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UNITED STATES DEPARTMENT OF AGRICULTURE
WASHINGTON, D. C.

ARSENICAL AND OTHER FRUIT INJURIES
OF APPLES RESULTING FROM
WASHING OPERATIONS

By D. I, FisuER, Principal H orticuliurist, and E, L, REEVES, Junior Pathologisat,
Drivigion of Horticultural Crops and Diseases, Bureaw of Pfunt Indugtry
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INTRODUCTION

The susceptibility of apples to arsenical-spray injury has beem
recogmized for many years. Its cause and prevention have furnished’
the basis for a long series of investigations, most of which, however,.
have dealt primarily with foliage injury.

The experimental work previously reported has established the
fact that arsenical-spray injury is due primarily either to the original
content of water-soluble arsenic, to interactions in the spray mixture
which liberate water-soluble arsenic, or to reactions of leaf extractives
with the spray material, '

The investigation now reported is concerned particularly with
arsenical injury of apples at harvest time or during storage and was
coenducted at the United States Fruit Disease Field Laboratory at
Wenatchee, Wash.

Since 1927, when chemical solvents were first employed in com-
mercial froit-washing operations in the Pacific Northwest, injury
at the calyx has been found frequently on washed apples. It was
first described as “ calyx seald,” because it appeared most frequently
in the calyx region, although it occasionally occurred in the stem
cavity as well (2).) The injury shows as a black or brown ring sur-
rounding the calyx, or less frequently as dark patches of dead skin

I Itulic numbers fn parentheses refer to Literature Clited, n. 12,
45166—31
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on the sides of the calyx cavity. At first the injury is very supet-

ficial, but in advanced stages it becomes depressed and extends one-

ﬁighth&f; an inch or wore into the flesh, which becomes brown and
ry. L

The partic?ﬂar type of injury concerned in the present discussion
first came to general notice in 1927, on apples that had been washed
in dilute hydrochloric acid. This association of the injury with

* acid washing led to a popular belief that it was caused by hydro-
chloric acid and possibly resulted from the rinse water having become
toe acid. However, elimination of traces of acid in the rinse water
and even the use of sodinm bicarbonate to neutralize acidified rinse
solutions did not entirely prevent the injury.

Culyx scald was frequently followed by rot jnvasion. {PL 2, A))
The fungi most frequently encountered in these calyx rots were Peni-
cillivm expansum, Macrosporivm sp., and Cladosporium sp. With
certain methods of washing and types of equipment that were dis-
carded as soon as their objectionable fentures were discovered, the
{osses sometimes reached 60 per cent within three or four weeks after
washing {£). Confidence in the commercial value of washed apples
was almost destroyed, and fruit growers and shippers of the North-
west experienced a period of extreme anxiety verging almost on
panic. The fruit industry faced the necessity of removing spray
residue in order to market the apple crop, and where this could only
be accomplished by washing, it appeared that the keeping quality of
the apples might be destroyed.

ARSENICAL INJURY
OCCUR:RENCE IN THE GRCHARD

For many years arsenicals of various kinds have been used for
spraying plants. One of the first experiments with soluble arsenic
on apples to be reported was that of Gillette (4), who found that
arsenious acid in dilutions as weak as 1 to 1,200 caused severe injury
to the foliage. In later work he reported that the injury could be
prevented entirely by the addition og milk of lime (5). Since then
the use of lime with arsenical sprays has become an established pro-
cedure wherever tender foliage is sprayed or where there is danger
of encountering much soluble arsenic in the spray misture. Tswo
types of lead arsenate are used for insecticidal purposes—basic lead
arsenate and lead hydrogen arsenate, commenly known as acid lead
arsenate. At the present time lead hydrogen arsenate has almost
completely supplanted the earlier use of Paris green and other arsen-
icals for spraying apple trees, on account of its low content of water-
soluble arsenic. Numerous investigations on the injurious effects of
arsenical sprays have been conducted, and agreement has been
rvenched in attributing the damage to soluble arsenic. In recognition
of the danger from soluble arsenic, regulatory measures enforced by
State and Federal authorities provide that lead arsenate offered for
sale shall not contain more than 0.75 per cent of water-soluble arsenic
pentoxide, As:O, (on the basis of the paste form of lead arsenate,
which contains 50 per cent water),

Although protected by law against the danger of purchasing lead
arsenate that contains injurious quantities of soluble arsenie, the
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fruit grower is still confronted with the injurious cects of arsenjc
rendered soluble nfter the spray is applied. Headden (7}, Haywood
and McDonnell (6), and others have shown that in many cases solu-
ble arsenic is formed by dissolved salts in the water used. = Volck (11)
found that lead hydrogen arsenate is unstable in the presence of
meteoric water, forming basic lead arsenate and arsenic acid. This
was confirmed by MceDonnell and Graham (8), who studied the
decomposition of dilead arsenate in pure water. Mogendorft (9)
found that the decomposition of lead arsenate, with formation of
soluble arsenic, is favored hy an alkaline medium either formed from
salts present in the spraying water or produced by the Icaves. He
found, morcover, that injury is caused only after the arsenic has
accumulated in the leaf tissues, All these investigations have been
concerned with foliage injury.

The type of arsenical injury discussed in this bulletin is known
to occur in eastern districts, but apparently it has affected the market
value of the fruit but listle, if at all. Although this fruit injury
was observed by the writers in the Wenatchee Valley from time to
time long before apple washing became part of the ordinary packing
procedure, it ocenrred so rarely in the orchard as to escape general
attention. However, with the Tise ot fruit-cleaning problems in the
last few years, it has assumed importance on packed apples in
storage (2, 3).

During rainy fall weather this injury has been observed on heavily
sprayed apples before harvest, hut more commonly it has been found
on picked apples that were allowed to stand unprotected through -
rainy weather. Its greater prevalence in the latter case may doubt-
less be explained by the fact that apples in boxes are slower to dry
than when they are on the tree, and the quantity of soluble arsenic
increases with the length of time the apples remain wet,

In the irrigated apple-growing districts of the Pacific Northwest
it is often necessary to apply six or seven sprays of lead arsenate
during the season In order fo control the codling moth. The last
spray is sometimes applied not more than a month before harvest,
The growing season is practically rainless, and spray residue there-
fore 1s not markedly diminished by natural climatic factors as is the
case in the more humid districts.” On the contrary, there is a con-
tinual increase in the amount of lead arsenate on the fruit as a
result of spray applied, so that the maximum load is found near
haryest time. The apples of this region therefore often carry heavy
loads of arsenical spray residue when picked from the tree, particu-
larly in the case of varieties like the Winter Banana, Grimes Golden,
and Jonathan, which are picked early im the season. Arsenical
residues, caleulated as As,Q,, often reach 0.07 or more grains per
pound of fruit. Foliage injury is usually negligible under north-
westexn conditions, and the fruit injury has seldem been severe
enough to cause any serious loss, although occasionally 10 per cent
or more of & crop has been culled on this account.

OCCURRENCE ON STORED APPLYES

Before the removal of spray residue was attempted, injury of the
arsenical type had been observed also on commercial lots of apples
that were stored wet in poorly ventilated rooms. During the harvest
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rush apples are sometimes stored loose in orchard lug boxes before
being packed. To prevent wilting, the stacked apples are sometimes
kept wet for long periods by spraying them with water. Under these
‘conditions apples appearing entirely normal when picked have de-
veloped serious arsemical injury within a short time. An example
may be cited of a crop of Winesap packed wet during the Iatter part
of October, 1926, and stored in a poorly ventilated basement. Seven-
teen per cent developed this arsenical injury by the middle of Decem-
ber, whereas only about 1 per cent of the fruit from the same lot,
placed in cold storage at the same time, developed arsenical injury
during the same period. The decreased injury was apparently due
to the drier atmosphere of the cold-storage room.

Arsenical injury of this type hus been repeatedly produced experi-
mentally at the Wenatchee faboratory. Heavily sprayed apples were
packed in 50-pound lard cans with tightly fitting covers that pre-
vented ventilation or evaporation., These were held in cold storage
under the same conditions as similar fruit packed in ordinary appie
boxes. Typicnl results of these experiments are presenfed in Table 1.

nanLe T——Arsenical injury produced on stored spples

Condition whea packed lo—

Arsonleal
Vartety and year injury at
Ordinsry box colyz

Per cent
81,6
25.4

Jopothen, 10i%
R T

g

Y
47.8

O

o

In the case of the Jonathans packed dry in tight cuns mn 1919,
injury developed in storage only after they had become wet from
condensation of t'.ro.n:-;pireci3 moisture. However, the injury was less
than one-third that of the lots which were wet when packed. The
marked increase in the amount and severity of injury noted in lot 1
over that shown for lot 2, where the only difference was in the amount
of moisture, indicates that the presence of moisture rather than CO.
is the deciding factor. TRis is in agreement with the findings of Hay-
wood and McDonnell (8) and Patten and O'Meara (16}, who investi-
eated the influence of CO. on arsenical injury of foliage.

Tt has also been shown by various investigators (6,7, 9) that in the
presence of small quantities of alkaline materials the smount of
soluble arsenic derived from lead arsenate sprays is greatly increased.
An excess of lime is effective in preventing such injury, since 1t com-
bines with the soluble arsenic to form calcium arsenate, which is
relatively insoluble and neontoxic to plant tissue. Many of the soils
of the arid apple-growing district of the Pacific Northwest are allkn-
line, and incrustations of various slkaline salts are offen found along
the irrigation furrows in the orchards. At harvest the apples carry
deposits of soil dust as well as residue of lead arsenate spray. This
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undoubtedly contributes to the occurrence of arsenical injury et the
calyx of the apples.

That this injury occurs only after penctration of soluble arsenic
into the fruit tissues, as already shown by Mogendorff (4) to be
the cuse in leaf injury, was demonstrated in u series of chemieal
studies conducted at this laboratory.

Representative lots of uncleaned apples direct from the orchard,
all showing deep killing of tissues at the calyx, were selected. The
injured parts were dissected out and carefully peeled to eliminate
surface deposits. The sample was then weighed and leached for 24
hours with distilled water, after shich calcnlations of arsenic
as arsenic trioxide (As,0,) were made on the leachings by the Gutzeit
method.* Typical results of such determinations sve presented in
Table 2.

TapLe 2—8uluble areenic ealeulated a3 48,05 in injured tissue of apples taken
directly from lhe orchard, Weneichee, Wash., 1028

Arsenic in 1,000 gramse
of fresh Hesne

Tojured MNormal &

! Varkety
|

Afiffigrama | Mfillipramy

Yellow Newtawn. .. 696 1}
- Rome Benaty. . 4.1 0

e e eI WEeSID . e .. 2. 63 a

t Adireent tn Injured tissie,

Similar analyses were made to determine whether arsenic could
likewise be found in the tissues of apples upon which the injury
appeared affer washing. The results are presented in Table 3.

Taner 3—S3olubic arsenic caiculated a8 A8:0: in apple tissue injured after
being subjected ta various wagiting processes, Wenatehee, Wash,, 1928

§ Arsenie in LGN grams
: of fresh tissuo
Vuriety ' Snlution used i washing
Enjured Normal t

1
i
1

i Mitligrams | Milligrams
: H_\'d;’uch!orfc neid, .35 per cont, 9. 44 g
P S I L 63 |,
- 0
i
r

b Adjncent to injurod tissise,

Further evidence that dissolved arsenic causes injury on apples was
obtained from experiments in which nonsprayed Winesap apples
were dipped in solutions of arsenic pentoxide (45,05} and packed
without rinsing or drying. These were held in ordinary cool storage.
The results of this experiment avre presented in Table 4,

?The writers nre fndebted to C. D, Daolmnn, chemist of the Department of Agricalture
of the State of Washington, for the anglyticn! work reported herein,
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TasLe 4 —Tajury produced on ersenie-free Winesup apples by dipping them in
solutions of arsenic pentoxide calewluted as As.Oy

Arsemie in
1) eahic Anpleg
centimaters | affected
of water

Milligrams | Per cent
100 40

40 a0
] 1]
0 4
0 0

The injury did not begin to appear until 10 days after treatment,
but continued to increase for several weeks. No injury occurred
except around the calyx or in the stem basin, but sometimes both
regions were affected.

‘Most of the injury was quite typical of thaw produced as 2 result
of the washing process or that which occurs on heavily sprayed un-
washed apples that become wet. Some of the apples in this experi-
ment, however, were more severely injured, and the flesh at the calyx
end was Iilled to a depth of a half inch or more. In such cases it
was possible to secure good material for chemical analysis, and the
amount of arsenic present in the injured flesh tissue was determined
in the manner already described. In a typical case of this sort, 5.5
milligrams of arsenic caleulated as As.O, were found in 1,000 grams
of fresh flesh tissue from the injured calyx region, whereas a con-
trol analysis of adjacent uninjured tissue gave negative results for
arsenic.

Many washed apples found in storage with severe arsenical injury
in the calyx upon analysis yielded less than 0.0L grain of arsenic
{As,0,) per pound. Apparently, therefore, apples may be sutis-
factorily ‘cleaned, so far as compliance with legal regulations is
concerned, and still retain sufficient arsenic in the calyx region to kill
the skin and underlying flesh tissue. The arsenic apparently
is not always completely removed in the washing process, or the
apples may take up additional quantities of soluble arsenic in their
passage through washing solutions heavily charged with dissolved
arsenic.

In studying the latier possibility, the accumulation of dissolved
arsenic in a continuously used washing solution was determined dur-
ing a 10-hour run. During the day 1,250 boxes of Winesap apples
were washed, and samples of the hydrochloric acid were taken at
intervals. The results are shown in Table 5.



http:incren.se

ARSENICAL AWD OTHER FRUIT INJ URIES OF APPLES 7

Tave S.—Accumulation of dissolved arsenic celetluted gy A8.0; in 097 por
cert hygdrochlaric aeid solution during 10 howrs washing of 1,250 boxes of
Wincsup apples

Arseaie per
i+ 1,000 cteble
; centiigers

[ Mitigrams
Trace,
LA
RO
4025

! Qonvmorcial hydrochloric neitl was used fa which Lrieas of arsunic oeonr.

The extreme difficulty of rinsing solvent solutions from the calyx
region is attested by all who have had any experience in the washing
of apples. Sinece machines with solid jet sprays forced the solvent
deep into the calyx, frequently causing excessive loss from arsenical
injury, it was soon found necessary either to inodify them or to
abandon their use.

METHODS OF PREVENTION

When apples are thoroughly cleaned, arsenical injury may be al-
most entirely prevented by the use of copious quantities of fresh
rinse water, If any of thé rinse water has to be recirculated, fresh
water, as a spray under pressure, should be applied to the apples
just as they leave the machines. The commercial adoption of this
practice has prevented a large percentage of arsenical injury in the
major apple-growing districts of the Pacific Northwest.

Many operators do not have access to a water supply which pro-
vides adequate rinsing facilities. Experiments were conducted to
determine the best way to et this situstion, Injury to apples sub-
merged for three minutes in a 1 to 1,000 solution of arsenic pentoxide
was compared with injury te comparable apples dipped in similar
solutions neutralized by the addition of soditm bicarbonate, calcium
carbonate, calcium hydroxide, and magnesium carbonate, respee-
tively. The apples were not rinsed but were packed and sorted in
the usual manner and examined after 10 weeks of storage.

When apples were submerged in arsenic pentoxide, 1 to 1,000, and
not rinsed, 40 per cent showed mjury. When sodtmmm bicarbonate
was used to nentralize the arsenic peatoxide, 22 per cent of the
apples showed injury., When calcinm carbonate, caleium hydroxide,
or magnesium earbonate was used to neatralize the arsenic pentoxide,
6o injury appeared on any of the apples,

The reaction between arsenic pentoxide and sodium bicarbonate
produces sodium arsenate, which is almost as foxic as the arsenic
pentoxide itself. On the other hand, the reactions between arsenic
pentoxide and lime and the other materials tested produce com-
pounds that are relatively nontoxic to plant tissues,

The practical application of the principle demonstrated in this
experiment hus been proved repeatedly in commercial operations,
The use of lime in the rinse water is now a standard procedure in
packing houses where the water supply is curtailed or where extra
precaution against injury is desired.
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A pumber of experiments were conducted to determine how lime
can be used in the rinse water without leaving an objectionable
residue on the apples after they arve dried. It was found that when
commercial hydrated lime was used, 3 pounds to 100 gallons was as
much as could be employed without leaving a residue.  When quick-
lime was used it had to be completely slaked and prepared as milk
of lime before adding to the rinse water in ovder to oltain satis-
factory results. When employed in this manner, and in the pro-
portion of 2 pounds to 100 gallons, it was found to be preferubie
te the comnmercinl hydrated lime.

HYDROCHLORIC-ACID INJURY

With the general andoption of hydrochloric-acid washes for the
removal of lend arsenate residue, it was anticipated that there would
be more or less chemical injury to the fruit, especially at the hands
of people inexperienced in the use of chemicals.

The character of hydrochloric-acid injury to apples was early
determined in laboratory experiments. This injury causes a bleach-
ing of the skin. frequently accompanied by a cracking through the
center of the aflected aren. With age, the injured area becomes
depressed but reninins a light tan or yellowish color. If arsenic is
present, the spots turn black.

Apples may be left in a 3 per cent solution of hydrochloric acid
(9 mallons of the commereial acid made up to 100 gallons ot water)
for as long as 3 minutes at a temperature of 70° ¥, without injury,
provided thorough rinsing in fresh water follows immediately ; apples
also can be left in a 0.33 per cent solution of hydrochloric acid for
9 or 10 minutes at 70° without injury, if thovoughly rinsed imme-
dintely after removal from the acid. Prolonged exposure to the
acid invariably results in injury, as does neglect of rinsing. Traces
of neid to the extent of even 0.03 per cent may remain in the rinse
water without produeing any symptoms of hydrochloric-acid injury.
On the other hand, as already noted, the use of acidified rinse water
markedly inereases injury front any arsenic thut may not be removed
in the washing process.

The injury from hydrochlorie acid, except when apples remain in
it Tor prolonged periods, is limited to the location of the acid re-
maining on the fruit. The stem and calyx cavities are most fre-
quently injured. but wherever drops of the acid solution are retained
evaporation of the water eauses the reid to becote concentrated, and
the injury usually results at such points.  (P1. 3.)

The severity and extent of typical hydrochloric acid injury appar-
ently is not influenced by the temperature at which the washing solu-
tion is ovdinarily used.

The hydrochloric acid injury described herein was encountered
only occasionally and except for isolated eases was never found to be
a factor of importance in commercial operations. This is in accord
with the vesults of other investigations on washing methods, whiclh
have shown that when apples are properly washed and rinsed no
acid injury was encountered {7}
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INFURY FROM ALKALINE SOLVENTS

While hydrochloric acid is the solvent mast commonly used for
the removal of arsenical spray residue, a number of alkaline mate-
rials, including solutions or mixtures of sodium hydroxide, sodium
carbonate, trisodinm phosphate, borux, and other substances, are
also employed. These solvents are sometimes used at a temperaturs
of 100° F., or higher.

Avsenical injury, as already stated, occurs somewhat more com-
monly on apples washed in alkaline solvents than on those washed
in hydrochloric acid. Because the alkaline solvenis are much more
difficult to rinse off than is the hydrochlorie acid solution, apples
washed in the former often retain some of the. solvent in the culyx
cavity, wheve it continues to resct with residual lead arsenate,
forming the injurious soluble arsenie.

Occasionally the aikaline solution itself causes chemical injury.
Such injury Is usunally localized around the stem or calyx but is
sometimes found at the lenticels as well. It is shown by the effect
on the skin, which becomes dry and papery, tightl stretehed, hut
seldom cracked, as in the case of hydrochloric acicf injury, and is
often torn loose from the underlying fleshy tissues. The color is
yellowish or brownish yellow, except when o considerable quantity
of arsenic is present, in which case the color becomes dark brown
or black. (Pl 3.)

INJURY AT THE CORE

In certain methods of washing some loss is caused by penetration
of the washing solutions into the core through the open calyx tubes.
This was especially true in early types of washing machinery in
which the apples were submerged to a depth of severa] feet, It
has also been found that submersion to depth of 6 inches or more
in washing solutions may resulé in core penetration. In other
methods of washing, in which apples are not turned in their prog-
ress through the machine, those passing through with the calyx up
50 that it can be filled hike a bottle are also likely to show some
core penetration. 'The chemical injury to the core tissues is not in
itself o matter of much importance, bat the fungous spores intro-
duced with the washing solufions cause core rot, (Pl. 2, B)

Certain varieties of apples are commonly characterized by a rather
large proportion of open calyx tubes. Among these may be men-
tioned Jonathan, Esopus Spitzenburg, Stayman Winesap, Ortley,
and Delicious. On the other hand, such varieties as the Winesap,
Yellow Newtown, Rome Beauty, and Winter Banana seldom haye
open calyx tubes. Varieties in the latter group may be washed with
comparatively little danger from core rots, whereas with the former
group cue consideration should be given this factor in the selection
of washing methods.

HEAT INJURY

It has been found that when apples are submerged in solutions
heated to 100° V., or higher, for periods of three minutes or longer,
there is considerable danger of injury to the fruit. The results of
this injury usually appear within 10 days or two weeks in the de-
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velopment of latitudinal cracks around the calyx, often continuing
lengthwise on to the check of the apple,  (PL2, C.) Only where
considerable arsenic is dissolved in the washing solution does the
cracked skin become blaclkened. Characteristically it is grayish or
yellowish in color, resembling hydrochloric-ncid injucy, for which it
might be mistaken. It may be produced, however, by the use of
heated water alone.

Apples are somewhat more suseeptible to this type of Injury at
the fime of harvest than after being kept for several weeks. Xor-
tunately, it is genernlly not necessary to use heated solutions at this
time, untess anusnal spray practices have been followed. Likewise,
few washing methods or devices require exposure of the fruit for a
period long enough to cause injury, even when heated solutions are
used. Fleat injury is a factor that must be considered chiefly in con-
nection with dipping tanks ov other homemade devices used in smail-
scale operations.

INFLUENCE OF WASHING ON STORAGE ROTS

Aside from rots due to penetration of washing solutions into the
core region and those occurring st points of chemical injury, it has
boen found that loss from storage vots may be somewhat more prev-
alent on washed than on unwashed apples. The extent of this loss
varies with the amount and character of the handling to which the
fruit is subjected. The number of bruises and injuries is generally
increased on apples during fhe washing process on account of the
extra handling involved. The apples ave never entirely dry when
packed, and the moisture they hold also favors the development of
rots by providing suitable conditions for the germination of fungus
spores.

Large numbers of fangus spores are removed from the apples and
aceumulate in the solutions during the washing process. The wash-
ing solutions have little or no toxicity for these spores and may
spread infection. This hazard can be greatly reduced by sorting out
rotted apples before the fruit is washed.

No practical method has been found of disinfecting the apples
during the washing process. The accumulation of spores in the
washing machinery, however, can be reduced by discarding selu-
tions after each day’s run or after the washing of about a thousand
bushels. The machines shouid then be thoroughly scrubbed out
with clean water. Where live steam is available, it can be utilized
effectively to disinfect the machines. Disinfection may also be accom-
plished by adding 1 pint of commexcial formalin to each 100 gallons
‘of washing or rinsing solution after each day’s run. The formalin
solution should be pumped through tue machine for 5 or 10 minutes
and allowed to stand overnight before being replaced by fresh wash-
ing solutions for the next day’s operations.

However, the most important factor in the prevention of loss from
storage tots is careful handling of the fruit to avoid bruising or
puncturing the skin. This is imperative at all times. The hazard
can also be rednced by drenching the apples as they leave the machine
with copious quantities of fresh rinsing water under pressure.
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CONCLUSION

The injuries hercin described should not be understood to repre-
sent extreme hazards involved in all fruit-washing operations. ‘This
bulletin is rather an attempt to record the types of injuries that may
be encountered and the expertmental work which has been done to
explain their nature as well as to determine methods of prevention.
It is the general conclusion of all those familiar with the spray-
residue problem that it washing is done with proper equipment and
with due care under desirable sanitary conditions, neither the mariet
value nor the keeping quality of the apples will be impaired; on the
contrary, they may even be enhanced.

SUMMARY

Calyx seald is primarily caused by the presence of soluble arsenic
on the apples. This was proved by producing the injury by applica-
tion of soluble arsenic to the apples and by isolating soluble arsenic
from the injured tissues.

This injury occurs on unpicked apples in the orchard and on un-
cleaned picked rpples that have beconte wet, but most commonly on
apples that have been subjected to washing processes. Its oceurrence
follows the use of either hydrechloric acid or alkaline solvents as
washing materials,

Chemical injuries to apples from hydrochloric acid and alkaline
solvents are described and differentiated from the Injury caused by
soluble arsenic. These injuries have been found only occasionally
and rarely cause commereial losses.

The prevention of injury from soluble arsenic and from various
chemical solvents commonly used in washing apples depends pri-
marily on the adequate rinsing of the fruit with cﬂa.n water. Where
sufficient water is not available, the addition of lime to the rinse
water is beneficial,

Core rots are increased by methods of washing that permit solu-
tions contaminated with fungus spores to penetrate through open
calyx tubes. Varieties commoniy cgaracterized by open calyx tubes,
therefore, should be washed by methods that do not cause pene-
tration,

Injury may result when apples are held in solutions heated to
100° F. or higher for periods of three minutes or longer. Apples
are more susceptible to this injury at the time of harvest than after
being kept for several weeks.

Loss from storage rots may be somewhat greater on washed apples
owing to the extra handling to which they are subjected. Carefu
bandiing to avoid bruising or puncturing the skin, and the use of
copious quantities of fresh rinsing water under pressure are impor-
tart factors in reducing losses from storage rots,

‘Where the washing is properly done, the market value and
the keeping quality of apples are not impaired and may even be
improved.,
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