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I. STUDIES OF THE RIPENING OF APPLES? 

INTRODUCTION 

The determination of the best time to remove apples from the tree 
is one of the most important problems which the fruit grower must 

1Part I of this bulletin is based on contributions of data supplied jointly by the nine 
persons mentioned under the general title. 
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solve. If too immature when picked apples will wilt in storage and 
be poorly colored and unattractive in appearance; they will be of 
poor quality and lacking in aroma and flavor when they reach prime 
eating condition; and many varieties will be very likely to develop 
bad storage scald. On the other hand, it is very important that cer- 
tain varieties be picked before becoming overripe. Internal break- 
down—the softening and discoloration of the flesh of such varieties 
as Jonathan and, more rarely, Grimes Golden, Stayman Winesap, 
Delicious, Esopus Spitzenburg, and others—appears to be asso- 
ciated with allowing the fruit to remain too long on the trees. The 
development of water-core also appears to be associated with over- 
maturity on the tree. 

Various tests are used by growers to determine the proper time of 
picking apples. The color of the seeds, the ground color or color of 
the unblushed portion of the fruit, the extent and intensity of the 
blushed surface, the ease of separation of the fruit from the tree, and 
the apparent firmness of the flesh are used to determine the time when 
the fruit is in proper condition to be removed from the tree. Ex- 
tended critical studies have not heretofore been made to determine 
the exact dependability of these various tests, particularly for fruit 
growing under the various climatic conditions prevailing in different 
parts of the country or in the same section from year to year. Con- 
sequently, a series of investigations was inaugurated by the United 
States Department of Agriculture in cooperation with several State 
agricultural experiment stations to study carefully the changes which 
take place in apples as they approach maturity on the tree. 

The most prominent of these changes are (1) increase in size, (2) 
change in color of seeds, (8) change in the color of the unblushed 
portion of the fruit, (4) development of blush or red color on colored 
varieties, (5) progressive softening of the fruit, and (6) change in 
the tenacity with which the fruit adheres to the tree. : 

It was proposed to study all these changes in order to determine 
if possible (1) which of them constitute the most reliable criteria 
for judging when the fruit is ready to be picked, (2) how these 
ripening changes differ in the same variety when grown in different 
sections of the country under widely varying climatic conditions, 
(3) the effect of a long or short growing season on the time of ripen- 
ing of the variety, and (4) whether an early bloom necessarily indi- 
cates early ripening and a late bloom late ripening. 

EXPERIMENTAL METHODS 

In order to obtain standard observations on the fruit, an attempt 
was made to eliminate so far as possible the variations in observa- 
tions due to the personal factor. The general outline of the observa- 
tions and tests was carried on simultaneously in the experimental 
orchards at Amherst, Mass.; Ithaca, N. Y.; East Lansing, Mich.; 
Wooster, Ohio; Council Bluffs, Iowa; Rosslyn, Va.; and in commer- 
cial orchards at Wenatchee, Wash. 

Observations and tests were made at 10-day intervals, starting 
several weeks prior to picking dates in the different sections, as 
follows: 3 
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Increase in the size of the fruit—In each orchard 100 apples of 
each variety were selected, tagged, numbered, and the largest radial 
circumference measured in centimeters at the beginning of the test. 
These apples were remeasured at 10-day intervals to determine the 
growth increment. Thus, the rate of growth and the length of time 
growth continues have been determined. Individual apples that 
dropped prior to the last measurement were eliminated from all 
averages. 

Hardness of the fruit—A mechanical tester similar in essential 
details to that described by Murneek (15)? for determining the hard- 
ness of the fruit was used. The number of pounds pressure required 
to force a smoothly rounded plunger seven-sixteenths inch in diameter 
into the fruit to a depth of five-sixteenths inch was determined. The 
tests were made with the peel intact and with the peel removed, but 
since the latter tests are considered the more reliable all the data pre- 
sented on hardness of the fruit are based on tests directly on the 
flesh of the apple (with the peel removed). In most cases 30 rep- 
resentative apples of each variety were used for each test, and three 
individual tests were made about the radial circumference of each 
apple. These 90 tests have been averaged to represent the pressure 
tests, 1. e., hardness of the fruit on the different dates. 

Changes in the ground color or color of the unblushed portion of 
the fruit—tin order to determine the changes in the ground color 
of the fruit from week to week, a chart was made up, representing 
as nearly as possible the color changes through which the unblushed 
portion of most apple varieties pass as they approach maturity on 
the tree. A reproduction of the chart used is shown as Plate I. The 
exact colors in different varieties of apples vary greatly, but by 
comparison with the chart the ground color of the fruit at any 
particular time could be fairly accurately placed. Instead of 
attempting to describe the color, the fruit was designated by its chart 
number according to the shade most nearly represented. Thus, No. 
1 represents a very green shade and Nos. 2, 3, and 4 represent suc- 
cessive stages of yellowing; fruit falling between Nos. 2 and 38, for 
example, is called 214. Similar charts were used in all districts, so 
that the color comparisons are believed to be accurate and directly 
comparable. 

Increase in the blushed surface of the fruit—Careful estimates 
of the area of the blushed surface of the 30 apples used for testing 
were made at each testing date. The averages presented give a 
fairly good indication of the change in blushed surface from time 
to time in the different sections. 

Change in the color of the seed—rThe color of the seeds was noted 
when the different tests were made. The time of turning brown and 
when full light brown are the really definite points in seed-color 
change and have been particularly noted. 

Ease of separation from the spur and extent of dropping.—Gen- 
eral notes were made on the ease of separation of the fruit from 
the spur and on the extent of natural dropping from the tree at the 
time of the different tests. 

? Numbers (italic) in parentheses refer to “ Literature cited,” p. 64. 
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SOIL AND CULTURAL CONDITIONS 

The soil and cultural conditions prevailing in the different 
orchards in which the test trees were selected may be summarized 
as follows: 

Rosslyn, Va.—The orchard at the Arlington Experiment Farm, 
located across the Potomac River from Washington, D. C., is in 
grass sod on loam soil. During 1923 no fertilizer was applied. In 
the spring of 1924, 5 pounds of nitrate of soda and 5 pounds of 
superphosphate were applied to each tree prior to blossoming. 

Amherst, Mass—The soil is a stony loam. In 1923 the Bald- 
win and Delicious trees were in sod, with nitrate fertilizer added. 
Ben Davis, Winesap, and J onathan were given stripped cultiva- 
tion, with 5 pounds of nitr ate to each tree, while the Grimes Golden 
was under cultivation, receiving no nitrate. In 1924 Baldwin and 
Grimes Golden were in sod, with nitrate, while Ben Davis, Delicious, 
Winesap, and Jonathan received stripped cultivation, with nitrate. 

Council Bluffs, Jowa—The trees are on silt-loam soil in clover 
sod, which is reseeded every three years, so the orchard is cultivated 
every third year. No fertilizer was applied. 
W ooster, Ohio. —This soil is a silt loam. The orchard is in sod 

mulch and receives nitrate applications in the spring. 
East Lansing, Mich—Delicious, Jonathan, Winesap, and Bald- 

win received cultivation annually until 1920, when clover was sown, 
and since then have been in clover sod. No fertilizers have been 
added. Ben Davis has been in sod for many years. 

Ithaca, N. Y—The soil is a heavy loam. The trees are 12 to 14 
years old and receive cultivation annually, with a weed cover crop. 
No fertilizers are added. The Baldwin crop was light; the other 
varieties had an average yield. 

Wenatchee, Wash—The soil for the Jonathan and Grimes Golden 
is a fine sandy loam; the Ben Davis and Winesap trees are growing 
in loam soil, and Delicious trees in sandy soil. Ben Davis, Wi inesap, 
and Delicious trees received abundant water, but the irrigation of 
the Jonathan and Grimes Golden trees was somewhat irregular and 
scanty. All trees were in alfalfa sod. Ben Davis and Winesap 
received in addition 3 pounds nitrate of soda per tree. 

WEATHER CONDITIONS 

Table 1 shows detailed mean temperatures and precipitation by 
months at the different stations, as reported by the United States 
Weather Bureau. It is apparent from this summary that there was 
a very fair distribution of moisture through both years in those 
regions which depend on natural rainfall. At nearly all stations 
the mean temperatures for 1923 were somewhat above those for 1924 
during May, June, July, and September; the mean temperatures 
in Aucust, 1924, were somewhat above those for 1923. On the 
whole, the season of 1924 would be characterized as cool through-— 
out all the eastern section of the United States. In the Wenatchee 
district of Washington the mean May temperature was about 6° F. 
above normal for the month; the remainder of the season av eraged 
very close to the mean for that section. 
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TABLE 1.—Mean temperatures and precipitation of seven stations, compiled from 
United States Weather Bureau data 

| 1923 1924 1923 1924 
| 

| 

Station and month | Mean Mean | || Station and month | Mean Mean 
tem- ope SW ipemey| oe tee ferns ees tema) key pita- _ | cipita- _ | elpita- _ | cipita- 
Pere tion eee tion Peo ions ea tion 
ture ture ture ture 

Amherst, Mass.: °F. |Inches| °F. | Inches || East Lansing, 
IVER en aes Horas Zon oo, PAI Mich.— Contd. °F. |Inches| °F. |Inches 
Ab Fale oc ee ee ae 67.9 2. 24 64.3 1. 28 Arps es. #228 =20 66. 7 27 66. 8 2. 01 
Tir 6 aed GSsone lence 71.4 16 7s September______-_ | 62. 1 5. 61 56. 8 | 2. 58 
PAIEHISG) 24 Gl eaie GisGu}inie. Opa) 7043 3.11 Octebersst Ls 2 48.5 1.39 | 54.6 . 30 
September_______ 63. 9 1.89 | 59.2 5. 87 || Ithaca, N. Y.: 
October= =~ 51.1 5. 50 SS . 01 Mia yee ee iene 51.6 3. 29 

Rosslyn, Va.: “bir (oh ae Be Ses at Se # en 62. 4 2. 71 
IM Ey een 63. 0 1. 50 60. 0 6. 73 ATU Aye Sp ei (A [ey 2S 67.5 4. 37 
Himecun rites 76:0 |@ 2.80 | 71.3 | 3.89} Mercuri sakes 2) TE To ee 66.8 | 3.30 
di pd hye ies ee 76. 0 4.92 75. 0 2. 76 september.) 2.2 eae ee Vie 6. 83 
ATISUSh=e eae 74.0 | 2.19} 74.8 5. 07 October 22:22. La eee 48.6 473) 
September_______ COSOn Slay 6e 2 7.86 || Wenatchee, Wash.: 
October = 56. 0 1.36 57. 4 . 44 Ms [Ya ee a a Sn | eens) eee etre 64. 2 0 

Council Bluffs, UTC = ys eed |e =e | etree 65. 6 . 08 
Iowa: SUP byt sees a ey ee 71.6 0 

Maye rt et 60. 9 2. 50 NDS 2.01 | ATISUSE Cee ee | ee ees ome 70. 4 94 
June! Oe ay 72.4} 6.00} 69.0 9.08 | September. sess |e es eee at 61.3 . 55 
unliyHass es Pane 79.5 86 | 73.2 2.79 OCTOD Er eae | Ra 50. 0 .47 
PAIS US Go wee ee (Pa) || CROAE AOD) 1. 67 || Wooster, Ohio: 
September_______ 67241 9832) |) 16252 4. 56 Vila =e ee 56.9) 4.11 | 542 4,13 
October 2=sr2 es 51.8 | 71 61.4 5 Gi Uline ee eee 69. 6 1.99 65. 6 6. 40 

East Lansing, Mich.: Juiltyet Se eee Mele) =2208h i) 68d 4,32 
Mia y shee Bee 2 54. 6 3. 45 50. 6 4. 20 PANT OUIS Fee ee 69. 4 4. 70 70. 5 2. 34 
une ae eds ie 70.0 2. 90 64. 2 4,94 September__-____- 64. 6 3. 08 60. 3 5. 38 
Ulva ae FL 70.6 | 4.76] 67.4 2. 68 October. zs 5ONOR ele ssn le oot . 30 

From the temperatures presented in Table 1 and from the 
average .temperatures for the growing season shown in Table 3, 
it is apparent that the average temperature at the Arlington Ex- 
periment Farm at Rosslyn, Va., was about 6° F. above that at 
Amherst, Mass., and East Lansing, Mich., during 1923. Wooster, 
Ohio, and Council Bluffs, Iowa, were intermediate in temperatures, 
the latter being almost as warm as Rosslyn. 

The 1924 growing-season temperatures averaged somewhat cooler 
throughout the Eastern States, with less variation in the different 
districts then in 1923. Mean temperatures for the full growing 
season at Wenatchee during 1924 averaged shghtly warmer than 
at Amherst, Wooster, and Ithaca, and somewhat cooler than 
Rosslyn and Council Bluffs. The daily fluctuation at Wenatchee is 
greater than at any other station studied; the mean temperature was 
intermediate, but the daily maximum averaged higher and the daily 
minimum lower than at the other stations. 

INCREASE IN SIZE OF FRUIT 

The exact increase in the size of apples during the latter part of the 
growing season, and particularly through and following the normal 
picking season, has not heretofore been extensively studied. White- 
house (79) determined the rate of growth of Grimes Golden apples 
in western Oregon from June until September 20 and found that 
the increase in diameter proceeded at a fairly constant rate. 
Maeness and Diehl (77) showed that Winesap apples at Rosslyn, 
Va., were still growing rapidly on October 10 during the season of 
1919. The rates of increase in size of the fruit of the different 
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varieties at the various stations where observations were made are 
shown graphically in Figures 1 to 9. The size of the apples, given 
in cubic centimeters, is based on calculations from circumference 
measurements, assuming the fruit to be a sphere. The volume of 
the fruit is slightly less than this, but the data for each variety 
are comparable and give a more accurate indication of the actual 
increase in size than would be obtained by circumference measure- 
ments. For purposes of comparison, a 2-inch apple on this basis 
would have a volume of about 65 cubic centimeters, a 214-inch apple 
125 cubic centimeters, and a 3-inch apple about 220 cubic centimeters. 
These data are based on measurements of the same apples taken from 
hime to time in the different sections and are representative of the 
actual increase in size occurring at the different dates. The data 
are averages of 50 to 100 apples. 
From the data shown in Figures 1 to 9 it is apparent that the 

increase in size of the fruit continues as long as the apples remain 
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Fig. 1.—Change in firmness of flesh and size of Jonathan apples, 1923 

attached to the tree. Many of the measurements on which these 
data are based were made after the commercial picking season had 
passed and when the crop as a whole was dropping very badly; 
yet it is apparent that growth in size continued at a very nearly 
uniform rate. For example, in 1923 the Baldwin apples at Amherst 
were dropping considerably by October 6, yet measurements made 
October 8 showed growth to be continuing in those apples which 
still adhered to the tree. At Rosslyn so many Baldwin apples 
had dropped by September 17 that it was impossible to get further 
measurements, yet up to that date growth was continuing at a 
practically uniform rate. The data for 1924 show a similar con- 
dition. Delicious apples at Wooster, Ohio, were showing a medium 
drop and were apparently ready to pick on October 12, yet growth 
continued at a uniform rate throughout the remainder of the 
month. Jonathan at Wenatchee appeared ready to pick on Sep- 
tember 10, but showed a marked increase in size between that date and 
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September 26. Practically all the Grimes Golden fruits at Rosslyn 
dropped about September 30, although up to that time they were 
showing a uniform growth rate. These specific examples might 
be extended. It is apparent from the charts, however, that as long 
as the fruit remained on the tree in the different sections, a marked 
and more or less uniform increase in its size occurred. 

It has not been possible from the data at hand to make a critical 
analysis of the factors involved in determining the rate of growth 
in apples. With most varieties the fruit grown under fairly con- 
stant moisture supply and high fertility in the Wenatchee district 
increased in size somewhat more rapidly and became larger than 
that in most of the eastern districts. Grimes Golden, with a heavy 
crop, however, did not become larger than in the eastern districts, 
while Delicious, with a hght crop, became very large. It would 
appear that the water supply and the quantity of fruit on the tree 
are the two main factors in determining the size attained. Under 
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Fig. 2.—Change in firmness of flesh and size of Jonathan apples, 1924 

certain conditions a third factor, namely, length of growing season, 
is very important. The data show conclusively that within the 
seasonal limits here studied, which in most cases extended as long 
as the fruit was adhering to the tree, regardless of the exact cli- 
matic conditions prevailing, there is a rather distinct increase in 
size from week to week. Thus, delaying picking operations as long 
as the condition of the fruit permits will result in a distinctly larger 
size than will be obtained by early picking. 

SOFTENING OF APPLES ON THE TREE 

Tt has long been recognized that as fruit matures on the tree there 
is a gradual softening of the tissue. The mechanical measurement 
of the rate of softening of certain fruits has been suggested and 
used as a test of the proper time for removing them from the tree 
(15). The exact rate of softening of apples before and during the 
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picking season has been determined to a limited extent. Burroughs 
(4) reported that Wagener apples at Canton, Pa., softened only 
very slightly between September 23 and October 13, 1922, and then 
showed a marked softening before October 24. Hartman (9) re- 
ports that in Grimes Golden, Jonathan, and Ortley apples grown 
in western Oregon the rate of softening just prior to picking time as 
measured by mechanical tests was not sufficiently rapid to be a satis- 
factory index of picking maturity. Magness and Diehl (77) in 
1922 found a rather rapid softening in Winesap, Ben Davis, and 
Rome Beauty apples at Rosslyn during the last month of the 
ripening season on the trees, whereas Delicious showed much less 
rapid softening. One of the authors (12) in a preliminary report 
showed the softening rates of several varieties in different sections 
of the country during the fall of 1928. | 

Figures 1 to 9 show graphically the rates of softening of some of 
the different varieties under observation at the various stations 
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Hic. 8.—Change in firmness of flesh and size of Baldwin apples, 1923 

during the years 1923 and 1924. It is at once apparent that there is 
a marked variation in the softening rate of different varieties and also 
for the same variety under different growing conditions. 

Fruit at Rosslyn during 1923 appeared to be distinctly softer 
. throughout the growing season than the same varieties grown in the 
more northern latitudes. The blooming season at Rosslyn in 1923 
occurred the last week in April, while at Amherst and East Lan- 
sing full bloom was reported on May 23. Considering that the dif- 
ferent varieties were one month more advanced at Rosslyn than in 
.the northern sections, it is still apparent that the fruit at Rosslyn 
was much softer. For example, on August 7 Winesap at Rosslyn 
registered on pressure testing under 24 pounds, whereas on Septem- 
ber 7 at East Lansing the Winesap tested almost 29 pounds. The 
Michigan fruit on September 7 was considerably larger than that 
in Virginia on August 7. Similarly, Baldwins at Rosslyn on August 
7 were markedly softer than Baldwins from Michigan, Ohio, or 
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Massachusetts on September 7. Delicious, detailed data for which 
are not shown, was distinctly softer at Rosslyn on August 7 than 
in the northern regions on September 7. The same general condition 
held with Ben Davis. With Grimes Golden, on the other hand, 
there was little difference between the Rosslyn fruit on August 7 and 
the more northern grown fruit on September 7. 

During August, 1924, most varieties at Rosslyn were harder than 
during the corresponding month in 1923. In 1924 the trees were 
later in blooming and the weather was cooler than in 1923. The 
fruit in Virginia was softer than that from the more northern regions 
at any given date but only approximately in proportion to the dif- 
ference in season between the two sections. Fruit from Wenatchee, 
blooming two weeks earlier than that in Virginia, closely paralleled 
the Virginia fruit, although remaining constantly about two weeks in 
advance of it in softness. 
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Fic. 4.—Change in firmness of Healy and size of Grimes Golden apples, 
24 

It is somewhat surprising to find that the Iowa fruit was distinctly 
harder, particularly in 1924, than the same varieties grown in Vir- 
ginia. The blooming season in the two sections was almost identical, 
while the mean temperatures at Council Bluffs were only slightly 
below those which prevailed at Rosslyn. There is no outstanding 
variation either in temperature, moisture supply, or size of fruit to 
account for this variation. 

Of particular importance from the point of view of the use of the 
pressure-test apparatus as a means of determining picking time in 
apples is the rate of softening just prior to the picking season, as 
well as the exact condition of firmness of the different varieties from 
the various sections at the time the fruit is in prime picking condi- 
tion. 

From all the data which were available, including notes on color, 
adherence of the fruit to the tree and extent of dropping, size of the 
fruit, pressure test, etc., the optimum picking season for the various 
varieties in the different sections has been determined as accurately 

82956—26——_2 
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as possible. Particular emphasis in determining this date was placed 
on the factors of the ground color of the fruit “and the adherence of 
the fruit to the tree. The optimum picking dates for the different 
varieties are shown in ‘Table 3. 

In Table 2 is summarized the pressure test at the optimum picking 
. date for the various varieties in the different sections. The pressure 
test one month earlier is also recorded with the difference between the 
two tests, which represents the amount of softening during the month 
prior to the picking date. 

From a study of the data presented in Table 2 it is apparent that 
a wide variation may occur in the rate of softening prior to picking 
time. Thus, Delicious at Rosslyn in 1923 showed no apparent 
softening during this period, but in 1924 there was a softening of 
3.5 pounds. At Kast Lansing the softening was 2.7 pounds in 1923 
and 2 pounds in 1924; at Wooster it was 3.1 pounds in 1923 and 
4.6 pounds in 1924. In all the observations on this variety there 
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Fic. 5.—Change in firmness of flesh and size of Delicious apples, 1924 

is a range from no softening to 4.6 pounds. Jonathan in 1924 
ranged from 1.38 pounds at Amherst to 5 pounds at Kast Lan- 
sing, 5.1 pounds at Wenatchee, and 8.4 pounds at Ithaca. Grimes 
Golden showed a range in 1924 from 0.9 pound at Amherst to 5.1 
pounds at Wenatchee and Ithaca. Baldwin ranged from 1.5 pounds 
at Rosslyn in 1923 to 8.5 pounds at East Lansing. Winesap showed 
a variation in 1924 from 2.1 pounds in Michigan to 5.7 pounds at 
Amherst and 7.2 pounds at Ithaca. Ben Davis ranged from 1.4 
pounds in Virginia in 1924 to 6.5 pounds in Michigan. in 1923. 

It has not been possible to determine by a study of the climatic 
conditions why these wide variations occur. ‘The rate of softening 
in all varieties at any one station has not been consistent during 
any year. For example, at Amherst during 1924 the softening was 
very slight in Delicious, Jonathan, Grimes Golden, Baldwin, and 
Ben Davis during the month prior to picking time, while that in 
Winesap was very rapid. At Rosslyn in 1924 the softening was 
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slight in Winesap and Ben Davis and moderately rapid in Grimes 
Golden, Jonathan, and Delicious. From the availeble data it has 
not been possible to predict, either by a study of the climatic con- 
ditions, including temperature and moisture, or from the size and 
quantity of fruit on the tree, whether the softening will be slow or 
rapid. From the data so far obtained it appears that the factors 
which control the actual rate of softening of the fruit as it ap- 
proaches maturity on the tree are largely internal rather than exter- 
nal. Conditions within the tree, probably the nutrient materials 
available for the fruit rather than external conditions, would seem 
to determine the softening rate. 

TABLE 2.—Pressure test at picking time and extent of softening prior to picking 
time in apples 

C 

Pressure test, 1923 Pressure test, 1924 

re 4% Cae One | 
ariety and station : mont : ' mont 

Se ae prior to | Differ- eee prior to | Differ- 
date jOPtimum) ence date optimum) ence 

picking | picking | 
date date | 

Delicious: Pounds | Pounds | Pounds | Pounds | Pounds | Pounds 
IFRVOSS iyi Viabere st oa Jeeek eS ko 17.6 WAS —0.3 We 20. 8 3.5 
SAUIMINERS bee VIASS es = ies oe eae eet aces le oy ke eek I ee 18.7 19.5 | .8 
IDB Iberia, IMIG ete ee he | 18.3 21.0 AF 19. 4 21.4 | 2.0 
Wiooster Ohio ss: 20s er oe 18. 6 Der Eyal Tegal 21.7 | 4.6 
Wien at Chee AiWWiais Hues ik ue ere ONS |e ee cee |e 16.3 20. 2 | 3.9 

Jonathan: A | 
TESS Ui yaa PAHS are ln rah el Seg ea fst fe ele Soh iat Seto gl! 16.2 | 20..2 4.0 
ArmihersteaViass 225 ee ere ed 15.7 17.6 K9 L7S9) | 18.8 | 1.3 
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Wid OSter O10 aise ae ea ees eS 16.3 19.5 ah yee 20: 15) 4.9 
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Wiha cakeNew Vee see cae © Chews See ae eae eg 2) RH aie Bape) PAR Ue a a 16. 4 24.8 8.4 
Wienatches: Washes ass sae ee EEE! a, NR ee a | ee 15.2) | 20.3 | bal 

Grimes Golden: | | | 
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Aariherst, §VEASS* See See! | 19.0 Dies OD 21.1 | 22.0 | 9 
Wiooster,Olios= soiree ee. hue [apes is, el pA PS MARS Ede it Sere Meee te 20. 5 24. 5 | 4.0 
Council Bluiis so wate ae ee | 23.3 30. 7 7.4 23. 2. | 27.8 | 4.6 
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AWieliat chee MaWiashuiece ant oe Be aes! Pegs “pakapte jet Carey ic ob coke] ae ale ty 20. 0 | 25.1 | Ral 

Baldwin: ! 
EOS SIRVaT sich Smeets ogee ea ern gee yee at 18. 2 19. 7 Teta flee ae ie ame bates hte pees Nes vata eo 
tentierst. Wvrasseyr oe mir fe Wir | 19.7 24.0 4.3 20.9 22. 4 1.5 
RasheWansin ea lehie moe ote a ey 19.2 27.7 (eb ata eet seta eat se [eee ae 
MY OOS OOS aes. TE ee eae | 20. 7 22. 8 | 2. 1 20. 0 | 26. 5 6.5 
IMATE GER BNIG AC ae DO ene eile la | Pee, MaDe er ees Cee a Sake il) | 24. 4 } 3. 2 
Wenatchee “Wash senna 2F ie ne Eee ta A REAR Fok [BoE hae ee 18. 6 | PRET | 4,1 

Winesap: | | in 
IEVOSSiyitlep Va temeren eae Seely (eS | 20.9 24.0 3.1 20. 1 | 22.5 2.4 
PASITMETSUNVEOSSE aoe ee ee ark | UPD 26. 2 4.0 22.0 | PTO 55d 
Hast an Sine Nhl Cheese ee SE | 22.5 26.1 3.6 223 24. 4 2.1 
Wooster, Ohi0s a er ie 22e2, 25.3 3. 1 20. 3 | 24.9 | 4.6 
ihaeat Nebyun cats iat Tt avis BR SUT (eS cat 21.1 | 28.3 | Tae 
CouneneBlatis; Toways 222 tes Ft | 23. 0 28. 7 5.7 23. 4 | 28. 8 | 5.4 
Wenatchee, Washicetrinr ites iar REE a a ie ee aig pa Ni piy ore sR oe 149.5 | 23.0 | 3. 5 

Ben Davis: | | “sl 
FEUOSSL yi gainer are ee SER Par a 19.5 21.9 2. 4 18. 0 | 19. 4 14 
PSTILEGTS ty IVE ASS eerne SEES i | 20.0 21g 15 20:3 | 230 2.8 
ASL Asansin er Vnichss sale Riga aA OXD 27.0 6.5 122.0 | 25.8 | 3.8 
NWWooster1 Ohio sar fea Pk Dow 25.3 D2, 20. 2 | 22.9 | 21 
PUMICAN RO penweteer steel seat Tl be ie Jiro aaa | 122.0 26.9 | 4.9 

—— 

1 Hstimated from latest data available. 

A study of the firmness of the different varieties at the optimum > 
picking time reveals a somewhat greater uniformity of condition. 
For example, the pressure test of all the Baldwins for the two years 
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specified ranged between 18.2 and 21.2 pounds at picking time. Wine- 
sap ranged between 19.5 and 23.4 pounds; Ben Davis, between 18 and 
23.1 pounds; Delicious, between 16.3 and 19.4 pounds; Jonathan, be- 
tween 15.4 and 18 pounds; and Grimes Golden, between 19 and 23.3 
pounds. It is at once apparent that the districts having the longer 
erowing season, particularly Wenatchee, Wash., and Rosslyn, Va., 
have on the average distinctly softer fruit at picking time than those 
with shorter growing seasons. With the later ripening varieties, such 
as Winesap and Ben Davis, this may be associated with the fact that 
the fruit is really not fully matured when cold weather comes on in 
the northern sections. 

PRESSURE TEST AS A MEASURE OF FRUIT MATURITY 

From the data presented in Table 2 it is apparent that the pres- 
sure test taken alone is not a satisfactory index of picking maturity 
in apples. Under certain conditions, which have not been deter- 
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Vig. 6.—Change in firmness of flesh and size of Ben Davis apples, 1923 

mined, there appears to be little softening during the month pre- 
ceding the optimum picking date for the fruit. The condition of 
firmness of the fruit at picking time, however, is to a hmited 
extent an indication of the length of the period that the fruit will 
remain firm in storage. The rate of softening following picking is 
discussed in detail in the second part of this report. The pressure 
test at picking time gives a measure of the actual condition of firm- 
ness of the fruit at the time of its removal from the tree and is an 
indication of the length of time the fruit will remain firm under 
different storage conditions. 
With many varieties, particularly in the sections having a long 

growing season, it is important to pick the fruit before it becomes 
too mature on the tree, in order to avoid excessive softening and 
internal breakdown in storage. This is particularly true of Jona- 
than in the Pacific Northwest and to a lesser extentgof Grimes 
Golden, Stayman Winesap, Delicious, etc., in the Pacific North- 
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west and the southern portions of the eastern apple-growing re- 
gions. Such varieties are sometimes left on the trees until late, 
to obtain size and color. By measuring the firmness of the 
apples the pressure test indicates when the fruit on the tree is 
becoming so soft that loss is likely to occur. As will be mentioned 
later, other tests for time of picking are not always satisfactory in 
determining whether or not the fruit is becoming too ripe to hold up 
satisfactorily in storage. The average rate of softening in apples 
appears to be about a pound a week during the last month of the 
growing season. So long as Jonathan apples are testing 15 pounds 
or above, Delicious 16 pounds or above, and Grimes Golden 18 
pounds or above, there is little probability that they are becom- 
ing too mature for good storage holding. Thus, it appears 
that, in addition to the tests now in use to determine optimum 
picking dates, the mechanical-pressure test will prove valuable for 
these varieties. For firmer varieties, such as Winesap, York Im- 

BS JOOP Ee ee IE é ¥ ZEO Jace e al ealete ais a ii 
Resa Se aa ae 

POOLS FREESE 

(24 
Me AE NCL GEE CE CGE! ED GER. GE EON Ui LE LE GEN CIEE Ep UE C5Ef GER GA 

AG SFT OCT” AMF SILT 7 NK 

Vice. 7.—Change in firmness of flesh and size of Ben Davis apples, 1924 

perial, and Yellow Newtown, which usually begin to drop before 
becoming so soft as to endanger their storage quality, its use is less 
essential. | 

GROUND COLOR OF APPLES 

The change in the color of the unblushed portion of apples from 
green to yellow or yellow-green has been extensively recommended 
as a satisfactory test to determine when the fruit is ready to remove 
from the tree. Corbett (6) has made this color change a basis for 
picking recommendations. Ramsey et al. (77) state “ perhaps the 
most reliable single indication [of maturity| is the ‘ ground’ color 
of the fruit; that is, the color which underlies the red color or blush. 
The ‘ground’ color, which is green when the fruit is immature. 
begins to whiten or yellow slightly as it approaches full maturity. 
... Asa rule, in a mature apple the green color should be largely 
replaced by a white or hght-yellow color.” 
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In order to determine as accurately as possible the changes in the 
ground color of the fruit, the color chart shown as Plate I has been 
used, the ground color of the fruit in the different growing 
regions being compared with the colors on this chart. In order to 
obtain the best comparison, holes were cut in the centers of the color 
charts and the apples placed behind them, so that the same light was 
available on the fruit surface as on the chart, 

Table 8 gives in summarized form the exact conditions of the 
different varieties at the time each year when they were in opti- 
mum picking condition in the various sections. The column headed 
“ Ground color ” refers to the chart color. 

It is apparent that there is a marked variation in the ground 
color of different varieties at the optimum picking date for each 
variety. Jonathan, Ben Davis, and Winesap in all sections were 
either color 3 or color 4 at the time they were ready to pick. 
Delicious ranged from 214 to 4 at the different stations. Grimes 
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Fic. 8.—Change in firmness of flesh and size of Winesap apples, 1923 

Golden at the optimum picking date ranged from 2 at Rosslyn 
in 1924 to 3 as the general color at picking time in most sec- 
tions. Baldwin ranged from a color between 1 and 2 at Wenatchee 
in 1924 and Rosslyn in 1923 to between 3 and 4 at Amherst 
in 1923. Thus it is evident that the same changes in ground 
color can not be applied for all varieties under all conditions. Of 
the varieties under test, Ben Davis and Winesap became very yel- 
low. Jonathan and Delicious became full yellow in certain sections 
but remained with a decidedly greenish tinge in other sections. 
Grimes Golden was rather green in some sections, whereas Baldwin 
showed only a slight yellowing in all sections except Amherst in 
1923. The Baldwin apple in most stations dropped very badly 
before there was an appreciable yellowing in the ground color. 
A careful study of the data in Table 8 indicates that on the whole 

the ground color becomes more yellow before picking time in the 
regions where ripening is late and where the prevailing tempera- 
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tures at ripening time are relatively low. The ground colors at 
Amherst, East Lansing, and Ithaca were generally more yellow at_ 
picking time than at Rosslyn or Wenatchee, particularly in the 
Baldwin, Jonathan, and Delicious, which ripened when the weather 
was very warm at the two latter stations. Although the Virginia 
and Washington State apples had a greener ground color on the 
optimum picking date than the same varieties in the districts having 
shorter growing seasons, the fruit from the districts first mentioned 
was softer and was dropping more than that from New York or 
Michigan. 

The picking season at Wenatchee in 1924 was fully two weeks 
earlier than normal. Under these conditions the early varieties 
did not attain the yellow ground color generally characteristic in 
that section. It appears that when apples ripen under very warm 
climatic conditions the green color does not disappear to the same 
extent by the time the fruit is beginning to drop from the tree as 
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Fic. 9.—Change in firmness of flesh and size of Winesap apples, 1924 

when ripening occurs under cooler conditions. If this is true, in 
any season when ripening occurs abnormally early the ground color 
would seem to be a less accurate test for determining maturity than 
during normal ripening seascns. Though the change in ground 
color is an exceedingly valuable test for determining the time of 
picking, the interpretation of the test will of necessity vary with 
the different varieties and with the particular seasonal conditions. 
Considered in conjunction with the firmness of the flesh and the 
way the fruit is holding on the tree, however, it offers an exceed- 
ingly valuable index to the real condition of the fruit. 

EASE OF SEPARATION FROM THE TREE 

In Table 3 are general notes on the extent of dropping at the 
time the fruit was rated as in optimum picking condition. In prac- 
tically all cases there was slight dropping, indicating that the fruit 
would separate fairly readily from the tree. In certain instances, 
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particularly with the Baldwin, there was medium to bad dropping 
at the time the fruit was rated in optimum picking condition. | 
From the data available it has been impossible to determine the 

exact causes leading to the loosening of the fruit and dropping 
from the tree. It is apparent from the data presented in Table 3. 
that under certain conditions the fruit will drop when still hard, 
whereas under others it will continue to adhere to the tree until 
fairly soft. Jonathan, for example, showed only slight dropping 
at Wenatchee in 1924, when it was testing only 15.4 pounds, but 
showed medium dropping at Council Bluffs the same year when 
testing 18 pounds. In many instances fruit of a greener ground 
color in one section would show more dropping than fruit with a 
more yellow ground color in another district. It has not been 
possible to correlate dropping in any very satisfactory manner 
either with the prevailing temperatures or with rainfall or irriga- 
tion. In the varieties here studied it does not appear to be very 
definitely correlated either with the firmness of the flesh, the ground 
color of the fruit, or the length of time the seeds have been brown. 

In the Baldwin, Delicious, Grimes Golden, and Jonathan the 
loosening and dropping of the fruit seems to be associated to a 
certain extent with the number of days that have elapsed following 
blooming. Baldwin generally showed some dropping in from 135 
to 145 days following blooming. Delicious showed dropping in 
135 to 140 days following the date of full bloom. Grimes Golden 
generally ran 140 to 150 days, with Jonathan 135 to 150 days. 

On the other hand, Winesap and Ben Davis showed slight drop- 
ping after about 150 days in Massachusetts and 160 to 170 days in 
districts having long growing seasons. It should be pointed out that 
even 150 days in the former district carried the fruit into late Octo- 
ber, when cold weather and heavy frosts are hkely to occur. It 
would appear that Winesap and Ben Davis really require from 160 
to 170 days to reach natural maturity on the tree, but if the season 
is shorter than this, loosening and some dropping may occur as cold 
weather comes on. 

Particular conditions in the trees and in the orchard also undoubt- 
edly exert a great influence on the way the fruit adheres to the tree. 
At Wooster, in 1924, for example, the fruit of all varieties grew very 
rapidly, attained large size, and adhered remarkably well. A me- 
dium-sized crop on vigorous nitrated trees with ample soil moisture 
in this case resulted in the fruit holding on the tree until late in 
the season. 

It has been shown that so long as it adheres to the tree growth 
of the fruit is generally occurring, indicating that the fruit is actively 
receiving food materials. It seems probable that when the move- 
ment of food materials from the tree to the fruit stops for any 
reason the abscission layer forms and the fruit loosens or drops from 
the tree. It is apparent from the data here presented, however, 
that any explanation of the real factors involved in the dropping of 
fruit will have to be based on studies of conditions within the in- 
dividual tree rather than the external or climatic conditions pre- 
vailing. 

Since it 1s absolutely essential that the crop be picked before drop- 
ping becomes excessive, the way the fruit adheres to the tree is of 
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fundamental importance in determining the time of picking. Under 
certain conditions the fruit begins to drop very badly before it 
is sufficiently matured to be of ‘the best quality or to be the most 
satisfactory for storage. For example, some varieties, such as York 
Imperial and Baldwin, in many instances will have to be picked 
because of excessive dropping when the apples are still so immature 
that storage scald will develop excessively. On the other hand, 
apples of other varieties, particularly Jonathan, will often adhere 
to the tree until they have gone well by the optimum picking con- 
dition, thus developing internal breakdown and other storage 
troubles. On the whole, however, the tenacity with which apples 
adhere to the tree is a most important index to their maturity con- 
dition, and with most varieties constitutes a safe guide to time of 
picking. 

COLOR OF SEEDS 

The column of Table 3 headed “ Number of days after seeds 
became brown” refers to the days which have elapsed between the 
time when the seeds were full brown and that in which the fruit was 
in optimum picking condition. 

As the seeds color they first become brown at the tip, then pass 
through a half-brown condition, and finally are uniformly colored 
hight brown. Following this, they gradually darken until usually 
they atiain a dark-brown color in the well-matured apple. The 
number of days elapsing between the time when the seeds were 
completely light brown in color and the time the fruit is in picking 
condition is recorded in column 10. 

Apparently there is a wide variation between the different va- 
rieties in the length of time following full color of the seeds before 
the fruit is in optimum picking condition. With Grimes Golden 3 
to 25 days elapsed, generally about 15 days; Delicious ranged from 
14 to 44 days, averaging about 20 days; Baldwin ranged from 6 to 
25 days, averaging about 15 days. Winesap showed a minimum of 
34 days and a maximum of 56 days, generally requiring 40 days 
or more after the seeds were brown to attain maturity. In many 
instances Winesap seeds were actually more completely colored and 
darker by the middle of September than were Delicious, Grimes 
Golden, or Jonathan seeds on the same date. The wide variation 
existing in the different varieties and in the same variety under 
different growing conditions indicates that little dependence can be 
placed on this factor as a picking test for winter apples. 

LENGTH OF GROWING SEASON 

The length of the growing season was briefly discussed in connec- 
tion with the dropping of the fruit. In columns 2, 3, 4, and 5 of 
Table 3 are reported the blooming dates, the optimum picking dates, 
the number of days intervening, and the average mean daily tem- 
perature for the growing season at the different stations. It is evi- 
dent from these data that there is a marked variation in the length 
of the growing season for the different varieties and in certain cases 
a considerable variation in the same variety, depending upon where 
it is grown. 
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Baldwin, Delicious, Grimes Golden, and Jonathan may be grouped 
as more or less nen season varieties. Baldwin generally ranged 
from 135 to 145 days; Delicious had approximately the same lenoth 
of growing season ; ‘Grimes Golden, except at Amherst, was gener ally 
140, to 150 days, and Jonathan about the same. The leneth of the 
erowing season of these four varieties varied only slightly, depend- 
ing upon the geographic location or climatic: conditions prevailing. 
With Winesap and Ben Davis very different conditions prevailed. 
Winesap in the northeastern districts had a total growing season of. 
140 to 150 days. In the earlier blooming districts, however, the fruit 
did not reach optimum picking condition until 160 to 170 days fol- 
lowing blooming. 
The erowing season for Ben Davis similarly ranged from 145 

to 150 days in the northeastern districts and from about 160 to 170 
days in the districts having a longer growing season. Phillips (/6) 
pointed out that under certain conditions varieties in the Northern 
States seemed to be ready for picking following a shorter growing 
season than the same variety grown in the warmer southern districts 
and suggested that the result might be due to the longer days in the 
northern districts. That theory does not hold in the present case, 
however, for the season for these varieties was about as long at 
Wenatchee as at Rosslyn. Wenatchee, being farther north, has 
longer days during the growing season than any of the eastern apple- 
erowing districts here studied. It appears rather that varieties like 
Winesap and Ben Davis require a long growing season to develop 
proper maturity. In the northeastern districts cold weather usually 
comes on before this condition is reached. With the advent of cold 
weather color development goes on rapidly and the fruit softens to 
a considerable extent, but apples of such varieties in sections with 
a short growing season do not generally have the quality that they 
attain in regions having growing seasons of greater length. 

Varieties like Baldwin, Delicious, and Jonathan, which ripen in 
September, and are really fall or early-winter varieties in districts 
with a long growing season, do not ripen until well into October in 
districts having shorter growing seasons, and consequently become 
good midwinter or later winter storage varieties there. 

Jt is particularly interesting in this connection to point out the 
apparent outstanding influence of the length of growing season on 
variety distribution. The different sections of the United States 
which have approximately the same length of growing season are 
peculiarly adapted to the same varieties. Varieties of apples which 
are well adapted to Virginia, southern Ohio and Missouri, and the 
country to the southward are equally well adapted to the Pacific 
Northwest, although soil, moisture, humidity, and temperature con- 
ditions are very different. On the other hand, an entirely different 
group of varieties is well adapted to conditions where the total 
available growing season is shorter. Thus varieties adapted to the 
Northeast differ from those adapted to Virginia and the Pacific 
Northwest. Varieties such as York Imperial, Winesap, Arkansas 
(Mammoth Black Twig), Yellow Newtown, Stayman Winesap, Ar- 
kansas Black, and Rome Beauty require a fairly long growing season 
to reach good condition and high quality, and nearly all appear to re- 
quire more days to reach proper maturity than are usually available 
in districts with short growing seasons. Other varieties, such as 
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Grimes Golden, seem to develop the best quality and appearance 
if the end of the normal growing period comes while the weather is 
still fairly warm. 

Jonathan and Delicious are satisfactory varieties both in dis- 
tricts having long and moderately short growing seasons, but in 
the latter districts usually are of small size. On the other hand, 
varieties lke Baldwin, Northern Spy, Rhode Island Greening, 
McIntosh, Tompkins King, and Hubbardston, which reach prime 
condition. during a relatively short growing season, are peculiarly 
adapted to the northern and eastern districts, and when grown under 
long-season conditions become rather inferior later summer or fall 
varieties. From the data presented in Table 3 as well as from gen- 
eral observations 1t appears that the length of growing season is prob- 
ably the most fundamental factor in determining the adaptability 
of a variety to any particular condition. An extra-long growing 
season in districts normally having a short season apparently will 
result in very early ripening of the varieties usually grown there. 
Thus an early bloom in the northeastern apple sections will usually 
result in the early ripening of varieties such as Baldwin, Rhode 
Island Greening, McIntosh, and Northern Spy. On the other hand, 
varieties such as Winesap or Yellow Newtown will probably not need 
to be picked earlier than normal in such seasons in the northeastern 
districts, and will usually attain higher quality than during a normal 
season in these sections. 

Extra-early blossoming in districts having a long growing season 
usually results in the earlier maturity of all varieties. This hap- 
pened in the Pacific Northwest in 1924 and 1925. A late bloom in 
such a district will retard the picking date somewhat and usually 
will result in lower quality in the fruit of varieties best adapted to 
a long season. 

TESTS FOR TIME OF PICKING 

The outstanding reason for undertaking this series of studies 
was to determine, if possible, the most dependable tests for the time 
of removing the fruit from the tree. From the results obtained it 
is possible to suggest the relative dependability of certain factors 
for the determination of the condition of the fruit while on the 
tree. 

The persistence with which the fruit adheres to the tree or the 
ease with which the stem separates from the spur is a fundamentally 
important consideration in determining when apples are ready to 
pick. In some cases fruit begins to drop while in a somewhat 1m- 
mature condition; in others it will adhere firmly until past prime 
picking condition. In general, however, the ease of separation of 
the fruit from the spur will be closely ‘correlated with the actual 
condition of maturity of the fruit. 
The ground color of the fruit, or the degree of yellow in the 

unblushed portion, is apparently a very valuable guide to picking 
maturity. It varies greatly, however, ‘with different varieties and 
to a certain extent under different climatic conditions. The results 
here reported indicate that if the fruit is approaching maturity 
while the weather is still warm and the prevailing temperatures 
are high, the ground color will not become yellow to the same degree 
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as when the fruit is ripening under cooler conditions. In the tests 
so far carried on, the ground color of the fruits has been less yellow in 
apples from the southern and northwestern districts than in fruit 
from the northern and eastern sections. Different varieties will also 
differ markedly in their tendency to take on a yellow ground color. 
It is also undoubtedly true, although not apparent from these inves- 
tigations, that cultural conditions, and particularly nitrogen supply, 
are important factors in the ground-color change. Excessive nitro- 
gen is very likely to retard the yellowing of the fruit even though 
softening and other maturity factors are well advanced. 

The pressure test, or the test of the actual condition of firmness 
of the fiesh, is apparently a very valuable index of condition, partic- 
ularly for certain varieties and under certain growing conditions. 
Varieties having a growing season of medium or short length when 
grown in districts having a long growing season may become so 
mature on the trees that they will develop internal breakdown or 
flesh collapse while in storage. Daly (7) has shown this breakdown 
in Jonathan to be associated with allowing the fruit to remain on 
the tree too long. This breakdown while particularly severe in 
Jonathan may also occur to a certain extent in Grimes Golden, 
Delicious, Stayman Winesap, etc., grown in the southern or north- 
western districts, but apparently is not hkely to occur unless the 
fruit becomes too soft prior to harvest. The pressure test gives a 
means of determining the exact flesh condition while the fruit is 
still on the tree. 

The lhmit of softness to which different varieties may be allowed to 
go betore danger of internal breakdown in storage is pronounced 
has not been studied sufficiently in connection with the extent of 
breakdown in storage to make accurate recommendations. From the 
results obtained, however, it may be suggested that when such a 
variety as Jonathan shows a flesh test of 15 pounds or less it is get- 
ting close to the danger point. A pressure test of about 18 pounds 
on an average sample represents approximately the maximum soften- 
ing on the tree which should be allowed in Grimes Golden, whereas 
Delicious should not go under 16 pounds if good storage fruit is 
desired. 

In the districts having shorter growing seasons and for varieties 
requiring a long growing season in the early-blooming districts it 
would appear that the fruit is usually sufficiently firm at picking 
time. Color and the way the fruit adheres to the tree are sufficiently 
dependable characters for determining the best time to remove the 
apples from the tree. For the varieties heretofore mentioned, how- 
ever, it is believed that the pressure test to determine the actual flesh 
condition will be of great aid in preventing overmaturity and the 
resultant breakdown in storage which so often occurs. 

In conclusion it should be emphasized that the ripening process 1n 
apples is a combination of many factors, some of which appear to be 
controlled by conditions within the tree, while others are greatly in- 
fluenced by external conditions. The different changes taking place 
in the fruit as it approaches maturity on the tree may continue at 
varying rates in different seasons and under varying climatic and 
nutritional conditions. The seeds may become brown relatively early 
or relatively late. In one case the ground color may become yellow 
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prior to the fruit dropping appreciably; under other conditions the 
apples may drop badly while the ground color is still quite green. 
The accumulation of sugars within the fruit apparently is not inti- 
mately associated with any of the external factors. From the data 
obtained so far in these investigations, however, it appears that 
a consideration of the factors of the ground color of the fruit, the 
tenacity with which it adheres to the tree, and under certain condi- 
tions at least the firmness of the flesh forms the best basis for deter- 
mining when apples are ready to remove from the tree. 

SUMMARY OF PART I 

A study has been made of the gross changes in apples as they ap- 
proach maturity on the tree in order to determine the most depend- 
able tests for time of picking and how seasonal conditions influence 
the ripening changes in the fruit. 

Under a wide range of growing conditions the fruit of a number 
of varieties of apples has been found to increase greatly in size dur- 
ing the late growing season. Apparently increase in size continues 
as long as the fruit and leaves are adhering to the tree. 

The rate of softening of apples as they approach picking maturity 
varied greatly under different growing conditions. In some 
instances practically no softening occurred during the month prior 
to picking time; whereas in others, even in the same varieties, soften- 
ing prior to picking proceeded rapidly. 

Apples from regions having a long growing season were, on the 
whole, softer at picking time than those from the districts having a 

_ shorter growing season. Fruit from Virginia and Washington State 
was softer when in optimum picking condition than similar varieties 
from Michigan or New York. 

It has not been possible to associate rate of softening prior to 
picking with climatic conditions prevailing in the different districts. 

The mechanical pressure tester apparently will be of value as a 
measure of picking maturity for apples mainly to determine when 
certain varieties are becoming too soft on the trees. 

As apples ripen on the tree, the unblushed portions change from 
green to yellow or yellowish green. The color attained when the 
fruit, is in prime picking condition varies greatly in different 
varieties, and to a limited extent in the same variety grown under 
varying climatic conditions. 

Kvidence obtained indicates that when apples ripen under warm 
conditions, such as prevail during an early-ripening season, the 
unblushed portion of the fruit is greener when the fruit is in prime 
picking condition than during normal seasons. 
The ease of separation of the fruit from the tree is perhaps the 

most consistent of the changes as the fruit approaches picking 
maturity. This loosening under certain conditions may occur while 
the fruit is still very firm and poorly colored. However, it gener- 
ally affords a very satisfactory index of picking maturity. 

Because there is a wide variation in the time of the browning of the 
seeds in relation to picking time, their color is not a satisfactory 
index of maturity in winter apples. 
_ The length of growing season is closely associated with maturity 
im many varieties and does not appear to vary widely with different 

—_——— 

lee 



24 BULLETIN 1406, U. S. DEPARTMENT OF AGRICULTURE 

climatic conditions. There appears to be a fairly definite length of 
time required to bring the different varieties to prime picking condi- 
tion. Baldwin and Delicious required 135 to 145 days, Jonathan 
and Grimes Golden 140 to 150 days, and Winesap and Ben Davis 
160 to 170 days to attain their best condition. 

Length of the growing season is a potent factor in variety distri- 
bution. With many varieties, the time of blooming will largely 
determine the time the fruit will reach picking maturity. 

The adherence of the fruit to the tree, the ground color of the 
fruit, and the firmness of the flesh are all important considerations 
in determining when to pick the fruit. 
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II. THE RIPENING OF APPLES IN STORAGE AS INFLU- 
ENCED BY TEMPERATURE 

By J. R. Macnesss, Physiologist, M. H. HALirer, Junior Pomologist, and H. C. 
DIEHL, Assistant Physiologist, Office of Horticulture, Bureau of Plant In- 
dustry , 

Following the removal of apples from the tree, the ripening proc- 
esses which go on are to a considerable extent a continuation of 
those in progress while the fruit was still attached to the tree. The 
most outstanding change which occurs in apples between the time of 
picking and that of ultimate consumption is in the structure of the 
ell walls which results in the softening of the flesh. At the time of 
picking most varieties of apples are too firm and hard to be in prime 
eating condition. As softening proceeds, however, the apples pass 
through a prime eating condition and ultimately become mealy or 
overripe. This softening process in storage is, of course, accom- 
panied by other changes in the fruit. The unblushed portion usually 
becomes more yellow in storage. There is also a change in the chemi- 
cal composition of the fruit. The starch disappears, changing to 
sugar; consequently the sugar content usually increases slightly be- 
tween the time of picking and the time when the fruit is soft ripe. 
The acid content of the fruit decreases during the storage period. 
Magness and Burroughs (7/0) and Magness and Diehl (//7) have 

reported that under normal storage conditions the rate of softening 
of apples while in storage is apparently almost entirely controlled by 
the temperature at which the fruit is held. Other factors, such as 
humidity, ventilation, and type of package, have little influence on 
the actual rate of softening or ripening of the apples. In the in- 
vestigation here reported a comprehensive and detailed study has 
been made of the exact influence of different temperatures on the 
rate of softening and other changes which occur during ripening in 
a large number of important commercial apple varieties. This in- 
formation is fundamental to a proper understanding of the factors 
involved in handling apples in storage, regardless of whether the 
fruit is being handled in cold storage or in air-cooled or common 
storage. 

INFLUENCE OF TEMPERATURE ON RATE OF SOFTENING 

Since softening in apples is the most obvious change during the 
period between picking time and ultimate consumption, it has been 
studied in greater detail than any other. The apples used in the 
tests were picked at approximately the commercial picking season 
for the varieties. The fruit of the different varieties was taken as 
quickly as possible to the storage plant and in most cases placed in 
storage the day following that of picking. The Yellow Newtown, 
York Imperial, and Arkansas (Mammoth Black Twig) apples had 
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to be transported a considerable distance, and three days elapsed 
between the picking and the placing of these varieties in storage. 

As soon as the fruit reached the storage plant all packages in 
which it had been picked were placed in a row and a certain number 
of apples from each individual package were placed in another 
package for storage. In this way as thorough a mixture of fruit 
and as uniform a “sample as it is possible to obtain were procured. 
Tf the lot of fruit for testing had come from several different trees, 
the same number of apples from individual trees was placed in 
each package used for holding the fruit. 
During the season of 1923-24 it was not possible to move the fruit 

directly from the orchard into the different temperatures at which 
it was planned to hold the fruit. Consequently, the apples were all 
held at 32° F. for a period of from one to two and one-half months. 
The firmness of the fruit was tested with a mechanical pressure 
tester, as described in Part I of this bulletin, at the time of placing 
the apples in storage and again when it became possible to move the 
fruit to the different temperatures for holding. 

The storage rooms in which the fruit was held were maintained 
at temperatures of 32°, 36°, 40°, 50°, 60°, 70°, and 85° F., respec- 
tively. The temperatures in all of the warmer rooms were thermo- 
statically controlled and usually were maintained to within less than 
a degree of the desired point. Rooms held at 32°, 36°, and 40° were 
regulated by controlling the brine flow through pipes, since the fruit 
was being held in regular cold-storage rooms. Although there were 
sight fluctuations in temperatures in these rooms, the controls on 
the whole were very satisfactory. 

Samples from the different lots of fruit were tested at intervals 
to determine the exact rate of softening at the different tempera- 
tures. Apples held at 70° and 85° F. were tested at intervals of 
three or four days; those held at 60° at five or six day intervals; 
those at 50° at about weekly intervals; those at the lower tempera- 
tures were tested at intervals which were correspondingly increased. 
At 32° most varieties were tested about once a month. 

The data for the storage season 1923-24 gave a very satisfactory 
measure of the relative rate of softening at different temperatures. 
Since all fruit had been previously held for a certain length of time 
at 32° F., however, it was not possible to determine whether or not 
this holding at a low temperature influenced the subsequent rate of 
softening at higher temperatures. During the storage season of 
192425 it was possible to take the apples directly from the orchards 
and place them in rooms held at the different temperatures. Prior to 
storage the fruit was handled in the same way as during the pre- 
ceding year, being moved to the storage plant as quickly as possible 
and repacked into uniform sample lots for storing at the different 
temperatures. Holding fruit at 85° F’. was omitted during the second 
season’s work, and storage at 30° was added to the temperatures 
used. The fruit was tested for hardness at the time of placing it in 
the different storage temperatures, and pressure tests to determine 
the rate of softening of the different varieties were made at approxi- 
mately the same intervals as during the preceding year. 

Most of the results here reported were obtained with fruit 
grown on the Arlington Experiment Farm, Rosslyn, Va., just across 
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the Potomac River from Washington, D. C., or in the commercial 
apple districts of Virginia. During 1923 attempts were made to 
ship fruit from the Pacific Northwest and also from New York 
State, but the apples ripened so much in transit that the data ob- 
tained were not considered entirely reliable. During the season of 
1924-25, however, certain varieties of apples grown in New York 
State and at Wenatchee, Wash., were held in storage at 32° F. in 
these two districts and the softening rate determined at this tem- 
perature. Thus it was possible to compare to a certain extent the 
rate of softening of the leading commercial varieties as grown in the 
different districts while in storage at 32°. At Wenatchee, tests were 
also made of the rate of softening of a number of varieties when 
held at 70°. 

Pressure tests were made throughout the season both with the peel 
intact and with the peel removed, or directly on the exposed flesh 
of the apple. Magness and Taylor (73) have recently shown, however, 
that testing apples with the peel intact tends to mask the actual soften- 
ing of the flesh, since the presence of the skin makes a far greater 
difference in the testing of soft fruit than in the testing of similar 
varieties while in a firm condition. Consequently, only ‘tests on the 
exposed flesh of the fruit are here reported. 

RATES OF SOFTENING AT DIFFERENT TEMPERATURES 

The rates of softening of a large number of commercial varieties 
of apples when held continuously at 32° F. are shown in Figure 10. 
The data show that in general the apples which are hardest at pick- 
ing time remain firmest throughout the storage season. Certain vari- 
eties, including Winesap, Arkansas (17 ammoth Black Twig), York 
Imperial, and Yellow Newtown as grown in Virginia, were fairly 
firm at the time of picking and softened slowly, so that even by 
March 1 if held continuously at 32° F. they were hardly soft enough 
to be considered in prime eating condition. Other varieties, including 
Rome Beauty, Stayman Winesap, Ben Davis, and King David as 
grown in Virginia, were somewhat softer at the time of picking and 
softened at about the same rate as the first group. Consequently, 
these varieties were in prime eating condition by the last of January, 
even when held continuously at a temperature of 32°. At this tem- 
perature, however, they remained in fairly firm condition without 
becoming mealy until well into March. Although fairly firm at time 
of picking, Grimes Golden apples grown in Virginia softened rather 
rapidly and were full eating ripe early in December, whereas Mc- 
Intosh apples as grown in Virginia were very soft when picked the 
middle of September and were full eating ripe by the latter part of 
November. 

As was brought out in Part I of this bulletin, the apples grown in 
the more northern districts are considerably firmer at time of pick- 
ing, even though the picking season is considerably later. Figure 11 
shows Stark, ‘Tompkins King, Rome Beauty, and Baldwin appies 
picked and stored at Hall, N. Y., and held continuously at 32° F. 
Stark and Tompkins King were harder at time of picking than 
most of the Virginia varieties, whereas Baldwin from New York 
was approximately the same as Yellow Newtown and Winesap from 
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Fig. 10.—Softening of Virginia-grown apples while in storage at 32° F’., 1924-25 

Virginia. It is appar- 
ent, however, that 
these varieties soften 
somewhat more rap- 
idly at 32° than the 
slowest softening 
group of Virginia va- 
rieties. Consequently, 
by the middle of Jan- 
uary the Stark, Tomp- 
kins King, and Bald- 
win from New York 
were slightly softer 
than the Arkansas, 
Winesap, York Im- 
perial, and Yellow 
Newtown group from 
Virginia. Apparently 

- the slower softening 
group of varieties, 
which are particularly 
adapted to a long 
growing season, inher- 
ently soften somewhat 
less rapidly than the 
northern-grown 
apples, even though 
the latter are harder 
at the time of picking. 

Figure 11 shows also 
the rate of softening 
of the different va- 
rieties of apples grown 
at Wenatchee when 
held continuously at 
temperatures of 32° F. 
These apples were also 
stored locally and con- 
sequently were not 
under exactly the 
same conditions as the 
Virginia- grown fruit 
shown in Figure 10, 
but it is believed that 
the storage conditions 
were sufficiently siml- 
lar to make the results 
comparable. 
A careful analysis 

of the data for the 
same varieties shown 
in Figures 10 and 
11 indicates that, 
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although the Wash- 
ington - grown ap- 
ples were of about 
the same hardness 
at the time of pick- 
ing as those grown 
in Virginia, the 
rate of softening 
when the fruit was 
held continuously at 
32° F. was slightly 
less rapid than in 
the same varieties 
grown in Virginia. 
For example, Yel- 
low Newtown when 
picked in Wash- 
ington showed a 
pressure test of 
sightly less than 
21 pounds, and «a 
test of 20 pounds 
when picked at 
Linden, Va. By 
the middle of Jan- 
uary the Yellow 
Newtowns from 
Washington State 
still tested about 
1714 pounds, where- 
as those from Vir- 
ginia tested slightly 
under 15 pounds 
on the same date. 
Stayman Winesaps 
from both districts 
were between 16 
and 17 pounds at 
the time of pick- 
ing. By the mid- 
dle of January 
Washington - grown 
Stayman Winesaps 
showed a firmness 
corresponding to 14 
pounds pressure, 
whereas the Vir- 
ginia-grown§ fruit 
gave a test only 
slightly over 12 
pounds. Rome 
Beauty in Washing- 
ton showed a pres- AAI GIA 
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Hig, 11,—Softening of New York and Washington grown apples while in storage at 32° 
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sure test sightly under 20 pounds when picked and only about 1414 
pounds the middle of January. Rome Beauty grown in Virginia 
showed a test of about 1714 pounds when picked and tested 1214 
pounds the middle of January. Winesap tested approximately 20 
pounds in each district at the time of picking. By the end of 
January the Washington-grown fruit still tested 17 pounds, whereas 
that from Virginia tested only slightly over 15 pounds. Thus it 
is apparent that at least for the season 1924-25 the fruit grown in 
the dry, arid districts of the Pacific Northwest was somewhat slower 
in softening when held continuously at 32° than apples of similar 
varieties grown under the more humid conditions which prevailed 
in Virginia. 

It is rather difficult to compare the rate of softening of apples 
grown in New York with those in Virginia or the Pacific North- 
west, since the varieties which are well adapted to the latter sections 
are entirely different from those adapted to the Northeastern States. 
As was pointed out in Part I, the varieties grown under the short 
growing season prevailing in the northeastern section of the country 
tend to be somewhat harder at picking time than the same varieties 
grown under conditions of a long growing season. Rome Beauty, 
for example, when picked on October 18 in New York State showed 
a pressure test of over 22 pounds; the same variety picked on Oc- 
tober 3 at Wenatchee, Wash., tested under 20 pounds and when picked 
October 8 at Rosslyn, Va., tested considerably under 18 pounds. 
The Baldwin when picked in Virginia on September 20 showed 
a pressure test under 18 pounds; in New York, on October 18, it 
was only slightly under 20 pounds. Thus, it would appear that, on 
the average, apples grown in the northeastern sections are much 
firmer at picking time than the same varieties in the southern or 
northwestern districts, where a much longer growing season pre- 
vails. Apparently, it is also true that the average firmness of all 
the varieties grown in the sections having a short growing season 
is greater at picking time than is the average firmness of the varieties 
in regions with a long growing season. 

It is apparent from Figure 11, however, that the New York-grown 
apples studied softened more rapidly when held continuously at 
32° I. than did the average of the varieties grown in the Pacific 
Northwest or even in Virginia. Thus the Baldwin, ‘Tompkins King, 
Stark, and Rome Beauty grown in New York were all harder at 
the time of picking than the Delicious, Stayman Winesap, or Rome 
Beauty grown at Wenatchee; yet, by the middle of January, the 
varieties grown in New York were in approximately the same condi- 
tion of firmness as those grown at Wenatchee, whereas the Winesap 
and Yellow Newtown from Washington were much firmer than any 
of the varieties studied from New York. It therefore appears that 
the firmer condition at time of picking of apples having a short 
growing season is not particularly associated with better storage 
holding. Although the varieties adapted to these regions were firmer 
at picking time on the average than were varieties adapted to a 
long growing season, they also softened somewhat more rapidly 
when held at 32° F. 
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SOFTENING OF APPLES HELD AT 40° F. 

The comparative rate of softening of different varieties of apples 
when held at a temperature of 40° F. gives a very satisfactory 
index to their behavior when held under common, or air-cooled, 
storage conditions. The temperatures which prevail during the 
early storage season in air-cooled storages will be considerably 
above 40° in most of the apple-growing sections of the United States. 
Temperatures will drop off, however, until in most of the apple- 
erowlng regions a temperature of 40° can be maintained by the 
middle of November -with lower temperatures through December 
and the winter months. Consequently, the behavior of different 
varieties when held continuously at 40° gives a very satisfactory 
index of the behavior of these same varieties under good common- 
storage conditions. The rates of softening of Virginia-grown apple 
varieties held continuously at 40° are shown oraphically in Figure 
12. It has not been possible to obtain satisfactory data on the be- 
havior of varieties grown in other sections when held continuously 
at 40°, because the “fruit ripened so much while in transit to the 
exper imental storage plant at Rosslyn, Va., that the results obtained 
from it are of little significance, and storage space at this tempera- 
ture was not available where other work was being done. 
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Fie. 12.—Softening of Virginia-grown apples while in storage at 40° F., 1924-25 

It is apparent that the order of softening in fruit held at 40° F. 
is approximately the same as in similar fruit held at 32°. Thus, 
the four varieties, York Imperial, Winesap, Yellow Newtown, and 
Arkansas (Mammoth Black Twig), softened approximately at the 
same rate, and a considerably longer period was required before 
the fruit reached prime eating condition than in the other varieties 
studied. These varieties did not reach prime eating condition until 
about the end of December when held continuously at this tempera- 
ture, and they remained in very good condition until the end of Feb- 
ruary. The Ben Davis, Stayman Winesap, and Rome Beauty varie- 
ties, which were somewhat softer when picked and softened some- 
what more rapidly in storage, reached prime eating condition by the 
middle of November and by the middle to the latter part of Decem- 
ber were becoming very soft. King David and Grimes Golden 
softened much more rapidly, reaching - prime eating condition within 
about a month and becoming full ripe > to overripe before the middle of 
November. McIntosh grown in Virginia reached prime eating condi- 
tion in less than a month from time of picking. Thus, it is “evident 
that for satisfactory holding at the best temperatures which can be 

0 

oo o > ae... 



32 BULLETIN 1406, U. S. DEPARTMENT OF AGRICULTURE 

obtained in air-cooled ‘storage, such varieties as York Imperial, 
Winesap, Yellow Newtown, and Arkansas (Mammoth Black Twig) 
will give the best results. Stayman Winesap, Ben Davis, and Rome 
Beauty held moderately well, but varieties which ripen still more 
rapidly, such as King David and Grimes Golden, should be held for 
only a very short period in common storage. 

It is unfortunate that it has not been possible to obtain for com- 
parison similar records on the rate of softening of the varieties: 
grown extensively in the Northeastern States. However, from the 
available data relative to rate of softening of such varieties as Bald- 
win, Stark, Northern Spy, and Rhode Island Greening, it ap- 
pears that most of them soften much faster in storage at the same 
temperatures than do the best storage varieties grown in the southern: 
and northwestern growing districts. Ben Davis and Gano grown 
in New York are usually hard at time of picking and ripen rela- 
tively slowly. These varieties, however, do not attain their best 
quality under short-season conditions such as usually prevail in the 
Northeastern States. 

SOFTENING OF APPLES HELD AT 70° F. 

Figure 13 shows graphically the rate of softening of a number: 
of Virginia and Washington-grown apple varieties when held in 

_ storage at 70° F. It is apparent that all varieties which were 
studied, softened with great rapidity when held continuously at this: 
temperature. Of all the varieties studied, Yellow Newtown, both 
Virginia and Washington grown, softened the most slowly. 

It it rather surprising that even such varieties as Winesap and 
York Imperial soften almost as rapidly as Grimes Golden, Delicious, 
and Jonathan when held at 70° F. Since these varieties were harder 
at time of picking, a somewhat longer period was required before 
they reached prime eating condition, but the decrease in hardness: 
each 24 hours in storage was practically as great in these varieties 
as in the fruit having the shorter storage season. 

These results are particularly significant in connection with the 
effect of delaying storage on fruit intended for cold-storage holding. 
Temperatures of 60° to 70° F. are not unusual during the picking 
season in many apple-growing sections. A comparison of Figure 
13, showing the softening rate at 70° with Figures 10 and 11, show- 
ing the softening rate of the same varieties at 32°, reveals some inter- 
esting comparisons. Virginia-grown Grimes Golden, for example, 
softened as much in 11 days at 70° as in 60 days at 32°. At the end 
of 10 days at 70° Washington-grown Stayman Winesaps were softer 
than at the end of 100 days at 32°. Washington-grown Winesaps at 
the end of 10 days at 70° were as soft as at the end of 115 days at 
32°; Virginia-grown Winesaps were as soft at the end of 20 days. 
at 70° as at the end of a 6 months’ storage period at 32°. McIntosh 
softened as much in 7 days at 70° as in 70 days at 32°. A detailed 
study of the comparative softening rates at 70° and at 32° indicates: 
that the extent of softening in 1 day at 70° is approximately the 
Same in most varieties as in 10 days at 32°. 

It is interesting to note that in practically all varieties of fruit held 
at 70° F. there was very little softening and in many instances an 
apparent slight increase in hardness’ during the first 3 or 4 days. 
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following picking. At 32° the first test following picking was 
generally made at the end of about a month in storage. During 
this time there was usually a slight softening, although during the 
first month in almost all varieties it was less rapid than in the month 
following. In Figures 14 to 20 the softening rates of certain va- 
rieties over a wide range of temperature show that this condition 
of an initial storage period in which practically no softening occurs 
holds generally and is particularly apparent at the higher tem- 
peratures. Following the initial period of a very few days in which 
practically no softening occurs, all varieties soften with great 
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Fic. 13.—Softening of Washington and Virginia grown apples while in storage at 
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rapidity at the high temperatures. Since 1 day at 70° softens the 
fruit approximately as much as 10 days at 32°, it would appear 
that the beginning of softening at 32° should be delayed for a period 
of at least a month if the fruit responds at 32° in a way correspond- 
ing to its response at 70°. Since there is a rather pronounced soften- 
ing during the first month in storage at 32°, however, it is apparent 
that softening begins relatively earlier in fruit held at low tempera- 
tures than in fruit held at the higher temperatures. 
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SOFTENING OF APPLES HELD AT VARIOUS TEMPERATURES 

During the season of 1924-25 a number of apple varieties were 
placed in storage at temperatures of 30°, 32°, 36°, 40°, 50°, 60°, and 
70° F., respectively. The softening rates of some of these varieties 
at this wide range of temperature are shown in Figures 14 to 20. 

Aside from the comparison 
of softening rates of different 
varieties, which has been dis- 

Sh ae TS cussed under the rate of soft- 
(ISPS e BSS SSeS eee eng at 32°, 40°, and (0° F., 
SEPT OT WOK LEC AM it is of primary interest to 

Fic. 14.Softening of Virginia-grown McIntosh COMpare the rate of softening 
apple an storage at various temperatures, jn the same variety at the dift- 

asi ferent storage temperatures. 
A comparison of all the charts will show that softening at 60° is only 
slightly slower than at 70°. On the average, about one-third longer 
was required for fruit to reach prime eating condition when held at 
60° than was required for similar fruit when held at 70°. 

The softening rate of practically all varieties held at 50° F. was 
approximately one-half as fast as when held at 70°. It is thus 
apparent that there is a dis- 
tinctly greater difference in & 
softening rate between 50° and & 
60° than there is between 60° s 
and 70°. At 40° the softening Q? 
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rate averages slightly over one- Sz : = 
K()o +. (eel | half the rate at 50°, or approxi ——— 

mately one-fourth the rate “27 az Wok LE LAK 
at TOS. ; Fic. 15.—Softening of Virginia-grown Grimes 

At 32° F. softening in most Hester dood os SUORABS [ge NOUS ee 
varieties was slightly less than 
half as rapid as at 40°; at a temperature of 36° the softening rate is 
intermediate between 32° and 40°. 

The comparative rates of softening at 30° and at 32° F. are very 
interesting. Most varieties required 20 to 30 days longer to reach 
prime eating condition when held at 30° than similar fruit held con- 
tinuously at 32°. The temperatures in these two rooms were very 
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Fic. 16.—Softening of Virginia-grown Stayman Winesap apples in storage at va- 
rious temperatures, 1924-25 

accurately controlled, so that the slower softening rate at 30° is a 
real index of the effect of small differences in’ temperature when 
the storage-room temperature is close to the minimum. At 32° the 
fruit softened approximately 25 per cent faster than at 30°. 

To summarize the softening data, then, it may be’stated that at 
32° F. the apple varieties on the whole softened about 25 per cent 
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more rapidly than at 30°; at 40° the average softening rate was 
slightly more than double the rate at 32°; at 50° the softening rate 
was a little less than double the rate at 40°; and at 70° the fruit 
softened approximately twice as rapidly as at 50°. In other words, 
1 day at 70° will soften the fruit approximately as much as 2 days 
at 50°, 4 days at 40°, 8 to 10 days at 32°, or 12 days at 30°. The com- 
parative softening rates vary somewhat in different varieties, but 
the data mentioned represent the approximate average of a consid- 
erable number of varieties. 
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Hie. 17.—Softening of Virginia-grown King David apples in storage at various 
temperatures, 1924-25 

It is apparent from the data presented in Figures 14 to 20 that 
immediately following picking there is an initial period when rela- 
tively little softening occurs at any temperature. Following this 
initial period softening proceeds at a more or less uniform rate until 
the fruit reaches a soft stage which is approximately that found suit 
able for eating. After the fruit attains this condition, softening 
occurs at a very much reduced rate until it reaches the mealy or 
overripe stage. The apples from which the data in Figures 14 to 20 
were obtained were held from picking time until they were full 
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Fic. 18.—Softening of Virginia-grown Arkansas (Mammoth Black Twig) apples in 
storage at various temperatures, 1924-25 

eating soft, or in the condition in which it should be in the hands 
of the consumer. 

INFLUENCE OF STORING AT LOW TEMPERATURES ON SOFTENING 
RATE WHEN REMOVED TO HIGH TEMPERATURES 

The opinion is rather general that fruit held at low temperatures, 
such as 30° to 32° F’., breaks down very quickly following its removal 
to higher temperatures. In order to determine whether or not hold- 
ing the fruit at a low temperature affects the rate of softening follow- 
ing its removal to a higher temperature, a series of tests was con- 
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ducted in which the fruit. was held at 32° and then removed to q 
higher temperatures. Figures 21 and 22 show the softening rates of 
two varieties held for a short period at 32° and then removed te 
various temperatures from 32° to 85°. Itis apparent that the soften- 
ing rate at the different temperatures following an initial period cf 
holding at 32° is approximately the same as “for similar varieties 
held continuously from the time of picking at corresponding tem- 
peratures. Softening at 70° proceeded at approximately 10 times 

a 
CSE LE EEE OS EEE EE FE PT TES Ue fe LENTZ NTS; 
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Fie. 19.—Softening of Virginia-grown York Imperial apples in storage at various 
temperatures, 1924-— 25 

the rate of the softening at 32° with intermediate temperatures rang- 
ing about in the same order. 

In order to still further determine whether or not there was an 
appreciable difference in softening rate, depending on whether or 
not the fruit had been held at low temperatures, the data reported in 
Figure 23 were obtained. Certain lots of Winesap and Ben Davis 
apples were placed in storage at 32° F., and similar lots were stored 
immediately after picking at temperatures of 70°, 50°, and 40° and 
the softening rates at these various temperatures determined. 
After a period of three months in storage at 32°, the firmness of the 

zs ee Mme 
ml ee eae eal nl ell 
ne aes VES 

. Fe SF 

8 
‘ | i OE i 

Ose ae TT oF EE EEE TET ECE ES 

OCT WO LEC. LOIN FEE. PAP. IR. SL4 XY SDE 

Fie. 20.—Softening of Virginia-grown Winesap apples in storage at various tem- 
peratures, 1924-25 

fruit held at this s temperature was tested and portions of it removed 
to 40°, 50°, and 70° respectively. The softening rates at these tem- 
peratures, following three months at 32°, were then determined. 
The solid lines in Figure 23 represent the softening of the fruit held 
from time of picking at 40°, 50°, and 70°. The broken lines repre- 
sent fruit held three months at 32°, then removed to 40°, 50°, and 
70°. To facilitate comparison, the broken lines for all temperatures 
are started on the chart adjacent to the solid lines for the same 
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temperatures and at points determined by the hardness of the fruit 
when removed from storage at 32°. 

Section A of Figure 23, giving data for the Ben Davis apple, 

shows that at 70° and 50° F. softening following removal from 32° 
was slightly faster than in fruit held continuously at the higher 
temperatures when in a correspondingly firm condition. At 40°, 
however, softening of the fruit 
previously held at 32° progressed 
more slowly than in fruit con- 
tinuously held at the higher tem- 
perature. Section B, showing 
data on Winesap apples, indi- 
cates a very slightly faster soft- 
ening at 70° and a very slightly 
slower softening at 50° and 40° 

POUNDS PRESSURE os FSF PSRSN 
oO i ae ee } 

“PLP FI BGHGGE EG GET 
in fruit previously held at 382°. eee Pe ee ein ee 

The data presented both for Ben Fig. 21.—Softening of Virginia-grown 
Davis and Winesap, however, Se a ae eee 
shew,differences|taa,.small to be? Meee atcs. feos oe 
significant. Apparently the aver- 
age rate of softening in fruit held for a time at 32° and then re- 
moved to higher temperatures is approximately the same as in fruit 
in the same condition of ripeness which has been held continuously 
at the higher temperature. Holding apples for three months at 32° 
did not result in more rapid ripening of these apples when subse- 
quently removed to 40°, 50°, or 70°, respectively. Similar results 
were obtained with other varieties. 

INFLUENCE OF TIME OF PICKING ON SOFTENING OF APPLES 
STORED AT VARIOUS TEMPERATURES 

In Part I of this bulletin it was pointed out that there is generally 
a considerable softening in apples as they approach maturity on the 
tree. As will be shown later, the rate of softening which occurs 

| while the fruit remains 
<2 . : 

\2 on the tree is consid- 
S erably less than that 
Re Mire . . i . 

ee following picking if 
q the fruit is held at pre- 
shed vailing orchard tem- 
S7| : peratures. In order to 
CZ : ) determine whether or 

B | Be Ss SS SS SS SE SCOnntots late-picked fruit 
SET OT NOL LEC LIN AB softened faster when 

Fic. 22.—Softening of Virginia-grown Rome Beauty held in storage at va- 
Te ae oe a) rious temperatures than 

: fruit removed from the 
tree in a more immature condition, two pickings of several varieties 
of apples were made and the rate of softening at different tempera- 
tures compared. The first picking in most cases was made at approx- 
imately the time of the commercial harvest for the variety, and the 
second was made two to four weeks later. With the varieties used 
in this investigation there was not a marked softening of the fruit 
on the tree between the time of the first and second pickings. 

% 
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The data on the softening of the fruit of several varieties while in 
storage at 32° F. are shown in Figure 24. It is apparent from the 
data presented that the softening of these particular varieties while 
on the tree was not appreciably more rapid than that which occurred 
in storage at 32°. Also, there was no appreciable difference in the 
rate of softening between early and late picked fruit held from the 
time of picking at 32° F. Thus, at any particular time during the 
storage season there was no appreciable difference between the firm- 
ness of the commercially picked and the late-picked fruit in storage 
at 32°. In nearly all cases the late-picked fruit was slightly firmer 
at any particular time than that picked during the commercial season. 

In Figure 25 is shown the rate of softening of medium and late- 
picked Winesap apples when held in storage from time of picking at 
40°, 50°, and 70° I’. In Figure 26 is shown the rate of softening of 
Washington-grown Stayman Winesap apples picked at four different 

intervals and held in 
Ql AL BEN DALUS (G26 ADEE ee || storage at 70° until 

AN soft. It is apparent 
from the data presented 
in Figures 25 and 26 
that at the higher tem- 
peratures late - picked 
fruit softens somewhat 
more rapidly than the 
earlier picked fruit. In 
Figure 25, for example, 
the first-picked Wine- 
saps required 30 days 
to reach a 12-pound 
test, which represents 
prime eating condition 

GF aF BFE 1G i 7s ee iN this variety, when 
Q4MS LV STORAGE held at, (022 beet 

Fig. 23.—Rate of softening of Ben Davis and Wine- 1 
sap apples held continuously from_ time of picking picked 20 days later 
at temperatures of 40°, 50°, and 70° F., compared Was equally soft aiter 

period at 32°, then stored at 40° 50", and vor #. * less than 20 days’ hold- 
ing at (0°. At. 50° the 

late-picked fruit was in prime eating condition as soon as the earlier 
picked fruit, though there was 20 days’ difference in time of picking 
and practically no difference in the firmness of the fruit at the two 
picking dates. At 40°, also, the late-picked fruit reached prime 
eating condition slightly ahead of that picked 20 days earlier. The 
data for Stayman Winesap shown in Figure 26 give a similar result. 
There was not a great variation in the firmness of the fruit at the 
date of the different pickings, although they were obtained from 
the same trees. The first picking held at 70° required 16 days to 
reach a pressure test of 12 pounds; the second required 12 days to 
reach this same degree of softness; the third 12 days; and the fourth, 
which tested practically the same as the first when removed from 
the trees, showed a test of 12 pounds at the end of 9 days. Appar- 
ently the later picked fruit softened more rapidly at 70° than the 
early-picked fruit from the same trees. Similar data for other varie- 
ties have been obtained. It is evident that while late picking did 

YL) OCW TINO SL FT Le INIYCEATLL. 
fa ts PREVIOUSLY LLLO 47° 52° 

2. AAYNEEAP [928 ~/ILE i alte ae 
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not result in appreciably 
faster softening in fruit 
held continuously from 
time of picking at 32°, it 
did result in more rapid 
softening when the fruit 
was held at higher tem- 
peratures. 

The more rapid soften- 
ing of late-picked fruit 
when held at the higher 
temperatures is apparently 
due to two factors. Soft- 
ening following picking in 
late-picked fruit begins at 
once, whereas in varieties ae 
picked in the ordinary i 
commercial season there is ae Ee ae. 
usually a period of three IN 
or four days before appre- Pe iS Hae 
ciable softening ,occurs. DN 
Also, the rate of softening 
appears to be slightly more 
rapid in late-picked fruit. 

SAP LL Wl 

VIAN JVIWES 

ae 

YELLOWING OF FRUIT IN 
STORAGE AS AFFECTED 
BY TEMPERATURE 

When apples are picked 
the unblushed portions are 
sometimes distinctly green 
tinged. In some cases, par- 
ticularly with varieties 
such as Baldwin, Grimes 
Golden, Stayman Winesap, 
and numerous others, the 
green color is sufficient to 
render the fruit distinctly 
less attractive than it would 
be if it were entirely re- 
placed with yellow. 

During the time the fruit 
ripens and softens in stor- 
age, the green color of the 
unblushed portions tends 
to become yellow. AIl- 
though exact records were 
not made of this color 
change in the fruit held at 
the different storage tem- S 
peratures, the general ob- N 
servations may be summa- N \ x \S SN \ N 0 
rized as follows: DUWISSSVS SCNIIOF 

/ 

. 
g 

24,—Relation of time of picking to rate of softening of Washington, New York, and Virginia grown apples at 32° F., 

Wa, 
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A certain amount of yellowing occurred between the time 
the fruit was picked and the time it was in prime eating con- 
dition, regardless of the temperature at which it was held. This 
yellowing occurred to only a slight extent at temperatures of 30° or 
32° F. Fruit going into storage with a color corresponding to No. 2 
in Plate I usually came out of storage when in prime eating condition 

if held continuously at 30° 
25 to 82°, with a ground color 
Y not more yellow than No. 3 
Be = = F2eue | and usually between Nos. 2 

SEUSS S= nines : oF eR Vette Se Se At 36° to 40° F. fruit 
N a | Ai | Ss pel | usually became considerably 
vo imi | | El | more yellow during the time 
E, eee 8 a Ff si required for it to soften 
YATE NE EY AEE ELL VE) FLL) EOD GE) FE a as oe aE Be: cw “ee than if held at 30° or 382°, 

IMG. 25>—RelascnOr We Or iCal ca eke Ce but even at this higher tem- 
softening of Virginia-grown, Winesap_ apples perature it was generally 

To2do5 ee BF 40% 90", and 79" *» distinctly tinged with green 
when soft enough for eating. 

In apples held at 50° or higher the green color almost entirely disap- 
peared by the time the fruit was full soft unless it was very green when 
placed in storage. Although the time required for the fruit to soften 
at the higher temperatures is much shorter than at the lower ones, the 
green color seems to disappear at even a faster rate proportionately 
than at the lower temperatures. 

The fullest yellowing will therefore usually occur in fruit held 
at moderately high temperatures. Fruit held in common or 
air-cooled storages where 
the temperatures are gen- SE 
erally high during the 
first few weeks usually 
comes out of storage much 
yellower than that held 
for even a much longer 
period at temperatures of 
30° to 32°. 

CHANGES IN CHEMICAL 

COMPOSITION OF 

APPLES STORED AT 3s 

DIFFERENT TEMPERA- 
TURES VE LE. C8 IER ZE Tee 

IE COLES WOE 
In order to determine 

whether or not there is  ™G,,20-"Relation of time of picking to tate, of 
any appreciable effect of sap apples while in storage at 70° F., 1924 
the temperature at which 
apples are held during the ripening process on the chemical 
composition of the ripened fruit, samples of a number of varie- 
ties were analyzed for sugars and titratable acidity at the 
close of the storage period for each temperature. Instead of 
holding the fruit for a definite length of time at the different 
temperatures studied, it was left at these temperatures until in 

POLMVLAS AKL ISO 
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full-ripe condition regardless of the time required. Since firmness 
is the outstanding change associated with ripening, the condition of 
full ripeness was primarily determined by the pressure test. ‘The 
fruit was placed in the different storage temperatures at the same 
time and left until the pressure test indicated that it was full ripe 
for the variety. A slight variation necessarily occurred in the firm- 
ness of the fruit at the time of sampling, but an attempt was made 
to have the apples as nearly as possible in a uniform condition. 
From 25 to 30 apples were generally used as a sample for the 

making of the chemical analyses. After the apples had been tested 
to determine their firmness, a plug of tissue was removed from each 
by means of a cork borer and passed through a sampling press of 
ihe type described by Clark (4), which pulverized it thoroughly. 
Fifty-gram samples of this tissue were boiled and made up to 500 
c. c. with water for acidity determinations. The samples were 
allowed to stand for three days, about 2 c. c. of toluol being added 
as a preservative. After three days’ standing extraction, the pulp 
was filtered off through cotton and the acidity determined by titra- 
tion with N/10 NaOH. Phenolphthalein was used as indicator. 

The 50-gram samples for sugar determinations were boiled in 
alcohol, CaCO, being added prior to boiling to neutralize the acid- 
ity. These samples were made up to 500 c¢. c. with 50 per cent 
alcohol and allowed to stand several weeks for extraction. The 
pulp was then filtered off and aliquot portions of the filtrate taken 
for the sugar determinations. The alcohol was evaporated from 
these portions, the solution cleared with neutral lead acetate, and 
the sugars determined by Mathews’ modification of the Bertrand 
and Munson and Walker methods (/4, p. 994). 

The number of days in storage, the pressure test at the end of 
the storage period, the percentage of sugars both free reducing and 
total, and the percentage of acidity calculated as malic acid are 
given in Table 4. Part of the data are for the storage season of 
1923-24 and part for 1924-25. As heretofore mentioned, the fruit 
for the season of 1923-24 was picked and held for a certain length 
of time at 32° F. before being placed in various storage temperatures. 
In addition to this holding, fruit listed from Yakima, Wash., was 
shipped by express from that place to the experimental storage plant 
at the Arlington Experiment Farm, Rosslyn, Va., requiring ap- 
proximately a week in transit at relatively high temperatures. The 
fruit used in the 1924-25 experiments was placed in storage at the 
different temperatures the day following picking. As previously 
stated, an effort was made to take the apples from the different tem- 
peratures in similar conditions of hardness, but as will be noted in 
the column headed “ Pressure test (pounds)” some variation existed 
within the different varieties at the time they were removed from 
storage. 

It is apparent from the data in Table 4 that in all varieties there 
was an increase in the quantity of total sugar between the time the 
fruit was picked and the time it reached prime eating condition at 
the various temperatures. The 1924-25 fruit placed in storage 
immediately following picking shows a rather sharp increase in the 
quantity of sugar present between picking time and when the 
fruit was full ripe; this increase is apparently due primarily to the 
change of starch to sugar. 
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There does not appear to be any direct association between the 
temperature at which the fruit was held and the total quantity of 
sugar present in ripened fruit. There was some variation in the 
quantity of sugar present in the different samples, owing to varia- 
tions in the fruit from which they were taken, but no consistent 
variations appear to be due to storage conditions. Thus, by the time 
the fruit reached prime eating condition, regardless of the storage 
temperature at which it was held, it appears that about the maximum 
quantity of carbohydrates present in the fruit was in the form of 
sugars and there was little variation, depending upon the particular 
temperature at which the fruit had been held during the ripening 
rocess. 

i Similarly, there appears to be little influence of the temperature 
at which the fruit is held upon the quantity of reducing sugar 
present. There was no marked variation in the reducing-sugar con- 
tent of the samples of fruit from different storage temperatures. 

There is a considerable variation in different varieties in regard to 
the percentage of the total sugar which is in the form of free-reduc- 
ing sugar. In Grimes Golden, for example, only shehtly more than 
half the total sugar present is in the free-reducing form. Baldwin 
also is relatively low in free-reducing sugars. Winesap, on the other 
hand, has more than 80 per cent of its sugar in the free-reducing 
form, and Delicious is relatively high in reducing sugars. Other 
varieties are intermediate in reducing-sugar content. 

It is interesting to note the wide variation in sugar content in 
apples of the same variety and from the same trees grown in Vir- 
ginia during the two seasons, 1923 and 1924. Grimes Golden grown 
at the Arlington Experiment Farm, Rosslyn, Va., showed a sugar 
content in the ripe fruit of about 15 per cent in 1923, whereas the 
fruit grown during 1924 was between 11.5 and 12 per cent. Wainesap 
at Linden, Va., in 1923 had a sugar content averaging about 13 
per cent; at Rosslyn in 1924 Winesap averaged only about 1114 
per cent. A few analyses have been run on other varieties not 
reported in Table 4 which indicate that apple varieties in general 
grown in Virginia in 1924 were distinctly under the 1923 crop in 
sugar content. It will be recalled from the data in Part I that the 
growing season at Rosslyn in 1924 was unusually late and cool for 
that section, with a rather high rainfall during August and 
September. 

In the last column of Table 4 are recorded the percentages of acid 
calculated as malic in the fruit ripened at the different temperatures. 
It is apparent that at all temperatures there is a reduction in acidity 
in apples between the time of picking and the time when the fruit 
is in a soft-ripe condition. In certain varieties stored during 1924-25 
which were removed to the various temperatures immediately after 
picking, it appears that the fruit held at a high temperature, 70° F., 
and that held at low temperatures, 30° and 32°, was lower in acidity 
when fully ripe than that held at intermediate temperatures. This 
is particularly apparent in the data for McIntosh, King David, and 
Grimes Golden. 

In other varieties and in most of the data for 1923-24 there does 
not appear to be a marked variation in the quantity of titratable 
acidity, depending upon the temperature at which the fruit has been 
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held. In nearly all varieties during both seasons’ work, fruit held 
at 70° or 85° F. was lower in acidity when fully ripe than that held at 
lower temperatures. There is, however, not a sufficiently consistent 
variation in the titratable acidity to be certain of the general effect 
of temperature upon the amount of this reduction. A summary of 
all of the data presented indicates that, in general, apples held until 
soft ripe at temperatures of 70° or 85° will be somewhat lower in 
acidity than those held at 40° to 50° and that fruit held at 30° or 
32° may also be somewhat lower in acidity than that held at inter- 
mediate temperatures. It seems probable that the acidity changes 
are associated with the respiration rate and the quantity of oxygen 
available in the tissues, and consequently they will vary with differ- 
ent varieties and with the same variety grown under widely varying 
conditions. As a result, it is impossible ‘to make any generalizations 
except that at all the temperatures there is a distinct reduction in 
titratable acidity between the time the fruit is picked and the time it 
is soft ripe. In general, it appears that the least reduction in acidity 
occurs when the fruit is ripened at temperatures of 40° to 60°. 

TABLE 4.—Length of time in storage, pressure test at end of storage period, 
and chemical composition of apples held at various storage temperatures 

Percentage of sugar |Titratable 

Storage | Timein | Pressure acidity 
Variety, station, and season ae ee est as poe 

ture (°F. ays pounds ci 
4 Total (Pred ucieg (per cent) 

(4) 0 13. 45 10. 47 | 7. 62 0. 73 
70 11 8.10 10.77 | 7. 88 . 58 
60 15 8. 05 11. 0 th ak 68 

7 e 50 21 8. 40 10. 91 | a 6 McIntosh, Rosslyn, Va., 1924-25___._.___- 40 39 9.10 11.34 | 814 68 

36 62 9.10 10. 84 | 8. 30 62 
32 87 9. 00 11. 34 9. 24 50 
30 108 9. 50 11. 26 9, 22 40 

(4) TS OON here ere 52 ss NS 1.01 
70 18 10. 35 12. 26 9.30 88 
60 21 10. 45 12.7 9. 42 ee 

: = x. or 50 24 OS OFS | SRS 2S Ses eS ae at 5S 5 King David, Rosslyn, Va., 1924-25_.______ 40 48 GUO Rte Pee 93 

36 120 TUL at ae (Ee es ee | eee . 78 
32 180 AES Oba see Shee Sa .71 
30 180 ATS COE esc es Fl Die eee sili 

(AN aN ee CRE ATE OO i) =e eee | . 69 
85 4 8. 00 12. 88 9, 64 .47 
70 6 8.10 | 12. 2 S 2 . 54 

Tas - 60 8 7.90 iP.8} Bee Oz Jonathan, Yakima, Wash., 1923-24_______. 50 W 8.95 12.38 8 61 56 

40 17 8.55 | 12. 67 9.16 a5 
36 43 8.35 | 12. 13 8. 86 256, 
32 48 8. 65 12. 67 8. 96 sate. 

(’) 33 15. 90 13. 83 7. 22' | 55 
85 6 Ts 5 15. 05 7. 69 45 
70 8 8. 75 15. 05 7. 66 47 

. } y tre 60 13 9.15 14. 96 7. 68 | 45 _ Grimes Golden, Rosslyn, Va., 1923-24____- 50 OF 9.55 | 15.00 7.87 | "53 

| 40 33 ORL OQ} |S eke See | See . 46 
36 55 | 9.15 15. 05 8.10 | .49 
32 81 9.40 15. 14 8. 06 55 

(1) 0 17. 20 | 9,38 6. 56 55 
70 17 9.35 11. 34 6. 98 38 
60 21 10.5 11. 80 125 | rn 

see D = r 9A_9F 50 24 10. 25 | NEO 7. 36 | .4 Grimes Golden, Rosslyn, Va., 1924-25____- ) 40 50 95 | 11. 62 | 3.10 "46 

36 74 9. 25 | 11. 62 8. 22 | . 40 
32 102 10. 00 | 11. 92 8.30 .39 

{ 30 130 ON75: | Wie 8. 7 .39 

1 At picking. 2 Removal from 32° F. 

——s a CU ee —— Oe 
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TABLE 4.—Length of time in storage, pressure test at end of storage period, 
etc.—Continued 

Variety, station, and season 

Delicious, Yakima, Wash., 1923-24_______- 

Baldwin, Rosslyn, Va., 1923-24__.-____--__ 

Rome Beauty, Rosslyn, Va., 1923-z4______ 

Rome Beauty, Hall, N. Y., 1923-24_______ 

Winesap, Linden, Va., 1923-24____________ 

Winesap, Rosslyn, Va., 1924-25__-________ 

York Imperial, Linden, Va., 1923-24 ______ 

Arkansas, Linden, Va., 1923-24___________ 

1 At picking. 

Storage 
tempera- 
ture (°F.) 

| 
| 

(?) 

(2) 

(?) 

) 

| 
| 
| 
x 

| 
| 

Time in | Pressure 
storage test 
(days) | (pounds) 

BLE See? 2 iPad) 
8 9. 60 
8 9. 25 
8 9. 25 

13 9. 60 
20 9. 50 
49 9. 40 
77 9. 60 
30 16. 60 
8 9.75 
8 9. 80 

10 10. 20 
19 9. 90 
43 10. 80 
85 9. 80 

145 10. 70 
cA aN ee 17. 10 

10 10. 45 
13 10. 75 
21 11. 20 
30 10. 50 
55 11.20 
78 11. 50 

123 11. 55 
ars Ae eee 13. 90 

8 9.75 
8 10. 35 
9 10. 25 

12 10. 25 
20 10. 80 
28 10.15 
62 10. 25 
88 14. 90 
11 120 
12 11. 45 
32 9. 85 
50 10. 60 
90 10. 95 

142 12. 30 
146 12. 55 

Ec Sn eet 16. 55 
18 10. SO 
17 | 10. 85 
25 11.95 
41 11. 45 
67 11.70 

111 11. 85 
139 12. 45 

0 20. 10 
37 10.15 
52 10. 45 
68 11. 60 

184 11.30 
217 12.30 
217 14. 25 
217 12. 80 
59 | 16.45 
16 13. 00 
20 12. 60 
46 11. 65 
Ue 12535 

117 12. 20 
123 12. 40 
130 14. 95 
88 16. 00 
11 12505 
12 11. 65 
34 10. 75 
54 11. 80 
81 11. 95 

127 12. 50 
149 | 13. 45 

Percentage of sugar |Titratable 
acidity 
as me 

: aci Total |Reducing (per cent) 

12. 40 9.70 0. 23 
12. 84 11. 04 . 20 
13. 20 10. 82 2 
13. 24 10. 56 . 20 
13. 28 10. 72 ‘21 
13. 04 10. 56 29 
13. 40 11. 42 23 
ils} 1 11. 46 20 
11. 46 Wao2 75 
12. 30 9. 20 59 
11. 76 7. 66 65 
12. 34 7.69 67 
12. 44 7. 46 74 
12.40 7. 96 . 65 
12. 68 8. 22 . 65 
12. 36 Say te Pee ae 
Ie G/ 8.10 Be 
11. 50 9, 25 .41 
11. 50 8. 60 Bye 
12. 35 8. 28 ‘ 
11. 35 8. 03 -40 
11.45 8. 27 . 45 
TOS 73 8. 90 Hou 
12.10 9. 35 .43 
11. 25 7.45 .38 
55 9. 03 B25 
11. 45 8.35 .33 
11. 35 8. 03 . 34 
10. 45 8. 20 34 
10. 25 7. 85 34 
10. 55 8. 00 32 
10. 45 8.18 28 
12. 80 10. 28 59 
14. 40 1133983 49 
13. 30 11.10 57 
13. 70 12. 45 44 
12.7 11. 08 44 
13.35 ess 52 
12. 65 11. 38 44 
12. 85 11.30 56 
12. 60 10. 23 63 
13. 60 13. 20 4] 
1535 12.13 46 
13. 20 11. 40 58 
ek ih) i1.18 58 

13. 25 11. 05 58 
12. 60 11. 28 64 
12. 60 SSS 57 
9. 76 8. 04 60 

11. 82 10. 90 40 
11. 08 9.70 47 
11. 20 9. 60 41 
11.18 10. 46 42 
11. 70 11. 40 42 
12512 11. 04 47 
11. 89 11. 04 48 
10. 80 8.18 64 
13. 70 10. 73 36 
13. 70 9. 63 45 
13. 60 10. 45 45 
12. 95 9. 63 48 
P2855 10. 03 Sif 
12. 60 9.18 42 
12. 00 8: 582|e2e2egesee 
12. 85 9, 28 60 
14. 40 12. 25 56 
13. 50 10.15 75 
14. 75 10. 95 61 
14. 05 10. 73 50 
12. 80 9. 93 51 
13. 25 10. 18 48 
1Se25 11. 13 49 

? Removal from 22° F. 
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TABLE 4.—Length of time in storage, pressure test at end of storage period, 
eic.—Continued 

Percentage of sugar 'Titratable 

Storage | Timein | Pressure acidity 
Variety,station, and season ea) pes Re as Behe 

ture : ays pounds eee acl Total Reducing! (yo, cent) 

CT pepe eae os 13. 30 12. 60 7. 85 0. 63 
85 14 10. 70 18. 25 9, 28 49 
70 16 10. 95 13. 10 73 a 

, + 60 25 10. 55 13. 35 . 73 Aas 
Yellow Newtown, Linden, Va., 1923-24 __- 50 38 10.35 13.15 8. 40 "59 

40 82 10. 70 13. 50 8.98 . 60 
36 103 11. 05 13. 20 8. 78 25! 
32 131 1b Rts 13. 05 rots Ya [opeecet cpa 

(1) 0 18. 95 9, 48 7. 24 . 60 
70 21 11. 65 10. 52 8. 04 48 
60 21 10. 50 10. 46 7. 60 | . 50 

: r 50 52 11. 60 9. 92 7.44 49 
Ben Davis, Rosslyn, Va., 1924-25___---__- 40 94 10. 25 10.38 8 12 "46 

36 135 11. 50 10. 18 8. 54 202 
32 153 12. 75 10. 10 8. 42 . 36 

| 30 184 12. 60 10. 54 | 9. 02 33 

1At picking. 2Removal from 32° F. 

The data in Table 4 indicate that so far as chemical analysis is 
concerned there is not an outstanding difference in the composition 
of apples depending upon the temperature at which they have been 
ripened, provided the apples are in a comparable condition of 
maturity when tested. In other words, there is not a marked difter- 
ence in composition of apples held at 70° or at 32° F. provided they 
are held at each temperature until in a similar condition of maturity. 

The data in Table 4 relative to the pressure test when the fruit 
was sampled are important. With certain varieties, such as Arkan- 
sas (Mammoth Black Twig) and York Imperial, the fruit was not 
left in storage at 30° and 32° F. until really comparable in softness 
with fruit held at higher temperatures, because of the excessive de- 
velopment of storage scald prior to this time. Certain other 
varieties, such as Yellow Newtown and Winesap, did not attain as 
soft a condition at 30° and 32° as at higher temperatures. 

RESPIRATION RATE OF APPLES AT DIFFERENT TEMPERATURES 

Tt has long been known that as fruits ripen following their re- 
moval from the tree they take up oxygen from the air and give off 
carbon dioxide. Associated with the ripening process is the oxida- 
tion cf the sugars and the other carbohydrate materials primarily 
to carbon dioxide and water. The work of Gore (S) and many 
others has shown that the rate of carbon-dioxide evolution from 
fruit is closely associated with temperature. It was planned to 
determine how closely the respiration rate in apples is really asso- 
ciated with the rate of softening at the different temperatures. 

The rate of carbon-dioxide output of the fruit and of oxygen 
absorption was determined by the method previously described by 
two of the writers (77). The determination of the respiration rate 
of the apples was made during the winter of 1923-24, and all deter- 
minations were on fruit which had previously been held at 32° F. 
The fruit was removed to the different temperatures immediately 
preceding the start of the respiration tests. At.32° and 40° three 
runs were made on each variety, using the same lot of fruit for all 
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three. From 20 to 25 apples, weighing from 2,500 to 3,000 grams, 
were used in each experiment. At 60° and 85° duplicate lots of each 

variety were run and two or three determinations made on each lot. 
The data, as recorded in Table 5, are calculated in milligrams and 
cubic centimeters of carbon dioxide evolved per kilogram of fruit 
per hour and cubic centimeters of oxygen consumed per kilogram 

of fruit per hour. ar 
From the data on the weights of carbon dioxide evolved, it is at 

once apparent that there is a rather close relationship between the 
respiration rate and the rate of softening of the different varieties. 
Grimes Golden, for example, evolved carbon dioxide at a rate be- 
tween 4 and 5 milligrams per kilogram of fruit per hour at 32° F.; 
between 8 and 9 milligrams at 40°; between 29 and 30 milligrams 
at 60°; and from 60 to 70 milligrams at 85°. Thus at 40° the rate 
was slightly less than double that at 32°, and that at 60° was about 
six times that at 32° and more than three times that at 40°. At 85° 
the respiration was more than double the rate at 60°. Referring to 
the data for the Arlington Experiment Farm Grimes Golden in 
1923-24 in Table 4, it is apparent that 6 days were required for full 
ripening at 85°, 13 days at 60°, 33 days at 40°, and 81 days at 
32°. Thus at 60° the softening was six times as fast as at 32°, and 
the respiration rate was about six times the rate at 32°. At 85° 
both the softening and respiration rates were slightly more than 
double the rates at 60°. The ripening rate at 60° was two and one- 
half times the rate at 40°, while there is an even greater difference 
in respiration rate. In general, however, there is a very close agree- 
ment between the rates of respiration and softening for Grimes 
Golden. 

TABLE 5.—Respiration of apples in relation te temperature 

Per kilogram of fruit per hour 

Length \|-=;stte tee a en Peespirae 
Variety, station, and temperature Run No.| of run rere) co O tion ratio 

(hours) ~ 2 2 CO2+ O32 evolved | evolved jconsumed 
(megr.) (c. c.) (ec. Cc.) 

Grimes Golden, Rosslyn, Va.: 
1 288 4. 84 2.46 2.03 TS2T 

329 sh (Oe CAisectecade ai wee ea 2 263% 4.73 2.41 2.16 1.11 
| 3 310% 4.71 2.40 2.02 1.19 

1 143% 8. 55 4.35 4.06 1.07 
4 OCR (425 OCs) ear were ie Meee eee 2 187 8.32 4, 23 3. 89 1.09 

3 19014 8.16 4.15 3. 85 1.08 
1A 477% ay 2 14. S 14.16 1.05 

° = FO 2A 4334 29.2 14.85 14avc 1.02 
60° F. (15.5° C.)___---.-.-------------- 1B 4744 | 29.6 15.06 | 14.17 1.06 

2B 4334 29.0 14. 75 14. 34 1.03 
1A 234% 70.4 35. 82 32. 96 1.09 
2A 224 68.3 Ss 75 se fi 1.04 

° FOO 3A 334 62.2 1. 66 2026 1.19 
85° F. (29.5° C.)___.------------------- 1B 2314| 73.3 37.30 | 33.69 Lil 

2B 2234 69. 2 35. 21 33. 73 1.04 
3B 2334 63.5 32. 31 28. 05 1.15 

Jonathan, Yakima, Wash.:: 
1 43216 | ee 1. 66 1. 50 Rabe 

Ooeebes (OS Cab eset ser Po Bae, 2 405 3.50 1.78 1.70 1.05 

3 331 3.61 19847) 2 ose eee TAs Cane 
1 2355 16579 3.46 3. 22 1.07 

AQ OBES (45 Ge) 2 Sea es See DL gy ee 2 19134 | 7.35 3.75 3.19 1.17 
3 237 | 7.45 3. 80 3.41 1.11 

| 1A 46%4 29.1 14. 84 12.48 1.19 
2A 6834 | 24.7 aie 11.99 1.05 

° =o 3A 4714 UB) > uals 11.41 1.04 
60° B. (15.5% C.)----------------------- | 1B 463 | 30.9 15.76 | 13.24 1.19 

2B 6834 25.9 L321 11.41 1.16 
| 3B 4716 25.0 12. 75 11. 94 1.07 
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TABLE 5.—Respiration of apples in relation to temperature—Continued 

Per kilogram of fruit per hour ‘ 

Vv d N engin i? Ln ELA e ae ape wis at Respira- 

ariety, station, and temperature Run No.| ofrun CO; COz O tion ratio 

(hours) | evolved | evolved |consumed| C92 92 
(megr.) (c. c.) (exe>) 

Baldwin, Rosslyn, Va.: 
1 288 2.94 Fi) ipa LI ca eh od 

agora ge yas MA) MSG) ee FIGS 2 26314 2.92 1.48 1.23 1/20 
3 31014 2. 84 1.44 1.31 1.10 
1 14314 5. 88 2.99 2.70 1.11 

AGEPI(ARSS Ch) een teas ree ep 2 187 5.34 2.72 2. 37 1.15 
3 19014 4.88 Cd i el Li 
1A 4914] 18.51 9.43 8.73 1/08 
2A 724) 20.10 | 10.24 0.44 1.09 

i 3A 6634 | 20.40] 10. fel 1.08 
60° F. (15.5° C.)---____-_-------------- 1B 4914 | 18.95 9. 65 8.77 1.10 

2B 7244! 19.82] 10.08 9.23 1.09 
3B 664 | 20.1 10. 23 9.30 1.10 
A 4884 | 41.5 21.12| 18.75 113 
QA 2987 | 38.8 19.75 | 15.89 1.24 

‘ 5 3A Aelia 2 17.40| 14.33 1. 22 
85° FP. (29.5° C.)-----.----------------- 1B 483, | 42.7 21.73 | 18.90 ‘Like 

2B 2937 | 38.9 19.80| 16.56 1.19 
3B AN 34585)\, 774A. 214.68 1.19 

Winesap, Linden, Va.: ie Dee esa 
° ° 1 4 2 2 . 000 (a2 2------ | cece eee eerce 

32° P. (0° C.)-----.------------------- { 2 405 2. 82 1.43 121 Lis 
4 1A | 33514 5.21 2. 67 2.27 1.17 

40° FB. (4.5° C.)--_--_-----_------------ { ipl 338% 5,38 Dryas 2055 1.08 
1A 67 20.82| 10.60| 11.18 "95: 
2A 67 | 20.25} 10.30 9.33 1.10 

‘ - 3A 50 20. 10.32! 11. “92 
60° FP. (15.5° C.)---__--_--.------------ 1B 67 20.11| 10.24] 11.02 93 

2B 67 20.95! 10.66 9. 48 1.12 
3B 50 20.29 10.32] 11.13 93 
1A 448i | 38.57 |  19.62| 17.89 1.10 
2A 443,| 30.73| 15.64| 13.67 ‘i 

85° F. (29.5° C.) 3A 4744 28. 46 14. 48 12.06 1. 20 
- (29.5% C.)-- ~~~ 22. ----------- 1B| 4437 | 38.21 19.45] 18.10 1.07 

2B 4434 | 35.27] 17.95 | 13.91 1.29 
3B 474 | 32.47) 16.52} 11.86 | 1.39 

Jonathan from Yakima, Wash., shows a fairly close relationship 
between respiration and softening rate. At 60° F. the respiration 
rate was between three and four times the rate at 40°, while at 
40° it was approximately double that at 32°. The softening rate 
of 40° was almost three times that at 32°, and that at 60° was 
double that at 40°. Thus, the difference in respiration rate between 
40° and 60° was greater than the difference in softening rate. The 
respiration rate at 60° was about seven times the rate at 32°, which 
is in rather close agreement with the softening at the different 
temperatures. 
With the Baldwin the agreement between the rate of respiration 

and softening is also fairly close. The respiration rate at 40° F. 
was slightly less than double that at 32°, whereas the softening rate 
was more than three times that at 32°. The respiration rate at 60° 
was between three and four times the rate at 40°, with a similar 
difference in softening rate. Between 60° and 85° the respiration 
rate almost doubles, whereas the softening rate does not show a 
marked increase at the higher temperature. 

The respiration data for Winesap indicate fairly close agreement 
with softening data. At 32° F. the respiration rate is a little more 
than half that at 40°. The softening rate was about in the same 
proportion, although at 32° the fruit did not become sufficiently 
soft in the time it was held to determine it with accuracy. At 60° 

——EeEeeeEeEeEeEeEeEeeeeee 
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the respiration was 7 to 8 times the respiration rate at 32°, whereas 
at 85° it was more than 10 times the rate at 32°. Comparative 
soitening rates were similar. 

It is apparent that in general there is an approximate agreement 
between the respiration rate and the rate of softening of the fruit. 
Between 40° and 60° F. there appears to be a somewhat greater 
difference in the rate of respiration than in that of softening, but 
on the whole, within the range of temperatures here studied, there 
is a sufficiently close agreement between the softening rate and that 
of respiration to indicate that the softening processes in apples which 
are apparently associated with changes in the cell-wall materials 
may be directly associated with the oxidation processes which are 
measured in respiration studies. 

The respiratory ratio, determined by dividing the volume of car- 
bon dioxide given off by the volume of oxygen taken up, is indicative 
of the type of material being oxidized in the fruit. If reducing 
sugars are being oxidized to carbon dioxide and water, the respira- 
tory ratio should be 1, and if malic acid is being oxidized the 
ratio would rise to 1.83. It is apparent that practically all the ratios 
fall between these two points, indicating that there is an oxidation 
of both acids and carbohydrates. A ratio of 1.165 indicates equal 
oxidation of acids and sugars. In the case of Grimes Golden this 
is about the average at 32° F., but is distinctly above the average 
at both 40° and 60°, and is somewhat above the average at 85°, thus 
indicating that there is approximately equal oxidation of acids and 
sugars at 32°, while at 40° and 60° sugars are mainly oxidized. At 
85° there is a somewhat greater oxidation of acids. The results with 
the other varieties are similar. At practically all temperatures both 
acids and sugars are being oxidized, but on the average it would 
appear that the greatest oxidation of acids occurs at the highest and 
lowest temperatures here studied. This is in line with the fact that 
on the average acids seem to drop off least during ripening at the 
intermediate temperatures. 

Because of the wide variations which exist, particularly in the 
acid content of different individual apples, it is difficult to de- 
termine accurately the decrease in acidity under different storage 
conditions. The data in Table 4 together with respiratory data 
indicate that at all temperatures there is a distinct falling off in 
acidity owing to oxidation in the normal respiration of the fruit. 
Under certain conditions not yet determined the carbon dioxide 
given off in respiration appears to come largely from the oxidation 
of acids. Under other conditions there is relatively little decrease 
in acidity, and the products of respiration appear to come largely 
from sugars. In general, there is a fairly close correlation b°tween 
the rate of respiration as measured by carbon dioxide given off 
and the rate of softening of the fruit. Apparently both the rate of 
softening and the rate of respiration are controlled almost entirely 
by the temperature at which the fruit is held. 

SUMMARY OF PART II 

The ripening processes following picking are largely a continua- 
tion of those going on before the fruit is removed from the tree. 
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The rate of ripening following picking is determined almost en- 
tirely by the temperature at which the fruit is held. srk 

The exact rates of softening of a large number of varieties of 
apples when held at temperatures ranging from 30° to 85° F. have 
been determined. 

There is a wide variation in the softening rates of different varie- 
ties of apples when held at 32° F. Winesap, Arkansas (dZammoth 
Black Twig), Yellow Newtown, York Imperial, and Arkansas Black 

_ were hard when picked, and softened slowly. Rome Beauty, Stay- 
- man Winesap, Ben Davis, and King David grown in Virginia were 

softer when picked and reached prime eating condition earlier. 
Grimes Golden and McIntosh reached a full soft condition still 
earlier. 

Apples grown in New York State were harder when picked than 
the same varieties in Virginia. The former softened slightly faster 
in storage at 32° F. 

Apples in Washington State were in about the same condition 
of hardness when picked as Virginia apples. They softened some- 
what slower when held at 32° F. than the same varieties from 
Virginia. 

The softening of different varieties at 40° F. was in about the 
same order as at 32°. All varieties softened with great rapidity at 
70°. Even varieties such as Winesap and York Imperial, though 
hard when picked, were jn prime eating condition within a few days. 

Most varieties when held at higher temperatures have an initial 
short period after picking when little softening occurs. Following 
this initial period softening proceeds rapidly. 

At 70° F. softening. proceeds approximately twice as fast as at 
50°. At 50° it is almost double the rate at 40°, while at the latter 
temperature softening proceeds fully twice as rapidly as at 32°. 
About 25 per cent longer time was required for fruit to ripen at 
30° than was required at 32°. 

Holding apples at low temperatures for a period and then remov- 
ing them to higher temperatures does not result in more rapid 
softening than the holding of similar fruit continuously at the 
higher temperature. 

Late picking has not resulted in the fruit softening faster than 
earlier picked apples while held continuously in storage at 32° F. 
At temperatures of 40°, 50°, and 70° F., respectively, late-picked 
apples softened somewhat more rapidly than did early-picked fruit 
from the same tree. 

Fruit held at temperatures of 50° F. or above from time of picking 
until full eating ripe was usually somewhat more yellow than fruit 
held until equally soft at 30° or 32°. At 36° and 40° the degree 
of yellowing was intermediate. 

Apples held at the different storage temperatures were analyzed 
at the time they reached full soft condition, to determine the effect 
of the storage temperature upon the sugar and acid content. 

There was a slight increase in the total quantity of sugar in all 
Se between the time of picking and when the fruit was full 
sort. 

Ee 
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There was no consistent variation in the quantity either of total 
or reducing sugar depending upon the temperature at which the 
fruit was held while ripening. 

Acidity decreased between the time of picking and that of full 
ripeness in all varieties and at all temperatures. On the average, 
the decrease was greatest in fruit held at the highest temperatures. 
At 40° to 60° F. there was only a slight decrease in acidity. At 
32° and 30° the decrease was variable, in some varieties being large 
and in others slight. 

On the whole, there was a close agreement between the respiration 
and the softening rates in apples. The respiration rate at 40° F. 
was almost double that at 32°, while the rate at 60° was about three 
times that at 40°. The softening rates in most cases were in about 
the same order. 

The respiratory ratio was practically always slightly more than 1, 
the ratio for the complete oxidation of dextrose, and less than 1.33, 
the ratio for the complete oxidation of malic acid, indicating that at 
all temperatures both acid and sugars were being oxidized. At 85° 
and 32° F. the ratio averaged slightly higher than at 40° and 60°, 
indicating that a somewhat larger proportion of acid was being 
oxidized at these extreme temperatures than at intermediate tem- 
peratures. 



Ill, THE HANDLING OF APPLES FOR STORAGE 

By J. R. Maeness, Physiologist, H. C. DIEHL, Assistant Physiologist, and M. H. 
Hatter, Junior Pomologist, Office of Horticulture, Bureau of Plant Industry 

There are two general methods of storing the commercial apple 
crop in the United States. The first of these is the holding of the 
fruit in common, or air-cooled, storage, where the temperatures main- 
tained are obtained primarily through ventilation with cool outdoor 
air. ‘The second method is to put the fruit in cold storage, where 
artificial cooling, usually by refrigerating machines, makes it pos- 
sible to hold the temperatures at approximately the point most satis- 
factory for preserving the product. It is impossible to get exact 
information on the quantity of the commercial apple crop of the 
United States handled through air-cooled, or common, storage, but 
apparently it is equal to considerably more than half of the total 
commercial apple crop of the country. Available statistics relative 
to the holding of apples in cold storage indicate that somewhat less 
than half of the commercial apple crop of the United States is han- 
dled in this way, the remainder being either marketed directly or 
held for varying lengths of time in air-cooled storages. 

In Part If the discussion dealt primarily with the influence of 
different temperatures on the ripening of apples following their 
removal from the tree. It was pointed out that temperature is ap- 
parently almost the sole determining factor in the rate of ripening 
of any variety following picking. ‘The difference in results obtained 
in holding apples in an air-cooled storage as compared with holding 
them in cold storage will largely depend upon the difference in the 
temperatures maintained in the two types of storage. 

TEMPERATURES PREVAILING IN AIR-COOLED STORAGES 

During the past 10 years the United States Department of Agri- 
culture has obtained thermographic records of the temperatures pre- 
vailing in common, or air-cooled, apple-storage houses in many sec- 
tions of the United States, including basement, hillside, and above- 
ground storages of various types. From these records it is possible 
to make some general statements regarding the temperatures which 
may be expected in air-cooled storage houses. 

It is rarely found that the mean temperature existing in an apple 
storage house or basement which depends upon outside air tempera- 
tures for cooling will, over a period as long as 10 days, be appre- 
ciably below the mean of the outdoor temperatures during that time. 
By outdoor temperatures are meant shade temperatures as reported 
by the United States Weather Bureau. In a great many cases exist- 
ing outdoor temperatures, particularly during the fall months, will 
average considerably below the mean of those inside the storage. 
Storage temperatures are usually above the mean of those prevailing 

51 



52 BULLETIN 1406, U. S. DEPARTMENT OF AGRICULTURE 

outside when inadequate ventilation openings are used or where the 
storage is not properly handled. 

If ventilation openings are sufficiently large and the storage rooms 
are opened as much as possible whenever outdoor temperatures are 
below those existing in the storage room and closed when outdoor 
temperatures rise above those prevailing inside, it is possible to ob- 
tain approximately the mean of the outdoor temperatures in the 
storage room. Basement-type storages, partially underground types 
(such as hillside storages), or entirely aboveground types of storage 
have been found to hold about the same temperature if properly 
handled. 
It is not the purpose in this report to discuss common-storage con- 

struction and handling but rather to deal with the handling of fruit 
intended for common- “storage holding. The investigations reported 
in Parts I and I, dealing “with the 1 ripening of apples on the tree 
and in the storage rooms at various temperatures, give a background 
for recommendations in regard to the actual handling of fruit in 
common storage. 
The mean prevailing outdoor temperatures, available from the 

United States Weather Bureau in many sections of every State, give 
an accurate index of the temperatures which may be expected in an 
air-cooled storage house and are of great value in determining the 
adaptability of common storage to any locality. With this fact in 
mind a map has been prepared (fig. 27) showing the average mean 
prevailing temperatures for November for various sections of the 
United States. November was chosen as the first full month in which 
apples are generally held in common storage. It is also a particu- 
larly critical month for common-storage holdings, as it is during 
this period that the fruit should be cooled from temperatures pre- 
vailing at picking time to near the optimum temperature for holda- 
ing the fruit. The mean October temperatures prevailing over the 
country are, according to isotherm maps prepared by Ward (8), 
approximately 10° above the temperatures given for November. 
In the northern sections October temperatures are somewhat more 
than 10° above those prevailing in November, while in the warmer 
sections there is a difference of slightly less than 10°. December 
temperatures, on the other hand, will average fully 10° below those 
prevailing in November in most of the apple-growing sections of the 
United States. The prevailing temperatures for late October, No- 
vember, and early December largely determine the adaptability of 
any district for holding apples in common, or air-cooled, storage. 
By the latter part of December common- storage temperatures i in most 
apple-growing districts will approximate those for cold storage if 
the storages are carefully managed. Consequently, the prevailing 
temperatures during the cooling period from the time of picking 
to December lar cely determine the efficiency of common storage for 
apples. 
- Figure 27 requires little comment. It is apparent that in nearly all 
of the northern apple districts, including most of New England, New 
York, northern Pennsylvania, northern Ohio, Illinois, and westward, 
the mean November temperatures average under 40° F. The southern 
parts of Missouri, Illinois, Indiana, and Ohio, on the other hand, 
have a mean November temperature above 44°. Thus there is a dif- 
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ference of about 6 degrees even between northern and southern Ohio 
or northern and southern Indiana. From Part II it will be recalled 
that apples at 50° soften fully twice as fast as apples at 40°, so this 
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27.—Map of the United States, showing mean temperatures for November 
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difference in temperature will make a marked difference in the 
keeping quality of apples in common storage. 

In the Pacific Northwest wide variations in temperature exist 
within relatively narrow limits because ,of abrupt changes in the 
topography of the country and of the marked influence of coast 
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winds. In Figure 28 is shown a somewhat enlarged map of this 
territory. It should be emphasized, however, that in regions such 

as the Pacific Northwest or the Appalachian Plateau in the Hastern 

States it is important for the individual grower to know the temper- 
atures prevailing in his own district in order to determine the effi- 
ciency of common storage. Figures 27 and 28 give a basis of com- 
parison, but it is not possible in such a map to give the detailed effects 
of varying conditions of elevation. | 
A territory having a mean prevailing temperature of about 40° F. 

during November will probably average above 50° in October and 
will be close to 30° for the December mean. The data presented: in 
Figure 27 are based on the United States Weather Bureau records for 
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Fig. 28.—Map of the Pacific Northwest, showing mean November temperatures 
2 

many years and represent about the average condition to be expected. 
It should be emphasized that particular seasons will vary consider- 
ably from this mean, some ranging above and some below the aver- 
ages here given. ‘The data give an indication, however, of what the 
apple grower in different sections of the United States can expect 
in November temperatures, thus affording a basis of comparison 
between the different apple-growing sections. 

TESTING COMMON-STORAGE HOUSES 

The fact that the average temperatures prevailing in common- 
storage houses, particularly during the fall months, are often some- 
what above the mean of the prevailing outdoor temperatures, when, 
with good management, it is possible to obtain temperatures equal 
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to or slightly below the mean of those prevailing outdoors, affords 
an excellent means of testing the performance of common-storage 
houses. ‘The operator of a common-storage house should provide 
himself with two maximum-minimum thermometers. One of these 
should be placed outside the storage house at a point where the sun- 
shine never strikes and where it is not influenced by heated build- 
ings, etc. The other should be placed in the storage room, prefer- 
ably about the height of the top of the fruit. The maximum and 
minimum temperatures both inside and outside the storage house 
should be recorded daily. If at the end of a 10-day period the aver- 
age of the maximum-minimum temperstures inside the house is 
above that prevailing outside, the storage is not performing in a 
satisfactory manner, in which case the trouble is due either to in- 
adequate or poorly arranged ventilation openings or lack of care 
in opening and closing the ventilators to take advantage of the cool 
outdoor conditions. Inadequate insulation in aboveground storages 
may also be a factor. If temperatures equal to the mean of those 
prevailing outdoors are obtained, it may be considered that the stor- 
age is giving satisfactory service in view of the climatic conditions 
under which it is being operated. Such a test of the operation of 
the house should be made during the fall months, when the tem- 
peratures both inside and outside are gradually falling. 

VARIETIES OF APPLES FOR COMMON-STORAGE HOLDING 

The varieties of apples which may be held successfully in common 
storage will vary widely in different sections of the United States. 
As was pointed out in Part I, the same varieties ripened relatively 
much earlier in the growing districts having a long season, such as 
the Pacific Northwest, Virginia, or southern Ohio, than in the 
shorter growing-season sections, such as Michigan, New York, or 
New England. Baldwin apples, for example, which normally reach 
picking condition from the middle to the end of October in New 
York State, will reach that condition from the middle to the 20th 

of September in Virginia. Holding this variety in common storage 
in Virginia, therefore, would be impracticable, since the fruit would 
have to be in storage through late September and October with 
temperatures in Virginia ranging from 55° to 60° F. In New York, 
however, by picking and storing around the last of October, this 
variety during a normal season can be handled in common storage 
at temperatures averaging for the month of November somewhat 
under 40°. A similar condition exists with other varieties. Jon- 
athan, for example, which ripens early in the Pacific Northwest and 
in Missouri and Virginia, becomes a late-ripening variety in Michi- 
gan or New England. Picking in the latter sections can be delayed 
until cool weather, and the variety can be handled very satisfac- 
torily in common storage while entirely unsuited for common- 
storage holding in the Southern and Pacific Northwest States. 

In general, it may be said that only varieties which mature late 
in the section in which they are grown will give satisfactory results 
if handled for a relatively long period in common storage. In the 
Michigan, New York, and New England districts such varieties would 
include Baldwin, Stark, Ben Davis, Northern Spy, etc. In most 
seasons Jonathan will also give fairly satisfactory results. In the 
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districts with longer growing seasons, however, these same varieties 
ripen early while temperatures are still high and consequently 
are unsatisfactory for common-storage holding. The best holding 
varieties in these latter districts include Yellow Newtown, Wine- 
sap, York Imperial, Arkansas Black, and Arkansas (Mammoth 
Black Twig). Rome Beauty, Stayman Winesap, and Ben Davis 
will give results much less satisfactory than the first list. Other 
varieties, including Grimes Golden, Jonathan, and Delicious in the 
long growing season districts and Rhode Island Greening, Tomp- 
kins King, Wealthy, and McIntosh in the districts of shorter grow- 
ing seasons, will become full soft in a relatively short time when 
exposed to temperatures prevailing in common storages at the pick- 
ing season. 

The data in Part II indicate that the group of varieties best 
adapted to common-storage holding in the districts with long grow- 
ing seasons are inherently somewhat slower ripening in storage 
than the varieties generally grown in the northern districts. Thus 
Winesap, York Imperial, Arkansas Black, and Yellow Newtown 
ripen somewhat less rapidly at any given temperature than most 
varieties grown in the northern sections when held at the same 
temperature. Since these varieties are particularly adapted to sec- 
tions having a long growing season they tend to overcome in part 
the advantage of cooler weather at picking time in the northern 
districts. Varieties like Ben Davis and Gano, however, when 
grown in the northern districts are generally very hard at picking 
time and soften slowly even in common storage. Although varie- 
ties which normally require a long growing season will not develop 
high quality and good size in the northern sections, they do pro- 
duce fruit which will usually hold in remarkably good condition 
in common storage. 

TIME OF PICKING APPLES FOR COMMON STORAGE 

In Part I it was pointed out that the rate of softening of apples 
while they remain on the tree is relatively slow. Consequently, it 
was planned to determine whether apples ripen faster following 
removal from the tree than while remaining attached to the tree 
if held under similar temperature conditions. Tests of this kind 
have been conducted at Wenatchee, Wash., Hall, N. Y., and Ross- 
lyn, Va. At the time of picking, the fruit was tested in the usual 
manner to determine its firmness. One lot was then picked and 
left in baskets or boxes in the crotch of the tree from which it had 
been removed. At intervals, the firmness of the fruit remaining 
on the tree and of that held in the boxes was determined. Some 
of these data are shown graphically in Figure 29. 

It is apparent that all varieties studied softened much faster 
following removal from the tree and while held in the orchard at 
prevailing temperatures than while remaining attached to the tree. 
There was an initial period following picking when practically no 
softening occurred in fruit held in the orchard, just as was noted 
in the fruit held in different controlled temperatures of storage: 
Following this initial period, however, the fruit softened rather 
rapidly, and at the end of an interval of three weeks it was always 
much softer than the fruit remaining on the tree from which it 
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was picked. Apparently, so long as the fruit remains attached 
to the tree it is deriving material from it which tends to check 
the ripening processes which set in following picking. 

The fact that apples ripen faster if picked and held in the orchard 
than if remaining on the tree is of much importance in relation to 
the time of picking apples for common-storage holding. Since the 
temperatures in common storages generally approximate the mean 
of those prevailing outdoors, it follows that fruit so held softens 
much more rapidly than similar fruit remaining on the tree. As 
was pointed out in Part II, however, late-picked apples soften some- 
what faster when held at high temperatures than early-picked fruit 
from the same trees. Consequently, it was necessary to run actual 
common-storage holding tests to determine whether late-picked 
fruit, which would be stored under cooler conditions and would have 
a shorter exposure to high temperatures, would be in firmer condi- 
tion throughout the storage 
season than would early- 
picked fruit from the same 
orchard. These tests were 
carmed on at Halli Ne Y.; 
during the season of 1924-25, 
Early, medium, and late 
season pickings were made 
on several varieties, and 
the firmness of the fruit 
was tested both at picking 
time and at intervals during 
the storage season. In Fig- 
ure 30 are shown data for 
two varieties of apples 
picked at different times 
and held in basement com- 
mon storage in western 
New York. 

It is apparent that the 
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Fic. 29—Rate of softening of apples in New 
York, Virginia, and Washington while attached 
to the tree compared with rate of softening of 

late-picked Baldwin and 
Stark apples here tested 
gave much more satisfactory results in common storage than did 
early-picked fruit. The early-picked fruit was softer . through- 
out the storage season than that picked late in the season. This re- 
sult apparently was due to the fact that the late-picked fruit had a 
much shorter exposure to high temperatures than the early-picked 
lots. The average temperatures prevailing in the storage room 
during each 10-day period of the fall season are recorded in Fig- 
ure 30. 

Similar results have been obtained with other good common- 
storage varieties in New York. Tompkins King, a poorer keeping 
variety, did not give appreciably better results from late picking 
than from early” picking: Apparently, for the better common- 
storage varieties, the later it is possible to pick them the better the 
results that may be expected. The somewhat faster softening of the 
late-picked fruit when held at high temper atures 1s more than off- 
set by the lower temperatures prevailing in the common-storage 

fruit picked and held under the tree 



58 BULLETIN 1406, U. S. DEPARTMENT OF AGRICULTURE 

: 

res = 

WS Nyy : \ 5 

Zz, 7 

YE ES SOD I ADL oe WE 

LHX nt storage at Hall, 

SLL aa 

ae aor eee Ue eal 

Ye 

L_ Lk es in an air-cooled baseme 

1924-25 

VO" k and Baldwin appl 

WO FAP LUE GOD BIOL FOO, GAL IOI a7. 

SO 
BiH 

. 30.—Rate of softening of Star 

ZA 

‘ v 8 NN \ 
Lee SIOS SONICS 



RIPENING, STORAGE, AND HANDLING OF APPLES 59 

rooms. For best results in common-storage holding of the better- 
keeping varieties, picking should be delayed as long as the fruit is 
holding well on the tree or until danger of freezing is serious. 

As mentioned in Parts I and II of this bulletin, certain varieties 
of apples under certain conditions tend to develop physiological 
breakdown in storage. This occurs so frequently in Jonathans that 
it has been termed “Jonathan breakdown,” although many other 
varieties are also somewhat susceptible to the trouble. It has been 
shown that this breakdown is closely associated with leaving the 
fruit on the trees too long and usually is particularly serious when 
the apples ripen early following a long growing season. 

Obviously, for varieties susceptible to this trouble late picking is 
not feasible. Fortunately, those varieties well adapted to common- 
storage holding seldom are affected in this way. Breakdown of 
this type rarely occurs in Winesap, York Imperial, Yellow New- 
town, Ben Davis, Arkansas Black, and other good common-storage 
varieties of the Southern or Pacific coast growing regions, or in 
Baldwin, Stark, Northern Spy, or Ben Davis in the Northeastern 
States. For varieties well adapted to common-storage holding it 
appears that delaying picking as long as possible will give best 
results. 

The time of ripening of apples, which varies from season to sea- 
son, is also of great importance in the handling of fruit in common 
storage. A season when the fruit ripens late will prove especially 
satisfactory. On the other hand, if the fruit matures particularly 
early very unsatisfactory results may be expected even from varieties 
which normally do well in common storage. During the season of 
1921, for example, apples in New York State matured very early, 
and varieties such as Baldwin, which normally hold satisfactorily 
in common storage, softened very quickly and soon became unmar- 
ketable. In 1924 a similar condition prevailed in the Pacific North- 
west, with unsatisfactory results from common storage. It is at 
once apparent that if apples normally picked the latter part of Octo- 
ber are picked the first of October they are exposed to from three to 
four weeks of high temperatures in storage to which late-picked ap- 
ples are not subjected. Consequently, poor results will necessarily 
be obtained in common storage when the picking season is abnor- 
mally early. 

REMOVING THE FRUIT TO THE COMMON-STORAGE HOUSE 

The data in Figures 29 and 30 are of particular interest in con- 
nection with the necessity of removing fruit to the storage house fol- 
lowing picking. Fruit held in the orchard did not soften more 
rapidly than fruit held in common storage. That held in the orchard 
in shade averaged an even slightly firmer condition than fruit held 
for this same period of time under common-storage conditions. 
Since the temperatures prevailing in common-storage houses as now 
constructed usually are not below the mean of the outdoor tempera- 
tures and often are somewhat above the mean of those prevailing 
outside, it is apparent that fruit protected from rain and sunshine, 
even though remaining outside, is in about as satisfactory a storage | 
condition as fruit placed in the average air-cooled storage. 
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On the other hand, when cool weather is prevailing outdoors, fruit 
in the open will cool more readily than-in storage. If apples can 
be protected from rain and sunshine, it is well to leave them exposed 
to the outdoor temperatures until thoroughly cooled before placing 
in common storage. Unless such an outdoor storage is available, 
however, it is preferable to remove the fruit rather promptly to the 
storage rooms, leaving it standing outside overnight to cool as much 
as possible. 
When the fruit has been placed in storage, careful attention should 

be paid to the ventilation of the building in order to obtain the 
lowest temperatures possible. A difference of even 3 or 4 degrees in 
the temperature at which the fruit is held makes a marked difference 
in the rate of softening of the fruit. The best results from handling 
apples in air-cooled storage will be obtained by having a well- 
ventilated storage room, by storing only varieties well adapted to 
holding at relatively high temperatures, and by delaying the picking 
of these varieties as long as possible. Varieties with a shorter storage: 
season can be held successfully for a relatively short time, but the 
limitations of the different varieties should be clearly recognized... 
When particularly early-ripening seasons occur, as they do at inter-. 
vals in practically all apple-growing sections, it should be recognized 
that common storage will prove less satisfactory than usual for the 
fruit, and relatively more of it should be handled through cold 
storages if they are available. When late-ripening seasons occur,. 
common storage will prove even more satisfactory than normal in. 
any particular section. 

HANDLING APPLES FOR COLD STORAGE 

In artificial cold storage temperature control is independent of 
outside conditions, and if adequate refrigeration is available the 
fruit can be cooled promptly to the temperature most desirable for 
holding. Consequently, somewhat different considerations will pre- 
vail relative to the handling of the fruit. 

TIME OF PICKING 

Apples for cold storage should be fairly well matured when they 
are picked, both to obtain highest quality and appearance and to 
reduce the occurrence of storage scald. The latter development can 
be greatly reduced by the use of oiled paper (2, 3), but the control 
will be more effective, particularly in barreled apples, if the fruit is 
well matured when picked. The data in Figure 24 show that fairly 
late picking does not result in more rapid softening in fruit held at 
32° F. In general, apples for cold storage should not be picked 
before they show a decided yellow cast in the ground color or until 
they are beginning to loosen on the tree. 

From the results that have been obtained, it seems fairly cer- 
tain that a great many apples grown in the eastern section of the 
United States are picked too early, either for common or cold stor- 
age, to obtain best results. In cold storage, an equally firm fruit 
of better color and flavor and with less tendency to scald will be 
obtained from later picking than from that now generally prac- 
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ticed. In common storage late picking will give not only better 
flavored fruit but also fruit in a firmer condition throughout the 
storage period. 

MOVING THE FRUIT TO STORAGE 

It is of fundamental importance that apples intended for cold- 
storage holding be moved to the storage rooms as soon as possible 
after picking. As was pointed out in Part II, 1 day at 70° F. will re- 
sult in as much softening in most varieties as will 10 days at 32°. 
Temperatures of 60° to 70° often prevail at picking time, so a 
delay of a week or 10 days in getting the fruit into storage will 
often decrease the holding period two to three months. The delay 
between time of picking and the placing of the fruit in cold storage 
should be reduced as much as possible. 

HOLDING CONDITIONS IN COLD STORAGE 

After the fruit reaches the storage rooms, it should be cooled as 
promptly as possible. Sufficient refrigeration should be available 
to reduce the temperature of the fruit to from 30° to 32° F. within 
two or three days of the time it is placed in storage. There is no 
possibility of cooling the fruit too rapidly, and the ripening proc- 
esses are not delayed until the temperature of the fruit is actually 
reduced. 

After being cooled, apples from most sections of the United States 
should be held at 30° to 32° F. An exception should be made to 
apples grown in the Pajaro Valley of California (7), since storage of 
this fruit at 35° to 38° is necessary to prevent one type of internal 
browning or breakdown. Apples from all other. sections of the 
United States, however, generally give best results if held at 30° 
to 82°. 
A humidity of about 85 to 88 per cent saturated is ideal for the 

apple-storage rooms. This is sufficiently high to prevent shrivel- 
ing in the apples. At humidities higher than 85 per cent mold 
growth may develop, although a shght mold on the boxes and 
barrels is not harmful. 

The length of time apples can be held successfully in cold storage 
will vary with the variety. Figures 10 and 11 show about how much 
time different varieties require to reach full eating soft condition 
at 32° I. It is apparent that the better keeping varieties, such as 
Winesap and Yellow Newtown, can be held in firm condition until 
June, making it possible to have apples available every month in 
the year. 

To hold apples in cold storage successfully, it is essential that the 
fruit be well matured when picked, be moved promptly to cold stor- 
age, be cooled quickly and held at a low temperature, and be removed 
from storage when the variety has reached full eating soft condition. 
After they reach this condition, apples rapidly deteriorate in flavor 
and appearance. ; 

SUMMARY OF PART Iil 

_ The commercial apple crop of the United States is handled largely 
in air-cooled storage houses which depend on ventilation with cold 
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outdoor air for cooling and in cold storage where cooling is by 
mechanical means. 

The difference in results between the two methods is due almost 
entirely to the variations in temperature prevailing in the two types 
of storage. 

Actual temperature records obtained in many types of air-cooled 
storage rooms in various sections of the United States show that 
mean temperatures in common-storage rooms during the cooling fall 
months rarely average below the mean outdoor temperature for the 
same period. | 
Mean November temperatures for the United States are shown on 

an isotherm map. October temperatures will average about 10 to 12 
degrees above and those for December about 10 degrees below those 
given for November. 

It is easily possible to determine whether or not any air-cooled 
apple-storage house is performing satisfactorily considering the 
prevailing outdoor temperature. Mean temperatures inside should 
equal those outdoors. 

Late-ripening varieties in any district are usually suitable for 
common-storage holding. Varieties fairly hard at picking time and 
softening slowly at temperatures around 40° F. will prove most sat- 
isfactory. Varieties giving good results in Michigan, New York, or 
New England may be entirely unsuited for common storage in the 
southern or Pacific-coast apple sections. 

Apples soften much faster in common storage or if picked and 
held in the orchard than while remaining on the trees. For best 
results in common storage, the picking of most varieties should be 
delayed as long as the fruit is holding on the tree fairly well or until 
there is danger of freezing. Exception should be made of the Jona- 
than when grown under long growing-season conditions. Late pick- 
ing of good common-storage varieties results in a firmer and higher 
quality of fruit in storage. 

Seasons when the fruit ripens early will prove very much less 
satisfactory for holding apples in common storage than will normal 
seasons, and seasons when apples are late ripening will prove par- 
ticularly satisfactory for common-storage holding. 

Fruit intended for common storage does not soften faster standing 
in a shady spot protected from rain than in the ordinary common 
storage. Consequently, the fruit should stand outside the storage 
until well cooled, if a sheltered place is available. 

Careful attention to the ventilation of the storage rooms is essen- 
tial to the maintenance of low temperatures. A difference of even 
2 to 4 degrees in temperatures obtained will markedly influence the 
way the fruit holds in storage. 

Fruit intended for cold storage should be well ripened on the tree, 
which results not only in better flavored fruit with better color but 
also in fruit much more resistant to storage scald. 

Following picking, the fruit should be removed to the cold- 
storage rooms as soon as possible. If the weather is warm every 
day’s delay in cooling the fruit will reduce the possible storage life 
8 to 10 days. Even with relatively cool weather each day’s delay 
will result in a four or five day reduction in possible storage life. 
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When the fruit reaches the storage room it should be cooled as 
quickly as possible to from 30° to 32° F. and maintained at that 
temperature. The softening of the apples is retarded only in pro- 
portion as the fruit itself is cooled down. 
A humidity of at least 85 per cent saturated should be maintained 

to prevent shriveling of the more thin-skinned varieties. 
The fruit should not be held in cold storage beyond the time re- 

quired for it to reach a condition soft enough for prime eating, 
which varies widely with different varieties. 
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