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George Morton Kessler

The effects of preharvest sprays of growth regulators
upon the ripening of apple fruit has been a subject of
1nterest\to both professional horticulturists and growers
ever since such sprays were first successfully used to
delay apple drop in 1939, This investigation was under-
taken with the purpose of more clearly establishing, by
chemlcal analysis and physical observations, the physioclog-
ical responses of apples to such sprays.

McIntosh and Northern Spy apple trees in Michigan
orchards were sprayed prior to harvest with drop delaying
sprays of naphthaleneacetic acid (NAA), 2-methyl-l-chloro-
phenoxyacetic acid (Toloxy) and 2,l4,5=trichlorophenoxypro-
pionic acid (2,4,50TP or Color-set). The physiological
responses of the fruit to these growth regulators during
three consecutive years (1949, 1950 and 1951) was measured
at harvest and after storage at temperatures of 32° Fo The
fruit was also observed in 1950 after a 70° F storage period,

The fruit samples were harvested at random from the
test trees once during the normal commerclial harvest period,
An early harvest of McIntosh fruit was also made in 1949,

Samples of the edible portions of the apple frult were
taken at harvest or after storage and frozen for later
chemical analysis. Total sugars in the water extract of the
fruit tissue was determined by the Munson-Walker method
and expresced as percent invert sugar. Total nitrogen was
determined by the Kjeldahl method and results expressed as

percent protein. Soluble solids were measured with the Abbé
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refractometer and expressed as percent sugars. The moisture
content of the apple tissue was found with the Braybender
moisture tester. Total acids were determined by titration
of the water extract with 0.1 N NaOH and expressed as ml of
0.1 N NaOH per 10 gm of fresh tissue. All chemical analyses
were reported on a fresh weight basis, Respiration deter-
minations were made upon samples of approximately 10 fruit.
Respiration rates were measured by using the method of
Claypool and Keefer, in which CO,, evolving from the apples,
wag collected in a solution containing NaHCOB and Brom
Thymol Blue indicator. The color changes caused by varying
amounts of GO2 was then measured with an Evelyn Colorimeter,
The results of this investigation show that NAA and
Toloxy did not markedly influence the physiology of the
fruit. Sprays of 2,4,5-TP significantly affected McIntosh
apples in one‘of the two years in which this material was
tested., Applications of 2,4,5-TP to McIntosh trees 28 days
before harvest were of greater effect on the fruit than the
applications made 17 days before harvest, The sprays of
2,4,5-TP in 1951 caused the frult to be softer at harvest
and caused a significant reduction in the soluble solids,
acid ccntent and firmness of the fruit during the subsequent
storage period. These effects from 2,l;,5-TP were not
observed on McIntosh in 1950 or on Northern Spy in either
of the two years in which this material was used. The
evidence suggests that the higher temperatures occurring

during the period of application of 2,4,5=TP in 1951 than
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in 1950 may have been a contributing cause for the different
regults obtained for McIntosh apples in these two years,
There were no significant effects upon the respiration rates
of the fruit attributaeble to the growth regulator sprays

during the one year in which respiration was measured,
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I. INTRODUCTION

Fruit drop from apnple trees is a natural phenomenon
which may or may not be detrimental to the economic yield
from the orchard. When natural drop occurs early in the
season it is referred to as the June drop. This 1is fre-
quently beneficial because it may be a thinning process
essential to the production of fruit of proper size and
quality. Loss of fruit from the tree may occur later in
the season and preceding harvest and result in a greatly
reduced yield of marketable fruit., This latter phenomenon
occurs because of the early development of the abscission
zone at the junction of the pedicel of the fruit and the
peduncle of the fruit cluster. Some varieties of fruit,
MecIntosh apple for an example, tend to exhibit premature
drop as the harvest season 1s approached because of certain
inherent characteristics (l4lt)s The amount of premature
drop may be also greatly affected by certain growing con-
ditions such as climate and nutrition. It is a problem
which is always a serious hazard to the financial returns
of an orchardist. Considerable relief to this problem has
resulted from the discovery that certain growth regulators
will delay fruit abscission at harvest-time,

The use of these materials to prevent the preharvest

drop of fruit may adversely affect the ripening rates and



storage 1life of the fruit., 1In addition, if the harvest of
the apple is delayed considerably beyond the time of normal
harvest by the use of these materials, it is known that the
life of such frult in storage will be appreciably shortened,
Treated fruit picked at the regular time may also exhibit
abnormal behavior, For example, it has been shown that
preharvest sprays of 2,l,5-trichlorophenoxyacetic acid
(2,4,5=T) hastened the ripening of attached fruits of certain
varieties of apple. Whether or not preharvest sprays hasten
ripening and thereby shorten the storage 1life of fall and
winter varieties of apple is not clear, because conflicting
results have been reported by various workers, Further
investigations concerning the effects of the various growth
substances upon the physiological behavior of the fruit
after harvest seemed desirable.

A study was therefore undertaken with the purpose of
determining the effects of certain growth regulating sub-
stances on the storage behavior and chemical composition

of McIntosh and Northern Spy apples.



ITI. REVIEW OF LITERATURE

Our knowledge of plant growth substances dates back
at least to Darwin in 1881 (1l4). At that time, the photo=-

tropic bending of sesedlings of Phalaris canariensis which

had been exposed to unilateral light was observed by Darwin.
He suggested that "some influence i3 transmitted from the
upper to the lower part, causing the latter to bend", This
was followed by a series of classical works dealing with
various aspects of phototropism, but it was not until 1910
that Fitting (19) hypothesized, for the first time, the
presence of a hormone in plants. He suggested that the
swelling of the gynostemium of the orchid flower results
from the activity of a naturally occurring growth substance
in orchid pollen, Fitting called this substance a "hormone",

A hormone is described by Boysen=Jensen (1l1l) as a chem-
ical substance produced in the cells of one part of an
organism and carried to distant parts, where only minute
quantities are capable of exerting a profound effect upon
growth in some way other than by direct nutritive means,

The existence of plant hormones has been accepted
since about 1928, due to evidence or tests developed by
Went (65) and others, However, it was not until 1942 that
the presence of hormones in higher plants was absolutely

verified by chemical methods. At that time, Haagen-Smit



et al (27) isolated beta-indoleacetic acid from corn meal
and by biological tests proved it to be a true plant hor-
mone. Although there 1s strong evidence pointing to the
existence of other plant hormones, the isolation of others
has not been verified,

While work proceeded with the natural plant hormones,
it was reported in 1935 (67) that a number of synthetic
growth regulators exhibit growth effects on plants very
much like those of natural hormones. Because of this
similarity synthetic growth regulators are often called
"hormones",

Practical applications of the fundamental knowledge
of plant hormones and synthetic growth regulators were
probably initiated by the discovery in 1934 (60) that
natural plant auxin has a root-promoting effect. Many
other applications followed, such as setting of tomato
fruits parthenocarpically (36), control of potato sprouting
in storage (26), chemical weed control (43) and delaying
the blossoming of fruilt (66).

The discovery by LaRue in 1936 (38) that a plant
auxin will inhibit the abscission of Coleus leaf petioles
1s of particular interest to the study reported in this
paper. It was shortly thereafter that Gardner and Marth
(21) reported that the drop of holly leaves and berries
could be delayed with synthetic hormones. Gardner, Marth
and Batjer (22) used growth regulating substances to delay

the harvest drop of aoples for the first time in 1939 and



this has since become a standard practice in the production
of apples and pears,

This paper is concerned with the effects of synthetic
growth regulating materials on apple fruits, and it is
therefore of interest to consider the effects of both
synthetic and naturally occurring ethylene on the physio-
logical behavior of fruits. The growth regulating proper-
ties of ethylene were already quite well known before
‘results with drop delaying sprays were reported. Denny (16)
demonstrated in 1934 that ethylene evolved in the incom-
plete combustion of kerosene was responsible for the
change in skin color of lemons from green to yellow, during
the curing process, Other effects were noted and according
to Gane (20), an atmosphere contalning ethylene caused the
climacteric rise in the respiration rate of bananasg to
occur earlier than normal. Pear fruits also exhibit a
climacteric rise and, as reported by Hansen and Hartman (32),
react in a similar manner upon exposure to ethylene,

Smoek (51) found that pre-climacteric apples exposed to

the emanations from post-climacteric apples show a pre-
mature climacteric rise in resniration. Gane (20) had
previously demonstrated the production of ethylene by apple
fruits and the ripening effect observed by Smock may hava
been due to ethylene given off by the riper fruits. Sub-
stances other than ethylene in the apple emanations were
probably alsc involved,

Growth regulating substances other than ethylene often



affect the physiological behavior of fruits. Some hasten
the ripening of fruits while still attached to the tree,
For example, 2,li,5-trichlorophenoxyacetic acid (2,4,5-T)
used to set the fruit of fig (10), caused the fruit to
ripen much earlier than those which had set naturally.
Attached peaches have been shown to ripen earlier than
normal after spraying with 2,4,5-T (42, 48, 64), slthough
the treated fruits were sometimes distorted and ripened
unevenly (6L)., Workers (33) at Beltsville, Maryland,
found that 2,4,5-T, sprayed on Rome Beauty apple trees
in August, hastened the maturing of the fruit by as much
as one month. They report that the same material also
caused a numoer of summer varieties of apple to mature
from 9 to 13 days earlier than normal. The maturity of
Delicious apples was also advanced before harvest as
measured by pressure tests., Pears sprayed with naphthalene-
acetic acid (NAA) yielded a larger number of soft fruits
at harvest than unsprayed trees (8). It has been observed
that preharvest sprays of the butyl ester of 2,lj~-dichloro-
phenoxyacetic acid (2,4-D) applied to Stayman apple trees
resulted in fruits which were softer and showed more water-
core than on trees which were unsprayed (34). Similar
effects were not observed for the 2,4~ acid, the sodium
salt of 2,4~D, or the triethanolamine salt of 2,-D used
in the same work. 2,4,5-trichlorophenoxypropiconic acid
(2,4,5-TP) is reported to have advanced the maturity of

attached fruits of McIntosh, Delicious, Winesap, and



gseveral summer varieties of apple (9, 17, 35, 61). Con-
versely, sprays containing a combination of maleic hydra-
zide with NAA applied to Duchess, Wealthy and McIntosh
trees (53), resulted in fruits which were firmer at harvest
than those from trees sprayed with either NAA or 2,4,5-TP
alone, California workers (63) report that applications

of beta-naphthoxypropionic acid to the Black Corinth grape
vines advanced the ripening cf the grapes by two weeks in
cne of the two years in which it was tested,

Another important physioclogical response to growth
regulators is the increased development of red skin color
of attached apples. Most workers reporting this effect
from the use of preharvest sprays of NAA and 2,4,5-T
have found that the increased red color was associated
with an advanced stage of maturity (6, 8, 33). Apple
growers have recognized this dual effect and sometimes
use NAA to improve fruit color, even though the delayed
harvest which may accompany this practice means a shorter
storage life of the fruit. Hoffman and Edgerton (35)
report that stop-drop syrays of 2,4,5-~TP have increased
the amount of red color on Early MecIntosh, Wealthy, McIntosh
and Northern Spy fruits. However, there ig insufficient
evidence concerning the effects of this material on the
maturity of apples to permit one to conclude that color is
affected independently.

Evidence presented by some workers indicates that

preharvest sprays may also influencs the storage life of



fruits. Gerhardt and Allmendinger (23) report that the
keeping quality of Bartlett pears sprayed with 10 ppm of
NAA before harvest was not impaired when the frult was
harvested within the normal harvest period. However, a
delayed harvest, madé possible by the treatment, resulted
in more rapid ripening in storage. In another study with
the Bartlett pear, Batjer et al (8) found that a preharvest
spray of 10 ppm NAA hastened the ripening of the fruit on
the tree as well as during storage when it was picked
during the normal harvest period. The reasons for the
differences in the results of these two studies are not
clear. Spraying of Bartlett pears with 2,4,5-T (48) two
weeks to one month before harvest is reported to have
resulted in softer fruit after storage than was the case
with unsprayed trees. More recently, sprays of 75 ppm
of 2,L4,5-TP on the Bartlett variety in the pink stage of
blossom development, are reported to have resulted in con-
siderably more breakdown in storage than with fruits of
control trees. Other workers (25), who applied 100 ppm of
this material to Bartlett pears at the pink stage, found
no effect on ground color and firmness in storage., The
difference in time of application of the 2,L,5-TP could
have been the reason for some of the differences in the
results reported,

Until recently, NAA was the most generally used growth
regulating substance to delay preharvest drop of apples,
and a number of storage studies have been made following

the use of this material, Batjer snd Moon (7), at Belts=-



ville, Maryland, concluded that the storage life of Jon-
athan, Delicious and Rome Beauty apples was unimpaired by
stop-drop sprays of NAA. Gerhardt and Allmendinger (23),
at Wenatchee, Washington, using both physical and chemical
tests, observed that NAA shortened the storage life of
Delicious harvested 31 days after spray treatment, but
found no effect upon the stored fruit harvested 15 days
after treatment. Christopher and Pieniazek (12) reported
that preharvest applications of NAA did not influence the
ripening of McIntosh in storege and Haller (29) found the
same to be trus for Jonathan, Delicious, Rome Beauty,
Stayman, Winesap and York, Conversely, Smock and Gross
(54, 55) concluded, as a result of respiration and firmness
studies after harvest, that NAA increased the rate of
ripening of Wealthy, McIntosh and Golden Delicious. Since
the methods used by the various workers were guite similar,
geographical and variletal differences may have been respon-
sible, in some instances, for the variability in results.
Another material which has been used with some success
as a spray to delay the harvest drop of apple is 2-methyl-
li=chlorophenoxypropionic acid {Toloxy) (L5)e Smock and
Gross (55) stored Toloxy-treated Wealthy and McIntosh apples
and observed that the Toloxy caused an earlier occurrence
of the climacteric rise in respiration of Wealthy fruits
stored at 7u° F and was of no effect on the McIntosh stored
at 330 Fe Wealthy was not observed at 33° F and McIntosh

was not tested at 74° F in this work.
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The influence of preharvest sprays of 2,4,5-TP on the
firmness of apples during storage has been studied (15).
MeIntosh, Starking end Baldwin were not found to be affected
significantly, but Golden Delicious treated with 2,11, 5=-TP
was two pounds softer, by pressure tests, than the check
in January.

A guestion which has arisen in connection with studies
of preharvest sprays on apple fruits is whsther or not the
effects observed in storage are directly caused by the
growth regulators. Investigations on this problem have been
few, and one difficulty in such studies is that the normal
fruit drop may be delayed by the growth regulator sprays
and fruit which are ordinarily lost from the tree may be
harvested as part of the test sample., Comparable fruit
for the untreated trees is not available and a good com=
parison cannot be made. Smock (corresvondence, August 31,
1951) attempted to solve this problem by taking fruit
samples before any appreciable drop had occurred from un-
sprayed trees, One objection to this approach, at least
with McIntosh apple, 1s that fruit picked before the drop
of normal fruit has begun may be immature and therefore
unsatisfactory for storage in some seasons. Furthermore,
as pointed out by Batjer (i), a delay in harvest of even s
few days, made possible by sprays of growth regulators,
may result in more mature fruit with a longer storage life,
This is a noteworthy observation because there is a tendency

for growers to pick McIntosh at an immature stage when



"stop-drop" sprays are not used,

Christopher and Pieniazek (12) attempted to obtain
comparable samples by taping the check frult to the trees
in order to prevent its natural drop. In discussing this
investigation, Vyvyan (62) states that although taping
prevented the fruit from falling it did not necegsarily
prevent the formation of an abscission zone. Development
of the abscission zone would alter the physiology of the
fruit considerably so that 1t would not be comparable to
fruit in which abscission had been prevented by applying
NAA.

The concentrations of the different growth substances
used by the various workers for preharvest sprays on apple
were variable., The concentrations of NAA varied from 5 to
500 ppm, but 10 ppm was the most common employed. Smock
and Gross (55) found in their work with Golden Delicious
that they were asble to increase the acceleration effect on
the climacteric rise in the respiration rate of the fruit
after harvest, by progressively increasing the concentration
of NAA in the applied spray from 100 to 500 ppm., Toloxy
was utilized at 20 ppm in the studies which were reviewed,
The butyl ester of 2,L-D at 10 ppm, and 10 and 50 ppm of
2,l1-D acid and the sodium salt of 2,l.+D were used in the one
work reviewed dealing with this group of chemicals. Con-
centrations of 10 and 20 ppm of 2,L,5~-TP have been used,
with the higher concentration being most commonly employed,

Generally, concentration was not a variable where results
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on the effects of preharvest sprays on maturity and storage
life were not in agreement.

Storage studies of fruits treated with growth regulators
after harvest should also be considered, Treatment of pre-
climacteric peach, apricot, pear and apple frults after
harvest with 2,4-D has been reported to have had no effect
on ripening (24). On the other hand, other workers (31,
L16) found that postharvest treatment with 2,L-D hastened
the ripening of apples and pears. This contradictory
evidence was obtained with similar methods and concen-
trations of materials even though the fruit was grown in
comparable regions. The reasons for the discrepencies are
not evident,

Michigan workers (l1) wrapped four varieties of apples
in oiled papers which had been previously sprayed with the
methyl ester of NAA, sprayed other fruit with a mixture of
the same hormone and 10 percent geon, and compared them
with untreated fruit for differences in respiration rate
for periods of 67 hours to 10 days. They found the CO»
evolved by both treated samples of fruit was less than from
the controls, However, when another worker (58) repeated
this work, it was found that the respiration and softening
rates and development of ground color of preclimacteric
Baldwin apples were increased by treatment with the methyl
ester of NAA, It was also found that post climacteric
fruit of the same varieties were not affected by the growth

regulator treatment. The two groups of workers may have
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obtained unlike results bscause of differences in the
physiological age of the fruit at the time of treatment.

The evidence available indicates that the ripening
behavior of many different fruits may oe influenced by
treatment with growth regulating substances. The fruits
affected include the fig, apple, peach, pear and grape.

This physiological effect on fruits will vary with the
chemical used, Maleic hydrazide, for example, was reported
to have counteracted the ripening effect of WAA and 2,4,5-TP
on apple fruits, when it was sprayed on the trees in com-
bination with NAA or 2,4,5=TP (53). The response of fruits
to growth substances varies also with variety. The summer
varieties of apple, such as Oldenburg (Duchess) and Williams
respond to NAA sprays by ripening very much more rapidly
than normally, while later maturing varieties like Delicious
and Rome Beauty may not show any signs of advanced ripening.
It has been generally found that the extended delay in the
harvest of fruits, made possible by the use cf preharvest
sprays, tends to shorten the storage life of such fruit,
Furthermore, the effects of such sprays on fruit of the
later maturing varieties of apple, nicked during or soon
after the normal harvest period, are not specific or con-

sistent.



III. FIELD AND STORAGE PROCEDURES

The studies in 1949 and 1951 were conducted with
fruit grown at the Graham Experiment Station, Grand Rapids,
Michigan; and in 1950 with fruit grown in the Paimer
orchard, Mason, Michigan, Treatments were applied each
year to the varieties McIntosh and Northern Spy. McIntosh,
a representative fall-winter variety widely grown in
Michigan, is commonly sprayed commercially to control
preharvest frult drop. Northern Spy is a typical winter
variety grown in Michigan, which is sometimes treated with
preharvest sprays to hold the fruit on the tree beyond the
normal harvest period in order to increase the amount of
red color.

Mature trees, bearing medium to heavy crops of clean
fruit, showing vigorous growth and healthy foliage, were
sélected for these tests. Grbups of trees were chosen
for uniformity of crop and from these, plots of four trees
were selected at random for each treatment. Only three
trees were used for the McIntosh check plot in 1949,

The chemical names, commercial names and sources of
the growth regulators used as preharvest sprays in this
investigation are given in Table 1.

NAA was used at concentrations of 10 and 20 ppm in

1949 and 1950 and 20 ppm in 1951, The 1C ppm concentration
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was not used in 1951 because 20 ppm frequently showed better
drop control than the weaker concentration (from unpublished
data). Chemically pure Toloxy was dissolved in alcohol

and water solutions of this were applied at concentrations
of 20 and 30 ppm in 1949, and since the higher concen-
tration did not seem to offer any advantage in the control
of preharvest drop, only the 20 ppm concentration was
applied in 1951, 2,4,5-TP in the form of "Color-set 1004"
was used at the commercially recommended concentration of

20 ppm in 1950 and 1951, One pint of summer oil was added
to each 100 gallons of hormone spray solution in 1949, but
not in 1950 or 1951,

The differences in dates of applications for the
different years and varieties are listed in Table 2. In
1949, two sprays were applied for all treatments except
Toloxy at 30 ppm, which was applied only once. All treated
blocks received one spray in 1950,

In 1951, a single spray was applied for the NAA
treatment and one for the Toloxy. The three treatments
of 2,,5-TP differed in time and frequency of spray appli=
cations., The first treatment ("A"), ss shown in Table 2,
was the earliest spray; the second ("B") was a later spray
which coincided with the NAA and Toloxy treatments; and the
third treatment ("C") consisted of two applications which
corresponded to a combination of the previous two treatments
as to the date of spraying.

The sprays were applizd each year with standard high
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pressure equipment employing a single nozzle gun. Spraying
was done in the late morning under clear weather conditions,
when there was little alir movement. The maximum and mini-
mum temperatures occurring on the days spray applications
were made are given in Table 3,

The fruit samples in 1949 were taken at random around
the outside of the entire tree while in 1950 and 1951
random samples were picked only from the lower periphery
of the trees., The sampling dates are listed in Table 2,
The trees of each treatment were sampled once for each
variety with the exception of McIntosh which was picked at
two dates in 1949. The fruit picked September 8 had
received one spray of growth regulator while that picked
September 1l had been given two applications. One-half
to one field crate of fruit was harvested from each tree
for pre-storage study and for storage tests.

The test fruit in 1949 and 1950 were stored with
other varieties of apples, pears and miscellaneous vege=-
tables. Storage temperatures fluctuated between 31° and
36° F and relative humidity of the storage room was approxi-
mately 86 percent. The cold storage room utilized in 1951
contained only apples and was maintained at temperatures
between 30° and 34° F and at a relative humidity of about
88 percent. Some McIntosh fruit were frozen when storage
temperature dropped to about 26° F for approximately 18
hours on one occasion in 1951, One lot of treated and

check fruit was stored in a laboratory room in which the
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TABLE 3

MAXIMUM AND MINIMUM TEMPERATURES ON DAYS
WHEN TREATMENTS WERE APPLIED

Variety Year Application (dfgﬁigng.) (dgégigng.)

McIntosh 1949 lst 73 53
2nd 63 L5

1950 one 59 L6

1951 1st 81 66

2nd 80 51

Northern Spy 1949 1st 58 38
2nd | 72 L2

1950 one 58 39

1951 lst 71 52

2nd 58 33
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temperature averaged about 70° F throughout the test
period in 1950. This fruit was held in cold storage during
the observation period to minimize further changes in the

fruit for the duration of this periode



IV. CHEMICAL AND PHYSICAL DETERMINATIONS

A, Chemical Determinations

Tissue samples were prepared for chemical analysis
from the fruit tested for firmness by cutting three wedges
which altogether comprised about one=third of the entire
fruit. Ten fruits in 1949 and twenty in 1950 and 1951
were used for each replication. The sampled tissue in-
cluded the edible flesh and skin but nct the carpels or
seeds. The segments or wedges werse further cut into one=
half to one inch pieces and then packed and sealed in No. 1
tin cans (1949) or in Plasticine bags in 1950. The sealed
samples, welghing spproximately 300 gm in 1949 or 450 gm
in 1950, were frozen at -20° 7 and stored at 0° F for
analysis at a later date. Samples were not preserved in
195} since the fresh material was analyzed immediately
following the physical determinations.

Sugars are reopresented by the total reducible sub-
stances in the acid-hydrolyzed water extract of the fruit
tissue samples in 1949 and 1950. They were determined by
preparing the extract according tc the official method of
the A.0.A.C. (1) and completing the determination by the
Munson Walker Method (2), with the minor modaifications
described below,

The frozen tissue was finely sround with a hcusehold
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distilled water, stirred and allowed to stand for 10 ninutes,
A 20-minute extraction period fitted more efficiently into
the analysis routine in 1950. A more uniform extraction

was made in a shorter period of time in 1951 by first
blending the sample of fresh tissue with a small amount

of distilled water in a standard size Waring Blendor for
about three minutes, This was then made up to a volume of
250 ml with distilled water and a 25 ml aliquot was used

for analysis,

The acidity determinations were made each year from
the water extracts by titration with 0.,1N NaOH using phen-
olphthalein as the indicator. The results are expressed
as milliliters of 0.1N NaOH required to neutralize the
total acids extracted from 10 gm of apple tissue,

The determinations of total nitrogen were made from
duplicate 10-gm samples taken from the frozen apple tissue,
The stoppered glass welghing bottles containing the samples
were welghed on an analyticsasl balance and the standard
Kjeldahl procedure (3) for determining total nitrogen was
followed,

The protein content was calculated from the total
nitrogen of the fruit tissue and the results are expressed
as percent protein cn a fresh weight basiso,

The percent moisture was determined with the Bray-
bender moisture tester. Duplicate samples of frozen zZround
fruit tissue weré welghed in small metal trays at 320 * on

a torsion balance., The trays were then placed in the
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moisture tester at 70° C for about 12 hours and the mecisture

content was read directly.

Bo Physicsl Observations

The "Ground color chart for McIntosh apples" (59)
was used for estimating the shade of ground color of the
skin, The chart colors range from yellow to a deep green
with No. 1 representing the yellow and No. 5, the deep
green, One lot of 20 fruits was used for color observations
at harvest and during storage for each sample., The values
are presented as average ratings for each sample.

Flesh firmness was determined with a Magness-~Taylor
type pressure tester with a 7/16 inch »lunger. Samples
of 10 fruits in 1949 and 20 fruits in 1950 and 1951 were
used, DReadings were made in pounds required to force the
plunger of the tester into the apple flesh, free of skin,
to a depth of 5/16 inch, according to the directions given
by Haller (28). The fruit was first prepared by paring
the skin and a small amount of flesh from the fruit so as
to expose a flat area of flesh avproximately 2 mm in diameter.
Three tests were made on each fruit, one on the blushed
gide, a second on the unblushed side, and a third test
one~half the distance between the other two. Fruit without
a blushed side were tested at positions equi-distant from
each other. All tests were made half-way between the
cavity and basin. The average values for 60 readings

from each sample are tabulated in the results,
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Co Respiration Methods
The respiration rates of treated and untreated fruits
were determined by the method described by Claypool and
Keefer (13) for measurement of the carbon dioxide evolved.
The principles involved in this method are described by
the originators as follows:

Briefly, the method of analysis consists in
passing a known volume of CO, free air (not
essential) over a welighed portion of plant material
to be tested and then equilibrating this air
sample with a dilute solution of sodium bi-car-
bonate containing an appropriate indicator. The
solution is then placed in the Evelyn Colorimeter
and the per cent transmission is determined. By
comparing this per cent transmission with a
previously established curve of per cent CO, vs
per cent transmission, the per cent CO, 1in %he
gas may be obtained,

This method was modified according to the recommen=
dations of Claypool (correspondence, August 11, 1949),
by replacing the air-scrubbing tower with a set blank
determination., Other changes in the apparatus were of a
minor nature., The respirometer is illustrated in Figure I,

A curve for mg of CO, based on the percent of light
transmission of the Evelyn Colorimeter, using a No. 620
filter, was established by absorbing mixtures of known
quantities of nitrogen and co, and using bromthymol blue
as the indicator,

The manometers, used as flowmeters in the respiro-
meter and for establishing the CO, curve, were calibrated
by water displacement,

The respirometer was placed in an insulated room in

which the temperature was maintained between 70° and 73° F.



Flgure I,

A portion of the respiration apparatus
in operation, showing the respiration
chambers in the lower half of the
photograph and the flowmeters in the
upper half, The air pump, air manifold
and barostat tower are hidden from view,
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type grinder at 0° F. It was weighed into 20-gm samples
at 32° F, then frozen again and held at 0° F until the
chemical analysis was made., Water extraction was accom-
plished by utilizing a 200 ml jar fitted with a standard
Waring Blendor cutting assembly, in which blending with
distilled water was done for four minutes. The subsequent
steps of analvsls were made according to standard procedures.
The cupric oxide precipitate was Tiltered with a Selas
crucible instead of a Gooch crucible with asbestos. The
results are expressed as percent invert sugars on a fresh
weilght basis.

The soluble solids content (expressed as percent sugar)
of the juice of fresh tissue was determined in 1951 in lieu
of sugars. Approximately 25 gm of fresh fruit tissue was
taken from the 20 apples representing each replicate. Each
sample was prepared byremoving a thin slice of flesh and
skin from the blushed side and ancther from the unblushed
side of each fruit, as in sampling for sugar analysis. The
juice from these slices was extracted with a small, hand-
operated mechanical »nress and tested with an Abbé Refroc-
tometer,

The acidity of the water extract of the fruit tissue
was determined by titration with 0.,1N NaOH, Samples weigh-
ing 10 gm were taken in duplicate from the ground-frozer
bissue in 1649 and 1950, In the former year the weighed

sample was dilubed with avprcximately 200 ml of boiled
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In order to provide a more constant temperature for the
equilibration of 002 in the sodium bicarbonate indicator
solution, the absorption tubes were kept partly immersed
in a distilled water bath., Although there was no means of
temperature control, the temperature of the water bath
held at 60° F rather consistently.

Outside alr which was saturated with moisture by
bubbling through water w~as pushed through the respirometer
with a Quincy paint sprayer type comprsssor powered by a
one hp motor,

Pickle jars of one gallon capacity holding 9 to 12
fruits served as respiration chambers, The solutions were
held in matched pyrex tubes for the absorption of 002 and
the colorimeter readings., The tubes were filled with 20
ml of alkali and indicator from a hurette, which was refilled
by siphoning from a stock bottle.

The fruit samples were placed in the respiration
chambers for 2l hours prior to testing for G0, evolved,
to allow the temperature of the fruit to eguilibrate with
that of the respiration room. A series of 10 fruit samples
plus an empty chamber which served as a blank were tested
simultaneously in the respirometer. The 002 evolved in
respiration was absorbed in the indicator-sodium bicar-
bonate solutions for 10 minutes, One complete operation
required approximately 1% hours and included three to five
checks on rate of air flow through each respiration chamber,

Each time that CO, absorption for a serles of 10 samples



was completed the absorption tubes, still in the water
bath, were taken into a room held at about 70° F for the
colorimeter readings. These readings generally were made
within 15 minutes after CO, absorption for a series of
samples was completed. The results are expressed as mg of

002 per kg of fresh fruit per hour,

28



V. RESULTS

Experiments were conducted in 1949, 1950 and 1951 in
which McIntosh and Northern Spy apple trees were treated
with preharvest sprays of several growth regulating sub-
stances., The results of these tests, as measured by
chemical determinations and physical observations, are

reported below.

A, MecIntosh

Apples of the McIntosh variety were harvested twice
in 1949 from treated and untreated trees and stored for
approximately four months at 32° F, At the conclusion of
the storage period the apples were analyzed for sugars,
acids, moisture, ground color and firmness, and the
resulting data for growth regulator treatments and harvest
dates are summarized in Table 4 (See Appendix Tables 12
and 13 for more detailed data),

There were no significant differences in the chemical
composition or firmness of the fruit for treatments (include
ing the check) and harvest dates. The ground color, when
observed after storage, was very significantly more yellow
for the fruit of the second picking than for the fruit of
the first picking. However, no significant differences in

ground color occurred between treatments and the check for
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TABLE L

MEAN CHEMICAL COMPOSITION, GROUND COLOR, AND FLESH FIRMNESS
OF McINTOSH APPLES HARVESTED SEPTEMBER 8 AND 1k, 1949

(Observed after storage at 32O F for more than four months)

Harvest Invert Acids Molisture Color Firmnmess

Treatment period sugars (ml L1N (%) rating (1lbs,)
(%) NaOH)

Check 1st 9.20 Soly 86,5 o0 8.6
2nd 9,30 5e5 86,5 303 8.6
Mean 9.2l 5.5 86,5 37 8.6

NAA 10 ppm 1st 8.71 5,0 86,7 3.9 9.1
2nd 9903 ).I.og 8601 3.2 806
Mean 8087 I-l-og 860L|- 396 809

NAA 20 ppm 1st 8,62 5.l 86,9 3.7 8.6
2nd 8.82 he7 86,6 3e3 8.l
Mean 8072 501 8608 305 855

Toloxy 20 ppm 1lst 9,20 503 85.9 3.7 10,1
2nd 9.3l 500 86,2 3.3 8,8
Mean 9,28 5.1 86,1 305 9,5

Toloxy 30 ppm 1lst 8.96 5.5 86.3 e 9.2
2nd 9030 Soo 8509 305 901
Mean 9018 Sel 8600 306 9.1

Harvest means 1st 8.9L 503 86,5 349 9,1
2nd 9016 500 8693 303 807

Observed F values:

Between treatments 2,56 0,65 1,39 202 1.92

means -
Between harvest means 2,20 0.5 1.16 27.7°° 2,50
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fruit harvested at the same date.

All samples of the second picking were slightly higher
in sugars than those of the first picking when analyzed at
the conclusion of the storage period, At this time, however
all lots of fruit of the first harvest which received a
growth regulator spray, except Toloxy at 20 ppm, were
glightly lower in sugars than were the untreated fruit,
The fruit from the second picking that received NAA were
also slightly lower than the untreatsed lot at the end of
the storage period,

The moisture content of the fruit showed small but
insignificant differences. No trend fcr either treatments
or harvest dates was evident,

At the conclusion of the storage period, the titrat-
able acidity for fruit receiving the growth regulator
sprays was slightly less for the second than for the flrst
harvest. However, the untreated fruit ccentained approxi-
mately the same percent of acids for both harvest datese

The treated fruits of the second harvest were also
somewhat softer than those of the first harvest, when
tested immediately after storace at 32° Fe The fruits of
the first harvest treated with Toloxy at 20 ppm were more
firm than the other fruit harvested at the same time,

McIntosh was harvested once in 1950, Chemical compo-
sition, ground color, and firmness were determined at
harvest, after ten days of storage at 700 P, and after

three months of storage at 320 Fe The data obtained from



32

these tests are summarized in Table 5. As in the previous
year, there were no significant differences at the ccn-
clusion of the cold storase period in the sugar content,
molsture content, ground color, or firmness of the frult
(See also Appendix Tables 1l - 16), However, when the

fruit was analyzed immediately after storage at 320 I,

those treated with Toloxy at 20 ppm were significantly
higher in acids than the untreated frult or those receiviung
20 ppm of NAA, This difference did nect occur at the time

of harvest or after holding the fruit for ten days at 70° T,
Likewise, there were no significant differences between
treatments in the other determinations at these two sampling
dates,

The sugar content of the McIntosh fruit in 1950 showed
little change during stcrage (Figure II). Although the
sprays of growth regulators appeared to influence the
sugar content of the fruit in 1949, the apnles treated with
such sprays in 1950 did not show, at the end of the 320 F
storage period, a decrease in sugars as compared with the
untreated fruite.

Increases in ground color and decreases in flesh
firmness were rather marksd and consistent for all lots cf
fruit during the storage perilods at both high and low
temperatures (Figures III and IV). The aclaity of the
fruit also decreased during storagse, The moisturs sud
sugars contents of the apples, as shown in Fisure II, did
not change appreciasbly hetweer harvest anu the end ¢ the

. - c
storage perioas at 329 or 70° F,



TABLE 5

MEAN CHEMICAL COMPOSITION, GROUND COLOR, AND FLESH FIRMNESS OF
McINTOSH APPLES HARVESTED SEPTEMBER 27, 1950

(Observed at harvest, 10 days after storage at 70° F, and
after some thres months of storage at 32° F)

Invert Acids Moisture Color Firmness

Treatment Time sugars (ml 1N (%) rating (lose)

(%) NaOH)

Check Harvest 9,90 8.0 8546 3l 14.0

Stored 70° F 9.98 6.7 85.6 2.1 9.5

Stored WNO F @.@W moO mmvo“_. Nomu @ou:

NAA 10 ppm Harvest Oo@@ G.1 mmor. wo® Hr.oo

Stored ..NOO R O.@@ .NQO @Woﬂ NOO @oo

Stored 32° F 10,11 6.6 8549 2.8 9.3

NAA 20 ppm Harvest 9.50 7.6 8545 3ol 13,8

Stored 70° F 9,92 6.5 8547 1,9 8.9

Stored 32° F 9.75 o9 8647 247 9.5

Toloxy 20 ppm Harvest 9.98 9.3 8542 3elt 1445

Stored 700 F 9.77 Tel 854l 2.1 9.5

Stored 32° F 10.18 7e9 85.7 2.5 " 9.0

Nhr.uml._H_W Harvest o @.mm mom mm.m wor. HW.@

Stored .NO F OQ‘NH .N.H @Wo_ﬂ Ho@ @o@

Stored 32° F 9.99 6.7 8645 2.5 9,0

Observed F values:
Between treatments

Harvest 0.91 1.51 1l.16 0,62 1.62
Stored 70° F 0,18 0.7 0.58 0,68 214l
Stored 32° F 0,93 3.21% 2016 0.70 0.51

L.S.D, between treatments:

Stored 32° F )
m& level - 202 - - .

€€



MOISTURE-EXPRESSED AS PER GENT
| f Illllj

CHE GK

NAA 10 PPM

L
[
_ NAA 20 PPM 7 |
TOLOXY =] _II ]

—.\ 2.4,5—TP |
8|

82 83 84 85 8l 82 83 84 85 86 8l 82 63 84 m.m
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WATER SOLUBLE SUGARS—EXPRESSED AS PER CENT INVERT SUGAR
1

| ]

CHECK 1 1
NAA IO PPM _| -1 ]
NAA 20 PPM _1 L o |
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2,4,5-TP | L ]

S e 7 s s 05 s T 5 s 5 st s s
AT HARVEST 32°F. STORAGE 70°F. STORAGE

Figure IT. Moisture and carbohydrate contents of MeIntosh apples harvested w%

September 27, 1950, (Observed at harvest, 10 days after storage
at 700 P and after three months of storage at 32° F.)



ACIDITY-EXPRESSED AS ML. OF O.I/N NaOH

CHECK

NAA 10 PPM

NAA 20 PPM

TOLOXY

4q 5 ] 7 8 9 10 ) 5 6 7 8 4 S 6 7
AT HARVEST 32°F. STORAGE 70°F. STORAGE

FIRMNESS—EXPRESSED AS POUNDS
_ 1
—Naaoeew
—Wan zorem

7 8 9 10 I 12 13 4 7 8 9 . 10 7 8 9 10
AT HARVEST 32°F. STORAGE 70°F. STORAGE

Figure III. Acid content and firmness of McIntosh apples harvested September 27, 1950,

(Observed at harvest, H% days after storage at 70° F and after three

months of storage at 32  F.)



GROUND COLOR— I=YELLOW, 5=GREEN

CHECK
NAA 10PPM

NAA 20PPM
TOLOXY
2,45_TP

’ h ——
0 - 2 3 0] I 2 3 0] 1
AT HARVEST 32°F. STORAGE TO°F.

Figure IV. Ground color of McIntosh apples harvested September 27, 1950,
(Observed at harvest, 10 days after storage at 70° F and
after three months of storage at 32° F,)
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TABLE 6

MEAN GROUND COLOR AND FIRMNESS OF McINTOSH APPLES
HARVESTED SEPTEMBER 28, 1951

(Observed at harvest)

38

|

—— ————
—

————

Color Firmness
Treatment rating (1bs.)
Check LJ..O lloS
NAA 20 ppm L. 0 11l.2
Toloxy 20 ppm LoO 10,7
2,4,5=TP "A" (applied Aug. 30) 3.8 9.5
2,11, 5=-TP "B" (applied Sept. 11) 4ol 9.9
2,1, 5=-TP "C" (applied Aug. 30 3.8 8e7
and Sept. 11)
L.8.D. between treatments:
5% level - 0.9
1% level - 1.3



TABLE 7

39

MEAN CHEMICAL COMPOSITION, GROUND COLOR AND FIRMNESS
OF McINTOSH APPLES HARVESTED SEPTEMBER 28, 1951

(Observed in January and March after storage at 32° W)

Sugarsa Acids
(%

Color FPirmness

Treatment Time ) (ml 1N rating (1bse)
NaOH)
Check Jan, 12,0 7.0 3.2 849
March 12,2 Le5 3.1 8.2
Mean 12.1 509 301 806
NAA 20 Ppm Jan, 11.8 60L|_ 30)-{. 9.1
March llo? LI-.LI— 300 801
Mean 11,7 Saly 362 8.6
Toloxy 20 ppm Jan. 11.7 663 363 8.9
March 1115 “-02 3.1 891
Mean 11.6 5.3 3.2 8.5

Z,LI.,S"TP "A" Jan, 1103 50“» 303 800

(applied Aug. 30) March 11.1 367 301 Tel
Mean 11.2 LI.oS 302 798

2,)4.,5-']:']? ?'B" Jan, 11.5 5.8 303 8.9

(applied Septe. 1l1) March 11,3 o0 3.2 7e8
Mean 11.h4 Le9 3.2 8.3
Z,J_L,S-TP non Jan., 11.3 505 207 8.2
(applied Aug. 30 March 1l.4 3.9 2.9 Te3
d Sept. 11
and =ep ) Mean 11,3  L.7 2.8 .8
Storage periods Jan, 11.6 6.1 302 847
March 11,5 Lol 3.0 7.9
\

Observed F. values: , e ..
Between treatments 5,007 6.2 2,30 3.8377
Between storage periods 0,17 182,52%% 2,10 26 oL 0%

L.S.D. between treatments:

5% level 0.6 0.7 - 0,8
1% level 0,8 1.0 - 1,0

aSoluble solids expressed as sugars
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rot treated. This difference was highly siprificant,
However, the 2,l,5-TP "B" treatment had less effect than
either the "A"™ or "C" treatments., The acid content, after
storage, of the ancvles of the 2,L,5-TP "A" treatment was
lower than those treated with NAA and Tcloxy. The fruit
of the 2,4,5-TP "C" treatment were significantly less acid
than those treated with NAA, The NAA- and Toloxy~treated
samples were alzc slightly lower in acidity thsn the chzck,
but not enoughh so as to be statistically significesnt. The
2,)1,5-TP "A" gamples had the least amount of acidity and
the untreated samples the greatest amount of acidity as
shown in Figure V. |

The effects of the various treatments on firmness and
ground color of Mclntosh apples in 1951 are illustrated in
Figure VI; The use of preharvest sprays of 2,L,5-TP
resulted in fruit, at harvest, that were less firm than
the check fruit and those treated with NAA. This diffewr-
ence in firmness was highly significant. This affect was
not observed for 2,4,5-TP on McIntosh during the preceding
year., The samples of the 2,L4,5-TP "C" treatment were also
less firm at harvest than the Tcloxy-treated frult at a
highly significant level, while those of the "A" and "3"
treatments were less firm at the five percent level.
Although the fruit of 2,lL,5-TP "A" and "C" treatments were
slightly more yellow in ground color at harvest than fruit
of the check, NAA, and Toloxy treatments, the differences

were nct significante
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Tn 1951, as shown in Figure VI, the fruit of the
2,l4,5-TP "A" and "G" treatments were significantly less
firm after storage than those of either the check or the
NAA treatment. All lots of apples treated with 2,l;,5-TP
were also slightly less firm, when removed from storage,
than those treated wlth Toloxy, The frult of all treat-
ments, including the check, were significantly less firm
in March than in January.

Figure VI illustrates that the growth regulators did
not effect the ground color of McIntosh apples at harvest
or when the fruit was observed in January and March, This

was also observed in the studies of the previous two years,

Bs Northern Spy

Northern Spy trees were treated with sprays of growth
regulators in the same manner as McIntosh in 1949 and similar
determinations and observations of the frult were made at
harvest and after three monthas cf storage at 32° Fe This
variety was picked only once in.1949,

The 1949 data for this variety are presented in Table
8 (See also Appendix Tables 20 and 21). No significant
differences were observed between treatments at harvest or
after storage. However, thc sugar content of the fruit
decreased slightly during storage for all fruit, Differ-
ences in acidity were either too small or too inconsistent
to indicate any effects from the ftreatments. Protein con-

tent at harvest was somewhat greater for fruit treated with
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growth regulators than for the check fruit. The protein
content of all sprayed fruit decreased slightly during the
storage period.

None of the preharvest sprey treatments appeared to
influence the ground color or firmness of the frult when
examined either at harvest or aftér storage. All apples
of this variety seemed to soften equelly and showed 2
similar increase in grcund color during storage in 1949.

In 1950, Northern Spy trees were given the same growth
regulator treatments as McIntosh. The fruit was harveshted
once and observed at harvest, after ten days of storage at
70° F, and again after three months at 32° ¥, The 1950
"data which are presented in Table 9 show no significant
effects from the sprays of growth regulators at either the
high or low storage temmeratures (See Figure VIT and also
Appendix Tables 22 - 2L),

A1l Northern Spy frults were slightly softer, less
acid, and had somewhat more ground color after storage at
32° and 70° F than at harvest (Figures VIIT and IX). The
treated fruit were slightly movre firm than the check fruit
at harvest and after storage at both temperatures.

The Northern Spy trees received the same differential
treatments of preharvest sprays as McIntosh in 1951,
Soluble solids and titratable acidity determinations and
color and firmness observations were made at harvest and in

February and April on frult stcred at 320 ¥ The signifia«
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cant differences between treatments ohtained with McIntosh
frult in 1951 were not observed with Northern Spy during
the same year, as shown in Tables 10 and 11 and Appendix
Tables 25 - 27, Only the fruit treated with Toloxy were
significantly different from the check in any respect,
When analyzed in February and April the Toloxy-treated
fruit were significantly less acid than the-check.

The Nopthern Spy fruit became lower in sugars and
acids and less firm between Februsry and April in amounts
that were highly significant,

The various treatments in 1951 had no significant
effects, as shown in Figures X and XI, upcn Northern Spy
apples at harvest time., However, the frult treated with
2,4,5-TP were highest in sugars at harvest and were second
lowest after storage in April. The check was the lowest
in sugars in Aﬁril. The check fruit showed slightly more
ground color and slightly scfter flesh, at the time of
harvest, than the treated frult, but these differences

decreased during the storage period.

Cs Respiration
Respiration determinations were made with McIntosh
and Vorthern Spy apples harvested in 1951 from treated and
untreated trees. The McIntosh were tested soon after
harvest (October 1-8) and after storage at 32° F (January
19-30), Similsr determinaticns were made wlth Northewn

Spy fruit from October 25 to Novemoer h, and from Fsbruary

19-28,

50

o



TABLE 10

51

MEAN CHEMICAL COMPOSITION, GROUND COLOR, AND FIRMNESS
OF NORTHERN S3PY APPLES HARVESTED OCTORER 18, 1951

(Observed at harvest)

- A~ et A o O A e~ Rt D ~07E.— A"t~ Sty © R S et~ " =l - 4.
ey ot L AR Ao 08, = . ot T W T e A < e | O mma—

. - —— 4 F— e

Sugars? Acids Color Firmness
Treatment (%) (ml 1N rating (1bse)
NaOH)
Check 13.4 9,7 2.5 14.0
Toloxy 20 ppm 13.4 10.7 2,8 1Ll
2,L,5=-Tp "A" 1.2 11l.5 2.7 1l.1
(applied Oct. 1)
2,)—]-,5"‘TP “B" 1Ll.ol 908 298 l)-l-og
(applied Oct. 12)
2,11,,5-TP "C" 1308 1200 257 lLLoT
(applied Oct., 1
and Oct. 12)
Observed F values: 1.1k 1.15 lol2 047

830luble solids expressed as sugars



TABLE 11

MEAN CHEMICAL COMPOSITION, GROUND COLOR AND FIRMNESS
OF NORTHERN SPY APPLES HARVESTED OCTO-ER 18, 1951

(Observed in February and April after storage at 32° F)

] Sugars? Acids Color Firmness
Treatment Time (%) (ml .1N rating (lbs.)
NaOH)
Check Febo 13.7 801 109 1201
Ap]?il 1300 702 108 11.1
Mean 13.4 Te5 1.9 11.7
NAA 20 ppm Teb, 13.8 7.9 2el 12.2
ApI’il 130)4. 70L|- 2e2 11.0
Mean 13.6 7.7 2el2 1106
TOlOX'y 20 pPrm Feb, 13.7 7 ‘LI- 240 11 .8
April 13,3 6.5 1.9 11,3
Mean 13.6 7.0 200 11.5
2,L,5=-TP "A" Feb, 13.6 8.2 2.1 12,2
(applied Oct. 1) April 13.1 Tolt 1.9 10.9
Mean 130)4— 7.8 200 1105
2,L;5-Tp "B" Feb, 13.6 8.l 262 12,3
(applied Oct. 11) April 13.6 6e5 1.8 11.5
Mean 1306 703 200 1200
2, ,5-Tp "¢" Feb, 1.0 8.1 1.9 12,0
(applied Oct. 1 April  13.6 7.0 1.7 1l.h
and Oct. 11) Mean  13.8 7.5 1.8 11.7
Storage periods Feb. 13.7 8.0 2,0 12,1
Apr'il 1303 700 109 11,2
Observed F values: s s
Between treatments 1.00 = 2.66°" 1,40 48977
Between storage periods 8,687737,69* 3,00 2l 637
Treatment X storage period == 1,00 —-— 0.79
L.3.D. between treatments:
5% level - 0.7 -- 0.9
1% level -- 1.0 - 1.2

830luble solids expressed as sugars
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The resplration curves in Figure XII are plotted from
typical data and 1llustrate the amount of variability that
generally occurred between replicates., The detailed data
for these respiration studies are presented in Appendix
Tables 16 and 17, The general levels of respiration, as
measured by €O, production, were similar for all treatments
at harvest and again after storage., This similarity was
found for each variety, although the two varieties had
different levels of respiration. The respiration rates
did not show differences that could be attributed to pre=-

harvest apﬁlications of growth regulator materials,
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CHECK

TREE)

-

TREE 3

e

e

| l 2,4,5-TP"8"
9

MG. CO, PER KG. PER HOUR

Pt

JANUARY

Figure XIT. The respiration rates of McIntosh apples
from untreated trees and those sprayed with
2,1, 5-trichlorophenoxypropionic and naphe
thaleneacetic acids, and harvested Sentember
28, 1951, (Frult observed in January after

storage at 32° F.)



VI. DISCUSSION

The results of this investigation show that preharvest
stop=drop sprays applied to McIntosh and Northern Spy apple
trees over a period of three years in Michigan orchards had
a variable effect upon the physiology of the harvested fruits.

The differences noted in most instances cannot be
attributed to the materials employed because of the vari-
able results obtained. However, in 1951 2,4,5-TP affected
the pdst-harvest physiology of the MeIntosh fruit more
than NAA or Toloxy.

Preharvest sprays of NAA had no apparent effects upon
the chemical composition, ground color or firmness of har-
vested McIntosh and Northern Spy apples during the three
years of this study. However, this material may have
advanced the ripening of McIntosh fruit in storage in 1951,
This is indicated by the observation that the soluble solids
content was slightly lower for the NAA-treated fruit than
for untreated fruit (See Table 7). These results are in
general agreement with those of a number of other workers,
Batjer and Moon (7) reported no effect upon Jonathan, Rome
Beauty end Delicious apples during storage, as measured by
firmness and the occurrence of storage disorders, Christo-
pher and Pieniazek (12) also found that NAA sprays did not

affect firmness, taste, and breakdown of McIntosh fruits



58

in storage. Haller (29) reported no influence on the
firmness at harvest, during storage or on the amount of
decay, breakdown, and scald during cold storage of a number
of apple varieties, including Jonathan and Delicious. The
agreement of the results of the studies reported in this
paper with those clted above are due probably, at least in
part, to the harvesting of the experimental frult at the
normal harvesting dates or shortly thereaféer.

The absence of post=harvest effects of NAA sprays
applied before harvest is apparently contrary to the find-
ings of Smock and Gross (54). These workers observed that
applications of prehar#est sprays containing 10 ppm of NAA
applied to individual 1limbs of McIntosh trees caused the
fruit to soften 0.5 pound‘more than the check fruit, in
32°F storage., They also reported that NAA sprays increased
the respiration of McIntosh fruit at 74° F, when harvested
five or eight days after treatment. A shorter storage life
for the fruit is implied since an increased rate of ripen-
ing is usually associated with an increased rate of respir-
ation of apple fruit (39). The same workers later reported
that pfeharvest sprays of NAA did not increase the respir-
ation rate of McIntosh apples. However, the fruit of this
study were harvested two days after spraying and were
stored 58 days at 33° P, Also, the respiration measurements
were made at 33° F rather than at 74,° P, as in the previous
study. It was their opinion that the lack of response to

NAA was due to the low temperature at which respiration
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was measured and to the short interval between treatment
and harvest,

McIntosh and Northern Spy frults also failed to exhibit
marked post-harvest effects following the use of drop-
delaying sprays of Toloxy during the three years of this
investigation, However, Toloxy applications at 20 ppm
in 1949, may have had a slight effect on McIntosh fruit.
This was indicated by the greater decrease iﬁ firmness of
the fruit between the first and second pickings for this
treatment than was found for other freatments and the check
(See Table L), TFurthermore, a tendency toward advanced
ripening in storage of McIntosh fruit from the Toloxy
treatment was indicated in 1951 by the fact that the
acld and soluble solids contents of the fruit were some=
what lower after storage than was found for the check,

This trend, however, was not supported by the other chemi-
cal and physical changes of the fruit in 1949 and 1951 |
or by the data obtained in 1950. These results are similar
to those of Smock and Gross (55) who observed that the
respiration rate of McIntosh fruit was not measurably
influenced by limb sprays of Toloxy applied two days before
harvest., Thelr respiration measurements were made at 33° F
after a storage period of 58 days at 33° m, However, tﬁey
attribute the absence of an effect to the low temperature
at which resplration was measured and to the short interval

of time between spraying and harvesting. This is the same
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explanation they offered for the lack of responss obtained
with NAA in the same éxperiment.,

The results obtained in 1951 with McIntosh show that
preharvest sprays of 2,4,5-TP caused significant reductions
in the firmness of tﬁe fruit on the tree and significant
reductions in soluble solids and acid contents of McIntosh
fruit during storage at 32° F, Applications of this material
in 1951 to trees of this variety 28 days before harvest
(2,l4,5-TP "A") seemed to be more effective in reducing the
soluble solids and acid contents and firmness of the fruit
than applications made 17 days before harvest (2,4,5-TP "B"),
However, 2,4,5«-TP did not induce the changes in the fruit
of MceIntosh in 1950 and significant changes in the fruit
did not result from the application of this material &6
Northern Spy in ‘either 1950 or 1951,

These observations indicate that 20 ppm of 2,4,5=-TP,
applied as a preharvest spray, may advance the ripening
of McIntosh frult slightly in some seasons and thereby
shorten the storage life of the fruit,

The different results in 1950 and 1951 obtained with
sprays of 2,4,5-TP on McIntosh may have been due to the
seasonal differences in temperature occurring on the days
of growth regulator treatments. By reference to Table 3
it may be seen that the maximum temperature on the day the
McIntosh trees were sprayed in 1951 was 21 to 22 degrees
higher than it was in 1950, The higher temperature in 1951

may have been partly responsible for the influence of 2,k4,5-Tp
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observed on MeIntosh fruits that year.

Smock and Gross (54) have frequently observed thatb
climatic variations in the growing season contribute to the
magnitude of the effect of "stop-drop" sprays in advancing
the respiration and softening of apple fruits after harvest.
Edgerton and Hoffman (17) state that the extremely hot
weather which prevailed during the course of one of their
experiments with 2,)4,5-TP may have contributed to the
advanced ripening and increased red color which they ob-
served with McIntosh fruit,

Reports indicate that temperatures at the time of and
soon after the application of preharvest sprays influence
the effectiveness of the sprays in controlling apple drob.
Batjer (5) observed less drop of fruit from Delicious and
Winesap trees sprayed with NAA when they were treated at
mid-day with prevailing temperatures of 80-84° F than when
they were treated in the morning at temperatures of 63-64° F.
He suggested that more of the active growth substance was
absorbed at the higher temperature than at the lower temper-
ature.

Overholser et al (47) reported similar results and
Vyvyan (62), reviewing the previous two reports, pointed
out that the greater drop-control obtained with sprays
applied at the higher temperatures may have been due to
more rapid drying, less run-off and, therefore, a greater
deposition and absorption of the growth regulator by.the tree,
Mitchell et 8l (45) point out that the unusually effective
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drop-control which they obtained on McIntosh with Toloxy
in 1949 may have been influenced by the unusually warm
weather which prevailed before and several days after the
first of two applications of this material. However, Roberts
and Struckmeyer (49) reported very good drop control with
NAA on Fameuse and Northern Spy apples which were treated
at the low temperature of 430 F following heavy frost.
The results of the experiﬁents reported here lend some
support to the hypothesis that high temperatures on the
day "stop-drop" sprays are applied may hasten the ripening
rate and other physiological changes of apple frult,
Although the temperatureg at the time of application are
probably of considerable influence, further investigation
is needed before its true effects may be established.

Other factors than temperature may be important. For
example, there 1s evidence indicating that the occurrence
of rainfall soon after preharvest sprays are applied reduces
the control of apple drop with such Sprays. Southwick (56)
states that drop-control on MeIntosh was reduced appreciably
by rain that fell before applications of NAA had dried
completely., Overholser et al (47) simulated rainfall by
spraying Delicious apple trees with water soon after treat-
ment with preharvest applications of NAA. They found that
water applied within two hours after a NAA spray, reduced
the drop-delaying effect of this material. Some loss of
the growth regulator before it was absorbed by the tree,

when rajinfall followed shortly after the spray, was probably
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responsible for the reduced drop control. Rainfall probably
also modifies other physiological effects upon the fruit
resulting from the application of preharvest sprays to

apple trees,

The results of these experiments show other noteworthy
trends in the physiological bshavior of the fruit. The
McIntosh fruit from the second picking in 1949 were measur-
ably less acid, softer, and had developed more sugars and
- ground color in storage than those of the first picking
(Table L)+ These observations are in agreement with those
reported by Magness and Diehl (39) who found that as apples
mature on the tree, they contain increasingly more sugar,
develop more ground color and become less acid and less
firm. The differences between fruits attributable to
variation in maturity at harvest would be expected to
persist after storage, and this was true in the 1949 studies
of this investigation. These observed differences could
have been due also to the fact that the fruit of the first
picking received only one application of the growth regu-
lator sprays, whereas the fruit of the second plcking
received two sprays. Although there seems to be some
doubt in regard to the value of a second application of
NAA in delaying apple harvest drop (6, 47), benefit may be
expected when the first application is made considerably
in advance of maturity (6). It might therefore be desirable
under such circumstances, to use two applications of NAA
even though the storage life of the fruit may be shortened.

The McIntosh and Northern Spy fruit of all treatments,
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including the check in 1950 and 1951, were generally less
acid, softer, and more yellow in color after the longest
period in storage than either at harvest or upon earlier
observation 1n storage (See Tables 6, 7, 9, 10 and 11),
The reason is not evident for the increase in acidity of
Northern Spy fruit after storage, following sprays of
10 ppm of NAA or 20 and 30 ppm of Toloxy in 1950 and 1951
(See Table 8),

An expected reduction in the sugar content of Northern
Spy fruit during storage occurred in 1949 (See Table 8),
but the sugars of both McIntosh and Northern Spy apples
showed slight fluctuations during storage in 1950 and 1951,
The sugar content of most fruit samples increased during
the ten days of storage at 70° F in 1950, while most of
those apples that were held for three months Qt 32° F
decreased in sugars during storage. This upward trend in
sugars at 70° F may have resulted from the conversion of
starch to sugar which occurs in the maturing apple fruit
on the tree and which sometimes continues for a short period
after harvest. On the other hand, the decrease in sugar
content of most of the fruit in 1950 during the three months
of storage at 32° F probably resulted from the utilization
of carbohydrates in respiration during this extended period
of storage. The fruit which decreased in sugar content at
70° and increased at 32° F may have been harvested at a
different stage in the starch-sugar cycle described above,

The soluble solids content of all McIntosh fruit har-
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vested 1n 1951 showed only small changes during the storage
period from January to March., There was, however, a slight
downward trend in sugar or soluble solid content which
would be expected due to the loss of carbohydrates in
respiration toward the end of the storage period. Analysis
of all Northern Spy fruit at harvest and in February
indicated no consistent changes in the sugar content during
storage. However, all lots of Northern Spy fruit, except
those receiving the 2,4,5-TP "B" treatment, were lower

in soluble solids in April than in February. Again, this
would be expected toward the end of the storage period

due to carbohydrate utilization in respiration. The absence
of change in soluble solids of the fruit from the "B"
treatment in storage may have been due to faulty sampling
of material for analysis.

The protein analyses for Northern Spy epples in 1949
at harvest show that all treated fruit were sllightly
higher in total nitrogenous substances than the checks
(Table B)o, Although the differences are small, it is
conceivable that the growth regulator sprays were respon=-
sible for the slightly increased amounts of nitrogenous
materials in the fruit., A similar effect has been reported
by Sell et al (50) for the stems of bean plants treated
with 2,4=D. The apple fruit may be comparable to the bean
stem because the edible flesh of the apple 1s modified
toral or stem tissue (37)e It is therefore possible that

the response of apples to NAA and Toloxy was similar to the
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reaponse of bean stems to 2,li=-D, Toloxy is somewhat similar
in chemical strueture to 2,4-D, It should be pointed out,
however, that Sell et al (50) found a considerable reduction
in the carbohydrate content of the bean stems following
treatment with 2,4~D, and that this was not true for the
Northern Spy apples treated with Toloxy and analyzed for
protein content in the investigation reported in this

paper (See Tables 8, 9, 10),

The use of summer oil in combination with NAA as a
preharvest spray was reported by Haller (29) to have caused
apple fruits to be less firm at harvest than those treated
with NAA alone, 0il was used in combination with NAA and
Toloxy in the 1949 studies of this investigation, but there
was no evidence to support Haller's findings. The data in
Tables U4 and 8 show there were no significant effects from
any of the spray combinations employed,

The samples of frult from all spray treatments in 1950
were stored at temperatures of 70° and 32° F in order to
determine if fruit treated with growth regulating materials
would react differently at temperatures which might prevail
in a retail store than at temperatures commonly used for
commercial cold storage of apples. The storage temperatures
had no influence upon the response of the fruit to the
preharvest sprays (Tables 5 and 6).

One of the difficulties in comparing the results of
this study with those of others has been the lack of a

suitable and universal maturity index for determining the
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optimum time for harvesting apples., Haller (30) states

that the number of days from bloom is the most relisble
index for plcking apples to obtain optimum maturity. He
polnts out, however, that fertilizer practices, climatic‘
conditions, and’siée of crOp may influence the lapse of
time between bloom and optimum maturlty for any one varietye.
Other indices such as changes in seed color, chemical
composition, firmness, and ground color were found to be
unreliables The veriabillity reported for these maturity
indices was attributed to differences in season and geo-
grephical location. Smock (52) attempted to determine the
most desirable lndex of maturiyy for picking McIntosh apples
in New York, He tested the varlous standard methods as well
as the rates of respiration of the frult and concluded that
the best time to pick McIntosh under New York conditions

is "just at or just following the beginning of the cli=
macteric rise in respiration" of the fruit. He qualified
this coneclusion by stating that the respiration index is
practical only for experimental workers and that ground
color 1s the most useful measure of matufity for McIntosh
fruit for the grower.

In the three years of this study, the fruit were har-
vested generally within the normal commerclal harvest period,
soon after the drop of normal, fully develoﬁed fruit had
begun, However, the sampling time for McIntosh in 1951 was
e few days later than in 1949 and 1950 in relation to the

beginning of natural drop. It may be noted from the data
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that the ground color of the check fruit at harvest time
varied only slightly during the three years of this study
for both varieties; the color ratings ranged from 3.5 to 4
for McIntosh and from 2.5 to 2.7 for Northern Spy. The
firmness of the check fruit varied, however, from 11 to 1li
pounds for McIntosh and from 14 to 18.5 pounds for Northern
Spy. The number of days from bloom to harvest was uniform
for McIntosh, ranging from 129 to 132 days, whereas Northern
Spy was less uniform, ranging from 156 to 164 days from
bloom to harvest., The measurement of the respiration of
the fruiy recommended by Smock might have provided a more
accurate maturity index than that which was used, It was,
however, not practical under the experimental conditions
encountered ln these studies,

The respiration data obtained were of little value in
determining the effects upon the frult sprayed with growth
regula tors due to the sizable differences which frequently
occurred between replicates, These fluctuations may have
been due to the methods employed as well as to the biological
differences existing between fruit of the replicate trees
within a treatment, The random picking of fruit from the
trees may have given samples which were at different stages
in the respiration cycle., The samples of 9 to 14 fruit,
from which respiration determinations were made, may have
been too small, Furthermore, the difference in size between
fruit within each sample probably added to the variation

noted in the respiration ratese
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Even 1f the variations between replications were dis-
regarded, average curves representing the data would still
not‘indicate any definite effects attributable to the pre=
harvest treatments. Climacteric peaks in respiration were
not apparent for the fruit immediately after harvest as
expected, either because the test ﬁeriods were of too short
a duration or because the fruit was in a postclimacteric
condition, The distinetly downward trend in respiration
of the Northern Spy apples at harvest seems to indicate a
postclimacteric condition (Appendix Table 16), The daily
fluctuations in respiration exhibited by each sample could
have been caused by factors such as the 3°rF temperature
fluctuetion in the room where the determinations were made,
The almost straight line curves shown in Figure XII for
the respiration rates of McIntosh apples after cold storage,
would be expected for fruit held and tested under these

conditionse



VII. SUMMARY

MeIntosh and Northern Spy apple trees were sprayed
prior to harvest with drop delaying sprays of naphthalene-
acetic acid (NAA), 2-methyl-l-chlorophenoxyacetic acid
(Toloxy) end 2,l4,5-trichlorophenoxypropionic acid (2,4,5=TP).
The physiological responses of the fruit to these sprays at
harvest and after storage at 70° and 32° F were measured by
chemical analyses of the edible portions of the fruit for
moisture, sugars, soluble solids, protein and acid contents.
Determinations of skin ground color, flesh firmness and
respiration rates of the fruit were also made,

The fruit ssmples were harvested at random from the
test trees once during the normal commercial harvest period.
An early harvest of McIntosh fruit was also made in 1949,

The results of this investigation show that NAA and
Toloxy did not markedly influence the physiology of the

fruit, However, sprays of 2,4,5-TP significantly affected
| McIntosh apples in one of the two years in which this material
was tested, Applications of 2,4,5-TP to McIntosh trees 28
days before harvest were orf greater effect on the fruit than
the applications made 17 days before harvest. The sprays
of 2,4,5-TP in 1951 caused the frult to be softer at harvest
and caused a significant reduction in the soluble solids,

acid content and firmmess of the fruit during the subsequent
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storage period. These effects from 2,4,5-TP were not
observed on McIntosh in 1950 or on Northern Spy in either

of the two years in which this material was used., The
evidence suggests that the higher temperatures occurring

on the day of application of 2,4,5-TP in 1951 than in 1950
may have contributed to the differences obtained for McIntosh
apples in these two years.

The lack of response of the fruit to treatment with
growth regulators in 1950 was not due to the temperature at
which the fruit was held following harvest, since both
varieties were observed after storage at 32° and 70° Fo
Likewise, varying the number of applications of preharvest
sprays and dates of harvest had no effeect in the 1949 tests
with McIntosh. In this test, the fruit was harvested sarly
in the usual harvest period following a single application
of growth regulators, and again at a later date after a
second treatment.

The rates of respiration of the McIntosh and Northern
Spy apples treated in 1951 were determined by CO, evolution
soon after harvest and at the conclusion of an extended
storage period. Variations in the respliration rates between
replications of test fruit were great and differences in

respiration due to treatments of growth regulators were not

observed,
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TABLE 12

CHEMICAL COMPOSITION, GROUND COLOR AND FIRMNESS OF McINTOSH
APPLES HARVESTED SEPTEMBER 8, 1949

(Observed after cold storage in January, 1950)

Replli- TInvert Acids Moisture Color Firmness

Treatment cation sugars (ml .1N (%) rating (1lbs,)
(%) NaOH)

Check 1 8.87 %.7 8743 Lol 9.1
2 8.95 3 86,5 o0 8.1

3 9.83 563 85.8 3.9 8.7

Mean 9.20 5.’.]. 86g5 )4..0 8.6

NAA 10 pprm 1l 8058 Ll.ol 87.0 14.03 9.1
P 2 9,19 560 86.9 3.8 9.2

3 84,96 %.8 87.0 3.8 940

I 8.12 ol 85.8 367 9.1

Mean 8071 500 86.7 3.9 9.1

NAA 20 m 1 80“-1 508 8700 L‘-ol 8.6
PP 2 8:97  3al 8743 3.9 8.6

3 8.56 6.2 87.0 3.6 8.4

L 8.56 6.5 86. 3.1 8.7

Mean 8.62 50).]. 86.9 307 8.6

20 1 - - - - 12,9

T°1oxy ppm 2 7.92 ,.‘.06 87.1 3.9 8.5
3 10,06 o9 8449 3.8 10,0

Iy 9.62 b 8547 3elt 940

Mean 9,20 503 8509 307 10,1

0 1 8.58 5.1 86.6 Ll.ol 9.0

Toloxy J0wem 5 g3, 28 860 3.9 93
3 - - -o - - -

h_ - e Ll - - - L X1

Mean 8.96 505 8603 )4.00 9.2
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TABLE 13

CHEMICAL COMPOSITION, GROUND COLOR AND FIRMNESS OF McINTOSH
APPLES HARVESTED SEPTEMBER 1li, 1949

(Observed after cold storage in January, 1950)

Treatment Repli=- Invert Acids Moisture Color Firmness

cation sugars (ml 1N (%) rating (1lbs,)
?%) NaOH) :
Check 1 8.90 4.8 87.0 3.9 8.9
2 8,98 5¢3 86,9 3.1 845
3 9.91 6.4 85.7 2.9 8.5
Mean 9430 5e5 8645 3.3 8.6
NAA 10 m 1 8.83 396 860 30L|- 9.1
PP 2 8,86 Be2 86.% 34 8.1
3 8.83 5.0 864.3 2.9 846
i 9,61 57 85.6 342 8e7
Mean 9.03 Le9 86,1 3.2 8.6
NAA 20 Ppm 1 808“. 5.3 8605 305 802
2 8.80 3t 87.0 3.7 8.2
3 8.89 %.2 8648 345 8.
L 873 ol Qé.u 246 8.5
Mean 8.82 L‘..? 86.6 3.3 8.14.
Tol 20 ppm 1 7499 leb 87.6 363 8ol
oroEy SR PP 5 9:80 U6 8720 34 8.y
3 10.12 205 BLI-OS 303 9.
i 943 3 8547 3.2 8.9
Mean 943k 5¢0 86.2 3.3 8.8
Tol 0 1 9.09 ll-.5 8602 309 906
oloxy S0 pem 3 9:59 .l 8511 3.3 829
3 9.1].0 Ll-o? 8509 305 9.7
I 9.11 53 86.3 3.1 8.2
Mean 9030 500 8509 305 9.1
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TABLE 1l

CHEMICAL COMPOSITION, GROUND COLOR AND FIRMNESS OF McINTOSH
APPLES HARVESTED SEPTEMBER 27, 1950

(Observed at harvest)

Trestment Repli- Invert Acids Moisture Color Firmness

cation sugars (ml 1N (%) rating (1lbs.)
(%) NaOH)

Check 1 10,20 7.8 84,9 3.6 14,2
2 10,01 T olt 85.4 3.1 14.8

3 9.93 8,0 86.3 3.2 13,!)

u 9.‘-.-7 8.8 8509 30 130
Mean 9,90 8.0 85.6 3ok 14,0
NAA 10 ppm 1 10.15 8.7 85.5 3.6 14,8
2 9eblt, 10,6 85.1, 342, 14e3
3 9.93 9.42 85.4 3.7 14,0
L 10.11 7.8 85.4 L0 12,9
Mean 9.96 9.1 850“— 3.6 l).p.O
NAA 20 ppm 1 9.7 8,0 8548 3.6 13.6
2 90%2 309 85-7 303 1308
3 80 5 01 8L|-09 30}-3- 1}4.3
Iy 9.98 9.5 85.. 303 13.6
Mean 9,50 7.6 85.5 3okt 13,8
Tolox 30 m 1 10.17 906 85.0 3.1 14.6
VU5 9450 9.7 85.2 303 14.8
3 10.32 10,1 8l..9 3ol 1he2
Iy 9093 708 85.5 367 1loly
Mean 9098 903 8502 30]4- lL}.oE
2 ‘TP 20 l 907 902 8506 302 13.2
rhh 5 PR 2 10,1 8.5 85.3 3ol 13,7
3 9.76 8.2 86.2 3. 1349
Iy 8.63 8.0 85.9 3l 13,7
Mean 9058 8.5 8508 30,-!- 1306

8cglculated missing value
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TABLE 15

CHEMICAL COMPOSITION, GROUND COLOR AND FIRMNESS OF McINTOSH
APPLES HARVESTED SEPTEMBER 27, 1950

(Observed 10 days after storage at 70° F)

Repli~ Invert Acids Moisture Color Firmness

Treatment cation sugars (ml 1N (%) rating (1lbs.)
% NaOH)

Check 1 10056 608 8501 202 9.8
2 9.30 7.1 85,7 1.9 9.6

3 10,02 6,3 85,7 2.1 9.1

n 10,02 6.0 85,7 2.0 9.6

Mean 9,98 6.7 85.6 201 9.5

NAA 10 ppm 1 9,91 6,6 85.8 2.0 9.6
2 9055 801 8508 107 902
3 10,018 6,82 85,78 2,18 849"

L 10,08 6.4 8545 2.3 8.2

Mean 9089 TeO 8507 200 9,0

NAA 20 ppm 1 9.47 6.2 86,2 243 845
2 10,30 6,0 85,5 1.7 849

3 10,15 6.6 8542 240 849

n 9.76 Te3 85.7 1.5 9.2

Mean 9092 605 8507 109 809

Toloxy 30 ppm 1 9.47 7.0 85,2 1.8 9.2
woU R 947 7.9 8543 2.3 9.8

3 10,51 T3 85.2 2,1 9.3

in 9,62 6.3 85.8 2¢2 945

Mean 9077 701 850,-!- 291 905

2,4,5=TP 20 ppm 1 10,37 7.2 8545 1.8 8.6
shs PR 2 10,00 7.l 85,7 2,2 849
3 9.78 6.2. 86.2 1,8 9.1

n 9¢30 T 85. 1.5 9.1

Mean 9,71 Tel 85.7 1,8 8,9

2calculated missing value
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TABLE 16

CHEMICAL COMPOSITION, GROUND COLOR AND FIRMNESS OF McINTOSH
APPLES HARVESTED SEPTEMBER 27, 1950

(Observed after some three months of storage at 32° F)

e _  —— — — —
Repli- Invert Acids Moisture Color Firmness

Treatment cation sugars (ml 1N (%) reting (1lbs.)
(%) NaOH)

Check 1 10020 Ll-o? 8506 2.7 903
2 10,08 Geb 85.8 262 9.8

3 9.79 5.l 86,6 2.7 8ol

L 9.33 Yolt 8643 249 9.0

Mean 9085 5.0 8601 206 Qo1

NAA 10 ppm 1 9,86 ol 8547 2,8 945
2 9,91 60,-|- 8506 205 9.3
3 10,178 7,52 86,12 2,82 9.2%

L 10.49 3 86,2 362 9.2

Mean 10,11 606 8599 2.8 9.3

NAA 20 ppnm 1 10,25 U 87.8 362 9.1
PP 2 9.28 u.g 86.5 2.6 9.1

3 967 L7 85,9 . 2.5 9.8

L 9.81 5.7 86.7 2.t 9.9

Mean 9075 ,4..9 8607 2.7 9.5

Toloxy 30 ppm 1 10.6 8-9 8505 203 8.5
2 10,0 8,2 85,0 2¢3 10,0

3 10,10 9.8 86.3 2.4 9.5

L 9.93 Le5 86.1 3.1 8.1

Mean 10018 709 8507 205 9,0

2 ~TP 20 m 1 9067 802 86,2 20)4- 805
hs5 PP 3 9498 L7 86,1 2.6 947
3 10,46 8.5 86,9 2.6 8.5

L 9,83 5e5 86.7 2.5 9.1

Mean 9:99 6.7 86.5 2.5 9.0

analculated missing value
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TABLE 17

GROUND COLOR AND FIRMNESS OF McINTOSH APPLES
HARVESTED SEPTEMBER 28, 1951

(Observed at harvest)

; Color Firmness

Treatment Replication rating (1bs.)
Check 1 o0 10,7
2 349 12,0

3 3.9 11.9

L 4.0 11,5

Mean l}..O 1105

NAA 20 ppm 1l 4.0 1l.1
2 L.l 11,0

3 Ll.oo 1102

l 349 11,4

Mean L.C 11.2
Toloxy 20 ppm 1 .08 10.48
2 110 11.0

3 Lol 10.5

L L0 1049

Mean )-LOO 1097

2,l,5=TP "A" 20 ppm 1 4.0 9.5
(applied Aug. 30) 2 367 9¢5
) 3 3.8 9.3

LI-' 398 908

Mean 3.8 9.5

2,l4,5-Tp "B" 20 pp? é ﬁ°i g.g

lied Sept. 11 . .

(applied Sep 2 e 1500
I 1.0 10.9

Mean el 9.9

2,1, 5=TP "c" 20 ppm 1 306 9.1
zaéplied A?g. 30 and § %og g.g

Sept. 11 . .

P L 3.8 8.3
Mean 308 807

8cg] culated missing value
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CHEMICAL COMPOSITION, GROUND COLOR AND FTRMNESS OF

McINTOSH APPLES HARVESTED SEPTEMBER 28, 1951

(Observed in January, 1952, after storage at 32° F)

Repli- Sugarsb Acids Color Firmness
Treatment cation (%) (ml ,1N rating (1bs.)
NaOH)
Check 1 11.5 6.2 303 9.3
2 12.5 6.6 3elt 8ol
3 11.5 6.6 2.9 9.0
L 12,5 8l 362 9.0
Mean 12,0 70 3.2 8.9
2 12,0 Te0 3ol 9.4
3 1200 606 303 900
}.‘. 1200 50’4— 3.6 9.0
Mean 11,8 6.l 34 9.1
Toloxy 20 ppm 1 11,72 6,02 3.12 9,02
omoTy =T PP > 11.5 % 3.2 8o
3 11,5 5.8 33 9.3
L]. 12.0 60'.}. BOLL 8.7
Mean llo? 6.3 303 809
2 -TP "A" 1 11,0 502 3.2 8.1
o 20 ppm ) 2 %i.g g.ﬁ g.g g.%
lied Auge 30 3 e . . .
{applied Aug 11.5 5.0 3.5 77
Mean 11.3 50’4— 3.3 890
2,l1,5-Tp "B" 1 11,5 5.8 3oly 849
S 20 ppm 2 10, 5.8 3.3 8.9
(applied 3 12,0 502 3.1 8,2
Sept. 11) Ll. 12,0 60L|. 302 996
Mean 1105 508 303 809
- "C" 1 11.5 502 200 8.).].
24k 5 TSO ppm 2 ll.g Z.g %og gog
lied Aug. 30 3 11, o . .
(o o 820y B 1140 5.2 2.7 8.0
Mean 1103 505 207 892

8calculated missing value
Soluble solids expressed as sugars
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TABLE 19

CHEMICAL COMPOSITION, GROUND COLOR AND FIRMNESS OF
McINTOSH APPLES HARVESTED SEPTEMBER 28, 1951

(Observed in March, 1952, after storage at 32° F)

Repli- Sugafs Aéids 7Coldri Firmness

Treatment cation (%) (ml .IN rating (1bs.)
NaOH) .

Check 1 12.0 3.9 346 To5
2 12,5, Lol 3.1 8.9
3 12.3 58 2,8 8,8
ly 12,0 .0 2.8 Te5
Mean 12,2 4{5 301 8.2
NAA 20 ppm 1 11,5 L6 2sl4 849
2 11,8 Lokt 3.3 765
3 11.8 Lol 3,1 8,2
I 11.8 o2 3.2 708
Mean 11,7 lpely 3.0 8.1

Toloxy 20 ppm 1 11,3% 3.9% 3.18 8.0
2 12,0 38 3.1 Teb
3 11.0 .% 302 80,4.
L 11,5 le 3.1 8.4t
Mean 11,5 o2 3.1 8.1
2,’-‘-,5‘TP "A" l 1100 3.2 303 608
20 ppm 2 1103 309 303 803
(epplied Aug. 30) 3 11,0 3.8 249 Te9
11,0 3.7 3.0 76
Mean 1l.1 307 3.1 707
2 ~-Tp "B" 1 11.0 349 3.3 8.0
,u,s 20 ppm 2 1005 3.3 3.2 6.6
(applied 3 12.3 uol 360 705
Sept. 11) . u 1105 4052 301 8.9
Mean 1103 uoo 3.2 708
2 -Tp "G" 1l 11.5 3ot 2.5 Te2
’u’g 20 ppm 2 1%02 %o gog ;ol

(a lied Auge. 30 3 11, . . .

g.gd Sept. ll) L'. 1105’ “.01 20)-]- 6.9
Mean 11,4 3.9 249 703

8calculated missing value
bgoluble solids expressed as sugars



TABLE 20

87

CHEMICAL COMPOSITION, GROUND COLOR AND FIRMNESS OF NORTHERN

SPY APPLES HARVESTED OCTOBER 10-12, 1949

(Observed at harvest)

m——
—

w—

Repli~ Invert Acids

Protein Molsture Color Figg:

Treatment  cation sugars (ml 1N (%) (%) rating ness

(%) NaOH) (1bs.)

Check 1 11,97 7.6 0.22 83.8 2.2 18,5
2 11.74 6.6 0.23 8lye3 2.4 1646

3 11.84 TeT 0,25 83.4 340 18.5

L 12,14 7T 0,23 8L.1 el 19,7

Mean 11092 7.’-‘- 0023 8309 7 1803

NAA 10 ppm 1 12439 7.5 0,22 - 2¢5 2049
2 10,92 762 0431 - 1.7 17. 2

3 12,80 740 0.28 - 2.3 18,02

N 12,378  6.L 0,272 - 2.2 1844

Mean 12011 7.0 0.27 aadiand 2.2 18.8

2 11.13 843 0.33 85.1 243 15.1

3 11,20 7e2 0.27 8l1.1 2.7 2145
L 11.12 6.9 0.25 8lL.6 20l 20,58

Mean 11023 7.6 0.27 8)4-05 2.6 18.9

Tol 20 1 11,9 Te2 042 83,8 2.2 18.9
oloxy 20 ppm 1 .M T8 353 839 a5 186
3 12.15 800 0025 830“— 109 1602

n 11,67 6.2 0.28 83.5 2el 19.9

Mean 11081 703 0.25 8307 202 1801.1.

1 0 1 11,0 8.1 0,31 8lie7 2.5 18.6
Toloxy 30 ppm L 10432 81 0.28  B8L.6 1.7  16.8
3 12.12 Te5 0,26 82.8 242 1449

L 12477 6.5 0.28 83,1 2.7 2149

Mean 11072 7.6 0028 8308 203 18.1

8cgleulated missing value
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TABLE 21

CHEMICAL COMPOSITION, GROUND COLOR AND FIRMNESS OF NORTHERN
SPY APPLES HARVESTED OCTORER 16-12, 1949

(Observed after three months of storage at 32° F)

Repli- Invert Acids Protein Moisture Color Firm-
Treatment

cation sugars (ml 1N (%) (%) rating ness
(%) NaOH) (1bse)
Check 1 1ll.22 7«5 0,19 8309 108 1)4.00
2 10078“‘ 608 0025 8“—01 200 1302
3 10.85 762 0.26 845 2.6 13.8
LI. 12027 7.0 0.25 8307 2.9 1‘4-09
Mean 11,28  T.1 0.2 840 2.3 140
NAA 10 ppm 1 12,15 6.7 0,20 82,5 = 2,5 15.5
2 11,05 762 0.23 8L.1 1.5 13.6
3 11,65 70 0.23 8348 2.1 1l .6
L 10,93 8ol 0.25 83.4 1.9 14,0
Mean 110‘-{.5 Te3 0.23 830“. 2.0 1)-]-.’-]»
NAA 20 ppm 1 10.63 Teb 0.25 8lie3 1.9 14..0
2 . 9,71 702 0.26 85.3 2e 12,3
3 11,15 700 0.28 83,6 1,92 15.8
I 10.90 Tl 0.2l 8li.1 1.9 1247
Mean 10060 703 0026 8“.03 109 1307
1 20 1 11.45 Te2 0.2 - 83.4 240 1h,1
Toloxy per 2 11.%3 8.1 0,20 83.6 1.8 13.9
3 10.76 8.5 0,25 8.2 1.9 1360
Iy 11,03 6.6 0.22 83.7 2.0 1540
Mean llol}-l. 7.6 0023 83.7 109 l).]..,O
O 1 10. 9 80 0-21 8“-03 2.2 1209
Tolexy 30 ppm 1 1078 ged 05 B0 1l 1307
3 10,64 7.8 0.36 83.9 1.7 13.4
L 11.79 7.0 0,27 82.4 2¢7 15,3
Mean 10098 800 0.26 8307 201 13.8

8calculated missing value
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TABLE 22

CHEMICAL COMPOSITION, GROUND COLOR AND FIRMNESS OF NORTHERN
SPY APPLES HARVESTED OCTOBER 25, 1950

(Observed at harvest)
w

Repli=- Invert Acids Moisture Color Firmness
Treatment cation sugars (ml .1N (%) rating (1bs,)
(%) NaOH) b c
Check 1 10,449 9.88 8l1.6 3.3 2.8 13.5
2 10,22 9.85 8L4.5 1.9 2,52 1h.6
3 10,42 10.58 85.1 2.4 2.1 1h4.6
N 10.30 9,68 84,8 2.9 2,5 1.7
Mean 10,36 10,00 84.7 2.6 2.5 1holy
NAA 10 ppm 1 10034 11,00 8‘.].09 2,1 2,2 1)-’.05
2 11,65 11.60 8L4.5 2¢7 2.3 16,9
3 10.46 9,18 84.9 2.1 2.1 14.5
" 10,52 10,05 85,3 2.1 1.7 1ol
Mean 10,74 10.46 84,9 2.3 2.2 15.0
NAA 20 Ppm 1 10.“-9 100)»‘-5 8“—01 208 208 1505
2 10,35 10.28 84.5 2.1 2.4 15.4
3 10,25 10.45 84.6 2.3 2.2 1,0
L 10,59 11,05  84.7 2.3% 2,0 14.7
Mean 10042 10056 8)4.05 20L|. 2.1]- 1409
Toloxy 20 ppm 1 10,94 9.55 85.0 2.3 2.5 15,1
2 10,01 10.10 B85.3 2.3 2.5 1460
3 9.98 9,85  Bl.8 2.8 2.5 16
L. 11,01 8.95 8L.5 2.3 2.0 1,8
Mean 10.”-9 9061 8)4-09 20)4- 20“» 1L|..6
2, S‘TP 1 10039 10.65 9“..3 2.6 2.6 15.2
s 20 ppm - 2 10634 9,65 85,3 2.8 2.2 1h.3
3 10,30 10.90 84.6 2.2 243 15,6
L 10,30 10.40 8L4.9 2¢2 244 14.8
Mean 10933 10.’.].0 84.8 205 2.L|- 1500

8Calculated missing value o
bcolor reading for fruit stored at 320 F
CColor reading for fruit stored at 7C¥ F
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TABLE 23

CHEMICAL COMPOSITION, GROUND COLOR AND FIRMNESS OF NORTHERN
SPY APPLES HARVESTED OCTOBER 25, 1950

(Observed after storage for 10 days at 70° F)

Repli- TInvert Acids Moisture Color Firmness
Treatment

cation sugars (ml 1N (%) rating (1lbs,)
(%) NaOH)

Check 1 10,79  T7.78 85,7 1.8 10.7
2 10,378 7,522 85,52 1.72 11,22

3 10.%4 765 85.1 1.% 1l.1

L 10,6 7475 85,0 le 12.1

Mean 10056 707 85,3 107 1103

NAA 10 ppm 1 11,08 8,75 8L.6 1.2 12,0
2 11.03 8.25 8l4.0 1. 1344
3 10,27 7.35 85.2 1.5 1245,

Iy 10,30 7.88 85,0 1.l 12,8

Mean 10.67 801 8)-]..7 105 1207

NAA 20 ppm 1 10,76 8,05 84..8 1.7 12,0
PP 2 10,59 7465 85.0 1.6 12.8

3 104 8465 8540 1.6 12,0

I 10,56 8,00 85,0 1.3 1205

Mean 10059 8.1 8500 1.6 1203

Tol 20 1 11.82 7,90 8l.6 1.6 1345
oroxy epl 2 9098 8915 850).!. 105 llQLI-
10,64 7.90 85.5 1.8 11,5

ﬁ 1093 7423 8Le2 1.7 11.8

Mean 10.8).[- 7.8 8“.09 1.7 12.1

2 LI. S-TP 20 m 1 10066 8.25 8)4.02 1.7 13.’.‘.
o PR3 10047 7.30  85.3 1.5 1.8
3 10,96 8.40 8lL.8 1,5 12.5

I 10.88 8.05 85.3 1.5 12,3

Mean 1007)-[- 8.0 8L|-09 1.7 12.“.

8Caleulated missing value
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CHEMI CAL. COMPOSITION, GROUND COLOR AND FIRMNESS OF NORTHERN

SPY APPLES HARVESTED OCTOBER 25, 1950

(Observed after storage for 3% months at 32° F)

Repli- Invert Acids Moisture Color TFirmness
Treatment cation sugars (ml .1N (%) rating (1lbse)
(%) NaOH)
Check 1 972 T.05 86,0 2,0 9,0
2 10,25 7.23 8L..8 1.3 1l.h
3 9eli7 7695 85,2 1.3 10,9
L 10.81 7.08 85,1 1,5 9.7
Mean 10,06  7.33 85,3 1.5 10,3
NAA 10 ppm 1 10,34  8.45 849 1.3 11,2
2 11.28 7.%0 84,5 1.4 12,1
3 10,25 8.20 85,3 1.3 11,1
n 10,64 7,05 85,7 1.3 10,7
Mean 10,63 T7.83 85.1 1.3 11.3
NAA 20 ppm 1 10,06 9,18 85,0 1,6 10.5
2 9,02 6,35 85,0 1.4 11,8
3 11.50 7.55 8543 103 10.6
Ll. 1008’.‘. 60)40 8!.'.07 102 1107
Mean 10636 7637 85,0 1.4 11.2
Tol 20 31 1l 10081 6.80 8L|.o9 10“- 11,3
OmO%Y PP 2 10,81 7.18 85,8 1.2 10.3
3 10,86 6,75 85.5 1.6 10,8
L 11,06 6,38 8563 loh 11,0
Mean 10,89 6,78 85l Lol 10,9
2 -TP 20 l 10066 7‘68 8L|-¢ 105 ll|6
’4’5 ppm 2 10025 8058 850 lo}-!~ 10'9
3 10.15 7 80 85.2 l.3 11,0
i 9.76 8,73 85.3 1.3 11,1
Mean 10.21 8020 8592 loLL 11,72
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TABLE 25

CHEMICAL COMPOSITION, GROUND COLOR AND FIRMNESS OF
NORTHERN SPY APPLES HARVESTED OCTOBER 18, 1951

(Observed at harvest)

Repli- Sugars® Aclds Color Firmness

Treatment cation (%) (ml +1N rating  (1lbs.)
NaOH)
Check 1l 13.5 9.8 2.7 13,6
2 14,0 Q.4 2.4 13.8
3 1300 1000 2.9 1}4-09
L 13,0 9.6 1.9 13,6
Mean 13014. 9.7 2.5 1).[.00
NAA 20 ppm 1 13.8 11,8 2.9 1249
2 13.5 10,2 2.6 15,2
3 1460 12,8 302 12.5
N 14,0 10,2 2.8 16.0
Mean 13.8 11.3 20,9 1le7
Tol 20 ppm 1 13.5 1oy 2.9 16,0
e Fe 2 1345 11.2 2.9 13.7
3 13,5 8.8 2.7 13.9
L 13,0 8, 2.6 13.9
Mean 130,.]. 10.7 208 1'—]-0)4.
2 ~TP "A" 1 1l4.90 10,0 3.0 15,5
vk 5 20 ppm 2 15.8 %%og g.g i%.g
lied Oct. 1 13, o ° °
(epplied Oct. 1) p 123 9.0 505 133
Mean  1l4.2 11,5 2.7 1h4.1
2, -Tp fIgh 1 1)..].02 11,2 208 1509
5 20 ppm 2 %205 go% Sog %i.z
. 12 ° . o

(applied Oct. 12) p 1.5  10.2 2.9 13.8
Mean 14,1 9.8 2.8 1449
-Tp "ot 1 13.5 12 209 BRIV
2’“-’5 T12>0 gpm 2 1“..0 10,2 3.0 1L|.o7
(applied Oet, 1 3 1305 12,2 207 1“—05
and Octe. 12) ,.‘- 11-[-00 11.2 23 15.1
Mean 1308 1200 20? lll.o?

830luble solids expressed as sugars
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TABLE 26

CHEMICAL COMPOSITION, GROUND COLOR AND FIRMNESS OF
NORTHERN SPY APPLES HARVESTED OCTOBER 18, 1951

(Observed in February, 1952, after storage at 32° F)

Repli- Sﬁ—afsh Acids- — Color Firmness

Treatment cation (%) (ml +1N rating  (lbss)
NaOH)

Check 1l 1300 8.2 23 12,1
2 14.3 8.2 1.7 12,0
3 13.5 7.6 2.1 11.9
L 14.0 8.4 1.6 12,7
Mean 13.7 8.1 1.9 12,2
NAA 20 Ppm 1l 1)4-00 708 240 ll.).{.
2 13.5 Te9 2¢3 12.5
3 1308 709 109 12.L|.
h 13.8 Te9 2.1 12.3
Mean 13,8 Te9 2,1 12,2
Tolo 20 ppm 1 13.8 78 2.2 11,8
= eP 2 13,8 Te2 1.9 11,5
3 14.0 8,0 240 13.1
n 13,0 6.5 1.7 10.7
Mean 13,7 Toli 2.0 11.8
2 L}- 5-TP "A" 1 1)4..0 809 109 12'6
"7 20 ppm 2 13,0 749 2.3 11.8
(applied Oct. 1) 3 1308 801 2.1 1209
L 13,5 840 1.9 11.3
Mean 1346 8.2 261 12.2
2 S-TP "B“ 1 1L’- O 8.0 108 1207
518 - 2 13.3 9.2 1.7 13.3
(applied Oct. 1 3 1300 705 208 1201
and Oct. 12) L 14,0 TeT 2.l 11,2
Mean 1306 8.1 202 12.3
2 S«Tp """ 1 13.5 8.6 2¢3 11.9
,Ll-’ 20 Pppm 2 1305 705 2.0 1108
(applied Octs 1 3 14.5 8.0 2.2 11,3
and Oct. 12) ).l. 1’4—05 803 l.2 13,0
Mean 1’-]-00 8.1 1.9 12,0

830luble solids expressed as sugars
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TABLE 27

CHEMICAL COMPOSITION, GROUND COLOR AND FIRMNESS OF
NORTHERN SPY APPLES HARVESTED OCTOBER 18, 1951

(Observed in April, 1952, after storage at 32° F)

e — ]

Treatment Repli- Sugarsb Acids Color Pirmness

cation (%) (ml 1N rating (1bs,)

NaOH)
Check 1 13¢0 6¢3 107 1009
2 13.5 702 1.8 11,2
3 12,5 7.8 2,0 11,3
Ll- 1300 606 106 1101
Mean 1390 792 108 11,1
NAA 20 ppm 1 13.0 6.9 2.5 10,7
2 13,42 7038 2.0 1143
3 1345 Te3 263 11.7
n 13,5 8.2 2.1 10,3
Mean 13.,-4. 70“. 2.2 11.0
Toloxy 20 ppm 1 13.5 7.0 1.9 11,3
2 13.0 7ol 1.8 11,6
3 13.5 6.2 1.8 11.6
L 13,0 5.8 1,8 11l.1
Mean 1303 605 109 1103
2,4, 5=TP "A" 1 14.0 Te7 203 10.M
s 20 ppm 2 13,0 666 1.8 10,9
(applied Octe. 1) 3 1205 7.8 1.9 110'.’.
n 13.0 T¢5 1.5 11,0
Mean 13.1 Tolt 1.9 1049
2,L4,5=Tp "B" 1 13,0 6.72 1.7 1241
it — 2 1.3 648 1.5 11.8
(applied Octs 12) 3 13.5 602 2. 10.8
1365 6ols 1.6 11.4
Mean 1306 605 1.8 1165
2,h,5=TP "C" 1 13.5 6+5 2,0 10,7
Sl ppm 2 13,0 6.1 1.7 11.6
(applied Oct. 1 3 13.5 70 107 1106
and Oct., 12) L 1he3 Te32 1.5 11,8
Mean 13,6 700 1.7 11,.L.

fcalculated missing value
Soluble sclids expressed as sugars
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TABLE 28

RESPIRATION RATES AT 71° F FOR McINTOSH APPLES
HARVESTED IN 1951

(Values expressed as mg. COo/kg./hr. for two
replicate trees per %reatment)

e e ]

Date Check NAA Toloxy  2,4,5-TP "aA" 2,4,5-TP "B"
1 3 2 N 2 L 1 3 2 1
At harvest

Octe 1 75 1le3 11,6 6.l 6.5 8.2 740 10,0 10,5 8.8
842 Te5 B840 T4l 6.8 948 6.5 9,1 9.1 840
9.0 6.5 8.0 6.8 6,5 7.8 6.0 By 7.2 8.t
8.2 T8 B8 8.2 6.0 B.6 6.5 113 b.b  Ta7
9k 648 9.7  Bub 6.2 T T.0 7.6 T.9 942
842 Te3 Bup 9.8 5Su Tl bl 8.0 6.2 6.7
9uh 7.8 8.8 11.3 6.5 8.y 7.0 10.3 6.9 8.

P 3 O Ul w N

After storage at 32° F
1 3 2 Iy 2 i 1 3 2 n

Jan. 19 848  TeT 9ol 647 To7 To7 Be3 748 . Led 749
20 8,0 Te2 845 6.1 Te2 Tolt  TeB  Te3  LeT  Te9

21 8y Te9 945  Te0 842 T.9 Te9 7.8 a2 9.3

22 ToB  Te2 8.9 643 B840 8.3 Teb6 8.0  Le9 9.0

23 8.6 749 9.5 Bk Belh TeT  TeB 763 5.2 8.6

2 841 Te5 8.3 6.3 Te2 ToT 7.8 7.1 5.2 940

25 Te3 647 Tolt 5.7 6e7 Te0 Tol 6.5 Uo7 Te3

27 TS5 647 Te9 6,0 T.0 7.0 8.1 6.8 5.5 Te3

28 Tel  bok  Te7 5ot 645 6.7 T2  beh Le7T 8k

30 7.3 bop  Te2 6.1 6,2 6.7 6.9 6oLt Lob  Te2
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TABLE 29

RESPIRATION RATES AT 71° F FOR NORTHERN SPY ADPPLES
HARVESTED IN 1951

(Values expressed as mg. CO%/kg./hr. for two

replicate trees per Treatment)
Date Check NAA Toloxy 772,4,5-TP man 2’uj§f;;=?§:
L 1 3 1 2 3 i 1 3
At harvest

Octe 25 8.7 7°4 10,0 9.9 11.8 8.7 9.0 9.6 12.4 9.2
26 9.5 6. B.T 942 9.0 8.5 Boh 13.6 13.4 8.6

27 8.5 6.4 9.1 9,0 8,6 T 8.8 9,0 10,7 8.0

28 9.1 6.7 10.3 9,0 9.6 9,1 9.0 9.6 11,7 8.8

29 TeT 546 Teb  To8  Bolp 7ol  T7e3 7.8 10,2 7.1

31 7o 5.9 8.5 7.8 8.6 TJp 7.5 8.2 1l.4 7.1

Nove 1 1361 8.9 1562 15.3 15.9 13,8 1L.6 19,2 12,0 13.6
6,0 Lel 6.0 5ok 5.9 5.5 5.2 5.7 6ol 543

b 5e1  LeO L8 49 L9 L8 Lot 5.2 } 5.7 L0

After storage at 320 F

1 3 1 l 1 2 2 N 1 3

Febo 19 5.1 449 543 5.2 5.1 5.6 7.3 5.3 5.2 3.8
20 7.6 7.4 8,0 8.1 8.9 8,7 11,3 8,0 8o 560

21 8,0 8,2 8.8 8,8 9,0 9,3 12.1 9.0 9,0 6,0

22 9,0 849 9.7 9.5 10,0 10.0 13.3 9.2 9.6 6.3

23 9,2 8.9 9.9 9,9 10,9 10,2 13,3 9.6 9.9 6.3

25 8,0 10.8 8.6 12,5 9.3 9.3 12,1 8.6 8.8 6.2

26 Teb  Teb  Te9 Te7 Be9 8.0 10.8 8.6 8.0 5Sa4

27 8o7 Bl 8.6 7.7 8.7 8.9 11,3 7.6 8.6 6.0

28 9.0 Qo 9.7 8o6 9.7 9.3 13,3 7.6 9oy -




