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INTRUDUCTION

The present study was suggested by the need for information con-
cerning u peculiar type of brea.t-down that was found from time to
time during the fall of 1831 in ecommercial lots of Honey Dew melens
that had recently been removed yrom cold storage in New York (lity.
The condition of the melons together with their history suggested that
they had been adversely affected by being held in storage, vet there
was no reason to believe that they had been frozen. Through conver-
sations with managers of cold-storage warehouses at New York it was
learned that this type of trouble was of more or less regular occurrence
on stored Honey Dew melons, but that little was known concerning it.
Afttention was then directed to the broader problem of storage methods.
It was found that the ususl commercial practice was to store these
melons {as well as all other types of muskmelons) at a temperature
ranging between 32° and 34° ¥., but that considerable uncertainty
existed regarding the length of time theyv could be suecessfully held at
this temperature.

A search of the literature revealed no description of the storage
break-down here encountered and indieated & paucity of informationon
the more genersl problem of muskmelon storage. Such experiments

1 Received for publication November 1, 1937,

T Although g strict taxonomic usape of the term “eantalaap™ woutld limit it to memiwrs of Cucr mit mels
wur. canlalupensis, it has come to e zeneraily used ko the United States to desigonte the small, nroen-skinned,
netted muskmelons, O melo var. reticwintes, and it is employed in the intter senge in ehig bubletin, Mgk

melon'? i o group name used to designate nll kinds of melons other than watermelons and includes canta-
foups, Honey Dew, Honey Dall, Crsaba, Persinn, Spanish, and other reteted meloos.

36G345°—38——1
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as were described dealt chiefly with melons that had been placed in
storage soon after the time of harvest. 14 appeared desirable, there-
fore, to conduct storage tests with both Honey Dew melons and canta-
loups after their arrival on the New York market from Western
States, and consequently after they had been subjected to a sweating
period following their removal from refrigerated cars’® Such experi-
ments wore begun in the latter months of 1931 and continued atirregu-
lar intervals until the late fall of 1336. This bulletin, therefore, brings
together the results obtained over this 5-year period. Its purpose is
(1) to describe in detail and to lustrate the low-temperature break-
down of Honey Dew melons and to indicate what decays are commonly
encountered in the storage of these melons and of cantaloups, and (2)
to suggest on the basis of the tests that werc made what storage
practices are likely to be successful in the bholding of Honey Dew
melons and cantaloups after thelr receipt on the market.

REVIEW OF LITERATHLRE

Chace, Church, and Denny (3} found that eantaloups stored for 10
duys at temperatures of about 35° to 40° F. did not change materially
in composition either during storage or immediately afierward.

Rosa {9) reported tests 1n which cantaloups picked a$ the “half-
slip”” stage of maturity were stored for 10 days at 38° F. Although
there was some vellowing of the rind, the flesh remained firm and
sweeb during the storage period, and the cantaloups ripened normally
following their removal to 72°.

Rose, Wright, and Whiteman (77) state that cantaloups tended to
hecome pitted and to deteriorste 1n flavor when stored for about a
weelt ut 32° to 36° . Honey Dew and Honey Ball melons likewise
developed some pitting at theso temperntures. These investigators
recommerul storage st 50° to 55° (with a relative humidity of 75
$0 RS percent) for all types of muskinelons.

Platenius, Jamison, and Thompson (6) repert that in g single
cantzloup storage test muture melons were successfully held for a
month at 32° F. Beyond that time mold and decay caused n rapid
daterioration of the {ruit.

Wardlaw, Leonard, and Biker (/2) found thal cantsloups when
held at 45° or 56° F. {or 15 to 20 days developed o poer Anvor and
were affected with various decays,

A report from the Arivona Agricultural Expertuent Station ()
stutes that cantaloups stored below 40° F. developed un ohjectionable
Mavor and were rubbery In fexture. At 40° to 50° hard ripe melons
were held successiully for more than o week. Owing to the develop-
ment of storage discases, temperatures above 50° were not found
practicable.

Barvey, Combs, Landoxn, and Child {4) have shown thiut cantaloups
and Honey Dew melons can be successfully held for long periods in a
frozen condition at or near 0° F.

Ramsey, Wiant, and Link (7) have recently called attention to and
bri?ﬂy described the low-temperature break-down of Honey Dew
melons.

* Pragtieslly all of the demwstie oney Thew wwelons ond approsinntely 60 peroent of Lhe cantaloups
annuaily recelved an the New York market are provwn in Califernin, Arizena, Coloratky, amd Vtah ool sre
shipyped to this marked by rail, ustinfly weder standsred refrigeration. Uaney Dew mlons and centeloups
tegether constititie phout Slli;:erccnt of 1l musk melons anmmliy received by rail it New York,

|

1 Itellc numbwes in parenthieses refer to Literature Cited, p. I8,




HONEY DEW MRELONS AND CANTALOUDRS
METHODS

All of the melons used in the tests were produced in Arizona,
Celifornia, Colorado, or Utah, and shipped to the New York marlet
by rail mostly under standard refrigeralion. The test crates were
obtained on the sales pier from commereisl carlots within s few hours
after the cars were unloaded. An attempt was made to secure melons
only from cars that were unloaded promptly upon arrival.

The melons for & given test were carefully selected from & single
cerlot for uniformity in brand, size, genersl appearance, and degree
of ripeness. One or two crates were sef aside for removal to the labora-
tory, where they were later examined; the others were taken directly
to a comumnercial cold-storage warehouse where they were divided into
the proper number of lots and each stored at the desired temperature.
From 2 to 8 hours usually elapsed between the tirue of unloading and
that of placing the crates in storage. During that period the melons
had become wet with moisture condensed from the air and had
warmed up several degrees.

Much of the work was carricd out with comparatively small lots
and during the late swnmer months when little commercial fruit was
in storage, hence it was found necessary to use only such temperatures
as were available at the time. The use of comparatively small
rooms in which commercis! lots of produce were constantly being
moved in and out necessaridy prevented holding the temperatures
constant in the neighborhood of the small lot of test melons. Suffi-
cient records were objained, however, to insure that the temperature
did not fluctuate bevond the limiis indicated. Three temperaturo
ranges were employed, namely, 32° 1o 34°, 36° to 38°, and 40° to 42°
F., supplemented occasionally with the 38° to 40° range. The
temperature ranges in all cases refor to setual fruit temperatures.
The relative humidity of the air in the several storage rooms varied
between 75 and 85 percent,,

At vurying intervals one or more cratos were removed (tom each
tempersture and brought to the Inboratory for observation. The
methods of examining the melons, either those set aside as typical of
the entire lot prior to initinting the test or those removed after a
certain poriod of storage, were the same at all times.  'With cantaloups
this consisted in first noting the condition of the unopened erate,
especially the general appearance of the melons and any evidence of
slackness in the pack. The cantaloups were then removed and indi-
vidual records were tuken on general appearnice, color, firmness, mold,
and decay. After this the nielons were ent bo determine the internal
appoarance and to fest the Havor. The cantaloups were usually kept
under observation for 1 te 3 days; howoever, most of them were cut
and tasted on the particular day when they appeared to be at their
prime for consumption. Much the same method was used with
Honey Dew melons except that most of them were kept for 3 to 7
days and some were held even longer.

RESULTS WITH HONEY DEW MELONS

TESTS OF 1971-33

Tive smull-scale tests were made with Honey Dew nelons during
the period 1931-33. Although theso tests were of a linited nature,
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and therefore are mot reported here in detail, they indicated thut
Honey Dew melons are subject to a type of low-temperature disease
that develops on stored stock alter about 2 weeks at temperatures
in the neighborhood of 32° to 84° I, It was also brought out in these
tosts that storage at temperatures appreciably above the 40° to 42°
range is not practicable because of the more rupid development of mold
and decay.

Cladosporium rof, and to a lessor extent other decays, were found
active nt and somewhat below 40° t0 42° F. A description of the two
chief storage diseases, low-temperature hreak-down and ciadosporium
rot, is therefors presented below. Following this there are presented
in debnil the results of tests conducted in the period 1934-36 in which
an attempt was made to learn nore nbout the concditions conducive
to the development ol storage diseases wnd therefore to determine
what practices are desirable for the storage of Honey Dew melons.

DESCRIMPION OF STORAGE DISEASES
LOW-TEMPERATURE BREAR-DOWN

Low-tempernbure bresk-down of Honey Dew melons, as indicated
by the nume, is a breaking down of the epidermis and rind ol the
melon resulting from continued exposure to low (cold-storage) tem-
perntures.? It is distinet from and in no way related to freezing
mjury, inasmuch as it develops ut temperatures well above the freezing
point of Honey Dew melons® Although it is {requently followed by
decay, low-temperature break-down does not result from the action
of fungi, bacterta, or other organisms. The disense may therelore be
consiclered ns n functional disorder resembling in certain respects
soggy brewk-down or soft scald of apples (5), watery break-down,
pitting, and seald of grapelruit (2), and pitting or blotehing of
limes (17).

The symptoms of low-temperature breal-down vary considerably
with different lots of melons and with the time that has elapsed since
their removul from cold-storage temperatures, Although there may
he no evidence ol break-down st the time of removal, tho reverse is
moro frequently true. After removal of the melons, however, the
symptoms become more pronounced with time.

The disense may occeur in the form of scattered nreas of relatively
small size (pls. 1 and 2) or in the form ol large continuous areas {(pls.
3 and 4) covering from g third to nearly all of the melon surface.

The first symptom is usually a faint water soaking of the rind
necompunied by the oozing out ol the melon juice so that the rind
{eels moist and sticky. This is most pronounced in severe cases where
most of the surluce of the melon is affected (pl. 3, B). In such cases
the entire melon becomes softer, so that it exudes juice abundantly and
flattens out gradually under the pressure of its own weight.

The initial faint water-sonked arcas may develop a definite deep
water-soaked appearance (pls. 1, 4 and B; pl. 3, A) and remain so
without further color change. Although the term ‘‘water-soaked’ is
most descriptive, the color can be imore accurately referred to as

s Srmploms indistinglshsble (rom those of low-lempermture hrepk-down were observed on several ocea-
sighs ot Money Dew melens thal hod Teen shipped wotder standard cefrigerstion and held tnder these con-
ditions ither in Lransil or ot U trek et dostingtion for a tolal of 17 days tefore unloadiog.

a f h"r‘l(u-. awemgc freozing-point Lemperntties of Llouey Dew melons sre 28.8° F. for the rind and 20 for the
exh (14},
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Tow-temperature brepk-down of Foney Dew melons: A, Drregibar woter-sanked, slivhtly depressed areast
B, definine water-sonked spots with soefaee nol Jepressed, Bowh meloos photograpbed 3 doys aiter

redovn! fraiy 4 weeks' sturare of 525 to 310 1,




Technical Bulletin 613, L1 5. Dept, of Agriculture PLATE 2

Low-tenuperaire heeab-down af Hones Trew welons: L Teeudur “pade abive-butl," slefinliely sunken
ares= sterostodiny istands of duaifoered tisae refelie centers: B3, Crovny-olive™ etlored, shiardy delisired,
Auenby sunken pitinns Bogh mwlons photograpbed 5 daye after removal ot starage ag 822 w1 F,
fur 2 weeks (1) anrh 4 weeks G, respiaetved s,




Technical Bulletin 613, W, 5. Dept. of Agricuiture PLATE 3

Law emperanrre break-dow et of Hoges Des telott! L L Sty delimio], definiiely sankes water-sonked
are-o B el eondplele sarbue of fedon o, wedn Hoken, sanew o el ne sligky
e Juiess; tinevted meban (e for eatipariss 1 blwk spois of ebcdospiorn Tk avident on
e ua'h ul |I:;- sigfw] nrelon-. Hoth mwelos p'ml-ﬂr:;ulnhi day sfter romreva! ranl 2 oweeks? siocaee
w1 ¥




Techmical Bullstin 613, UL S. Dept. of Agrizulture

Low-tempoersipre break-town of Honey Dew tielons: o1, Large are of meton covered with “tawny-alive,”
thalinitely sunke sirply delienited seadd(ike lesion 72, simitlnr To ] exeept desion is “clay golor” and only
sliwholy depressed. Mebsns phorogrophboed 2 duys Gl and 3 dugs tH, respectively, alter retuoval frot
4 weeks' storge af 32° to 34° i,
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Cladosprricm ot L, Honey Dew melon phoposripdiod 2 doys after cetmoval fro@ 4 weeks' sforgee o 350
twdg F.ocBlie mobl rob lesion eonspicuots 0 by tebwaen eenter sacl wop- B, srotp of eantaiops
photurrapbed shorily ufter romoval (rom 4 wecks <rruge ag 32 (o 34 F,




HONEY DEW MBELOXNS AND CANTALOGDS

“light mineral gray”’ 7 or “pale smoke gray.”’ More frequently the
lesion colors are either “drab” (along with the several tints of drab),
‘‘pale olive-buff” (pl. 2, A4}, “clay color” (pl. 4, B), “tawny olive"
(pls. 2, B; 4, 4), or various browns. A given lesion {requently changes
in color, usually becoming darker or browner with age.

The lesions may be either indefinite in boundary (pls. 1, A;2, A;
3, B) or sharply delimited (pls. 1, B; 2, B; 3, A; 4, A and B). Thae
edges of the lesion may be either fairly regular or highly irregular.

The surface of the lesions varies from normal (pl. 1, ), to slightly
sunken (pls. 1, A; 3, B; 4, B}, to definitely sunken (pls. 2, A; 3, A;
4, A4), or finally deeply sunken (pl. 2, B).

The net result of this pronounced variation in the size, shape, bound-
ary, color, and depth of the lesions is a wida variety of symptoms.
The disease, therefore, takes the form at times of spotting (pl. 1, By,
pitting {pl. 2, A and B}, watery break-down (pl. 3, B), and secald
(pls. 3, A; 4, Aand B). Frequently a given melon shows & combina-
tion of several types ol symptome.” It is chiefly for this reason that
the more general term “low-temperature break-down' has been
adopted as the name for this disease.

Melons affected with low-temperature bresk-down show no internal
symptoms ol the disease. The flesh remains normal in appesarance
and texture, and except in severe cases the flavor is not affected. The
disease affects directly only the epidermis and the rind tissues.

CLADRCHPORITM ROT AND OTHER DECATS

Cladosporium rot {caused by the lungus (Tadosporium cucumeri-
num Ell. and Arth.) was by far the most conunon decay present on
Honey Dew melons at the time of their removal from cold storage or
that developed on them soon after their removal. The disease has
been discussed at length in u previous publication (13), consequently
only a brief description of it will be given here.

Cladosporium rot can be recognized on stored Honey Dew melons
(pls, 3; 4, #; 5, A) by the presence of numercus relatively small,
scattered black spots that develop within the outer tissues of the rind.
The epidermis at first is unbroken, so that the lesions have & smooth,
shiny, black appeurance; later the epidermis becomes broken and the
causal fungus develops over the lesions as a low, velvety mold Verying
in_color with age from “Vetiver green” to ‘“Lincoln green,’’ “‘deep
olive,” and finally black. The lesions, which are circular to oval in
shape, vary in size from tiny specks to spots somewhat over aa inch
in diameter. They frequently coalescs to form large areas of shallow
decay. Cladosporium rot is closely associsted with low-temperature
break-down. This relationship will be discussed more completely
Inter on.

Several other decays of Honey Dew melons were met with during
the storage studies, but none approached cladosporium rot in signifi-
cance. In the order of the frequency of their occurrence, they are
alternaria rTot, fusarium rot, thizopus soft rot, and blue mold rot.
Early stages of all have been found at one time or another on melons
ab the time of their removal from cold storage. Complete deserip-
tions of all have been published elsewhere {.3).

7 Color dexignatlons in quotations sre scenrding Lo Hidgway 185,
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TanLe 1.—~Storage lests with Honey Dew melons, 193436

Condition after removal from storage nt temperatures of-—
Date of | Flats |Melons jStorage
storage | stored | per flat| period

320-34° F. 36°-34° F. 38°-40° T 40°-42° F.

Number|Number|. Wecks
31 (1 flat,)  Half of melons disfipured | (11lat) A few melons sliginly (1 flat.) " No low-teniperature
by severe low-temperature hreak- disfigured by low-tempera- break-down.  Considerable
down. No mold: nor  decay.! ture break-down, Practi- surface mold and  early
Flavor nearly normal. enlly- no mold ner deeay. stages - of - shallow decay,
FMavor nearly normal. Riper than those nt the lower
July 81, ¢ temperatures. Flavor near-
1934, 1y normal.

(1 flat.) More low-lemperature | (1 flnt.) Practieally no Jow- (1 Nal.) No low-temperature
break-down than at 3 weeks. temperature  break-down, break-down.  More decay
Flivor nearly normal. Practically no mold nor de- than at 3 weeks. Flavorim-

eay. Flavor nearly normal. paired by deeay:

2 flats.) No low-temperaiure | (2 flats.)  Nolow-iemperature
break-aown. Nomold nor decay. break-down. No mold nox
Flavor normal, de¢ay.  Flavor houmal,

(2flats.) Nearty halfof melonshad | (2 flats)) i of melons hundd
from 4 to bi of the surfacenflecied large arens of sirface atlected
with low-temperature break-down, with low-temperntiure break-
followed by decay several days down, followed by decay soon
after removal. Flavor impaired. after ]remoml. Faver im-

paired.

{4 flats.) 34 of the melons severely | (2 tlats.) No evidence of low-
alfected  with  low-temperature tempernfure  break-down,
hreak-down. Praetieally "no Nearly all severely affected
mold nor decay. Fla or nearly with motd and shitlow decay.
normal. Flavor impaired.

(4 flats.) Low-temperature break- | (2 flats.) Practieally no Jow-
down moresevere than at 2 weeks, tempernture break-down.
Practieally no mold nor decay. Mold and decay more severe
Flavor impaired, than at 2 weeks. Flavor

seriously impaired.

(4 Nats.)  Practienlly entire surface | (2 flats.) ~Very slight smount
of all melons affected by low-tem- of low-temperature  hreak-
periture break-down, followed by down. Alold and  deeay
deeay soon after removal from worse than at 3 weeks. In-
storage. Practically inedible, edible.
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July 23,
1935,

June 25,

i

(1 faf.)  No change resuliing from
siarage.

¢} flat.) Nolow-temperature hrenk-
down. 14 of the melons affected
by moderate amounts of mold
and shallow decay. Flavor nor-

mal,

(1flat,) Half of the melons showed
slight to severe low-temperaiure
break-down. -1% showed n slight
amount of mold and shallow de-
eay. TFlavor impuired.

(I ial.) Nearly all melons affeeted
withlow-temperature break-down,
about half of which was slight to
moderate and half severe. A few
were seriously deeayed, IFlavor
impaired.

(2 flals.) ¥ of the melons slightly
to severely affected with low-tem-
perature. hreak-down. No mold
nor deeay. ¥lavor normal,

(2 flats.) Somewhat over half of
the melons slightly to severely
affected with ~ low-temperature
break-down.  Practically no mold
nor  decay. Flavor somewhat
impaired.

(2 flats.) A few slightly affected
with low-temperature hreak-down.
Afewoverripe. Considerable de-
eay developed Soon after removal
from storage. Flavor impaired.

(2 flats.)  Approximately 15 of the
niclons maoderaiely tp severely
affected - with  low-temperature
break-down. Considerable decay
developed within several days
after removal from  storage.
Flavor seriously impaired.

(1 flat.) . No e¢hange resulting
from stornge,

(1 flat.)  No low-teinperninre
break-down.  Practieally 1o
mo}t] nordeeay. Flavor nor-
mal.

(1 flat.) 1{o showed a severe
amount of low-temperature
break-down. Nearly all of
the melons were slightly to
severely affected with early
stages of decay. Flavor fm-
paired,

(1L flat.) Practically no low-
fermnperature break-down. All
melons maoderately {o severe-
1y affected with mold and
deecay. Praciieally inedibie.

(2 flats.)y A Tew melons had.a
slight amount of low-tem-
perature hreak-down. Prac-
veally no mold nor deeay.
Flavor normal.

(2 ilats.) Nearly half of ihe
melons moderately toseverely
affected with low-temperns
ture break-down. Somewhat
over. )i of them slightly to
severely spotted” with early
slages of decay. Flavor im-
paired.

(2 flats.y No evidence of low-
temperature break-down, A
few overripe. About half of
the melons showed deeay.
Many inedible, Flavor of
others impaired.

(2 flats.) No low-lentperature
brenk-dowrn. Nearly ail of
the melons seriously decayed,
Inedible.

! The mold and decay referred to throughout the table were for the most part eaused by Cladosporium cucumerinum,

(1 flat.) No change resulting
from storage.

(1 flat.) No low-lemperature
break-down. 3§ -of melons
showed severe decay several
days after removal from stor-
nge,  Flavor impaired,

(1 flat.) No low-temperature
break-down. 44§ of the mel-
ons showed modernte to
severe amounts of motd and
decay. Flavor seriously im-
paired,

(1 flat,) No low-temperature
break-down. Practically all
melons  showed  slight to
severe decay. Inedible.

(2 flats.) No low-temperature
break-down. Practically no
mold- nor decay. Flavor
normal.

2 flats.). No low-temperature
brenk-down, 14 of the mel-
ons severely decayed, 14
slightly decayed. Many in-
edible; flavor of others im-
paired.

SINOTVINYD ANV SNOTUN MHT XINOH
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TaBLE 1.—Slorage lests with Honey Dew melons, 1934~36—Continued

Date of
storage

Flats
stored

Melons
per flaf

Storage
period

Condition after removal from storage at temperatures of—

32°-31° F.

36°-38° F.

38°40° F.

40°-42° F.

Sept. 14,
1936.

Number

Number

Wecks
2

(2 flats.) A litue low-temperature
break-down present. Some de-
eny1 occurred. Flavor nearly nor-
mal.

(2 flats.) A few of themelonsshow-
ed severe low-{emperature break-
down. Practically all of them
developed decay during the first
several days after removal from
stornge. Flavor somewhat im-
paired.

(2flats.) Nearly half of the melons
seripusly affected with low-tem-
perature break-down. 14 of them
showed early stages of deeay at
time of removal, with more devel-
oping during first several days
after removal. Flavor seriously
impaired.

(2 flats.) A few melons slightly af-
fected  with  low-temperature
break-down. Practically no mold
nor decay. Flavor normal.

(2 flats.) 14 of the melons slightly
o severely affected with low-tem-
perature break-down. Nearly all
melons showed moderate tosevere

decay. Flavor seriousty impaired.

(1 flat.} No low-temperature
break-down. Some decny
developed several days alter
removal from storage. Flavor
nearly normal.

{1 flat.) No low-temperature
break-down. Nearly half of
the melons seriously decayed.
Flavor seriously impaired.

(! flat.) Practically no low-
temperature  hreak-down.
Practically all the melons
showed decay. Inedible.

(2 flats.) No low-temperature

break-down.

14 of the mel-

onsshowed moderatetosevere

decay.
(2 flats.)

break-down.
showed severe

edible.

Flavor impaired.

No Jow-temperature

All - melons
decay. In-

(1 flat.) No low-temperature
break-down. Some decay
present.
mal.

(1 flat.) No low-temperature
break-down. About %% of
the melons seriously decayed.
Flavor seriously impaired.

(1 flat.)? No low-temperature
break-down. A few melons
showed decay. Inedible.

7 This crate of melons was not typical of the general storage test lots,

largely the result of the immaturity.

The melons were less marare, which probably aceounts for the low amount of decay.

The low flavor was

TFlavor nearly nor- .

8
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HOXEY DEW JELOXS AND CANTALOUPS

STORAGE TESTS OF 1134-36

The results of eight storage tests conducted during the S-year
period 1934-36 are brought together in a condensed form in table 1.
The statements made in the table regarding the condition of the melons
after their removal from stornge do not indicate for the most part yust
when the symptoms of low-temperature break-down and those of
mold and decay first appeared. Therelore, in the sbsence of specific
statement, thoy may have been in evidence at the fime of removal
or they may have developed alterwards,

Usually the earliest symiptoms were evident, to some extent at least,
when the melons were withdrawn and then rapidlyv beeane more prom-
inent during the next several days. In zll cases the observations
reported in the table indicate the net effects of storage us determined
by the condition of the melons during n holding period approximately
equivalent to that required for normal commereinl distribution.

It will be seen from table 1 that in test 1 low-temperature bronk-
down was prevalent at 32° to 34° I. and mold und decay at 40° to
42°  The melons held up best ut 36° to 38°, where actually the toni-
perature was near the minhuuem point (36°) most of the time. There
was little diflerence hetween the results of 3 weeks’ and those of 4
weeks' storage at this middle teinperature range,

Only the temperature ranges 82° to 84° and 36° to 38° T. (near 368°
for most of the storage pernod) were used in test 2. The results of
2 weeks' storage were entirely satisfactory with either. Owing to
the development of low-temperature break-down, however, 4 woeks’
storage wus detrimental to ihe melons at both temperature ranges,
although it was more so at the lower one.

Test 3 was comparable to test 2 exeept that smaller-sized melons
were used and sample flats were withdrawn at the ond of 2 weeks as
wellasafter 3 and 4 weeks.  Asin the two preceding fosts, low-temper-
ature break-down was serfous nt 32° to 34° F., whevens at 36° to 38°
ouly a litile accurred.  Mold and decay, however, were serious at the
higher temperature range, Htomgo at either temperature range was
therefore decidedly unsatisfactory.

Storage for 1 week at any of the three temperature ranges was with-
oul effect in test 4. Auch the same was true for the 2 weeks’ storage
except that nold and decay developed to some cxvent during the
several-day holding period following Temoval from storage.  Storage
for 8 and 4 weeks was injurious to the melons at all three temperature
ranges because of the development of low-teruperature break-down
(followed by decay) at 32° to 34° F. and of mold and deeay at 36° to
38° and 40° to 42°,

In test 5 low-temperature break-down was a factor of importance
n 2 weeks’ storage at 32° to 34° F., whereus melons held at the two
higher temperature ranges were practically unaflected in any way.
Storage for 4 weeks was entirely unsatisfactory because of the develop-
ment of low-temperature break-down at 32° to 34°, of mold and decay
at40° to 42°, and of a combination of the two at 36° to 38°.

Because of decay development, 2 weeks’ storage was not entirely
satisfactory in test 7 at any of the three temperature ranges. Threa
and four weeks’ storage likewise was unsatisfactory because of the
development of low-temperature break-down and decay at 32° to 34°
F. and of decay at the other two temperature ranges.

36343°—38——-2
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The temperature ranges 32° to 34° and 38° to 40° F. were used in
tests 6 and 8. In both tests low-temperature break-down developed
only at the lower temperature range, very slichtly in 2 weeks, and
extensively in 4 woaks. Because of the development of decay either
in storage or shortly after removal therefrom, 4 weelks’ storage was not
satisfactory at either temperature range in either of the two tests.
For the same reason, 2 weeks’ storage at 38° to 40° was unsatisfactory
in both tests, and only in test 8 was it satisfactory at 32° to 34°.

Considernble variation exists among the results of these eight storage
tests. This 38 to be expected in view of the fact that little was known
regarding the listory of the melons either in the field or in transit and
that the tests were conducted over a 3-vear period. Nevertheless, the
tests do indicate within limits the relntion of storage tiine and temper-
ature to the development of low-tempersture break-down, and they
suggest what may be expeected in the way of n storage life of Honey
Dew melons under conditions similar to those met with in these tests.
Thus low-temperature break-down was most prevalent at 32° to 34°
F.; oceasionally it occurred nt 36° to 38°. It never developed at 40°
to 42°, nor at 38° to 40° in the two tests where this tempernture range
wasused, At the 32° 10 34° range low-temperature break-cdown was of
increasing importance with increasing length of the storage period, so
that storage for Ionger than 2 weeks at this temperature range did not
appear practicable. Not only did this storage disease detract from
the appearance of the melons, even when present in small amounts,
but when seripusly present it was soon followed by mold and decay
during the bolding period.

Storage for periods longer than 2 weeks at 36° 10 38° . {particularly
&t the upper limit of this range), or at the higher temperature ranges
used, would undoubtedly lessen or avoid losses from low-temperature
break-down. Unfortunately, however, ilie greater prevalence of
cladosporium mold and decay ot thess temperatures (particularly
387 {0 40° and 40° to 42°) makes them impracticable for commercial
storage.  For 2 wecks’ storage there was litle net difference between
329 10 34° and 367 to 38°.

RESULTS WITH CANTALOUPS

TESTS OF 1431-32

During the 3-year period 1931-33 four small-seale storage tests were
conducted with cantaloups. These tests indicated that cantaloups
are not subject to o low-temperture break-down such as has been
deseribed for Honey Dew melons.  They were, however, subject to
mold and decay when stored for a longer period than 1 to 2 weeks
even at temperatures as low as 32° to 34° F. Storage at temnperatures
much above 40° to 42° was found unsatisfactory because of rapid
overripening and decay.

STORAGE DISEASES

The storsge disease of chief importance on cantaloups during the
tests reported in this bulletin was cladosporium rot, caused by
Cladosporium cucwmerinwm, and described in detail elsewhere (13).
Briefly, the decay is 2 shallow one that is confined to the rind and outer
flesh immediately beneath. Tt may be found scattered over any
portion of the cantaloup. Frequently it occurs ab the stem secar,
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where it develops as & thin, black, cushionlike pad that is easily
removed. It develops most often at chafed and bruised spots where
cantaloups come in contact with the crate or with one another.

This cladosporium decay can be recognized externally by the sparse
“deep olive”” to black mold that is seattered over the affecied portions
of therind (pl. 5, B). The diseased rind 1s easily slipped off of aflectad
cantaloups. The rot is frequently followed by bacterial soft rot and
by rhizopns soft rot after the cantuloups have been removed from
storage (18). Alernaria rot and fusarium rot (18) are also met with
in cantaloups under such conditions.

STORAGE TESTS OF 1934-3G

The results of six storage tests conducted during the period 1934-36
are summarized in table 2.

The melons used in test 1 (tuble 2) were representative of the
less mature cantaloups that are received on the market. The test
showed that a temperature range of 40° to 42° F. was too high for
even 1 week’s storage. Storage for 1 week at either 32° to 34° or
36° to 38° was fairly satisfactory, but 2 weeks’ storage at the same
temperature ranges was not.

Only the two lower temperature ranges were used in test 2. The
cantaloups used represented about the average condition met with in
western cantaloups on eastern markets. There was no difference
in results between the two temperature ranges. Storage was satis-
factory for 1 week but not for 2 weeks or longer. During this test the
temperature of the 36° to 38° I, lot remained close to the minimum
(36°) throughout most of the test, which may account for the elose
sirnilarity of results with the two ranges.

In test 3 the crates removed {rom storage at the end of 1 week
were sllowed to stand in the laboratory, unopened, for 2 days. Some
of the cantaloups were enclosed in paper wraps. The removal from
storage was made during a period of high temperatures and high
humidity. This combination of circumstances was concducive to the
development of decay end may therelore account for that found in
one of the two crates of each lot stored at either of the two lower
temperature ranges. Two weeks' stornge at 32° to 34° and 36° to
38° ¥. was generully satisfactory, although there were some slight
delects evident. Tle test indicated again that a temperature range
of 40° to 42° was too high for the storage ol cantaloups under the
conditions of these tests. And again, there was li*tle difference in
results between a range of 32° to 34° and one of 36° to 38°.

The melons used in test 4, nlthough fully ripe and ready for imme-
diate consumption, were representative of the better quality of can-
taloups received on esstern markets. Their flavor was very good.
Although slightly affected by 1 week’s storage, it was still good in the
melons from all three temperature ranges. [E:xcept in the matter of
shriveling, there was very little difference among the melons held at
any of the three temperatures after 1 week’s storage. Thers was
apparently some variation in the crates stored at 32° to 34° F., inas-
much as those removed alter 2 weels wers not as far advanced as
those of the l1-week removal. The results suggest, however, fairly
satisfactory storage for 2 weeks at this temperature range end un-
satisfactory storage at the two higher temperature ranges.
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TABLE 2.—Slorage tesis with cantaloups, 1934-36

Date of
stornge

Condition when
stored

Conlain-
ersstored

Canta-
loups
per eon-
tainer

of stor-
ago
period

‘ |
Length,

Condition after removal from sturage at temperatures of—

320-34° K.

36°-38° F,

35°-40° F.

40°-42° F,

July 135,
1934,

Sept,- 19,
1934,

Maturity, half
slip; green in
color; mostly hard
tofirm; flesh crisp;
flavor fair; variety,
Perfecto, from Ar-
izona,

Maturity, little be-
yond half{slip;
green to yellow in
eolor; mostly firm;
flaver fair; variety,
Hale DBest, from
Utah,

4 jumbo
crates,

12 fals

Nuimher
43

Wecks
1

i

(Y2 crate.)  Practically nor-
nal in appearance and
flavor, very  sliehit
shriveling was the only
noticeabie etlect of storage.

i1y crate) Flavor normsl
and unaffected by storage.
2q of the cantalonps werp
somiewhat alfeeted  with
surface mold.! 1: were
slightly shriveled and dis-
figured where bruised and
were misshapen from pres-
sure against erpte and ad-
jacent eantaloups.

(12 erate) Unsalable beeause
of surface mold and dry
flesh.

t's erate.) TUnsalable.. |

(2flats.)  Flavor normal and
unaffected by - storare.
Flesh slightly dry and car-
taloups slightly shriveled
ot broised and  chafed
spots, but neither was of
commereial importance,

(2 flais,) TFlavor norinasl,
Some shriveling, eausing
looseness  of the pach.
Somesurface mold present,
which  advanced  sufli-
ciently during a 2-day rip-
ening period at room tem-
perature to affect the ap-
pearance adversely.

(2flats.)  Unsalable beeause
of surface mold amd shal-
low decay.

(1: crate.) Practically
normal in  appearance
and  flavor, A very
slight shriveling was the
only noticeable efféct of
storage,

(Lyerate))  Flavornormal
and unaffected by stor-
age.  Surface mold seri-
ously present in flattened
and  depressed  spots
where cantaloups came
fn contact with erateand
with one another. Un-
salable.

(t; erate.) Unsalable be-
canse of mold and shal-
low decay, *

1y ernte.) Unsalable.

(2 flats,)  Flavor normal
antd upniiected by stor-
age.  Flesh slightly dry
amd cantaloups slightly
shriveled at benised and
chafed spots, but neither
was of commercial im-
portance.

(2 flats) . Flayvor normal,
Someshiveling, causing
looseness of the pack.
Some surface mold pres-
ent, whieh advanced
sufliciently during a2-day
ripening period at room
temperatire toaflect the
appearance adversely.

(2 flats)) Unsalable be-
sanse of surface mold and
shallow decay.

(1a crate,) Shriveled; dis-
figured where bruised;
misshapen from pres-
sure against crate and
adjucent cuntaloups.
Some surface mold !
present. Too soft for
retail trade,

(Jucrate.) Unsalable be-
cause of surface mold
and  early stages of
decay.

(tacrate.) Unsalablebe-
sause of mold and de-

v

cay. )
(42 erate) Unsalable.
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1035, to full slip; green
in color; mostly
hard; flavor fair;
from Ymperial
Valley, Calif.2

June 16, j Maturity, half slip
{

|
|

t Maturity,
;o fudl slip; yellow in
color; mostly ripe,
a few soft; flavor
very good; variety,

Hale Best, from

tah.

5 May 27, | Maturity, half slip 1o
{1836, ¢ full slip; color
green to yellow
green; firm o ripe
and somewhat
spongy; favor fair;
from Imr(\.rinl
Valley. Calif2

mostly |

10 crates.

12 flats

11 tlats

2

(2 erates.)  Flavor normal,
Cantaloups unnifecied by
storage except that in 1 of
the crates 15 of the melons
were affected with rhizo-
pus soft rot.

(2 erates) Cantaloups some-
what flabby and
slightlydry. Several mel-
ons in each crate had p
litle surface mold. Nei-
ther defect of great impor-
tance. - Flavoer.normal.

;2 flawe) Mostly yellow in

(2 flafs.)

color, Many ripe, but
most soft and a few inedi-
ble on aceotint of overripe-
ness. Nearly all the can-
taloups were affected with
mold at the stem sear, al-
though this was not of
mich  importance. Fla-
vor good,

Cantaloups inost-
ly: yellow, maostly ripe,
many soft, several over-
ripe. 24 Lad sheht stem-
sear mold of little impor-
tance, Flavor good, As
a lot, not as far adyaneed
asthatremoved at theend
of 1 week,

(4 fints.) Green 1o yellow
greenin color,  Ripe (but
spongy). Slightly shriv-
eled. No mold nor de-
eay. Flavor unaffected
by storage.

flats.} Ureen to yellow
green in- color. RBipe,
many  spongy.  Ropme
shriveling. 24 of the ean-
taloups were affected with
severe mold at the stem
sear, in many instances
followed by early stages of
decay.  Flavor practically
unaflected by storage,

flesh

(2¢rates,)  Flavor normal,
Cantaloups  unatlected
hy storage except that in
1 of the erates 14 of the
melons  were “affected
with rhizopus soft rot,

i (2cratesd)  Cantaloaps in

practically  the same

condition as those stored
at 32°-34°,

2lmsY  Condition much
e same as that of the
32°-34° lnt exeept that
the cantaioups  were
somewhat further ad-
vanced in eolor and soft-
ness and were slightly
inferior in flavor,

(2 fla1s,) Unsalable he-
cause of meld and shal-
low  deeay.,  Approvi-
mately <% of the canta-
loups were  overripe.
Neither defect was as

Int.

1'The mold and decay referred to throughout the lable were for the most part. caused by Cladosporium cucumerinumn.
21 of the partially resistant selections grown in the Imperial Valley before Mildew-Resistant No. 45 was widely available.

severe as in the 40°-42° |

. 3 2 flatg.)  Moestly velluw

green. In color, All
ripe, a few spungy.
No meld nor deeay.
Flavor unaffected by
storage,

(2 fints.) Commerciglly
worthless heenuse of
mold and shallow de-
eay.

i

(2 flats.)

(1 crate.) - All cantaloups
moldy; soft from over-
ripeness; worthless,

(1 crate.) Soft, moldy,
overripe; commercially
worthless.

{2 flats.) This lot had
the least desirable ap-
rearanee of any, owing
tn the large amount of
shriveline, In  other
respects the cantaloups
were similar ‘to  the
32°-34° lot.,

Commercially
worthless because of
abundant surface mold
accompanied by early
stages of decay and
hecause of  overripe-
ness,

r;
[u
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Date of
storage

June 25,
1436,

Condition when
stored

Maturity, 1mostly
full slip; green to
yellow green in
color; firm to ripe;
flavor fair; from
Tinperial Valley,
Calif,2

Contain-
ors stored

12 flats..

TABLE 2.—NSltorage tests with cantaloups, 1934~36-—Continued

Canta-
loups
per con-
tainer

Tength
of stor-
age
period

Condition after removal from storage at temperatures of -

32°-34° F,

306°-38° B,

38°-40° F.

40°-42° F,

Number

9

Weeks

(4 flats.) Yellow green to
vellow in color, Pricti-
cially all ripe, 14 of the
cantaloups eitlier slightly
decayed or atfected with
moderate amounts of mold,
Flavor practically unaf-
fected by storage.

(4 flats,))
cantaloups were unsalable
because of mold, decay,
and shriveling,

About i of the !.

{2flats) Yellow green to

vellow in color. All
ripe. 34 of the cania-
loups were unsalable
because - of moderate
amount of mold, shal-
low decay (chiefly at
the stem secar), and
overripeness.  Flavor
practieally unaffecied
by storage.
(2 fiats,) Comuiercially
worthless. because of

mold, decay, and over-

ripeiess.
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Tests 5 and 6 were feirly comparable in variety used and in the
substitution of a 38° o 40° F. range for the two higher temperature
ranges of the previous tests. Intest 5 the canteloups at either tem-
perature range were stored satisfactorily for 1 week but not for 2
weeks. In test 6, 1 week's storage was only partly satisfactory at
32° to 34° and was unsafisfactory at 36° to 38°. Storage was un-
satisfactory for 2 weeks at either {emperature range.

The results of the six storage tests are in fairly close agreement in
indicating that cantaloups stored under the conditions described, un-
like Honey Dew melons, were not affected by low-temperature break-
down but were subject to cladosporium mold and decay, both in
storage and after remnoval therefrom. In each of the three tests where
a 40° to 42° F. range was used this decay was seriously prevalent even
in 1 week. Decay was likewise prevalent in 1 week on cantaloups at
38° to 40° in one of the two fests in which this temperature range was
used. One weelk’s storage at either 32° to 34° or 38° to 38° was for
the most part satisfuctorv, although the lower range was the more
desirable. At either of these two lower temperature ranges clado-
sporium rot was serious in 2 weeks in maost of the tests, although again
the 32° to 34° range offered greater hope for storage for this length of
time, The results as a whole sugeest that cantaloups that have been
removed from refrigerated cars should not be held at 32° to 34° for
ionger than 1 to ¥ weeks.

DISCUSSION AND CONCLUSIONS

The commercial storage of Honev Dew melons and cantaloups on
the martket has never been an extensive practice. Therefore, although
the practicel absence of information on storage diseases and storage
behavior well justified the present studies, the problem was recognized
to be one of only limited economic importence. Consequently 1t has
seemed desirable 1o work with comparatively smell Jots of melons at
& time, but to carry along the storage tests in conjunction with other
studies for some years. Observations have now been made over a
5-vear period, during the last 3 vears of which considerable informa-
sion has been obtained.

Aside from the brief report by Ramsey, YWiant, and Link (73, based
on the present studies, this is the first time that low-temiperature
break-down of Honey Dew melons has been deseribed in the literature,
The much grester prevlence of the disease at 82° to 84° F. than at
36° to 38°, together with its absence at higher temperatures, leads to
the conclusion that it is essentially the result of exposure fo low
storage temperatures. Further studies should be made on possible
contributing factors, using melons of known field and transit history.

A relation has been indicated between cladosporium rot, which has
been shown to be the chief decay of stored Honey Dew melons, and
low-temperature bresk-down. Melons affected with low-temperature
break-down frequently show early stoges of cladosporium rot the
day after they are removd from storage. The decay then advances
rapidly over the sffected areas. This has prompted the question
whether at the higher temperatures where low-temperature break-
down has not been recognized as such there is not rome localized
terperature effect (other than the direct effect on the growth of the
causel organism) that facilitates the more abundant development of
eladosporium rot at those temperatures. [t has frequently been
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observed that melons sllowed {o remain af room temperature during
summer and early fall months, although more subiect to such decays
a5 Tusarium rot, alternaris rot, and rhizopus soft rot, were not subject
to cladosporium rot; whereas identical melons held, for example, at
40° to 42° F. for 2 weeks developed abundant cludesperium rot partl
during storage but mostly during the first few days after removal.
Stated differently, the question is whether or no$ the numerous lesions
of cladosporium rot that developed so abundantly on melons removed
from the higher temperature runges were not actunlly scattered spots
of inciplent break-down in which Clado.porivm developed secondarily.
Many such spots were therefore examined in their earliest stages.
1t was found by microscopic examination of the subepidermal fissues
that a fungus was constantly associated with the spots even when they
were first discernibfe. Likewise by culturing bits of the affected tissue
{rom melons showing the first beginnings of spotting it was found that
Qledosporiwan cucumerinum, or much less frequently an Alternaria
species, was usually present. However, when similar studies were
made with well-recognized lesions of low-tempernture bresk-down,
neither these fungi nor any other organism were found to occur, with
the exception, of course, of older lesions in which Cledosporium had
developed in well-defined, Isolated areas as an obvious secondary
invader. It would appear, therefore, that the question must be
answered in the negative.

It 15 possible that the explanation of this lncreased development of
ciadosporium rot on Hopey Dew melons that have been removed from
cold storage lies in their having been exposed t¢ more humid conditions
resulting {rom their “sweating’ after removal from refrigerator cars.
Melons of the sizes used are usually packed with the stem ends resting
on i thin laver of excelsior in the hottom of the crate. Moisture con-
densing on the surface of the melons would naturally find its way to the
packing material and be retained there in contuct with the melons for
some time. This would eertaindy increase the possibilities for imoculs-
tion by any Cludosporium spores that might be presens on the surface
of the melon. It is interesting to note in this conpection that clado-
sporium rod is frequently much more abundant on areas of the melon
surface that are in contact with the excelsior padding than elsewhere.

Likewise in the tests with cantaloups, consideration was given to the
possibility that low-temperature break-down wns overlooked becanse
of its being followed seconderdly by cladosportuin rot as fast as it
developed. Repeated observations on cantaloups in storage and after
their removal falled. however, to show anything suggesting low-temper-
ature break-down.

The rind of stored cantaloups tends to shtivel and dry out with time,
so that s kind of indensution or shallow pitting is produced wherever
the netting has been injured. This is, however, readily recognized as
such. Wherever any other type of lesion developed, either at such
injured areas or elsewhere, such fungi as Cladosporivm cucwinerinum,
Aiﬁemm'm sp., or Fusarium sp. were readily isolated. Cladosporium
rot developed most abundantly at the stemr sear and in the bruised
areas where melons came in contuet with one another or with the slats
of the crate. For the most purt these sress are the ones most likely
to retein moisture for the longest time,



http:i'usa,l'il1.tn

HONEKY DEW MELONS AND CANTALOUDE 17

The results of the present studies offer little encouragement for the
successful storage of either cantaloups or Honey Dew melons on the
market for more than a short time after they have been removed from
refrigerator cars. 1t appears that under such conditions cantaloups
can be held at 32° to 34° F. for 1 week snd with a reasonable degree of
safety for several duys longer. Storage for as long us 2 weeks may be
very detrimental to certain lots of cantaloups, and in no eveut should
storage for longer thun 2 weeks be attempted. The riper the canta-
loups are, the shorter the stornge period should be. Cantaloups
stored st 32° to 34° for 2 weeks showed no evidence of fuilure to ripen
properly after removal from storage.

Honey Dew melons can be held safely for 2 weeks at either 32° to
31° or 36° to 38° I, Storage for 3 or 4 weeks will undoubtedly result
in the development of either low-temperature breuk-down or clado-
sporium rot. The former predominates at the lower temperature
range and the latter ut the higher range.

With both cantaloups and Honey Dew melons an inspection should
be made of the stock in storage at frequent intervils.” At the same
time sample crates should be removed and held for observation after
standing several days at prevailing outdoor temperatures, This will
serve o indicate how the particular lots are reacting to storage and will
suggest the maximum advisable length of the storage period. Such
observation should include a favor test, inusmuch us both types of
melons tend to lose flavor the longer thew are held after arrival on the
market,

SUMMARY

The occurrence of peculiar surface blemishes on Honev Dew melons
removed from commercial cold-storage warehouses at New York,
N. Y, during the fall of 1031 prompted an investigation of the effects
nf cold storage on both Honey Dew melons and cantaloups grown in
Western States and shipped to market in relrigerator cars under stand-
ard refrigergtion.

Five storage tests were made with Hooey Dew melons and four
with cantaloups during the period 1031-33. The results of these
tests showed that Hopney Dew melons were snubject to a low-tempera-
ture break-down that occuired after 2 weeks' storage at 32° to 34° F.
and to a lesser extent at so.newhat bigher temperatures. Cantaloups,
however, were not subject to this storage disease. Neither type of
melon was found fo store well at temperatures shove 40° to 42°
because of the rapid development of decay.

A more detsiled study was made during the period 1934-36 of
melons in storage at three temperature ranges, namely, 32° to 34°,
36° to 38°, and 40° to 42° ¥. A range of 387 to 40° was ulso used in
a few tests. The investigation comprised 8§ tests with Honey Dew
melons in which 84 flats were used and 6 tests with cantaloups in
which 63 crates were used.

Low-temperature break-down wes again found to occur on Honey
Dew melons and not on cantaloups. It developed raost abundantly
at 32° to 34° F. but also to some extent st 36° to 38°. 1t did not de-
velop atb either 33° to 40° or 40° to 42°.  The discase is described and
lllustrated in considerahle detail.

Cladosporium rot, caused by Cladosporivm cucumerinum, was the
most 1mportant decay found on stored melons of either type. It is
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briefly described and illustrated and the relation between it and low-
temperature breal-down is discussed.

The results of the storage tests indicate that cantaloups removed
from refrigerstor cars can be held for 1 week or slightly longer at
32° to 34° F. Honey Dew melons, however, can be safely held for
2 weeks af either 32° to 34° or 36° to 38°, and longer storage may be
practicable with certain Jots. With both types of melons the effects
of storage will vary with the degree of ripeness, the riper ones decaying
more readily. Periodic examinations should be made of stored melons
g0 that they can be removed if any injurious effects of storage begin to
appear.

{1}
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