was in lots having that treatment.

In one case to the author's knowledge waxing has been used on a
commercial scale for apples. Figures 11 and 12 shcvg waxing equipment in
the Byrd packing house at Berryville, Virginia., The apples to be waxed
were diverted from the grader ;md run through a mist or spray of the wax,
To facilitate packing of the fruits after waxing, the waxed fruits were
passed through a warm air blast from fans blowing through small steam
heated coils. This commercial concern reported the more attractive appear-
ance and longer market life of waxed apples when removed frem storage to
be of definite advantage in selling, Wholesalers distributing the waxed
fruits found the fruit to be most attractive to retszilers and that this
fruit was ordered in preference to regularly packed fruit as long as the
supply lasted.

SUMMARY AND CONCLUSIONS

The purpose of the maturity studies with Jonathan was to determine
the efficacy of the qualitative starch method as a maturity index for
time of proper picking. The waxing studies were inaugurated to test the
effect of wax emulsion, Brytene 489A, upon wilt development in Grimes
Golden and Golden Deliciouse

Storage samples were collected once weekly prior to and extending
through the time of commercial harvest for these varieties. Determination
of the effectiveness of the starch index or waxing treatment was made by
comparison of the keeping and edible qualities after approximately five
months of cold storage.

In the maturity studies with Jonathan, midsummer applications of
sodium nitrate at the rate of ten pounds per trees were made to study the

efficacy of the matwrity index method in revealing differences in fruit



Figure 1l.

Figure 12,

Commercial waxing equipment in use during the
1940 packing season at the H.F. Byrd packing
house, Berryville, Va. Apples are diverted
from grader belt at (A), enter chamber (B)
where wax is sprayed on fruits, and then fruits
pass through chambers (C) where fans blow warm
air over it to facilitate drying.

Commercial waxing equipment in use during the
1940 packing season at the H.F. Byrd packing
house, Berryville, Va. Rear view showing dry-
ing chambers (C), small steam coils, (E) and
fruit returning to the grader belt at (D) after
having passed through the chambers,
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maturity resulting from a modified growth status of the trees. In 1940 a
sodium thioccyanate spray was applied to Jonathan trees in studying the re-
lation of the improved color with fruit maturity, as indicated by the
amount of starch conversion. Also in 1940 the starch test was used to
determine Jonathan maturity in fifteen Western Maryland orchards, vary-
ing in vigor, age and fruitfulness, Storage and test samples were col-
lected at weekly in’:ervals from these orchards.

The qualitative starch test showed a good relationship with the gen-
eral improvement in keeping and edible qualities of samples associated
with successive harvest dates. Considering all seasons and all orchards,
the samples picked on dates when the highest average starch tests were
found, developed the best edible quality in sterage. When the starch test
at harvest averaged "four" or "five" on storage samples, good palatability
developed, and storage wastage generally was reduced. Although this re-
sult was most apparent on weekly sampling dates from the same orchard, the
index indicated the differences in maturity of samples picking at approx-
imately the same date from different orchards in Western Maryland in 1940,
which was later revealed by the storage behavior of those samples.

However, at harvest dates approximating time of commercial harvest
in the Frederick orchard over a three~year period and in the Colesville
orchard in 1938, the method did not forecast accurately the variability
in keeping qualities in individuel samples from different trees. Neither
did it exactly forecast the differences in keeping qualities resulting
from a modified growth status of the trees. This was most marked in
those cases where measurements of blush development, total nitrogen con-
tent of fruit tissue and storage wastage indicated that nitrogen é.pplica»-
tions had retarded fruit maturity, and in the failure of the retarded
starch conversion resulting from the thioccysnate sprays in 1940 to be
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Figure 11

Figure 12
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reflected in differences in keeping or edible qualities in storage. The
range in the maturity status of individual fruits as well as/?zﬁluence of
growth and storage conditions upon the development of storage wilt, an
important cause of wastage, is suggested as a possible explanation for
the failure of the index to more accurately reveal this variability in
keeping quality,

In the waxing studies weight loss, keeping quality, changes in
ground color and development of palatability were studied on waxed and
unwaxed Grimes Golden and Golden Delicious picked on progressive harvest
dates and given pre-ripening treatments varying in length in successive
seasons. Also, the 1940 studies included & test of thiocyanate sprays,
as a method of increasing the ground color at harvest, and in turn to de-
termine the effect of such ground color on storage scald of Grimes Golden.

These studies showed the waxing treatment to be highly significant
in reducing weight losses of Grimes Golden during cold storage and the
post storage period at 50 or 60°F. At the time the samples were removed
from cold storage, twenty-one or twenty-two weeks from harvest, the un—
waxed Grimes of all harvest dates and pre-ripening treatments for the
three years, averaged & fifty-six percent greater weight loss than come
parable waxed samples. For the entire experimental storage period, ex-
tending over twenty-four weeks from harvest, including a post storage
period at 50 to 60°F., the difference, averaged for two years, amounted
to fifth~three percent. In the Golden Delicious studies in 1938, the un-
waxed samples had lost thirty percent more weight than waxed samples when
removed from cold storage. These differences in weight loss were important
in determining the amount of storage wilt because of values equal to or
greater than the level at mhich wilting occurs. Moreover, this importence

was shovn by the greater reduction in storage wilt accompanying the wax
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treatments, a reduction in wilt sufficient to have marked commercial sig~
nificance.

Although the wax treatments were highly effective in reducing weight
loss and storage wilt, waxing also increased severity of superficial
scald. However, exposing the fruits to 60°F. in a closed room for one
week (pre-ripening) either reduced or precluded the attack of seald on
both waxed and unwaxed fruits. Samples waxed after one week of pre-
ripening had scald values comparable to or below those values for unwaxed
samples placed in cold storage without pre-ripening. With progressive
harvest dates the more mature fruits showed a proportionsl reduction in
scald. The thiocyanate spray in 1940, although increasing the ground
color slightly on two harvest dates, also increased the severity of scald.

The waxing treatment was found to retard the rate of ground color
change. Fruits which were wexed without pre~ripening did not show the
normal development of yellow color during cold storage or during the pest
storage period. Fruits which had been pre-ripened cne week before waxing
had a brighter color at the end of the post storage period.

The highest percentage of good apples remaining after a storage
period simulating conditions that frults encounter in normal distribution
channels following cold storage,were those fruits pre-ripened one week
and then waxed. They showed less wilt and scald and were brighter in
appearance than fruits handled by methods comparable to those now used

in the apple industry,.



1.

2.

3.

be

5

6o

7e

8.

9.

10.

n.

105

LITERATURE CITED

Aldrich, W.W. Effect of late summer applications of sodium nitrate
upon color and keeping quality of apples the same season,
and upon the nitrogen content of the fruit, leaves and
ipurs. Unpublished Ph,D, thesis, Univ. of Md. Library.

930,

Askew, HeOe Changes in chemical composition of developing apples.
Jour. Pom. and Horte Scie 13: 232 = 46, 1935.

Auchter, E.C. Is there normally a cross-transfer of food, water and
mineral nutrients in woody plants? Md. Agric. Exp. Sta,
Bul. 257, 1923,

Beaumont, J.He and R.F. Chandler, A statistical study of the effect
of potassium fertilizers upon the firmmess and keeping
quality of fruitse Proc. Amer. Soc. Hort. Sci. 30: 37 - 44.
1933.

Bigelow, W.D., H.C. Gore, and B.J. Howard, Studies on apples. U,S.D.A.
Bureau of Chem. Bul. 94. 1905.

Brooks, C. and J«S. Cooley. Effects of temperature, aeration and
humidity on Jonathan spot and scald of apples in storage.
Jour, Agl‘icﬁ Res. 11: 287 - 3180 19170

and DJF, Fisher, Nature and control of
apple scald, Jour, Agric. Res. 18: 211 - 240. 1919.

Apple scald and its con-
trol. U.S.D.A. Famers Bul. 13800 1928.

and C,P. Harley. Soft scald and soggy breakdown of apples.
Jour. Agric. Res. 49: 55 - 69. 1934.

Claypool, LeL. The waxing of deciduous fruits. Proc. Amer. Soc. Hort.
Scie 37: 443 = 47. 1940.

Clements, HsFo Morphology and physiology of the pome lenticels of
E!z@ malus. Bot. Gaz, 973 101 - 170 1935.

Davis, M.B. and D.S. Blair. Cold storage problems with apples. Sci.
Ag!'ico 17: 105 - 140 1936.

Degman, Ee.S. The influence of nitrogen fertilizers on the shipping
and keeping qualities of fruits. Unpublished Ph.B. thesis,

Univ. of Md. Librarye. 1931.

and J.He. Weinberger. Studies on the firmness and keeping
qualities of fruits. T. Effect of nitrogen fertilization.
I, Effects of potassium fertilization. Md. Agrice. Expe

Sta. Bulo 366. 19340



15.

17.

18.

19.

254

26.

27.

106

Dorsey, MoJ. and R.L. McMunn, A comparison of different methods of

taking samples of apples in experimentsl plots. Proc.
Amer. Soc. Hort. Sei. 283 619 L] 626. 19310

Dustman, ReBs, and I+J. Duncan. Effect of certain thiocyanate sprays
;:3 41f}ol:i.age and fruit in apples., Plt. Phys. 15: 343 = 48.

Eaves, C.A. Storage problems, Proc. Nova Scotia Fruit Growers Assoce.
for 1936: 72 - M. 1937,

and He Hill. PFunctional disorders of apples. Can. Depte
Agrice Tech. Bul, 28 (Publ. No. 694). 1940.

Fisher, D.Ve, and J.E, Britton. Apple waxing experiments. Sci. Agric.
2Al: M - Ve 1940,

Fletcher, A.Fs A study of factors influencing the red color of apples.
Md. Agric. Expo Sta. Bul. 353. 19330

Gourley, J.He and E.F. Hopkins., Nitrate fertilization and the keeping
quality of apples. Ohioc Agric. Expe Sta. Bul. 49. 1933.

Some relations of nitrogen to keeping
quality of fruit. Proce. Amer. Soc. Hort. Sci, 26: 167 -
7. 1933.

Haynes, D. and H.Ke Archbold. A relation between the sugar and nitroe
gen content of the apple at the time of gathering and the
length of its subsequent life in storages Dept. Sci, and
I’ndgst. Res. Repte Fd. Invest. Bd. 1925 and 1926: 42 « 45.
1926,

Heald, F.D. Manual of Plant Diseases, New York: DMcGraw=Hill, Second
edition. 1933.

Hesse, Coe0s Some physical and chemical changes associated with the
maturation of Grimes and Jonathan apples on the tree and
during storage. Unpublished Ph.D. thesis. Univ., of Md.
I.ibrary. 19380

and C, ¥, Hitz. Maturity studies with Jonathan and Grimes
Golden apples. Proc. Amer. Soc. Horte. Sci. 36: 351 - 57.

1939.

Hinton, J.C. Studies of maturity of fruits, II¥, Sterch content in
relation to maturity of apples grown under various orchard
conditions. Depte. Agrice. Res. Sta., Univ, of Bristol Rept.
for 1931: 53 - 67. 1932.

Hitz, C.W. A study of certain maturity indices in relation to the
? edible and keeping qualities of apples. Unpublished M.S.
thesis. Univ. of Md. Library. 1938,



30.

31.

32.

33.

34.

35.

36.

37.

107

Hitz, C.W. and ¥.C. Haute Effect of certain waxing treatments at
time of harvest upon the subsequent storage quality of
Grimes Golden and Golden Delicious, Proc. Amer. Soc. Hort.
Scle 36: 440 - 448. 1939,

Jones, S.E. and H.W. Richey. The use of wax emulsions in reducing
desiccation of transplanted tomato plants and apples in
S‘borage « Proc. Amer. Soc. Bort. Sci. 36 : 751 - 753 « 1939.

Kidd, Fe. and C. West. The keeping qualities of apples in relation
to their maturity when gathered. Sci., Hort., 5: 78 = 86,
1937.

Knowlton, HeF. and B. Hoffman. Nitrogen fertilization and keeping
quality of apples. Proc. Amer. Soc. Hort. Sci. 27: 28 =
31l. 1930.

Iagasse, F.Se Do nitrogen applications affect the nitrogen content
and shipping quality of Yellow Transparent apples? Penin,
(Mdo - Del.) Hort. Soce 20: 46 - 51. 19300

Magness, JeRe, LoP. Batjer and L.O. Regeimbal., Correlation of fruit
color in apples to nitrogen content of leaves. FProc. Amer.
Soc. Hort. Scie 37: 39 = 42+ 1940.

and H.C. Diechl., Physiological studies of apples in
storage. Jour, Agric. Res. 27: 1 = 38. 1924.

_ and H.He. Haller, Picking maturity of
apples in relation to storage. U.S.D.A., Dept, Bul. 1448.
1926,

and F.L. Overley. Effect of fertilization on the stor-
age quality of apples., Proc., Amer. Soc, Hort. Sci. 26: 180 =
181. 1929.

Miller, EeJe, JeAs Weilson and S.L. Bandemer. Wax emulsions for
spraying nursery stock and other plant material. Mich. Agr.
Exp. Stae. Spec. Bul,. 282, 1937,

Murneek, A.E. and P.H. Heinze. Speed and accuracy in determination
of total nitrogen. Mo. Agric. Exp. Sta, Res. Bul, 261. 1937.

Overley, FoL. and E.L. Overhclser. Some effects of fertilizer upon
storage response of Jonathan apples. Proc. Amer. Soc. Hort.
Scie 28: 572 - 77. 1931,

The effect of time of nitrogen
application upon response of Jonathan apples. Proc. Anmer.
Soc. Hort. Scis 37: 81 = 84¢ 1940,

Patterson, D.D. Statistical technique in agricultural research. New
Yorks McGraw-Hill Book Company. 180-189. 1939.



43,

45

46,

L.

49.
50.
51.

52,

53
54

55

56,

108

Plagge, H.H. and T.J. Maney. Soggy breakdown of apples and its

control by storage temperatures. Iowa Agric. Exp. Sta.
Res. Bul, 115. 1928,

and B.S. Pickett. Functional diseases
of the apples in storage. Iowa Agric. Exp. Sta. Bul. 329,
1935.

Platenius, Hs Wax emulsions for vegetables. New York Agrice. Exp.
Sta. (Cornell) Bul, 723. 1939,

Ramsey, Hede, A.W. McKay, E.L. Marshall and HeS. Bird. The handling
and storage of apples in the Pacific Northwest. U.S.D.A.
Dept. Bul. 587. 1917

Rasmussen, E.J. Effect of delay in storage and storage temperature
on the keeping qualities of apples. N.H. Agric, Exp. Sta.
TEChc Bulo 670 19370

Rose, DeHe, Cs Brooks, D.F. Fisher and C.0Q. Bruttey. Market diseases
of fruits and vegetables: apples, pears, quinces. U.S.D.A.
Misc. Publ. 1680 19330

s ReC. Wright and T.M., Whiteman. The commercial storage of
fruits, vegetables, and florists stocks. U.S.D.A. Circ,
278, Rev. 1938,

Smith, A.Je Bitter pit in apples. A review of the problems S.B.I.R.
Cr. Brit., Fd. Invest., Bd. Spec. Rept. 28, 1926,

Smith, Edwin. Maturity study of Red Delicious Strains and Golden
Delicious apples. Proc, Wash. Sci. Hort. Assoc. 33: 51 =
53. 1937,

Smock, ReM. Certain effects of wax treatments on various varieties
of apples and pears. Proc. Amer, Soc. Hort. Sci. 33:
28/ - 289. 1936.

Some additional effects of waxing apples. Proc. Amer,
Soc. Hort. Sci. 37: 448 - 452. 1940.

The storage of apples. Cornell Agric, Exp. Sta. Ext.
Bul. 440. 1940.

Tiller, L.W. The iodine-starch reaction as a test for maturity of
apples. New Zea., Jour. Sci. and Technology 16: 88 - 101.

1934

Trout, SeA. and G.B. Tindale. The effect of pre-cocling in relation
to the storage of fruits. Refrigeration, Cold Storage and
Air-Conditioning. August 31, 1938,



57. Verner, Lief. Effects of nitrogen fertilization on apple fruits.
Proc. Amer. Soc. Hort. Sci. 3C: 32 - 235. 1933,

58. Wallace, T. Factors influencing the storage qualities of apples.
Proc. 1lst Imp. Hort. Conf., London 1930, Part III:
9 - 250 19310



APPENDIX

110



APPENDIX TABIE I

Weight Loss, in Grams per Thousand Grams Original Weight, at the Time

of Removal from Cold Storage, Twenty-one Weeks from Harvest, of Grimes

Golden Given Various Treatments at Harvest and Analysis of Variance to

Show Significance of the Main Effects.

Frederick Orchard. 1938.

Waxing Waxed Not Waxed

No. Weeks

Pre-ripened 0 1 2 3 0 1 2 3

Date of Harvest

August 16 436 4242 51,7 Ti6 618 5445 68,9 58.7°
August 23 L0 4249 4343 524% 506  5hel 6led 56e3%
August 30 3643 3643 L4l 4846 576 54eH 5447 5845
Septe 6 434 4940 Shelt 497 8le5 6649 T548% 59.7
Sept. 13 4366 5245 5641 5546 86,6 75,9 109,1 88,0
Septe 23 4947 5Ll 62.7 6043 8762 994 83.6 92.2

* Filled in by formula for missing data (42)

Analysis of Variance

Source D/F Sum Souares Variance  MF" Value
Total AT 13422.3

Wax 1 5803.6 580346 59.16%*
Pre-ripen 3 480.5 16042 1.6
Dates 5 39994 79949 8o2%

Error 32 3138.8 98,1




APPENDIX TABIE II

Total Weight Loss, in Grams per Thousand Grams Original Weight, for the
Entire Experimental Period, Twenty-four Weeks from Harvest, of Grimes
Golden Given Various Treatments at Harvest and Analysis of Variance to

Show Significance' of the Main Effects. Frederick Orchards. 1933.

Waxing Waxed Not Waxed

No. Weeks

Pre-ripened 0_ 1 2 3 [¢] 1 2 3
Date of Harvest

Avgust 16 574 5546 65.1 8647 9.9 06 86s6  The3*
August 23 5403 5346 5349 61.9% 7849  TLJl 81,8  TR6™
August 30 48.8 481 56,7 58,9 75¢3  Thel TlLe8  Mo3
Sept. 6 63,0 66,6 67.0% 62,9 106¢4 8663 9442 48
Sept. 13 6244 6946 TR49  Teb 113.9  99.0 1306 1lio4
Septe 23 T6el The2 8640 8le4 119.4 129.1 108.8 1175

¥ Filled in by formula for missing data (42)

Analysis of Variance

Source D/F Sum Squares Variance  "FM" Value
Total JAR 2066148

Wox 1 8788.6 878846 825"
Pre-ripen 3 262.1 874 32
Dates 5 8203.6  1640.7 154 oJ1%*

Error 32 34075 10645
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APPENDIX TABIE ITI
Weight Loss, in Grams per Thousand Grams Original Weight, at the Time of Removal from Cold Storage, Twenty=two
Weeks from Harvest, for Grimes Golden Given Various Treatments at Time of Harvest and Analysis of Variance

to Show Significance of the Main Effects and Certain Interactions. Frederick Orchard. 21939.

Waxing v :

Treatment WAXED : NOT WAZXED

Days of .

Pre-ripening 0 2 4 7 0 2 4 7

Harvest Date

August 28 48e0 4740 5440 5540 55,0 52,0 5640 55.0
Sept. 4 4360 39,0 394C 38.0 4040 4040 3840 37.0 : 54.0 50.0 57.C 52,0 53,0 58,0 51,0 51.0
Sept. 11 4260 35.0 4560 4540 3940 4040 4640 4440 : 63,0 6840 70,0 67,0 70.0 60.,C 60,0 6040

*Filled in by formula for missing data (42)

7440 T9.C 102.0 85,0 81, 75.C 87.0 80.C
97.0 7840 9040 115.C 102.0 116,0% 103.0 95.0

s 85 a0 o % 0 0

Analysis of Variance

Source_ D/F __ Sum of Squares __ Variance g UF" Value for Main Effects Only
Total 62 27188 -

Dates 3 8441 2814 2637 34e5%%

Pre~ripening 3 518 173 16.1 212

Wexding 1 13777 13777 1287,6%% 169,.Ci

Replicates 1 51 51 4e8% 62

Da x Pre-ripe 9 407 45 Le2 ¥

Da x W, 3 2409 803 754 0%

W x Pre-rip, 3 1166 389 3643%H

Error 39 419 10.7

* Significant at 5% Level ¥ significant at 1% Level
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Percentage Wilt When Removed from Cold Storage, Twenty-one Weeks After Harvest,

and Total Percentage Wilt Twenty-three Weeks After Harvest of Grimes Samples

Given Various Orchard and Harvest Treatments Before Storage. 1940.

Dates Sept. 6 Septe 1 Septs 20 Septe 26 Mean
Lot 21 wks 23 wks 21 wks 23 wks 21l wiks 23 wks 21 wks 23 wks 21 wks 23 wks
THA 2.1 el 0 4el 507 1549 0 (¢ 240 55
TWB 10.9 25¢4 1.5 Te5 o 27 0 0 3l 8¢9
TWC 640 26,0 ¢} 84,0 o} 9.0 0 0 1.5 10.8
TA 22,0 72.0 173 72.0 2543 722 294 6846 23¢5 712
TB 0 8240 3643 8946 23.7 7540 1649 7544 19.2 80,5
TC 4941 89.0 30,0 8545 2845 92,2 148 61.7 3046 83.6
WA o 0 o 1,7 1.3 1448 0 0 043 4ol
WB 0 0 0 0 0 0 0 0 0 0
WC 2.1 13.0 0 1,6 0 248 0 2340 0e5 4e9
A 5048 847 1342 4940 19.1 5849 o 19.6 20.8 5340
B 3343 93e3 11,1 592 3067 87.6 570 6942 20,2 773
c 3661 8048 31.3 7045 28,7 8l.8 640 4640 2545 69,8

Mean 17,7 4’704 11,7 3704 13 o7 4-2 o3 6.1 28 .6

T = Samples from trees sprayed with Na thiocyanate.

W = Samples Waxed before placing in cold storagee.

A = Samples pre-ripened O days before placing in cold storage.
B = Samples pre-ripened 4 days before placing in cold storage.
C = Samples pre-ripened 7 days before placing in cold storages
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APPENDIX TABIE V
Original Ground Color, and Changes in Ground Color at the End of the Cold Storage Period,

21 Weeks After Time of Picking, and After a Two Weeks Post Storage Period at 509F., 23 Weeks

After Picking of Waxed and Unwaxed Grimes Given Various Orchard and Harvest Treatments in 1940,

Date Original Ground Color Final Date Original Ground Color Final
Ground Change Ground Ground Change "~ Ground
Lot Color 21 wks 23 wks _ Color Lot Color 21 wks 23 wks Color
Sept. 6 Sept«20
TWA 1.25 1.0 1.8 360 TWA 2425 1.25 3¢5
TWB 1.25 1.5 2400 3625 TWB 2425 75 1.25 365
TWC 1.25 1.5 2425 365 TWC 2425 1.75 2.0 Le25
TA 1.25 1.5 265 3475 TA 2425 75 175 4¢CO
TB 1.25 275 4600 TB 2425 1.0 2.0 Le25
TC 1.25 3625 4o TC 2425 2,0 2,0 LeR5
WA 1.25 1425 20 3625 WA 2,0 025 1.75 375
WB 1,25 WB 240 50 1.5 3¢5
WC 1425 2625 365 Wwe 2.0 2.0 2425 4Lel5
A 1.25 A 240
B 1.25 B 2.0 o'75 2.0 4400
c 1l.25 2475 4.4CO C 2.0 75 2e5 Le5
SeEtolE Seg‘b.26
TWA 2425 50 1.25 3e5 TWA 2425 1.0 1.25 3e5
TWB 2625 50 1.50 3e'75 TWB 2625 1.25 2.0 4e25
TWC 2425 1.25 1.75 4.e0 TWC 225 2.0 Le25
TA 2625 1.0 240 Lel5 TA 2425 1.0 1.5 3475
TB 2425 1.25 2425 4450 TB 2425 1.75 1.75 LeQ
TC 2425 o'75 2425 Le5 TC 2425 1.75 2425 Le5
WA 1.75 75 20 3675 WA 2425 75 1.25 365
WB 1,75 1.0 2625 40 WB 2425 1.25 1.50 375
we 1.75 1.0 2425 460 we 2425 1.25 2425 bLe5
A 1,75 1.25 2e5 4LeR5 A R2e25 1.25 1450 3475
B 1075 2075 405 B 2.25 1075 2.25 405
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