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THE RELATION OF SUBLIERSION TO THE CLEANING
OF APPLES AUD PEARS BY THE WASHING LIETHOD.
INTRCDUCTION

As a result of experiments on the removal of spray
residue from apples and pears in 1926, it became apparent
that open-cored fruits (Fig., 1) night offer complications
in washing operations. This was especially true since
the prescnce of hydrochloric acid in the core cavities
was known to cause core injury and to induce decay fronm
blue mold and other organisms, The problem was of spe-
cial significance since several concerns werc contemplat-
ing the building of washing nachines employing the
submersion principle, wherec pressure might be a factor
in forcing the washing solution through the openings into
the rcceptacles and seed cavitics,

There was also some evidence to the effect that in
closed-cored fruits (Fig. 2) the pressure froa submersion
anight be sufficient to force the solution intc the calyx
tube, making effective rinsing impossible and thus en-
dangering keeping quality. '

Consequently during the sumuer of 1927, experiments
were planned with the aim of securing data on the follow-
ing phasos of the problems

1, The prevalence of open cores in the commercial
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varieties of apples and pears.

The effoct of submerging at various depths on

v
.

the amount of leakage into open-cored fruits.

3. The effects on the fruit of various washing and
disinfecting coapounds when forced into the core.

4. Tho effects of subnierging at various depths on
leakage into the calyx tube of closed~-cored
fruits,

5. The effects on the fruit of leskage into the
calyx tﬁbe.

I, THEZ PREVALINCE OP OPZH CORLS I TiHE COLLKCIAL VARI-
| BETISS OF APPLED AUGD PIDARS,

then attenpts were made to ascertain phe exact
peréentage of open«cored fruits in apple varieties, it
was soon found that no veiy definite conclusions could be
drawn., Some lots within a variety revealcd a very high
percentage of open cores while other lots of the same
variety showed practically no open cored fruits,

The larger gizes usually showcd a much higher per-
centage of open cores than did the snaller sizes. This
is shown quite clearly by Tables I and II which show the
relation of size to the prevalence of open cores in

Tompkint!s King and Jonathan apulcesas



-8 -
TABLE 1
THE RELATIONL OF OIZn OF FRUIT TO THL PRUVALLNCE
OF OPLW CORLS IN TOUPKINtE XIIG APPLIS.

Ruaber of Hunber of Percent
8izes apples examined oven cores  open gores
150 and smaller 250 10 4
150 to 10D 360 54 15
100 and larger 140 S0 22
TABLE II

THE RULATION OF 51Zi OF FRUIT T0 TUo PRUVALIICE
OF OPill CORIS 1IN JONATIAN AFPLIS,

‘ Number of  Huaiber of  Percent
Sizes _apules exanined open ¢ores open cores
150 and smaller 161 15 6
150 to 100 285 27 11
94 35 38

100 and larger

Trees with light crops of frult usually showed more
open cores than did the trees bearing full crops. Ort-
leys, as a rule, showed a very high pnercentage of open
cores., Oome lots of Ortley, however, were reaarkably

free from this trouble. Home, VWinesap, and Yellcw New-

towm were practically free from opea cores. Occasionally
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an open~cored speclimen was found in the larger sizes of
tﬁese varieties,

In the Uilton-Frecewater district Jonathan averaged
about 30 percent open coress It 1s possible that the
freeze experienced in that district last spring had
something to do with this situation.l

These observations on the prevalence of open cores
in apples are generally in keeping with those made by
other investigators., Fisher found with Spitzenburg,
for example, that in some orchards the number of open
cores did not excced 2 percent, while 1n other Spitzen-
burg orchards the percentage of open cores often
averaged between 25 and 30 percent.l

Practically no open cores were found in pears.

The comiercial varieties of pears apparently are free

from the trouble.

II. TH4D DFFECT OF SUBKTRGING AT VARTOUS DEPTHS ON THE
AMCUNT OF LDAKAGE INTO OPEI-CORID FRUITS,

To determine the amount of leakaze into open-cored
fruits, Ortley apnles of the "sheepnose® tyre were
used, as these were known to be 100 percent open-cored.
These were subjected tc subtmersion in .75 percent

hydrochloric acid at depths varying between 0 and 60
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inches, tho length of the treatoent in Qgéh case being
five minutes.

A tank twelve inches scuare and 60 inches deep wWas
used in all the subnersion tests. The fruit was forced
down to the required debths and brought to the surface
five times in every treatuent. This procedure corre-
spondé with the principle on which the commercial deep
submersion machines work.

Following the acid trcatment the apples were
rinsed in clean water, wrapped wet, and stored in
conion storage for ten days., At the end of this time
the fruit was removed fron storage and the specimens
were cut open. The amount of leakage resulting from
each treataent was deterained by noting the prevalence
of decay and physiolcgical core injury.

Table IIi gives the data obtained in this test.

)
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TABLE III

THE EFFLCT OF SUBMERGING AT VARIOUS DEPTHS
ON THE AUOUNT OF LEARAGEL INTO OPEN-CORCD FRUITS,

Check (no treatment)
Washed by floatation

Washed by submerging
depth of 4 inches

to

Washed by submerging to

depth of 8 inches

Washed by submerging to

depth of 12 inches

Washed by submerging
depth of 24 inches

Washed by submeérging
dopth of 36 inches

Washed by submerging
depth of 60 inches

to

Percent-physio—'
—trcatment _ Jlogical coro ipjury

Percent

decay
0 15
20
0 75
0 100
0 100
Q 100
0 100
0 100

To obtain more information on this point, and also

to compare the amount of leakage occuring from submersion

with the amount occcuring with othor methods of washing

the following experimental work was undertaken:

A nunber of lewtown apples were punctured through

the calyx tube with a plunger 1/16 of an inch in diaueter.
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By this procedurc it was possible to obtain a large number
of fruits, all with the saue sized openings into the core.
These fruits were divided into five lots, and were
treated with ,75 percent hydrochloric aecid as follows:
I. Check lot, no treatuent.
1I., Floatation Ireatment.

The apples in this treatment were washed for five
minutes in hydrochloric acid., The fruit wos floated on
the surface with an occasional subuersion to a depth of ‘
one inch during the treatmont tc insurc rosults compare
able to thosc obtained with the comiercial floatation
machines.

fil. Slulecing ilethod.

In this test the assles were floated in the acid
solution for on2 uinute during which tine the washing
solution was poured over the floating fruit from a height
of eighteen inches. The apples were turned over in the
bath insuring cozplete exposure to the falling solution,

IV, Spraying Zethod,

The procedure in this tgeatment wos the sane as
in the slufcing test, with the exception that the solu-
tion was sprayed on the floating fruit. The spray wos
applied under twelve pounds pressurce. A suall portable
spray can fitted with a disk nozzle giving a moderately

fine cone~shaped spray was used. Care was taken to spray
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each apple for 1/2 a wlnute, and that tho fruit was turned,
so all the surface would be exposed to the Spray.
V. Shallow Submersion.. '

The arples in this test were allowed to renain-
in the washing solution for five minutes with an occa-
sional submersion to a desth of six inches. h

After sach of the above treataents the fruit was thor-
oughly washed with clean water, and kept in comilon storage
for ten days. The Specimens were then cut open and the
amount of core injury and blue mcld.deecay ascertained.

Table IV giveé the results obtained in these tests,
TABLE I¥
VIABHING BY VARIOUS CTHODS 1IN RILATICH TC LIAKAGL
o OF ACID INTO OPEH-CORED APILLS.

o ——

Nomber of “Core Percent

Treatinent _2prles exanined  injury blue mold |
Check (not washed) 57 none 10.5

Floatation method with oc-
casional sulmerging to depth

of 1 inch. 5 min. L.75% HC1L, 57 slight 24,2
Slulcing method as in koe

machine, 1 min., .75% EGCl, &7 slight 27.3
Spraying wmethod as in Bean

Lﬁgcmzleo Elf mino, 075% HCl. 57 S}.ight 25.1

Submergsion to a depth of
6 inches. 5 min.,.75% HCl. 57  severe 90.0
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Obviously, decp submersion results in considerable
leakage of acid into the center of open-cored annles,
Even at a depth of four to six inches a great deal of

leakage occurred (Fig. 3), Apparontly some leakage oc-
curs with the sluicing, floatation, and spray methods.
The amount of leakage with these nethods, however, is

nuch less than that occurring when the submersion method

is employed (Fig. 4). OSubmersion at depths from twelve
to sixty inches practically fills the center of every

open-cored specimen.

I¥I. THY EFFLCT OF VARIOUS WASHING AND DISIIFLCITHG
COiPOUNDS WIIEN FORCED INTC GPEL-CORTD FRUIT,
Experiments were conducted with the aim of obtaining
information 6n the effect on the fruit of various washing
and disinfecting compcunds when forced-:into open-cored
fruits, Washing and disinfecting comnounds werc used in
the combinatioﬁs outlined in Tables V znd VI, Open~cored
Ortley applos were used. These apples were obtained from
the Corvallis Orchard Company. They h~d heuen graded out,
after having been wzshed with hydrochloric =z2cid so’ution
in a floatation typo machine., The fruit was in a fira-
ripe to ripe condition, and frce fron_décay, physiological
or mechanical injury. Apparently little injury was caused

from washing the open-cored an;:les in this type of washing
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TABLE V
THE EFFZCT OF VARIQUS WASIING AND DISINFECTING

COLPOULDS WHEN FORCED INIIC OPLI-CORED FRUITS

(coz..on storage)

Phsiologlcal Percent

Ireatzent inJjury bluc mold
Check (no treatment) none )
Water (Hq0) none 15
Water followed by ,5% HCl. slight 79
5% 11C1. - severe sG
.5% HC1 plus 2% Formaldchyde severe 70
2% Formaldehyde severe 30
54 Boric acid solution severe 10
5% Boric acid solution
followed by .5% [Cl. sovere 30
10% Sodium aeigd
carbonate solution slight 5
10% 8odium acid carbonate
solution followed by
.5% HC1, severe 55
10% Sodium shloride solution
plus .5% HCL. severe 50
2% Sodium hydroxide
solution severe 10
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TABLE VI

THE BFTESCT OF VARIOUS WASHING AND DISIUFLCIING

COEPOUNDS WHEI FORCED INTC CPII-CORLD FRUITS
(Cold Storage) '

= Physibigéical Percent
Treatment igdury blue molgd

Check (no treatuent) none 5

Water (H50) slight 15

Water followed by .5% HCL. severe 85

.5% HC1. severe 75

.5% HC1, plus 2% Formaldehyde  severe 20

2% Forazaldehyde severe 13

5% Boric acid solution severe 50

5% Boric acid solution .

followed by .53 HCI. severe 50

10% Sodium acid carbonate

solution slight 25

10% Sodium acid carbonate

sclution followed by .5% AClL, severe 30

10% Sodium Chloride solution

plus .5% C1. severe 45
severo 25

+2% Hydroxide solution
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machine. The fruit in each case wes submerged to 2 depth
of sixty inches, in the saue nanner as outlined on page
two. Following the washing treat:ent if was rinsed in
clean water and wrapped 1n paper. Half of the fruit froz
" oach lot was placed in comuon storaze at a teuperature of
65 degrees F, while the reaaining portion was stcred in
cold storage at 40 degrees F. At the end of ten days the
fruit from the conton storage lots was cut open and
exanined for physiological injury and decay. The fruit
froz the cold storage lots was examined twenty~four days
after treatment.

Tables V and VI give the data obtained in these tests.

This scries of tests showed quite conclusively that
Sendous core injury and bluc mold decay nearly always re-
sults when hydrochloric acid enters the core of apples.

The injury resulting froa the failure to remove the
acid from the core cavity was a soft breakdown, much the
sane in charactor as the typical bluc mold decay. This
injury extended to a depth of 1/4 to 1/2 an inch from the
core. Unless the acid injury was followed by decay, this
injuyy would not break down the entire apple, but would
stop, leaving the soft, watory brezkdown at the core (Fi.g.
8). Cold storage seems to retard taese troubles, but

does not prevent them. The foraaldehyde used alone ra-
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sulted in no blue mo;d decay; but was responsible for a
great deal of physiological core injury.

This injury was much firmer and darker than the acid
injury, and did not extend as deeply into the flesh as
~the acid injury, but was of sufficient depth to render
the fruit unsailable.

Filling the core cavity with water prior to the acid
treatment rcesulted in a slight decrease of core injury -
and core decay. Filling the core cavity with a 5% solu-
tion of boric acid did not prevent blue n0ld development
entirely, this lot of fruit showing aprroximately fifty
percent blue mold decay. Some physiological injury, very
gimilar to the Injury caused by the formaldehyde, result-
ed from the use of boric acid.

Five percent boric acld solution followed by the
hydrochloric acid trectment resulted in considerable blue
mold decay, and physiologlcal injury.

Sofliu acld carbonate alone gave only a sumall amount
of decay and practically no physiological injury. Sodiunm
acid carbonate followed by hydrochloric acid, howcver,
gave a high percentage of blue nold decay, and consider-
able physiological injury.

Sodium chloride and hydrochloric acid together gave
a great deal of blue mold decay and physiological injury.

Sodium hydroxide alonc gave only 2 small amount of
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blue mold decay, but resulted in a large amount of
physiological injury,

The injury caused by blue mold (Penicillium ex-
pansum) resulted in the complete breakdown of the fruit.
The .mold started growth on the surface of théd exposed
tissue in the core cavity and in ten days had usually
worked its way to the surface of the apple (Fig. 5).

Although blue mold started growth upon the introduc-
tion of most of éﬁa solutions, the growth was greatly
accelerated by excessive physiolegical injury, as shown
by the very high percentage of blue mold iInjury follow-
ing the acid treatment.

The Bffect of ,75 percent Hydrochloric Acid on
the Qrowth and Germination of Blue kiold Spores

The following experinental work was undertaken to
determine the effect of the acid bath on the time of
geraination and growth of blue mold spores.

In these tests, spores taken from fruit that héd

been infected with blue mold during the washing treatment
were put in a flagk contalning sterile .75 percent hydro-
chloric acid solution. The flask was thoroughly shaken

te insure wetting the spores and to break up any clumpSw?’
of spores that might have formed. At regular intcrvals

of two hours one c.c. of the solution charged with the



- 20 -
spores was pipetted by means of a sterile pipette onto
plates of sterilc potato dextrose agar. <nough powdered
calcium carbonzte was added tc each plate to neutralize
the acid.

After inoculation each plate was put in the incuba-
tor at 80 degrees F. for thirty-six hours. The plates
were then exanined for mold growth. At the end of the
thirty-six hour period every plate had produced a strong
growth of blue mold, showing that the spores werc not
killed by the .75 percent aclid in that length of time.

In addition to this work the effect of the acid on
the germination of the spores was determined by another
method., 7This was done by charging a sterile solution of
»75 percent hydrochloric acid with blue mold spores, and
making hanging-drop slides in Van Tiegham cells. These
were then examined uander the microscope to determine the
tine and percent of germinatlon by actual count., Checks
of pure water and a 5 percent sugar solution werc nade.
The drops were cxanined every eight hours. At the end of
twenty-four hours the spores in the sugar solution had
started to germinate, In forty hours sixty percent of
the gpores in the sugar solutions, and forty-two percent
ofﬁthose in the water had gerainated. The spores in the
acid solution were examined sixty-eight and secventy-two

hoﬁrs after they were put in the soclution, and no germ-
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ination had started.. The test was then discarded because
of the evaporation of the hanging-drop in the cells,

This work shows that, although the spores did not
germinate while in the acid solution, they germinated and
produced a heavy growth when they were removed and placed
on a favorable media.

That the acid tanks soon became heavily charged with
moid spores was soon apparent. Heald(z) found that the
spore count varied from 200 to 12,300 spores per C.c., de-
pending upon the character of the fruit. Fisher(1) found
in one machine that was washing ripe windfalls, the spore
count reached an average of 1,503 spores per c.c. at the
end of a two hour run.

| It is apparent that when the spores in the contan~
inated acid bath are carried into the core cavity with
the acid they lie dormant until the acid has been absorb-
ed by the flesh of the fruit. Then, the spores germinaﬁe
and, following the physiological injury caused by the acid,
rcadily brezk dowm the apple.

iV, THL DFFECT OF SUBKZRGING AT VARIOUS DEPTHS ON LEAK-
AGD INTO THB'CALYX TUBE OF CLOSID~-CORLD FEUITS
To obtain information on this phase of the problen,

closed~cored apples of the lann variety were used in the
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first tests,

An attempt to use several stains in solutions in
determining the anount of liquid entering the calyx
tube of the fruit was made. Solutions of analin blue,
methyl red, methyl green, and gentian violet were used.

Because of the smooth, hﬁrd character of the calyx
tube, and the spreading of the stains by the Jjbice when
the fruit was cut so as to expose the calyx tube, this
method was abandoned.

In the second series of tests, closed-cored apples
were submerged at depths verying from O to 60 inches in
a solution of ,75 percent hydrochloric acid. The
varieties used were idlann, Ben Pavis, Yellow Newtown, and
¥inesap. Following the acid treatment, the ajples were
thoroughly rinsed in water., The presence or absence of
acid in the calyx tube was detcrmined by pressing the
tongue firmly against the calyx of each asple as it came
ffom the rinse bath, It was found that the presence of
even small amounts of acid could be detected in this
manner.

The results of this test showed quite clear that
submersion tends to force the washing solution into the
calyx tube of closed-cored apples. It is clear, also,

that rinsing, no zatter how thoroughly done, cannot re-

move the acid that has becen forced decp into the calyx
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tube. Anparently the deeper the subacrsion tho greater
the anount of acid that is forced into the ecalyx tube.

Several lots of fruit were trcated with water before
they were submerged in the acid, as outlined in part Ii.
Passing the fruit through a water bath prior to the acid
treatment did not remedy this trouble entirely.

V. THE EFFLCTIS ON THOD FRUIT OF LEAKAGE INTC THE CALYX
TUBE |

Data on this phase of the problez was obtained by
submerging apples at various depths in .75 percent hydro-
chloric acid and then noting 'the effects of the treatument
during tho storage period, Hann and Ben Davis apples were
uashed by the floatztion method, and by the submersion
nethod in depths varying fron fbg; to sixty inches, The
methods used are outlined on page 10. Tables VII and VIII
give the resultsfobtained in these tosts.

Vinesap and Hewtown apples were submerged in 6C per-
cent hydrochloric acidvat denths of one inch and sixty
inches.

The rcosults obtained are shown in table 1IX.

w



TABLZ VII

THS DFFLCT OF LUAKAGE INTO THE CALYY TUBL OF

LARG APPLIS
Treatment calyx snjury  celye decay

Check (no treatment) 0 0
Washed by floatation method 0
Submerged 4 inches ] 1o
Submerged 8 inches 10 5
Submerged 12 inches 10 10
Submerged 18 inches 2 10
Submerged 24 inches 15 10
Suhmerged 48 inches 5 10
Subnerged 60 inches 15 20




TABLE VIII

THE EFFZCT OF LEAKAGT INTC THD CALYX TUBE

OF BILl DAVIS APPLLES

Treatment caigicgﬁgury caisicgggay
Check (no treatment) 0 0
¥Washed by floatation 10 10
Sutmerged 4 inehes 10 5
Submerged 8 inches 45 20
Submerged 12 inches 15 10
Submerged 18 inches 15 15
Submerged 24 inches 25 10
Submerged 36 inches 40 35
Submerged 48 inches 45 15
Submerged G2 inches 5 20
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With continued storage the injured arceas becane much dark-
eér in c¢olor, but if the injury was not followed by nold
growth it did not spread throughout the apple.

As is shown in tables VII, VIII, and IX, a high per-
centage of the apples were injured by calyx decay. This
decay was usually caused by blue nold, although occasion-
ally they became infected with perennial canker (Glaeo-
sporium perennans). The blue mold growth generally start-
ed in the same rcgion as the hydrochloric acid injury.

Within ten days time the blue mold would have rotted
the entire area around the calyx tube, resulting in the
characteristic light colored soft decay (Fig. 7).

The decay rcsulting from rercnnial canker was much
darker, resulting in a firm, dry, rot, which slowly con-
suned the fruit (Fig. 8).

Obviously deep submersion results in an increased
amount of both calyx injury and calyx decéy. It scems
that any depth greater than from 6 to 8 inches is suffi-
cient to force the acid solution below the calyx lobes
and deep enough into the calyx tube to make it impossible
to rinse out, and that when the acid is left in the calyx-
end, physiological injury or decay usually results,



The experimental data obtained in the course of thesc
experiments corroborate very closely the obscervations made
from commercial washing operations.

Eérly in 1927 several firms contemplated manufactur-
ing a deep submersion type of machine, and two firms did
manufacture and offer for sale this type of fruit washer.
The principle on which these machines work is thgt the
fruit is carried from the surface to a depth of about five
feet and then allowed to come to the surface again. This
is repeated four times during the five minutes the fruit
is left in the acid compartment, From the acid bath it is
conveyed to a rinsing tank where it is subjected to a
similar treatment in fresh water, and then conveyed to the
dryer.

This type of machine had several advantages: it was
simple in regard to construction, eliminating the neces~
sity for punps, pipes, screens, or rapidly moving parts.
By submerging, it was possible to keep the fruit in the
acid for five minutes, which was necessary if disinfect-
ants were to be used angd still keep the fruit in nmotion
which is necessary in order to break up local concentra-
tiong of arsenic laden acid, without using a large azount

of valuable floor space, This economy of floor space and
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simple construction was a large factor in the selling of
this machine.

Thirty-two of these machines were installed, prin-
¢ipally in Hood River, with a few at losier, llilton-
Precwatcr, Roseburg, iledford, and White Salmon. This
represented an investment of about 40,700 for the cost
of the 2achines, Thz amount for the cost of spoiled
fruit cannot be accurately estimated, but it is safe to
say that it amounted to $110,703 or more.

The first machine was installed about August 1lst,
1927, at Medford, Orcgon. Forty thousand boxes of
pears ware washed with no report of injury. Sodlum
chloride was used to cause the pears to float.

Pollowing this, a machine was get up at Hood
River. The first fruit to be washed in the North with
this machine was five cars of Gravenstine apples. A
weak acid éolution was used and no injury was reported.

By this time, it had been deternined that this
machine could not be used on varieties which had very
open calyx tubes, or calyx tubes openirg into the core
cavity, but it was thought that 1t would be satisfactory
for most commercial varieties, and that no great injury
would result,

The first indication of real trouble was reported
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October 15th, when it was found that 19 cars of
Jonathans washed by one of these machines at Uilton-
Freewater, Orcgon, were arriving at eastern =markets in
bad condition. The fruit showed a greact deal of Blue
lold decay, soae¢ cars running as high as 60 percent.
The apples also showed a high perceantage of calyx
injury.

The next report was froa Kosicr. Deliclous apples
which had been washed and put in comaon storaze were #o
badly injured that they had to be reracked in ten days
after they were washed. Then the sane trouble started
to show up in the Spitzenburg, Delicious, and Jonathans
at Hood River, Oregon.

When this positive injury was seen, the machines
were converted into the paddle whecl floatation type of
washer which proved to be satisfactory under comicrcial

conditions.



Practical Anplicationg
The results of the experimental work, togeéher with
the obscrvations made frox comucrcial waoshing operations
bring out the following factors in regard to the con-
mercial c¢leaning of fruit by the washing methods.
1, That subnersion to any depth greater than 2
few inches will result in a high percentage
of injury,
2. That submnerging the fruit in solutions be-
fore they are subjected to the acld treat-
nent is not practical as it does not lower
the amount of injury to any great degree.
3. That injury from penetration occurs when
both aci& and alkali solutions arec used as
solvents.
4., That injury from penetration varies consid-
crably with the kiads and varieties of

fruits.



”
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Suanary and Conclusions

1. It was found that therc was a wide variation in
the prevalence of opcn-cored ap-tles within a given
variety, the nuiber of open-corcd fruits increasing in
the larger sizes. Some varieties were alzost all close-
cored, while other varieties would run as high as 30
percent open cores,

2. Deep subuersion results in considerable leakage
of acid into the open-cored apples. Apparently sone
leakage occurs with sluicing, floatation, and spray
methods, but it is much less than when submersion is
enployed. OSubmersion at four inches resulted in a great
deal of leakage, and depths below twelve inches prac-
tically filled the center of every open-cored specimen.

3. ©Serious core injury resulted when hydrochlorie
acid entcered the core of the apple. Filling the core
with different solutions prior to the acid treataent
resulted in only a slight decreasec in core injury and
decay.

4, It is quite clear that subnersion forces the
washing solutions into the calyx tube of close-cored
fruits, and that the decper the subzersion the greater

the anount of acid is forced into the calyx tube. This
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acid coulé not be riased out., Thc eartrance of acld
solution into the calyx tube resulted in a high por-

centage of physiologilcal injury and mold decay.
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FIGURE 1

DIAGRA:I OF AN OPEN-CORED APPLE

FIGURE 2

DIAGRAY OF A& CLOSED-CGREZD APPLE
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FIGURS 3

INJURY OCCURRING Iii OPill-CORED
APPLES SUBMIRGED TC A DIPTH OF SIX IUCHES






FIGURE 4

INJURY OCCURRING 1IN OPEN~CORLD APPLES
WASHED BY THE FLOATATION ZETHOD
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FIGURE 5

BLUE 1OLD DECAY FOLLOVWIZG DDEP
SUB.EZRSION OF ORTLEY APPLES
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FIGURE 6

ACID INJURY FOLLOWIIG DEE
SUBLERSION OF CLOSED-CORDD AUPLES
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FIGURE 7

BLUL IOLD DECAY FCLLOWING DEZP
SUBIIEASION OF CLOSGED-CORED APPLES
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FIGURE 8

PERENNIAL CANKIR FOLLOWING DEEP
SUBLIERSION OF CLOSID-CORLD APPLES
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