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INTRODCCTION

Storage of apples at 32° F. has long been recognized as a standard
procedure (29).° The United States Department of Agriculture, in
a publication dealing principally with apple storage (/6). hus recom-
mended 30° and 32° {or the storage of apples except the Yellow New-
town variety grown in the Pajaro Valley of California [or which a
temperature of 33° to 33° is recommended. More recently the De-
partment (31) has recommended storage at 31° to 32° with the above-
named exception and the additional exception of Grimes Golden
apples that are to be marketed early, in which cases storage at 35° to
38° should be used. Recently Plagge, Maney, and Pickett (27), of
the Towa Agricultural Experiment Station, have recemmendeod storage
at 35° and 36° for sound apples of proper maturity. This conflict of
recommendations has veopencd the guestion of the proper tempera-
ture for the storage of apples, and the investigations reported herein
were undertaken to obtain further information as to which tempera-
ture lovel should be used.

1 Received fer publication Aupust 27, 1010,
1 Italic nummbers In pareatheses refer to Literature Clted. p. 39.
256080°—41—1
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REVIEW OF LITERATURE

Several low-temperature disorders of a physiologieal nature have
been deseribed which may be controlled or rendered less severe by
storing the [ruit at {emperatures somewhat above 32° F.  Perhaps
the frst to be studied (2, 18) was internal browning of the Yellow
Newtown apple.  This occurs particularly in the Pajaro Valley of
California, and storage af 358% to 40° has been recommended lor its
control,

On the ether hand, Brocks and Cooley (4) and Brooks, Clooley, and
Fisher (5) found that Jonathan spot and scald developed more
rapidly at relatively high temperatures and were considerably more
severe al 41°% I', than 8. 32°  These writers {3 also show that various
fungus deecays, such as allernaria rot (Alternaria sp.), anthracnose
{ Nenfabraea malicorticis (A. B. Cordley) Jack.), black rot (Sphaeropsis
malorwm Pk, and blue mold (Penicilfivm erpansum Lk} ex Thom,,
developed more rapidly at high temperature and caused lorger deeay
spols ol 41° than at 32°

Plagee and Mancy (23} confirmed the results of Brooks and Cooley
(4} thal Jonailhan spot was more severe al higher temperatures (40°
compared to 32° ). They also feund that Jonathan spot was in-
creased by deluy helore stornge,

Powell and Fulton (29) as carly ns 1903 found that seald appeared
carlier on apples stored at 36° I, than on those stored at 32°. This
was conlirmed hy Ramscy et al. (8. The results of Magness and
Burroughs (18) showed (hal scald was frequently more severe af 32°
than at 353°.  They found soft seald 1o be greatly reduced by storage
at 35% compared with 32°  They also leund about (wice as many
deeaved apples in lots stored at 357 as in lots at 32° Sofltening of
the apples was generally mueh more rapid at 35° than at 32° and the
regpiraiory rate was about 30 perernt greater at 35°%. They veported
o gradual loss in {lavor and aroma Curing storage and, with long keep-
ing, storage at 32° gave a somewhat higher quality product than
that ot 33°.

Plagge (201 confirmed the results of Magness and Burroughs that
soft scald of Jonathan was more severe at 32° If. than at slightly
higher temperntures (34°, 36°, and 40°% and reported also that
sogey break-down of Grimes Golden responded to storage tempera-
ture in a manner similar to that of soft seald.

Magness et al. (16) have studied the rates of soltening and respira-
tion ol & number of varieties of apples at various temperatures.  They
state that softening was about 25 pereent more rapid at 32° F, than
at 30°; at 40° it was slightly more than {wiee as fast as at 32°; and at
36° it was intermediate between that at 40° and that ot 32°.  There
was & close agreement in the change in respiration and sofltening rates
in relation to temperature.

A considerable increase in decry and hitter pit in Geavenstein apples
at 36° F. as compared with 32° was indicated by data presented by
Overholser (17}, Seald was also increased by a higher temperature
(459 than 32°.

Kidd and West (12) describe internal break-down of some English-
grown apples and report o low temperature type of hreak-down that
was more severe at 32° F. than at shghtly higher temperatures.
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Additional results on the relation of temperature to soggy break-
down of Grimes Golden and Wealthy apples have been reported by
Plagge and Maney (24). They state that soggy break-down may be
as severe in apples from other States (Washington and Michigan) as
from Towa, and that it was more severe at 302 F. than at 32°. It was
greatly reduced at 34° and practically climinated at 36°. They state
that the apples became more yellow and atéractive at 36° than at the
lower temperatures and that the eating quality was decidedly im-
proved by storage at 36°. Grimes Golden apples stored at 36° were
only slightly softer at the end of the storage period than those stored at
329 The increase in decay was only slight at 36° and scald was largely
eliminated by the use of ciled paper. They staie further that Grimes
Gelden held at the lower temperatures and then removed to & warm
room appeared to beeome mealy just as soon as the fruit stored at 36°,

Golden Delicions has been reported by Plagge (21) to be very suscep-
tible to soggy break-down, and as with Grimes Golden the trouble
was more severe abt 32° I, than at 36°.  Storage of this variety at
36° is suggested.

The eflect of storage ot 32°, 35°, and 38° F. on New Zealand apples
has been reported by Tiller and Chittenden (35). With five
varietics internel break-down was less severe at 38° than at 35° and
32°. Bitter pit was less severe at 32° in the fow varieties in which it
oceurred.  Soflt scald on Jonathan decreased with inereased tempera-
ture. Better dessert quality was generally obfained at 35° and 32°
than at 38°. For most of the varietics, storage at 35° or at 35° to
32° was recommended.

Ior Jonathan apples grown in Washington, Gerhardt and Ezell (11)
recommended storage at 36° F. when the fruit is picked somewhat
overmature or is delayed at room temperature before siorage.

Broolks and Harley (6) have shown that soft seald and soggy break-
down can be largely controlled by wvarious prestorage treatments,
among them exposure to carbon dioxide. This would serve as a basis
for the control of these two diseases where it is desired to hold the
fruit at 32° F,

Powell and Fulton (29, p. 21) state that—
the ripening processes are delaved more in a temperature of 31° to 32° I'. than
in 35% to 36, The apple keeps longer in the lower temperature, it sealds less,
the fruit rots and molds arc retarded to a greater extent, while the quality, aroma,
flavar, and other characteristics of the fruit are fully as good, and when removed
{rom storage it remains in good condition for a longer period.

Kidd and West {Z3) have pointed out the importance of small
differences in temperature in the development of wastage. Difference
in temperature between 39° and 37° ¥. greatly influenced the per-
centage of wastage. In two seasons in which wastage was due to
decay, it was greater at 39° than at 37°, whereas in one season in which
low-temper iare break-down was prevalent, the wastage was greater
at the low.r temperature.

In studies of scald on apples stored at 30°, 329, 34°, 36°, and 40° I,
Plagge, Maney, and Pickett (26) observed that scald increased with
increase of temperature. As one of several means of controlling seald,
they recommend storage at 36° to 35, although their results indicate
less sceld at the lower temperatures of their tests,
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In a report on break-down in Tasmanian apples, Carne and Martin
(7 r%port that break-down was greater ab 32° {o 84° ¥, than at 38¢
to 40°,

Working with MecIntosh and Fameuse apples, Davis end Blair
(8, 9, 10) found that decay incrcased with higher temperatures (30°,
327, 36°, and 40° F.). S8cald was greater at 36° and 40° than at 30°
and 32° Core flush in Fameuse was also greater at 36° and 40°
than at 30° and 32° but in MecIntosh it was less st the higher tem-
peratures. Storage of McIntosh at the higher temperatures, however,
was not recommended except in an atmosphere containing 7.5 percent
of carbon dioxide. They observed (9) that seald was controlled by
oiled wraps during storage, but that it developed on removal of the
apples to warm temperatures despite the oiled paper.

Plagge, Maney, and Pickett (22, 27, 28) have discussed varions func-
tional discases of Uhe apple in storage.  They show that the severity
of scald aud Jonathan spot is increased by inercased stovage tempera-
tures and that soggy break-down (soft scale is considered to be one
tvpe of sogey break-down) is reduced by increased slorage tempern-
ture. They state that storage results for 10 years showed that well-
sprayed, carefully handled apples picked at correct maturity keep
better at temperntures of 35° to 36° F. than at 31° to 32°.  Apples
se stored develop hetter flavor and color, are not susceptible to soggy
break-down, and are much more valusble on the market. Tins
conclusion was based on results with Grimes Golden, Jonathan,
Golden Delicious, Northwestern Greening, Arkansas, Delicious, Boen
Davis, Winesap, Willowtwig, and Stayman Winesap. They state
that sound apples seldom become infected with rot-producing fungi
and that scald is well controlled with oiled paper, and consequently
there s Little need to sfore ab minimum temperatures te prevent
these troubles when modern methods of spraying, harvesting, and
packing are used.

Evidence that soggy break-down is more severe at 32° than at
36° I, is presented by Plagee and Maney (25) for the varicties Jona-
than, Norlhwestern Greening, Wealthy, Winter Banans, and Golden
Delicious.

With New Zealand apples, Sutherland (33, 84) has reporied that
internal break-down in Cox’s Orange Pippin was less at 37° F. than
at 34° and that solt scald in Jonathan was less at 36° than at 34°,
with no difference in break-down and deeay.

Warking with Northwestern apples, Smith (32} reported that
storage at, 36° F. shortened the stornge life of apples.  Although the
dessert quality of the apples might be better at the time of removal
from storage 1t was usually poorer after a period at room temperature.

Brooks and MeColloch,? working with eastern-grown apples, con-
firmed the results of Brooks and Harlewv (6) that seft scald and soggy
bresk-down iendencies in Grimes Golden and Jonathan may be
inhibited by preslorage treatments with carbon dioxide and by
waxing, They found that decay and internal break-down of Jona-
than were approximately twice as great at 36° F. as at 32° and, with
immediately sloved lots, Jonathan spot was five limes as serious
at 36° ns at 32°. They ualse found scald on Grimes Golden to be
much more severe ab 36°.

1 Unpubilshed results,
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The vitarain C content of apples has been found to decrease during
storage, and the decrease is more rapid at 40° F. than at 32° (8).

The review of literature indicates agreement amorg investigators
that certain physiological disorders, such as internal browning of the
Yellow Newtown apples (2, 18), low-temperature break-down of
certain English varieties {(12), and soggy break-down and soft seald
of Grimes Golden, Jonathan, and certan other varioties (73, 20, 21,
%8,24,25,27,8.4) will e more severe at 30° to 32° F. than at 35° to 36°
under conditions in which these disorders may be prevalent. On
the other hand, certain otlier storage disorders, such as seald (4, 5,
10, 17, 26, 27, 29, 80), Jonathan spot (5, 23, 27), and decay (5, 10,
14, 17, 293, have been found to be more severe st the higher tempera-
tures.  The rates of ripening and softening (78, 16, 29) and of respira-
tion {16) have been found to increase greatly with the temperalire,

A distinction between mealy break-down due to old age and low
tema)m-atm'c or soggy break-down has not slways been made; the
results reported indicate in some instances {hat break-down (pre- .
sumably the mealy type) increased with temperature. Likewise,
investigators are not agreed as to the effect of low-storage tempera-
tures on the dessert quality of apples.  Better quality at 36° K. is
claimed for apples by the Iowa workers (24,25, 27), whoreas Powell and
Fulton (29), Magness and Burroughs (15), Tiller and Chiltenden
(35), and Smith (32) reporl equally satisfactory or betier quality at
lower temperatures.

MATERIAL AND METHODS

Apples of n number of commercial varielies were obtained during
three seasons, 1935, 1936, and 1937, from commercial orchards within
convenient distance of Wushington, ID. C. Results were obtained in
1934 also but for the Jonathan varicty onlv.  ‘Fhe fruit was obtained
during Lhe commercial linevest period at a time when it was eonsidered
to have reached proper picking maturity. The apples were taken
mmediately to the cold-storage plant of the United States Depart-
ment of Agrienlture at the Arlington Experiment Farm, Arlington,
Va., and placed in storaze the same day as picked, excopt that certain
lots of the Jonathan variety were delayed at 65° or 70° K. {or various
periods previous to storage in order to make them nwie subjeet to
softseald.  Generally 4 to 6 bushels of & variety were obtained and half
of them were placed at 32° and the other half at 36°.  One to two
bushiels were also placed at 70° [or immediate ripening. At intervals
of 1, 2, or 3 months, depeading on the varioty, 1 bushel was removoed
[rom each temperature and inspected.  The lots were thea placed at
70°% and inspected again after © week at the higher temperature. I
was intended that the inspections should come near the beginning,
middle, and cnd of the main marketing scason [or each va riety.  Aflter
removal {rom storage the fruit should Tiold up long enough for markot-
ing and for use by the consumer.  Under commereia! conditions the
period between removal from storage and consumption no doubt
veriesgreatly.  In these investigations 1 week 2 70° was used ns repre-
senting a reasonable time lov this purpose. It is considered that the
condition of the fruit alter a week a6 70° is more important than the
condition af the time of removal from storage.
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The ground colorand firmnessandtipenessof the fruit weredetermined
at the time of storage and at each inspeclion. At each ingpeetion
the amount of deeay, break-down, scald, and other storage disorders
was also determined and the dessert quality was estimated.  The
ground color was determined by comparison with a eolor chart {(/6)
in which Ne. 1 represents 2 green color that corresponds to color X 6
on plate 20 in Maerz and Paul (74}, No. 2 corresponds to K 4 on plate
19, No. 3 to color K 1 on plate 19; and No. 4 is yellow and corresponds
nearly to color L 1 on plate 10, The firmness was determined by raeans
of a pressure toster with a %s-inch diameter plunger and a #e-inch
penetration of the pared surface. The ripeness of the fruif was esti-
mated in accordance with the torms used and defined in the United
States Standards for Apples. This was done by at least one of the
writers and [requently by one or more of the marketing specialists of
the Agricultural Marketing Service. The dessert quality of the fruit
was judged by tasting a number of apples in a lot, and the ratings are
based on the quality of the particular variety concerncd. This is
open to considerable personal error, but no more accurate means of
evaluating dessert quality is available,

All temperatures referred to in this bulletin are of the Fahrenheit
scale.

PRESENTATION OIF RESULTS
The results for cach variety are presented separatelyin tables1 to 13.

Arkansas (Maymoru Brack Twig)

The effect, of storage at 32° and 36° F. on Arkansas apples is shown
in table 1 for the three =easons covered by these investigations. The
main market season for this variety, as given by Park and Pailthorp
(19}, extends from November to May. Considering all three seasons,
the results do not indieste any consistent difference 1n the ground color
of the fruit after storage at 82° and 36°. The apples were generally
distinetly softer and riper at 36° than at 32°.  The average pressuve
lest of the lots storved at 32° for various periods was 15.% pounds as
compared with 14.2 pounds for comparable lots stored at 36°. Gen-
erally there was little or no deeay found in these lots. The decay
averaged slightly more at 36 than at 32°, but the difference does not
appear to be significant.

Considerable water core was present in the apples when they were
picked in 1935, and vather severe internal break-down developed dur-
ing storage as a result of this; the decrease in water core during storage
was apparently due larpely to its development into break-down.  The
breal-down noted in the crops of 1935 and 1936 was distinetly greater
at 362 Adthough the appies were packed with oiled paper, con-
siderable seald developed alter 4 fo 5 months' storage. Generally
somewhat more scald was found at 32° than at 36°.  No difference in
dessert quality was noted after 2 te 3 months’ stornge.  With more
extended storage, however, the apples held at 32° were generally of
higher quality than those held at 36°.
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Tasre 1.—Effect of storage al 32° and SG“’IF. on Arkansas (Mammoik Black Twig)
apples
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Storage of the 1935 crop at 32° F. was more satisfactory than at 36°
because of the softer and riper condition of the fruit and the greater
amount of internal brealk-down at 36°.  Storage ol the 1936 apples at
either 32° or 36° was cqually satisfactory for 1 month. For 3 or 5
months’ storage, Liowever, 32° was istinctly superior, as the apples
stored =t 36° developed more breal-down and deecay, were riper arel
softer, and had distinctly poorer dessert quelity. Although more
seald doveloped nt 32° this was not considerad as serious as the greater
amount of decay and break-down at 36°.  Storage of 1937 apples at
sither 32° or 36° was equally satisfactory [or 2 months and even after 5
months there was no distinet superiority indicated for either tempera-
ture. When the apples were ripened at 70° after 5 months’ storage
{hose from 32° showed more scakl and those from 36° more decay.
The apples from 32° had somewhat better dessert quality. Consider-
ing all three scasons, storage at either 22° or 362 has sometimes given
equally satisfactory results, particularly for short periods.  How-
evor, when there has been a dilference it has heen in favor of the lower
temperature.  On the basis of these resuits, storage at 32° should
be recommended for the Arkansas variety.

Bex Davis

The effect of stornge at 32° and 36° . on Ben Davis apples is shown
in table 2 for the crops of 1935 and 1936. The market scason for
this vaticty extends from November to June (19).  Although the
fruit was picked considerably later in 1936 than in 1935, the ground
color was not as veilow in 1938 as in 1933, nor did it become as yellow

during storage.  There was no indication {hat the apples heeame more
vellow at 36° than at 32°. The apples stored at 36° were genernlly
distinctly softer and riper than those stored at 329, The firmness
averazed 13.9 pounds in lots stored ab 32° and 12.7 in thosa stored at
36°  Considerable deeay developed in these lets of apples.  In the
1935 crop there was no consistent difference hetween the amount of
deeay that developed after storage at the fwo temperatures, but in tho
1936 crop the lots stored at 36° generally developed more decay then
those stored at 32°,  Very littie internal break-down developed, with
no signifiernt difference between temperatures.  These apples wore
not packed with oiled paper and in some instances considerable seald
develaped in late storace lots.  In the 1035 crop, senld  developed
only after storage at 32°, In the 1936 crop the srald was less severe
at 32° than at 36° on the Febroary 16 inspection but more severe at
39° than 36° on the April 16 inspection.  Somewhat superior (lavor
and dessert quality was generally noted in he apples [rom 329,
particularly after long storage.

For the 1935 [rait the solfter and riper condition and the poorer
dessert quality at 36° F. scem to indicate 32° as o more desirnblo
stornge temperature lor this variety, at least for long periods (5 to 8
months) of storage. Although some seald developed nt 329, it is
likelv that ghis could haye been controlled hy the use of oiled paper.
TFor 1036, fruit storage nt 32° was distinctly superior to storage at
38°, as the [ruit held at 36° was distincetly softer and riper, developed
considerably more deeay, and was of inferior dessert quality. On the
basis of these rosults, therefore, 32° should he recommended as the
storage temperature for the Ben Davis variety.
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Tasue 2.—Efeci of slorage at 32° and 36° F. on Ben Davis apples
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Bonum

The effect of storage at 32° and 36° F. on Bonum apples is shown
in table 3. In 1935 the apples were ohtained {rom an orchard near
Falls Church, Va., ot o reiatively low altitude, whereas in 1636 and
1937 the apples were obtained from an orchard at a much bigher
altitude near Linden, Va. The apples were much firmer a6 harvess
in the lattor two scasons than in the first,

The 1935 and 1936 [ruit was gencrally distinetly more yellow and
riper after stovage at 36° than after 32° F. storage. There was no
marked or consistent difference in ripeness or ground color of the 1937
fruit. Appreciable amounts of deeay occurred only ia the 1935 apples
and at the time the {ruit was removed from the storage temperatures
there was no significant diffcrence in the amount of deeay. However,
after the fruit was ripened &t 70°, the decay was considerably more
severe in the lots from 36° storage in the 1935 scason. In two instances
a1 least 5 perceat break-down occurred, and in both instances it was
in fruit that had been stored at 36°. Severe scald occurred with the
1936 crop, although the apples were packed in oiled paper. In 1935

256080°—#1-—3
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and 1937 scald was present oniy at the final inspection when the
apples were ripened after 4 months’ storage, and 1t was more severe
in the apples from 32° storage. In the 193G crop, on the contrary,
scald was more severe in apples from 36° storage except at the final
inspection when no difference was found. There was a tendency for
this variety to shrivel, and this was more severe at 32°, probably
because of the somewhat lower humidity in the room held at this
temperalure.  Little or no difference in dessert quality was noted
between apples from the two temperatlures.

Tavve 3 —ILffect of slorage at 52° and 36° F. on Bonuwin apples
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Storage at 32° F. scemed preferable in 1935 because of the greater
amount of decay that devcloped during ripening after storage at 36°.
Although more scald developed during ripening after storage at 32°,
this was not as serious as the decay and might have been controlled
with oiled paper. In the 1936 season, 32° storage was again preferable
because of the greater amount of scald that developed at 36°, In the
1937 season there was practically no difference between the fruit from
the two temperatures, and either 82° or 86° was satisiactory. On the
basis of these results for all three seasons, 32° storage should be
rccommended for the Bonum variety, as this temperature was some-
what preferable during two seasons and equally satisfactory in the
other.

DEeLIcious

The effcet of storage temperature on crops of Delicious apples for
the three seasons is shown in table 4. The main market season for
this veriety extends from October to April (79). The ground color
at barvest was about 2.5 in all three seasons and changed gradually
during storage to 4 or deepoer with no apprecinble difference between
storage at 32° and at 36° F. The apples were generally distinctly
softer and riper after storage at 36° than after storage at 32°, and the
firmness averaged 11.6 pounds &t 36° and 12.9 pounds for comparable
lots at 32°. Relatively little decay or break-down developed in these
apples, and there was no significant difference in the amount of decay
at the two temperatures in any of the scasons. In the 1935 and 1937
crops more scald developed at 32° than st 36°. Although the fruit
was packed with oiled paper in 1936, rather sovere scald developed.
This was more severe at 36° at the earlier inspection, but at the time
of the final inspection it was more severe at 32°. The dessert quality
of this variety depended greatly upon the ripeness of the apples at
the time they were sampled. Thus, after 2 montlis’ storage in 1936,
the apples from 36° were In prime eating condition and were more
aromatic than those from 32° that had not yet ripened to prime cating
condition. However, after 8 days at 70° the apples from 36° wore
past their prime and had less flavor than those from 32°, which were
now prime. In general, there was no appreciable difference between
the dessert quality of apples of the 1935 crop stored at 32° and those
at 36°. The applos of the 1936 crop were generally considered better
after storage at 32°, whereas those of the 1937 crop gave batter results
at 36°.

For the 1935 crop thiere was very little choice botween the two
temperatures with stight preference for 36°, particularly with storage
of about 4 months or less because of the greater percentage of decay
and scald at 32° when ripencd after 4 months. However, the scald
was not severe and probably could heve heen controlled with oiled
paper. For the 1936 crop, storage at 32° was more satisfactory be-
cause of the firmer condition of the fruit from this temperature and
the consistently better dessert quality. There were rather large but
not consistent differences in the amount of decay, break-down, or
scald that developed. For the 1937 crop, storage at 36° seemed some-
what more satisfactory, as the dessert quality was better at this
temperature, and considerable scald developed when ripened after
4 months at 32°. Although the apples were riper at 36°, they did not
beecome undesirably so ﬁuring the storage sesson. These results
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indicate that either temperature of storage might be used with the
Delicious variety, there being a slight preference for 36° for short
storage.

TasLe 4.—Effect af slorage al 32° and 36° F. on Delicious apples
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GorLpEN DELICIOUS

The effect of storage temperatures of 32° and 36° F. on Golden
Delicious apples is shown in table 5. Somewhat deeper yellow
developed on the apples at 36° in the 1936 season. In the other two
seasons, however, there was no appreciable difference between the
two temperatures. The apples were distinctly softer and riper a$ 36°
than at 32° during two of the seasons, but there was no apparent
difference in the 1935 crop. Appreciable amounts of decs: developed
in the 1935 crop only, and it was more severe at 32° than at 36°.
Seald developed on the apples of the 1936 crop only and was most
severe at 36°.  Golden Delicious apples are rather subject to shri veling
during storage, and appreciable shriveling occurred in the 1985 and
the 1936 crops, This was most severe both of these seasons ab 32°,
With the same relative humidity the vapor-pressure deficit would
be greater at the higher temperature (36°) and more transpiration
and shriveling therefore would be expected. However, at the lower
temperature (32°) there is a greater tendency for the moisture to
freeze out of the air and consequently 8 lower relative humidity
would be maintained,

An examination of the hygrothermograph charts for the period of
September 16, 1936, to January 10, 1937, showed that the humidity
at both temperatures varied hetween 80 and 90 percent buf that at
36° 1t generally ran above 85 percent and at 32° below 85 percent,
The approximate average humidity for this period was determined
by averaging the humidity st noon of the 1st, 5th, 10th, 15th, 20th,
25th, and 30th of each month. The average thus obtained was 83.6
percent for 32° and 87.5 percens for 36°. Thus the greater shriveling
at 32° was due to the lower humidity at this temperature and only
indirectly to temperature. Differences in dessert quality due to
storage temperature were not generally apparent. However, in some
instances in 1936 and in 1937 the apples from 32° storage were found
to be of better quality than those from 36°,

In the 1935 season storage at 36° F. was more satisfactory for this
variety, as there was generally 2 higher bercentage of sound fruit at
this temperature after 4 or more months’ storage and there was no
apparent difference between {roit stored at this temperature and that
stored at 32° in firmness or dessert quality. For short storage (2
months) 32° and 36° were equally satisfactory. In the 1936 crop the
apples stored at 3¢° were distinctly softer and riper than those stored
at 32°, and after 4 months apples stored at 38° developed considerable
scald when ripened at 70°. The 1936 results, therefore, indicated 32°
for the storage of this variety. Practically no storage disorders oc-
curred with the 1937 crop. A$ 36° the apples were softer and riper
and of somewhat poorer dessert quality. The 1937 results, therefore,
also indicated 32° storage. Thus in two of the three seasons studied,
32° was found to be superior to 36° for the storage of Golden Delicious

apples,
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TaBLE 5.— Effect of storage at 32° and 86° F. on Golden Deiicious apples
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Grimes GOLDEN

The effect of storage at 32° and at 36° F. on Grimes Golden apples
is shown In table 8. The market season for this variety extends from
September to January (19). There was generslly & tendency for the
ground color to become somewhat more yellow during storage at 36°
than st 32° in the 1936 and 1937 crops, but not in the 1835 crop.
The data do not indicate any marked difference in firmness or ripencss
during storage at the two temperatures. During the three seasons
there was no consistent difference in the amount of decay that devel-
oped at the two temperatures. Likewise, internal break-dewn was
not consistently higher at either of the temperatures. A high per-
centege of the 1935 and 1936 fiuit developed seald when no oliled
paper was used, and even the 1937 fruit packed in shredded oiled
paper developed considerable scald. The scald did not develop on
the 1937 apples while they were in cold storage, but becarse apparent
after they were removed to the 70° ripening room. It was more
severe in the fruit from 32° storage. In the other scasons, scald
developed in cold storage, and there was no consistent dilference be-
tween the two temperatures in the amount of seald induced. TFor
1936 fruit, storage at 32° resulted in somewhat betler dessert quality
in the apples than did storage at 36°. In the other two seasons no
difference in dessert quality was notod.

With the 1935 crop the results indicate that ecither 32° or 28° I,
would have been satisfactory for 2 months’ storage, as there was no
appreciable difference in the fruit, and it is likely that the scald conld
have been greatly reduced by the use of oiled paper.  After 4 months’
storage, neither temperature was satisflaciery, principally heeause of
scald. In 1936 storage at 36° for 2 months gave better results than
32° primarily because of the greater scald development at 32°.  After
4% months, however, 32° was superior because of the much greater
amount of seald at 36° 2t the time the fruit was removed from stornge
and becausc of the better flavor and less ripe condition of the fruit
from 32° storage. During ripening a$ 70°, execssive seald developed
on the apples from both storage temperatures. After § months’
storage, 32° was again superior because of the better dessert qualit
and slightly less decay at this temperature. Exeessive seald devel-
oped ot both femperatures, but no oiled paper had been used in the
packages. With the 1937 crop 36° storage was distinctly superior
both for 2 and for 4 months, as considerably more scald developed at
32°  The apples also developed more break-down at 32° when ripened
after 4 months’ storage,

On the basis of these results for the three seasons, storage at 36° T,
is recommended for Grimes Golden apples, particularly for relatively
short storage of 2 monshs or less.
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TasLr 6.—Effect of storage at 32° and 56° F. on Grimes Golden apples
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Jowarnan

The efiect of storage at 32° and 36° F. on Jonathan apples is
shown in table 7 for four seasons. This variety is particularly
susceptible to soft scald, which is generally more severe in apples that
have been held at high temperatures (50°-70° or higher) for several
days before storage (§) and which has been found to be more severe at
32° than at 36°, The studies with this variety in 1934 and 1935 werc
concerned to a large extent with an investigation of this storage dis-
order, and certain lots were held at 65° and 70° for a delay of 3 to 10
duvs before storage. Pickings in 1934 and 1935 were made at different
stages of matumtby. In 1934, susceptibility to soft scald was in-
creased by delay at room temperature of fruit picked on September 11
but was decreased in the case of fruit picked later (September 19).
Likewise in 1935, soft scald was increased by delay in the pickings
made on September 6 and 19, but not in the later picking of September
30. Considerable soft scald developed in some lots of the 1934 and
1935 pickings. As reported by others (5, 27), soft scald was much
less severe at 36°. In 1934 & superficial browning of the skin was
observed. This was generally confined to small spots a quarter to a
half inch in diameter and was not typical of either soft seald or super-
ficial scald. It was designated “bruise scald,” as the lesions wore
slightly depressed and sometimes seemed to have been eaused by
bruising or rubbing. This type of scald developed at both 32° and 362,
with no consistent difference between the two temperatures. Jonathan
apples are very susceptible to Jonathan spot. This disorder is aggra-
vated by late picking and by exposure to high temperatures during
storage. Thus delay at high temperature previous to storage is likely
to increase the amount of both soft scald and Jonathan spot in storage,
which fact makes prompt storage of this variety doubly important.
Although storage at 36 greatly reduces the percentage of soft scald,
it tends to increase the percentage of Jonathan spot.

There were no consistent differences between the two storage
temperatures in the amount of decay or of break-down that developed.
The greater percentage of soft seald that developed at 32° F. was
counterbalanced by the greater percentage of Jonathan spot at 36°.
Consequently there was no consistent difference between the per-
centages of sound fruit present in the lots from the two temperatures.
For all four seesons, the difference between the mean percentages of
sound apples from the two temperatures in 44 comparable lots was
only 1.3 in favor of 32° storage. This is obviously not a significant
difference. Jonathan apples stored at 36° were generally distinetly
softer ond riper than the comparable lots held at 32°, When 3
difference in dessert quality was noted, this was also in favor of 32°.
As e further indication of their greater ripeness, the apples generally
became slightly more yellow at 36° than at 32°, This difference in
ground color was not sufficient to materially affect their salability.
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TasLe T.—Effect of storage al 32° and 36° F. on Jonathan apples!
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TarLe 7.—Effcct of storage ot 32° and 36° F. on Jonnthan apples—Continuved
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Tapne T.—Effect of slorage at 52° and 36° F. on Jonathan apples—Continued
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In the 1934 erop little decay and no break-down oceurred. There
was more soft scald at 32° ., but more Jonathan spot at 36°. These
results do not indicate any difference in desirability between 32° and
36° storage. The relative ripeness and dessert quelity was not deter-
mined with these apples. In the 1935 crop also there was no con-
sistent difference between the percentages of sound fruit at the two
storage temperatures. Neither was any difference in dessert quality
noted. With comparsble lots in which firmness and ripencss were
determined, the data show that the apples from 36° storage were softer
and riper. This would indicate that 32° storage is somewhat prefer-
able. In 1938 very little soft scald doveloped, but considerable
Jonathan spot occurred, principally at 36°, and consequently there
was & greater percentage of sound fruit after storage at 32°. The
apples were also of higher dessert quality and were not so soft and
ripe as those stored at 36°. Tlhe results for this season therefore dis-
tinctly indicate 32° for the storage temperature. With the 1937
crop the percentage of sound fruit was high at both temperatures at afl
inspections. The apples from 36° storage were softer and riper, and
when ripencd at 70° were less desirable in dessert quality than apples
from 32°. Thus somewhat better results were obtained by stornge at
32° for this season also.
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On the basis of the results for the four seasons, storage at 32° gave
better results with the Jonathan varicty, because of the more rapid
ripening and poorer dessert quality obtained at 36°. The data also
indicate that storage immediately aftor picking was an important
factor in obtaining the best results,

RoymeE BEeauTy

The effect of storage at 32° and at 36° is shown in table 8 for Rome
Beauty apples.  The main market scason for this variety is November
to May (19). There was little or no difference betweon the ground
color of apples stored for 2 months at 32° and at 36°. With longer
storage, apples held at 36° wore generally distinetly more yollow,
The fruit was generally riper and softer at 36° than at 32°.  Consicder-
able decay developed n these lots, but there was no consistent diffor-
ence that could be related to the temperatures.  Although the mean
difference showed 5.4 percent more decay at 36°, this diflerence was
not statistically significant. Practically no break-down oceurred
except in the 1937 scason, and then there was no consistent difference
between lots stored at the two temperatures. The apples wore
packed in oiled paper in 1935 and in 1936, and practically no scald
occurred.  In 1937 no oiled paper was used, and considerable seald
showed on the apples from 32° at the final inspection.  After 4 to 6
montlis’ storage, rather severe spot (apparently Jonathan spot)
developed, which was very much more severe at 36°. Principally
becauso of the spotting at 36° there was generally more sound fruit ot
32°. Thero was a gradual decline in clessert quality during storage,
and this was more marked at 36° than at 32°.

In all three seasons the fruit was softer, riper, and of poorer dessert
quality, and developed more (Jonathan) spot at 36° F. than at 32°,
These results, therelore, indicate 32° for the storsge temperature for
Rome Beauty apples, although for short storage of 2 months or less
36° would be equally satisfactory.
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TanLe 8.— Fifect of storage al 32° and 36° F, on fome Beauty apples
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Sravyvax Wivesap

The elfect of storage of Stayman Winesap apples at 32° and aé
36° F. is shown in table 9 for three seasons.  The main macket scason
for this variety 18 Novembor Lo April (19}, and the inspections were
made within this period. The ercund color of the 1935 and 1937
apples became more vellow at 36° than at 32° but not of the 1938
apples.  The spples were generally distinetly softer and riper after
storage at 36°, and somewhat less desivable dessert quulity was [re-
quently noted at this temperature,  There was no consistont differonee
between the amounts of decay that developed at the two temperatures
during all three seasons. Considerable break-down develeped in
apples of the 1935 and 1936 crops and was generally more severe aftor
storage at 38°  Considerable seald developed. particularly in fruit
of the last two seasons, even though the upples were packed in oiled
paper.  Although rather large differences in the amount of seald were
apparent in apples from the two temiperatures, these difforences were
not consistently greater at either tomperature.

The fruit of the 1035 crop was genernlly softer and riper and there
were fewer sound apples after storage at 36° T, thau at 32°. This
would indicate 32° as ihie better storage temperature for periods of
4 to § months, although cither temperature was suitable for 2 months,
Apples of the 1938 crop stored at 36° were softer and riper and of
poorer dessert quelity than those at 32°. There was generally more
sound {ruit aficr 32° storage, and this temperature was sgain superior to
38° for storage. Likewise the apples stored at 36° m 1937 were softer
and riper and of poorer dessert quality than those stored at 32°.  Thers
was no significant difference in the pereentage of sound fruit after 3
moenths’ storage. On removal after 8 months' storage there was o
grenter pereentage of sound fruit from 32° than from ‘38 storage, hut
at the end of the afler -ripening period the greater percentage of sound
fruit was from 36° storage.  The results for this season indicnte that
eithor temperature was satisfactory for 3 months’ storage, and that
neither tempernture was satislaciory after § months’ storage, as severe
decsy and seald developed in apples from both temperatures during
ripening. The data for all three seasons indieate that 32° was
preferable to 36° for stornge of Stayman Wincsap apples.
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Tasie 9.—Liffect of storage al 82° and 86° F. on Stayman Winesap apples
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WEALTHY

The effect of storage at 32° and at 36° F. on Woealthy apples is
shown in table 10, e main market season for this variety extends
from October to December (29). During both seasons the apples of
this variety were subject to growth cracks, particularly around the
stem. Apples with large cracks were sorted out, but it was not pos-
gible to eliminate all cracking. Consequently the apples were rather
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subject to decay, particularly black rot, which was prevalent in the
orchard from which these apples were obtained. Decay was consist-
ently more severe at 3G° than at 32°. Some scald developed, par-
ticularly during afterripening at 70° but there was no consistent
difference between {ruit stosed at the two temperatures. In the 1933
crop, & disorder resembling soft seald developed on some of the apples
from 36°, but not on those from 32° storage. There was no appre-
ciable difference between fruit from the two temperstures in the
changes n ground color, in firmness, or in ripeness, and very little
diflerence in dessert quality.

In 1935 the fruit stored for 2} months held up better at 32° than st
36° F. Aflter 4% months, which was rather long storage for this
variety, the apples from 32° stornge were in better condition at the
tinie of removal; but neither lob held up for as much as & week at
room temperature (70°). In 1936 there was very little difference
hetween the apples from 32° and 36° in most respects, but the dessert
guality was somewhat hetter at 32°. On the basis of these results,
32° is indicated as the storage temperature for the Wealthy variety,
as it was somewhat superior the frst season and was cqually sabis-
{actory or slightiv hetter the second season,

Tasre 10.~—Ffeet of storage al 32° and 36° F. on Wealthy apples
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Wixesar

The effect of storage nt 32° amd at 36° T, on Winesap apples is
shown in table 11, The picking in 1935 was made rather late in the
seast n, and a large part ¢f the crop bad dropped. The apples were
almost cntively covered with red, so the ground color could not be
detormined.  In the subsequent seasons the fruit was picked earlier
and was harder. The main market season for Wincsap apploes is
January to May (19). The first inspections of the 1935 and the 1936
sensons were made somewhnt early for this variety and, therefore, ere
not as important as the later inspoctions. Relatively fow storage dis-
ortders developed on these lots, and there was no consistent or signifi-
cant differenea in the percentages of deeay, brealk-down, or seald after
stornge al the two temperaturss.  When ripened at 70 aflter 6 months’
storage there was moro decay and break-down at 32° in the 1935 lot,
and more decay and seald at 322 in the 1937 lot; but there was more
deeay, break-down, nnd seald at 36° in the 1936 lot. However, there
was no consistent dillerence in the percentage of sound fruit at the
two temperatures. Tho development of yellow ground colsr was not
more rapid at 36° than a2t 32° during the two seasens in which de-
terminations were made. The apples at 36% were distinetly softer and
ripor. No appreciable dilference in dessert quality was noted in 1935
or in 1937 lots, The fruit of the 1936 crop, however, was generally
superior in dessert quality after storage at 32°

The results indicate that cither 36° or 32° would he satisfactory for
storage of Winesap apples for 2 to 3 months. Beeause this variety is

enorally stored longer than this, 32° storage would be preferable

%emusc ol the less ripe and mealy condition and probably superior
dessart quality. However, in two of the three seasons there was a
Ligher percentage of sound fruit at 36° when afterripened following
6 months’ storage. In the other senson the percentage of sound fruit
wns highor at 32°.
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TaBLe 11.—Effect of storage ut 32° and 36° F. on Winesup apples
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YeLLow NEwrowrn (ALBERMARLE Preeix)

The effect of storage at 32° and 36° F. on Yellow Newtown apples
is shown in table 12, The pickings of this varieiy for the storage
tests were made the latter part of October, although this variety is
frequenily picked commerecially much earlier in Virginia. However,
for best storage a relatively late picking is recommended (16). The
main marketing season for this variety is given as January to May
(18). The first inspeetion of apples of the 1936 season was somewhat
early and consequently of less importance than the later inspections.
The ground color at the time of picking ranged from 1.4 to 1.9 in the
different sensons. As the apples became more yellow in storoge,
they became rather mottled, which made it difficult to accurately
estimate the ground eolor. During the three seasons there was no
consistent difference in ground color between apples from the two
temperatures. Although the apples from 36° storage were gencrally
softer than those from 32° storpge, the differences were not great
and the fruit from 36° storage was sufficiently firm for good marlketing
condition. The difference In ripeness as estimated by tasting was
slight or impereeptible. Deecay was prevalent in these lots after
long storage and averaged somewhat higher at 36°. The amount of
decay was variable. Based on those lots only in which at least 5
percent of decay occurred at one of the temperatures, an analysis of
variance indieated thot the differcnce in decay at the two tempera-
tures was barely significant. Severe shriveling and bitter pit were
noted. Pitting oceurred only at 36°, but shriveling was usually more
severe ab 32° because of somewhat lower humidity in the 32° room.
In the few instances in which scald occurced, it was more severe ab
36°. The dossert quality was generally distinetly superior in the
apples from 32° storage.

For the 1935 crop, storage at either 32° or 36° F. was equally satis-
factory for 4 months. For 6 to 8 months’ storage, 32° was superior
to 36° because of the greater amount of decay at 36° and the better
dossert quality at 32°. In lots of the 1936 apples removed from stor-
epo in February and April, there was more sound fruit at the time of
removal, in the lots stored at 36°, but after a week at room temper-
aturc there was more sound fruit in the lots stored nt 32°. The
condition of the fruit after a period at room tomperature should be
more important than its condition on removal. The results, therefore,
indicate that 32° is the preferable storage temperature because of the
better dessert quality and higher percentage of sound fruit after
ripening. With the 1937 crop there was no appreciable difference
between 32° snd 36° storage after 3 months except that slightly
better dessert quality was noted in the apples from 32° storage. At
the end of 6 months, 32° stornge was superior because of the higher
percentage of sound fruit and the distinctly superior dessert quality
at this temperature. Therefore, when all three seasons arc con-
gidered, the results indicate that for short storage either 32° or 36°
might be used for Yellow Newtown, but for storage of 4 months or
more 32° should be used. Ilowever, when grown under conditions
that make this variety suseeptible to intornal browning a higher
temperature (36° to 38°) should be used.
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TaBLE 12.—Effect of storage ai 32° and 36° F. on Yellow Newlown apples
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York [MreEmiaL

The effect of storage of York Imperial apples &t 32° and at 36° F.
is shown in table 13, In all three seasons the fruit used was picked
toward the end of the commercial barvest scason. The average
firmness at harvest ranged from 18,6 to 21.3 pounds and the ground
color from 2.0 to 2.6. The main markel season for this variety
extends from October to February (1593, The last inspections of each
season, lherefore, were considerably beyvond the usual marketing
senson and consequently should be given less weight than earlier
mspeelions,

The resulis in table 13 indicate no consistent or markod diftorence
in ground color of apples Irom storage at the two temperatures.  The
apples generally softened more rapidly snd were riper after storage
at 36°; however, the fruit did not hecome too soft or ripe during the
main markeling season even at 36°  No very marked difference in
dessert qualily was noted in apples held at the two temperatures,
Deeay was the principal storage disorder Lo develop, and 1t did not
differ consistently for the two temperatures, 8t least during the main
marketing season.  Slight seald developed with extended storage and
wis usunily more severe ot 36°,

1o general, these resulls indieate that either 32° or 36° storage
should be used Tor the York Imperial variely during its main marketing
senson, but that 32° may be somewhat preferable because of che
firmer condilion of the frunt and the somewhatl hetter dessert quality.
For storage extending beyoud the main marketing scason, 32° would
be belier,
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TanLe 13.—Effect of storage at 32° and 38° F, en York Imperial apples
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AVERACE RESULTS FOR ALL VARIETIES

Ficure 1 shows on a percentage basis the averages of the 13
varieties for sound fruit and for amounts of decay, of Lresl-down, of
scald, and of othze storage disorders. This is based on all lots and
not just those that show at least 5 percent of a disorder.  This chart
shows results for only two periods of storage, such as were used in the
1937 season. With the longer storage varietics such ns Arkansas,
Ben Davis, Rome Beauty, Stayman Winesap, Winesap, Yellow New-
town, and York Imperial these two storage periods were approximately
3 and ¢ months in 1937, In the 1935 and 1936 scasons the lask
inspection was after 6 months, The other inspections, alter 2 and 4
months’ storage, were averaged to correspond to the inspeetion after
3 months’ storage in the 1937 season. With the shorter storage
varieties, such as Bonum, Delicious, Golden TDelicious, Crimes
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Frgure L.—Effect of stornge at 32° and at 36° F. on waslage of npples.  Averages

of 13 varicties for three seasons: (13, Before storage; (2), storage for 2 or 3
months; (3), ripeped 7 days al 70° alter 2 or 3 monlhs’ stornge: (4, storage
for 4 or § months; (8), ripened 7 days at 70° afler 4 or 6 mouths' storage.  For
details of storage periods, see text (p. 32).

Golden, Jonathan {comparable lots of Jonathan wore not available
in 1934, and only one picking of this variety in 1935 was used in the
averages), and Wealthy, the data for 2 and 4 months’ storage were
used. Thus the columns in figure 1 represent averages of 13 varieties
for 3 scasons {2 seasons for Ben Davis and Wealthy), wilh inspections
made before storage (i); whoen removed from storage after 2 or 3
months at 32° and at 36° (2); when ripencd (7 days) at 70° after 2
or 3 months’ storage &t 32° and al 36° (3); when removed from storage
after 4 or 6 months at 32° and al 36° (4}; and when ripened at 70°
after 4 or 6 months’ storage af 32° and at 36° (5).

The resuits indicate that practically no disorders developed during
o week at room temperafure immediately after harvest. The sligh
amount of decay was largely due to lots of the Wealthy varicties in
which growth cracks were present. Likewise, the average percentage
of disorders that developed in the [ruit after 2 or 3 months' storage
(2) was small. That the fruit had become riper and weaker, however,
wes indicated by the appreciable amounts of decay, break-down, and
scald that developed when the apples were exposed to room tempera-
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ture (70°%) for a week (3). After 4 or 6 months’ storage (4) consid-
erable wastage was present in the fruit, and this became very severe
with exposure to room temperature (5). At the time of removal
from the low temperatures (4) all of the disorders sveraged higher in
the apples from 36° storage than in those from 32° storage.

The results in figure 1 indicate that with long storage the fruit
may appear to be in good condition and not show excessive storage
disorder, but may be so weakened that after removal from cold storage
it rapidly deteriorates when exposed to relatively warm temperatures,
This emphasizes the importance of prompt marketing and utilization
of apples during the late storage period of a varicty.,

DEVELOPMENT oF DECAY IN RELATION TO STORAGE AT 32° AnD 35° I,

Although isolations were not generslly made to identify the organ-
isms causing decay in the various lots, the symptoms on the fruit in-
dicated that the decay was mainly black rof and blue mold rot. In
some instances side rot (Sporotrichum malorum Kidd and Beaum),
gray mold (Botrytis sp.), bitter rot (Glomerella cingulaia Ston., Spauld.,
and V. Schrenk.}, or organisms causing other decays were present. In
comparing the influence of temperature on the development of decay
15 seerned logieal to consider only those lots in which decay was foun
in appreciable amounts (at least 5 percent) at one or both tempera-
bures. The results with the Wealthy varicty were not included, be-
cause the growth cracks that were present on these apples made them
particularly susceptible to decay. Lilkewise, results with the Jonathan
variety in which special treatments, such as delayed storage, wers
used, were not included. Only the results of the inspection after the
7-dey ripening period were used, as this was the more important in-
spection and mcluded the decay present at time of removal as well as
that developing during the afterripening.

With thesc restrictions there were 49 comparable lots from each of
the 2 temperatures in which at least 5 percent of decay developed. Of
these 49 lots 20 were from 1935, 22 from 1936, and 7 from 1937. They
were distributed among the different varioties as follows: 2 each for
Delicious and Golden Delicinus; 3 each for Arkansas and Bonum; 4
each for Grimes Golden, Stayman Winesap# and Winesap; & ench for
Ben Davis, Rome Beauty, Jonathan, and Yellow Newtown; and 7 for
York Imperial. In these lots there was an average of 13.6 percent
decay at 32° F. and 19.8 percent decay 2t 36°.  On this basis the decay
averaged 45.6 percent greater at 36°.  Although in & number of in-
stances there was more decay at 32° than at 36°, a statistical analysis
of the data indicated that tlns higher average deeay at 36° was highly
significant.

The average percentage of decny for all lots, and not just those that
showed at least 5 percent, is shown in figure I for the verious inspec-
tiors. At all inspections the decay aversged higher at 36° than at
32° It was 80 percent higher at 36° after 2 or 3 months’ storage, 26
percent higher when held at 70° after 2 or 3 months’ storage, and 55
percent higher when stored for 4 or 6 months, and 51 percent higher
when held at 70° after this period of storage.

The) results ere in accord with those of other investigators (6, 10, 16,
17, 29),
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DEVELGPMENT OF SCALD IN RELATION TO STORAGE AT 32° axp 36° T.

As with decay, it scomed advisable in comparing the amount of
seald ab the two temperatures to consider only those Jots in which at
least 5 pereent of the disorder was presont at one or both temperatures.
Although the apples were not always packed in oiled paper, consider-
ablo seald developed in many lots packed in oiled paper, as well as in
those without it. There were 81 comparisons between 32° and 36° F.
in which at least 5 percent of scald developed at one or hoth tempera-
tures. Thirty-cight of these comparable lots were packed in oiled
paper and 23 were not. This does not mean that raore scaki would
occur with oiled paper than wilhout, as more lots were stored with
oiled paper than without it and there were no comparisons between
comparable lots with and without the oiled paper. It does indicale,
Lowoever, that oiled paper cannot be depended on to give complete
control of seald, Scald was present in over twice as many lots of 1936
as in cither 1935 or 1037. This is in accordance witli general experi-
once, as scald was found to be very prevalent in conumncereinl cold-
storage holdings in the Shenandoab-Cumberland region in the 1936
crop.

In many instances very little or no seakd was found in lots when
inspected ot the time of removal [rom storage, but it bhecame severe
during afterripening at 70° F. Thus there were 18 comparisons in
which appreciable scald was evident al the time the [ruit was removed
from storage and 43 comparisons after a week’s exposure o 70°  The
average scald present in the 18 lots ab the time of removal was $2.5
pereent for 32° and 21.1 pereont for the storage at 36°  In the 43
comparisons after 7 days at 70°, there was 35.4 percent of seald for the
32° and 31.2 percent for the storage al 36°. The data indicate that
seald was more severe ab tho time of removal following storage at 36°,
but it developed with greater rapidity at room temperalure after re-
moval of apples from 32° starage, and showed groatest severity in such
fruit aller o week at 70°  However, beeause of the great variabilily in
the amount of seald developing in the different lots, the differences be-
{woen the amount of seakd at the two tomperatures was not found to
he significant. 1iad the lots beon replieated so that 4 more precise
measure of the errors could have been determined, 1L seems likely that
the differences might have been found to be signilicant.

The average pereentage of seald in all lots, and nol just those with
at least 5 percent, is shown in figurs 1. These results indieate that
seald may not be very apparent during storage bul increases greatly
after removal of Lhe fruit from storage to warm temperatures,  Results
on this basis also indicate that scald may be more severe during
storage ab 36° than at 32° F., but develops more rapidly after removal
on lots from 32° storage.

These resulls are in accord with those of Magness and Burroughs
(15) in which scald in some instances was more severe 8t 32° than
8k 35° F., but arc not in accord with those of other investignators (4,
6,10, 17, 26, 27, 29, 30) who have consistently found storage seald to
ba more severe or to develop more rapidly at the higher temperatures,
The canse of Lhis discrepancy is not apparent, However, in some of
the previous studies on scald the inspections apparenily were made
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at the time the apples were removed from storage, and there is no
indication that inspeetions were made after a period 2t room tem-
perature. It is possible that a greater potential susceptibility to
scald is developed at the lower temperature, but the development of
the actual scald is retarded by the low temperature and develops
rapidly on removal of the fruit to ripening temperatures. On the
other hand, there may have boen some factor other than temperature
that has inlluenced the dovelopment of seald in these investigations,
The 32° room was gencrally more completely filled with apples than
the 36° room, and this mighit have rosulted in a higher concentration
at 32° of the volatile substances that cause seald,

DevELormist oF IntERNAL Brzax-Dows 1 RELATION TO STORAGE
AT 32° axp 36° F.

As with deeay and scald, it seemed advisable to consider anly those
lots in which at least 5 pereent of internal break-down was present
in apples vom storage at one or hoth temperatures. This amount of
breah-dewn did not occur in Ben Davis, Golden Delicious, Yellow
Newtown, or York ILmperial varieties. Considerable break-down
occurred in Jonathan, Stayman Winesap, Arkansas, Grimes Golden,
and Rome Beauty apples. In the Arkansas and Stayman Winesap
varieties break-dewn was consistently more sevore at 36°, whereas in
Jonathan, Grimes Golden, Rome Beauty, and Winesap there were
often rather large differenees, but they were not consistently higher
at cither temperature,  The average of all lots (fig. 1) shows a greater
percentage al 36 al all inspeetions.

SoFTENING AND RIPENING OF ArpLes AT 32° axp 36° K.

In agreement with the findings of Magness ot al. (16} and ather
workers, these results indieated a faster rate of soltening and ripening
at 36° than at 32° F. There is a tendency for the rate of soltening
to slow down after reaching a faitly low’ point (depending on the
variely).  Consequently the firmness nt 32° may eventuelly herome
about Lhe same as at 36° storage.  Under these conditions, there wis
often a difference in ripeness with little or no differonce in firmiess,

The average frmness and ripeness of all Ints is shown jn figure 2,
The storage periods shown correspond with those in fizure 1. The
avernge dilference in firmness ot 32° and 36° F ranged from 1.8 to
0.7 pounds, heing greatest after the short storage period and least
alter ripening at 70°. The average ripencss was delermined by
giving numerieal values to the different degrees of ripeness, with hard
rated s 5.0, firm as 4.0, firm ripe as 3.0, ripe as 2.0, and overripe as
1.0. Intermediate degrees of ripeness were given [ractional numbers,
For example a lot rated hard to firm would be given a value of 4.5,
The results in figure 2 indicate a rate of ripening at the two tempera-
tures corresponding to the softening rates.  Thus, at three inspections
the avernge firmness of the lots was 12.4 pounds, and the ripeness in
all of these instances average 2.6 or about rm ripe to ripe.




TECHNICAL BULLETIN 776, U. 5. DEPT. OF AGRICULTURE

D FIRMNESS
—"——-— GRCGUND GCOLOR
=

RIFEMESS

fa:]

-

[}

Iy

i

]

FIRMNESS BY PRESSURE TEST {PQUNDS)
L8]

o

g

GROUND COLQR (NUMBER}
RIPENESS

5

)

ot

2
3g° 32¢ 36°
STORAGE TEMPERATUREPF)
70° 70° 70°
RIPEMING TEMPERATURE [°F.)

o
o
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ground color of apples: A, Before storage; B, ripened immediately (5 to 10
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ripe), +1.0. In ground color, 1 represents green and 4 represents yellow,
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DEvELOPMENT oF Grounp CoLor aT 32° awp 36° F,

As would be expected from the faster ripening at 36° F., there was
also a more rapid change in ground color at 36° than at 32°. With
many of the varietics the average difference was not statistically sig-
nificant and with others the difference was too small to be of practieal
importance. The greatest average differences were found in the Ronie
Beauty and Bonum varieties, in which the differences averaged about
0.50 of a color unit on the color chart used. Grimes Golden, Golden
Delicious, Jonathan, Yellow Newtown, and Stayman Winesap aver-
aged between 0.18 and 0.30 difference in ground color and the other
six varicties 0.12 or less.  There was no indication of lack of ability
to develop yellow color in these varielies nfter storage, as there wers
changes in ground color during afterripening 1t 70° in the last lots to
be removed from storage {fig. 2).

Dessear Qusarity or AppLEs StorEp ar 32° axp 36° F.

Dessert quality is a combination of taste, aroma, texture, and juici-
ness of the fruit.  There is no precise measure of dessert quality, and
its cstunation is open to considerable error due to personal judgment
or standards. The results, however, indicate 2 gradunl deterioration
in dessert quality during storage.  As with ripening and other changes
this deterioration appears to be more rapid at 36° than at 32°F. Ina
few instances the quality was somewhat better at 36° on the first
inspection.  This was generally due to insufficient ripening at 32° for
the fruit to be in prime edible econdition. In many instances there was
no appreciable difference in quality, but particularly in the late
inspections there was frequently distinctly better quality in the apples
from 32° storage. This is not in accord with the reports of Plaggee,
Maney, and Pickett (24, 27) but is in agreement with the findings of
Powell and Fulton (29), Magness and Burroughs (75), Tiller and
Chittendon (35), and Smith (32).

DISCUSSION

Storage at 35° to 36° F. instead of at 31° to 32° has been recom-
mended by Plagge, Maney, and Pickett (27, 28), because certain low-
temperature disorders may be largely controlled and better ground
color and dessert quality may be obtained at the higher temperatures.
These authors further maintain that scald, which was found to be
more severe at 36°, could be very largely controlled by picking the
fruit ot proper maturity and storing with oiled paper. They also
state that with present methods of spraying and handling, only sound
fruit (frec from skin breaks) need be stored and conscquently decay
will not be a factor.

In the investigations reported herein, on the contrary, low-tempera-~
ture injury, such as soggy break-down and soft scald, was not a factor
and occurred only on Jonathan apples that were delayed at room
temperature (65° and 70° F.) previous to storage. Even in these lots
the greater amount of soft scald at 32° waa largely counterbalanced
by the greater amount of other disorders, such as Jonathan spot, at
36°. Furthermore, apples of this variety that have been delayed for
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any appreciable time at room temperatures become so ripe as to be
hardly suitable for storage.

On the other hand, considerable scald developed in many of the
experimental lots even though the apples were picked during the com-
mercial harvest season and packed in olled paper.  Apples of the 1936
crop in the Shenandeah-Cumberland region were particularly sus-
ceptible to scald, and much seald was observed in commercial lots
during that storage scason.

Although these resuits indicate little or no difference in the develop-
ment of seald at 32° and at 36° I, other investigators have found that
seabd increased with temperature and was greater at 36° than at 32°,
Thus storage at 32° would be desirable for the control of this disorder.

Brooks, Cooley, and Fisher (5) found that seald increased with
temperature up Lo 68° F.  In the results reported herein no seald was
found at 70° when the apples were held at this temperature immedi-
ately after harvest.

Baker and Heald (I} have shown that lenticel infoction is one of
the important causes of loss from blue mold in lots in which small
percentages of decay (1 to 3 percent) occur, and that it, rather than
meghanical injury, is responsible for much of the development of blue
mold decay showing in stored fruit. Where black rot was present in
the investigations reported herein the center of infeetion was generally
in the calyx and not at a skin break. Bitter rot also apparently may
gain entrance into the apple through the unbroken skin, and the
infections frequently oceur in the orchard before the fruit is handled.
Likewise gray mold is apparently able to enter sound fruit, Side
rot generally centers around lenticels.  Thus, although careful han-
dling to prevent skin breaks would tend to reduce the amount of
deeay, it would not control it, because organisms that are responsible
for practically all of the rot of apples in storage may gain entrance
through the unbroken skin. This is contrary to the contention of
Plagege, Maney, and Pickett (27) that decay need not be o factor if
the {ruit is handled so that bruising and skin breaks are avoided.

In commercial storage where large blocks of fruit may be stacked
close togelher the temperature of the fruit may be 2° to 4° F. higher
near the center of the stacks than is the temperature of the air in the
aisles.  Consequently, if a storage temperature of 36° is used, it is
likely that many apples will be hield at fruit temperatnres of 38° to 40°,
particularly during the early part of the storage period.

These investigations have shown certain material advantages in
storing apples at 32° F. rather than at 36°.  The principal advantage
of storage at 36° has been in the control of soggy breal-down and soft
scald. Brooks and Harley {6) and Brooks and McColloch ¥ have
shown that several prestorage treatments will also control these dis-
orders. They state that nccumulated soft scald tendencies have been
largely removed by conting the {ruit with a mixture of oil and paraffin
or by short-period prestorage exposure to partial vacuum, to high
temperature (95° to 110° EK.), or to carbon diexide gas, and that
accumulated soggy break-down tendencies have made & similar
response te carbon dioxide treatments. Fuorthermore, the carbon
dioxide treatmoents liad @ beneficinl effect upon firmness. With
fruit thatis thought to be suseeptible to soft seald or soggy break-down

¢ Uppublished resaita.
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it would seem advisable to control these disorders by prestorage
treatments with carbon dioxide and then storage at 32° I such
treatment is not feasible it moy be desirabie to store such fruit at
36° if the storage is not to be for an extended peried. Likewise,
Yellow Newtown apples when grown under conditions that make them
susceptible to internal brcwning should be stored at 36° to 88°, as
previously recommended (2, 18).

SUMMARY AND CONCLUSIONS

Results are presented showing the response of 13 varieties of apples
(Arkansas, Ben Davis, Bonum, Delicious, Golden Delicious, Grimes
Golden, Jonathan, Rome Beauty, Stayman Winesap, Wealthy,
Winesap, Yellow Newtown, and York Imperial) to storage at 32°
and 36° I, during three seasons.

The average pereentnge of decay in lots that developed appreciable
amounts after ripened was nearly 50 pereent greator following storage
at 36° than af 32°,

There was seme indication that scald appeared earlier at 36° but
eventually beeame equally as or more severe alter storage at 32°,

In the Arkansas and Stayman Winesap varicties internal brenk-
down was more severe at 36°.  In the other varieties there was no
consistent difference in relalion between amounts of break down in
the (we storage temperatures,

Softening and ripening of the apples was generally much more
rapid at 36° than at 32°.

There was a more rapid change in ground color frem green toward
yellow at 36° than a1 32°.  The difference in ground color was largely
due to difference in ripeness of the apples from the two temperatures,
and with most varietios it was not sufficient to be of practical signifi-
cance.

There was a gradual deterioration in desset . quality during storage.
This wns generally more rapid at 36° than at 32°.  With short periods
of stornge the difference in quality was slight or impereeptible, and
n a few instances the dessert quality was better at 36° beeause of the
unripe condition ol apples Mrom 32% storage.

Individual varieties varvied somewhat in their respense to (empera-
ture. With nearly all of the varieties stwlied, 32° was preferable for
long perieds of storage.  In some instanees cither 32° or 362 was satis-
factory for relatively short periods of storage.  OF the varioties studied,
only Grimes Golden gave wilh [air constancy better results when
stored at 36°.

On the basisof these results and in consideration of the reports of other
workers, there appenrs to be ne sound reason for ehanging the recom-
mendation that, in general, npples be stored at 31° to 32° F,
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