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JoNAmN IS THE MOST IMPORTANT variety of apples grown in Michi­
gan. Although widely accepted as an all-purpose apple, it has a rela­
tively short marketing season since its storage life is Hmited to 3 or 
4· months . . 

Storage at 32° F., which often extends the season for Jonathan 
apples to early February, is hazardous since the fruit is susceptible 
to soft scald (Fjg. 2). This physiological disorder develops less readily 
at 36° F. than at 32°; however, another disorder, Jonathan spot (Fig. 
1), may cause serious damage at the higher temperature. Jonathan 
spot becomes more widespread as the storage season progresses, so 
that the apples must be periodically inspected and moved into market 
channels before e..~cessive damage occurs. . 

Controlled-abnosphere storage should be useful in prolonging the 
storage life of Jonathan apples; however, its suitability to this variety 
has not been clearly established. 

Smock (1949) found that Jonathan apples grown in New York 
were damaged by carbon dioxide in controlled~a.tmosphcrc storage; 
whereas Plagge (1942) found that this variety in Iowa could 1Je stored 
in a high level of carbon dioxide without injury. Plagge and Fisher 
(1942) reported that Jonathan spot was controlled and ripening was 
delayed by this type of storage. 

In other countries, workers-for example, Van Heile (1951) in the 
Netherlands, Vickery, et al. (1951) and Hall {1955) in Australia, Rasmus­
sen (1951) in Denmark, and Phillips and Poapst (1952) and Fisher 
(1954) in Canada-report varying degrees of success in controlling 
Jonathan spot and prolonging the storage and market life of Jonathan 
apples by controlled-atmosphere storage. 
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Fig. 1. Jonathan spot on Jounthan apple. The spots are brown and usually 
confined to the skin. Fig. 2. Soft scald (or ribbon scald) on Jonathan apple. 
The nHected brownish and slightly sunken areas mny extend through the 
skin nnd into the flesh. Fig. 3. Section of Jonathan apple ·sho"ving internal 
or flesh injury caused by carbon dio~ide. The caYities or voids in tbe Rcsh 
·ncar the core are surrounded by dry, pithy and brown tissue. F ig. 4 . E x­
ternal or surface injury cnused by carbon dioxide and characterized by 
change of skin color from red to reddish-blue or b rown. 

The findings of Brooks and Harley (1934) indicate that ~hort ex­
posures of Jonathan apples to atmospheres containing relatively high 
concentrations of cat·bon dioxide (20 to 25 percent) before storage 
at 32 o F. will reduce or prevent the development of soft scald. 

In 1954, experiments were begun to study tbe response of Michi­
ga.n"grown Jonathan apples to various concentrations of carhon dio­
xide and oxygen at several temperatures. Controlled atmospheres were 
evaluated as a mean.s of maintaining quality for a longer period of 
time than is possible with regular cold storage. 
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METHODSANDMATE~S 

Apples harvested October a, 1954, from the university orchards, 
and September 29, 1955, from a commercial orchard near Almont, 
Michigan, were sorted and randomly separated into bushel lots. The 
fruit was of mixed sizes in 1954, but it was separated into diameter 
sizes of 2IA to 2lh inches and 2lh inches and larger in 1955. Two 
bushels of fruit were stored in closed metal drums ui which the at­
mo~'Pheres were adjusted to the desired levels of carbon dioxide and 
oxygen by ventilation with nitrogeJJ. gas and air . 

. The apples were stored at temperatures of 32°, 36" and 40° F. 
during the 1954-55 storage season and at 32° and 36° F. during 
1955-56. For the 1955-56 storage season, 38 bushels were also stored 
in each of tluee pilot-sized chambers in which the atmospheres were 
maintained by absorbing the excess carbon dioxide with sodium hy­
droxi,de, and by ventilating with air to add oxygen. The atmospheres 
and temperatures used were 7 percent carbon dioxide-14 percent 
oxygen at 32° to 34° F., and 5 percent carbon dioxide--S percent 
oxygen at 32° to 34o and sao F. In addition, control lots were stored 
in open crates and within folded polyethylene crate liners in regular 
storage at 32° F. 

Fruit exan1inai:ions at the end of the storage periods included 
measurements of flesh .firmness by a Taylor-Magness pressure tester, 
and counts of fruit with external injuries, internal injmies, internal 
hreakdown, soft scald and Jonathan spot. 

RESULTS 

Eating Quality 

1954-55: Apples stored in controJled atmospheres at 32° and 36° 
F. retained excellent condition and quaJity to the end of the storage 
period on May 2 (about 7 months). This was particularly true for . 
apples stored at 32° F. in either 2.5 percent or 5 percent carbon 
dioxide with 3 percent oxygen, at 36° F. in 7 percent carbon dioxide 
with 14 percent oxygen, and in 5 percent carbon dioxide with 3 per­
cent oxygen. These apples were practically free of mealiness and 
retained good flesh texture and flavor for 10 days at room tempera­
ture after removal from storage. 

Fruit stored at 32° and sao F . in normal air showed excessive 
loss of quality at 5'h months. Apples stored at 40° F. for this same 
period of time depreciated considerably in quality, regardless of the 
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ahnosphere employed. Many fruits showed mealiness and internal 
breakdown and had developed an old flavor, either upon removal 
from storage or after 10 days at room temperature. 

1955-50: Results of experiments using sealed 2-bushel chambers 
are listed in Tahle 1. · 

TABLE 1- Properties of Jonathan apples s tored 7 months in regular storage 
and controlled atmospheres: 1955-56 (averages for 2 bushels of apples) 

.. 

Atmosphere Normal 5% co. z.S % co1 7% co. n % co~ 5% C02 
air 3% o. 3 % 02 14% 0 , W% 0 , 115 % 02 

-- ·· - - - -- ··-

Temperature 32° F. 
..• - . . 

Properties 
Fle6h firmness 

(pressure, lb.) . . . . ... . 12 .8 14.8, 14 .4 14. 1 14.4 14 . 3 
Loss in pressure (lb.) •.. 7.1 5.1 5.5 5.8 5.5 5.6 
Jonathan spot(%) . • .. . . 60.9 0.3 2.2 o.o 0.0 0.4 
Soft scald(%) .•. . ,, • .. o.o 0. 0 0.0 0.0 0. 0 o.o 
Internal breakdown ( %) 6.2 0. 0 0 . 0 2 .5 1.9 2.8 
Carbon dioxide injury 

Surface (% ) • . . ... ... 0 . 0 0.0 o.o 3.3 o.o 7.2 
Flesh(% ) . .. . ..... .. 0.0 0.7 o.o 0.0 1.0 0.0 

Core browning( %) . . . .. 0.0 8 .6 5.0 22 .1 48.6 17.9 
--- -- - --- - -- ···- -- -..- ----

Temperature 36° F. 
.. -

Properties 
F lesh flnnness 

(pressure, lb.)., . .. . .• 13.0 14 .8 13 . 5 12.9 14 . 8 13.2 
Loss in pressure (lb.) . .• 6.9 5.1 6.4 7. 0 5 . 1 6.7 
Jonathan spot ( o/o) •• .•• 46.9 o.o 0 . 0 0.0 o.o 0.0 
Soft scald(%) ......... o.o 0.0 o.o 0.0 o.o 0.0 
Intern~~.! breakdown(%) 6.4 0 .0 o.o 6 .0 3 .2 6 . 8 
CUJ'bon dioxide injury 

Surface (%) . . ....... o.o o.o 0 . 0 12.2 IO.S 10 . 9 
Flesh(%) .. . ... .. ... o.o 1.5 0.7 5.0 1.5 o.o 

Core brownlng (%) .. . .. 0.0 3.6 4.3 3 .1 21.4 0.7 

- -· 

TI1e best retention of quality for 7 months of storage was attained 
with 2.5 or 5 percent carbon dioxide in combination '\rith 3 percent 
oxygen. The fruit under these conditions was fum and free of intern­
al breakdown. The smaller apples (2¥4 to 2¥.: inches in diameter) 
showed a slight amount of intemal breakdown after holding for 2 
weeks at room temperature; this breakdown was the least widespread 
in the apples that were stqred in 5 percent carbon dioxide with 3 per-
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cent oxygen at 32° F. After these treabnents, the market life of fruit 
2lh inches or larger in diameter was limited to less than 2 weeks be­
cause of the development of excessive breakdown and mealiness. 

Following the other treatments, the smaller-sized fruit varied from 
slightly to seliouslymealy after 2 weeks; the large fruit was tmmarket­
ablc in about 1 week. 

Differences in flesh finnness (as determined by pressure tests) were 
marked at 32° F., with the controlled-atmosphere fruit 1.3 to 2.0 
pounds more fhm than those from regular air at the end of the stor­
age period on April 27. 

Best quality retention for fruit stored in pilot-sized chamhers 
was attained in an atmosphere of 5 percent carbon dioxide and 3 per­
cent oxygen at 32° to 34° F. This is shown in Tahle 2 hy the lowest 
amount of internal breakdown and the smallest decrease in flesh finn­
ness at the end of the storage period. Storage at 32" F. in regular 
air was slightly better in retention of flesh firmness than either of the 
controlled atmospheres at 38° F . The finnest apples (5 percent C02 
with 3 percent 0 2 at 32° to 34° F.) were marketable for 1 to 2 weeks; 
whereas tllC others were unmarketable after 1 week due to the devel­
opment of mealiness and o:ff-fl.avor. 

Although slightly lacking in typical Jonathan fiavor upon removal 
from storage, all fruit in controlled atmospheres was crisp, juicy, 
and rated as highly acceptable for eating and cooking purposes. 

TABLE 2-Properties of Jonathan apples stored 7 months in regular storage 
and itl 38-bushel capaci ty controlled-atmosphere chambers.- 195S-S6 

...... 

Atmosphere Normal S% CO, 5% COz 'T% co. 
air 3 % 0 ! 3% o~ 14% 02 

---- - ·· 
Temperature 32" F. 32"- 34" F . 38" F. 38" F. 

---- ·- -- - ·--·--·- · 

Properties 
Flesh firmness (pressure, lb.) . . 14.2 15 .. 1 13 . '7 13.5 
Loss In pressure (lb.) . ...... • .. 5.7 4.8 6 .2 6.4 
Jonathan spot{%) .. .... ... ... . 61.3 0 .2 0. 2 0.0 
Soft scald(%). , .. •.. . •..• , ... 0.0 0.0 0 . 0 o.o 
Internal breakdown ( % ) ••. • •.. 13.4 1.8 3.5 5.2 
Carbon dioxide injury 

Surface(%) .... . _ ... .. ... _. 0.0 0.1 0 .0 3.3 
Fle5h ( %) .................. o.o 1.0 10.5 0 -5 

Core browning(%) ••• , . ......• 6.0 21.5 6 .0 9.0 
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Jonathan Spot 

1954-55: During the 1954-55 storage season, controlled atmos­
pheres proved highly helpful in preventing the development of Jona­
than spot. As shown jn Table 3, the percentage of fruit developing 
spot when stored to March 20 in regular air was excessive; little or 
none was found in atmospheres containing 2.5 percent or greater 
amounts of carbon dioxide. 

1955-56: Fruit stored in normal air at 32° and 36° F. showed 
60.9 and 46.9 percent, respectively, of the fruit to be affected by 
Jonathan spot at the time of removal from the storage chambers on 
April27 (see Table I). A slight amount of Jonathan spot was evident 
on the fruit in controlled atmospheres at 32° F. However, it was 

TABLE J-Percentage of Jonathan apples developing Jonathan spot, soft 
scald and carbon dioxide injury; 1954-55 (averages for Z bushels of 
apples) 

-

- ···· 

Treatment Temperature and date of enmination 
~--·-

StO'rage atmosphere 40° F. 30° F. 32° F. 
Carbon 
dioxide O~gen March 20 March20 M11y2 March 20 

-··· -· 
Jonathan. Spot 

0 .5 3.0 7 6 26 1 
2.5 3.0 0 1 1 0 
5.0 3.0 s 1 1 0 
7 .• 0 14.0 0 Q 0 0 

Non:no.l air JO 35 t 18 

Soft Scald 
o.s 3.0 0 0 0 0 
2.5 3.0 0 0 0 ot 
5.0 3 .0 0 0 0 0 
7.0 14.0 0 0 0 0 

Normal air 0 0 t 52 

Carbon Dioxide Injury 
0.5 3.0 0 0 0 
2.5 3.0 33* 0 0 
s.o 3.0 17* S* s• 
7.0 14,0 12* 0 0 

Normal air 0 0 t 

*Fieah IAiury molt1r at core uea. 
tll'rult dJieuded followfnr; March 20 o~<~minatlon. 
tSome ftult used for rcopil"lltion studlea developed aofl -ld (see par;e 69'1). 
IMoatly dleooloraliaa al skla. 

0 
0 
0 
0 
0 

MayZ 

28 
3 
0 
0 
t 

0 
ot 
0 
0 
t 

0 
0 
0 
8§ 
t 
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of minor extent and may have been present at the time of placement 
in storage. Similar results were obtained for fruit stored in pilot­
sh:ed chambers of 38 bushels capacity (see Table 2). 

Soft Scald 

1954-55: Controlled-atmosphere storage proved very effective in 
reducing the occunence of soft scald. The fmit was first examined 
December 15; at that time, only apples in storage at 32° F. in nom1al 
air sl1owed soft scald, with 34 percent of the fruit affected. By March 
20, 52 percent of the apples were affected. As shown in Table 3, all 
apples stored at 32° F . in controlled atmospheres and which had not 
been disturbed in storage between December 15 and March 20 re­
mained free of injmy. 

Curiously, several lots of £mit which had been removed from con­
trolled abnospheres for several days in February for respiration deter­
minations and tl1cn returned to the storage chambers developed soft 
scald. Injury was minor in one lot, but it amounted to 18 percent 
of thefruit in another lot which had been temporarily removed from 
the 2.5 percent carbon dioxide-S percent oxygen atmosphere. 

A marked reduction in the incidence of soft scald development 
at 32° F . was also observed in a companion test of apples stored in 
sealed phistic fihn iiners in individual storage containers of 1 bushel 
capacity. 

Fmit stored at 36° and 40" F. remained free of soft scald for the 
entire storage period (Tal)lc 3). 

1955-56: Soft scald was not a problem during the 1955-56 storage 
season; tlwrefore, the observed effects of controlled abnospheres in 
preventing this disorder the p.revious season were not confirmed. 

Carbon Dioxide Tolerance 

1954-55: Carbon dioxi~e injury occurred on Jonathan under the 
controlled-atmosphere conditions of this test. The injury was char­
acteriZed by the development of dry, pithy areas in the flesh and 
near the core of the fruit, together with large cavities or voids in 
the affected tissues (Fig. 3). Carbon dioxide injury also appeared as 
flesh-browning which began at the skin and -spread to various depths 
in the flesh. 

Tllere was no evidence of carbon dioxide injury when the fruit 
in the controlled-atmosphere chambers was first inspected on De-
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cember 15. This was al.so true on March 20 for fruit stored at 32° 
and 36° F., except for that stored in 5 percent carbon dioxide with 
3 percent oxygen at the latter temperature (Table 3). Flesh injuries 
of the vokl or cavity type amounted to 5 percen t at this time. Con­
siderable carhon dioxide injury of the flesh resulted from storage at 
40° F . to March 20 in atmospheres containing 2.5, 5, and 7 percent 
carbon dioxide. 

Storage to May 2 resulted in carhon dioxide injury in two cases 
(Table 3). At 32° F . in 7 percent earbon dioxide with 14 percent 
oxygen, 8 percent of the apples were in jured; of this amount, 3 per­
cent showed a necrotic condition of the epidennal tissues with prac­
tically no flesh discoloration. The other 5 percent showed snrface 
injury characterized by arJ extcmal darkening of the anthocyanins in 
the epidermis to a reddish-blue color (see Fig. 4). 

The fruit at 36" F. at 5 percent carbon dioxide-S percent oxygen 
had shown injury at the earlier inspP-ction; a slightly greater amount 
.of the same type of injury was evident at the final inspection. Hold­
ing the apples for 10 days at 70 to 75° F. after removal from storage 
die! not aliect the incidence or severity of damage. 

1955-56: As in the previous storage season, symptoms of carbon 
dioxide injury were less evident with storage at 32° F. than at higher 
temperatures. Complete freedom from injury in controlled atmos­
pheres occurred in 2.5 percent carbon dioxide with 3 percent oxygen 
at 32° F. (see Table 1). Apples in two otl1er atmospheres at this 
temperature, ll percent carbon dioxide-10 percent oxygen, and 5 
percfmt carbon dioxide--S percent oxygen, were practically (ree of 
surface injury, hut they showed a small quantity of flesh injury. 

there was no surface injury at the higher storage temperatures 
with either 2.5 or 5 percent carbon dioxide with 3 percent oxygen, 
hut internal jnjnry affected 0.7 lo 1.5 percent of these apples. All of 
the .damage was of minor extent; although the fruit was miDlarket ­
able, it was of edible quali ty in regard to :A esh texture and flavor. 

The external symptoms of damage caused by carbon dioxide were 
the development of bluish and brownish discolorations on the cpi­
delinis . Internal injury appeared as voids or cavities surrotmded by 
dry, browned tissue in the flesh, rath cr . than in the eore area as ob­
served the previous season. 

A sli~ht browning of the t issues at the core was noted for all con­
trolled-atmosphere treahnents and for regular air stora~e at 38" F. 
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This disorder was considered o£ minor importance in respect to mar~ 
ketability of the fruit and did 11ot develop further upon holding the 
fruit at room temperatures for 2 weeks. 

DISCUSSION AND SUMMARY 

An outstanding advantage of controiled~atrnosphere storage for 
Jonathan apples was the control of" two serious storage disorders, 
Jonathan spot and soft scald. Jonathan spot was widespread in regu­
lar storage during both seasons,- becoming prevalent after about 4 
months at .'36° F., and 7 months at 32° F. It was effectively con­
trolledat all temperatures (32° to 40° F.) in abnosphcrcs containing 
2.5 percent or highet concentrations of carbon dioxidP-. 

Soft scald was pracHcally climiJ:mtcd· hy the application .of. con­
trolled-atmosphere storage during the l m5'4.-.5.5 season when it occurred 
as a serious storage disorder. Forll1er tests must confinn this result, 
sirice soft scald was not a problem in 1955-56. However, the report 
of other workers (Hrooks and Harley, 1934) shows that increased levels 
of carbon dioxide inl1ibit soft scald development. 

. Satisfactory eating quality of the fruit was retained for 1 month~ 
in the two seasons tested. Decreased amounts of internal breakdown 
a~d a more £rm flesh texture upon removal from slorD;ge were char-
acteristic of controlled-atmosphere .fruit. · · 

Fnrthcnnore, apples from controJi~d atmosphe~·es subsequently 
remained free of mealiness at room temperatures longer than fruit 
which had been in rcgn.lar storage. Retention of good quality and 
condition for simulated m;u-ket periods of 2 weeks duration was noted. 

Fruit damage attributable to above-normal conc~ntrations of car­
hou dioxide wa.c; the only factor .limiting the success of controlled 
atmospheres for Jonathan apples. Low temperatures (32° F.) mini­
mized the amount of damage compared to higher storage tempera­
tures (3f) 0

, 38°, and 400 F.), and carbon dioxide levels of 2.5 percent 
caused less injury than higher concentrations. 

Best storage was attained in .5 percent carbon dioxide with 3 per­
cent oxygen at 32° F. Under these conditions, external and internal 
injury by carbon dioxide amounted to a maximum of 1.1 percent (Table 
2). This degree of injury, although undesirable, seemed of negligible 
importance when we consider the benefits of controlling Jonathan 
spot and soft scald and the rctC!ntion of eating quality. 

According to the present evidence, it is believed that JonathaH 
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apples can be stored advantageously from harvest to the following 
May in controlled abnospheres of 2.5 to 5 percent carbon dioxide and 
3 percent oxygen at 32° F. 
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