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A TENT FOR THE CONTROLLED .. 
ATMOSPHERE STORAGE OF APPLES 

By W. G. CHACE, JR., D. H. DEWEY, and I. ]. PFLUG 

A VINYL PLASTIC: FJLM tent was tested as a controllcd .... atmosphere 
cham her for the storage of apples, to determine if a Tcgular 

storage room co1.1ld be satisfactorilv converted to controlled-atmos~ 
,I 

phere 1.1ses without modification of the room structure and refrigera-
tion system. 

The tent was designed to provide the gaslight enclosure necessa1y 
for carbon dioxide and oxygen control of the abnosphr-:rc smroumling 
the fruit. It was installed for refrigeration by tlw jacketed system . 
whereby the storage contents are cooled by air circulation between 
the chamber walls and the insulated primary walls of the storage 
builcling. This system of refrigeration ·has been used for the cold stor
age of produce in the Netherlands (Van Hiele, 1951) and in Canada 
(Lentz and Rooke, 1957). 

TENT 

The tent, 1 with dimensions of 30 by 15 by 10 feet, was insta1led in 
a small insulated apple storage at the Vernon Bull Orchards near 
Casnovia, Michigan. The storage room, with dimensions of .'34.4 by 
19.5 by 11.8 feet ·and a capacity of 3,000 bushels, is refrigerated with 
watcr-dcfros l evaporators motmted near the ceiling at one side of the 
room. 

The unitized ceiling and walls of the tent were prefabricated of 
8 mil. ( .008 inch ) vinyl plastic filri1. One end was :fitted with inner 
metal and outer plastic slide fasteners so it could be opened to facili
tate loading and tmloading. · The bottom or floor of the tent was made 
of 12 mil. vinyl plastic film. No provision was made for air circulation 
bc-:neath the tent floor. J11e tent ceiling, however, was extended 
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beyond the f)nds and joined to the walls of the storage building to 
assme air movement across the ceiling and down and around the sides. · 

The tent was suspended from a wooden frame attached to the 
ceiHng of the storage room by 15 grorruneted holes in each of five tabs 
extenJing across the top side of the tent ceiling. These failed to give 
adequate support, and tabs were attached to the top edge o.f the walls 
to provide additional support. 

The sides were rolled up and held in place by wire hooks during 
loading (Fig. 1) to facilitate rapid removal o£ field heat from the fmi t. 
Field crates of apples . were loaded into the tent and supported on 
%-inch wooden stringers on the vinyl floor covering. 

Fig. 1. Tent installed in .~torage room with sides rolled up to facilitate 
loading and initial cooling. 
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A carbon air purifier unit of 6,000 bushels rated capacity was 
placed in the tent at the top of the stacked fruit to provide air circula
tion and to reduce the accumulation of undesirablf~ odors within the 
tent. 

When the .apples lmd cooled to · ahout 40° F., the sides were 
lowered into place. Plastic slide fasteners proved tmsuitable for 
.~ealing the .sides to the floor because the plastic lost elasticity at the 
.storage room temperature of 35 to 40° F. 

A seal was made by installing a water trough fonned with 2-by 
6-inch wooden planks placed on edge ahont 4 inches from the stacked 
crates. Tile trough was linccl with 1.5 mil. polyethylene film and 
sealed to the concrete floor at the edge of the plastic floor covering 
hy a bead of caulking compound. The lower edge of the sides was 
placed into the trough which was then filled with water. 

An atmosphere sampling tube and the outlet of the airhlowcr were 
attached to a 4-inch diameter sleeve which was incorporated into 
the loading end of the tent. The ahsorber inlet and retum tubes and 
the thermocouple leads entered the tent. through the water trough 
beneath the sides. 

FRUIT 

The tent was filled with 2,460 bushel crates of Mcintosh apples 
from the Bull Orchards on September 25 to 27, 1956. Experimental 
bushel samples of comparable fruit were made up hom 16 crates of 
i.he grower's apples. Fourteen were placed at predetermined positions 
selected to give a range of conditions within the tent dming storage 
(Fig. 2) . The other 2 bushels were placed in regular storage at 32 ° 
for comparison at th~ end of the storage season. 

The apples were removed from the tent on April 10, 1957, and 
solied for decay, carhon dioxide injmy, storage . scald, shrivel and 
other sm£acc disorders. Samples of 20 fruits from each of the 14 
bushel samples were evaluated for ground color with a· color chart 
(Southwick and Hurd, 1948), and fm· flesh firmness hy pressure test. 
Fifty fmits were examined for internal condition and eating quality. 

These examinations were repeated with equal quantities of apples 
which l1ad hccn held after removal from storage for a simulated 
marketing period of 10 days at 75° F. 
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Fig. 2. Diagram showing location of the experimental fruit ~amples aml 
thermocouples within the tent. Positions 5, 7 and 9 were beneath the refrigera
tion evaporators. The others and the air purifier were loented in the center plane, 
ABC D. 

OPERATION 

Recommended contro1led-atmosphere ( CA ) storage conditions for 
Mcintosh apples (Smock and Van Doren, 1941) of 38" F ., 5 percent 
carbon dioxide, and 3 percent oxygen were used. 

Thermocouples were installed to measure temperatures of the 
experimental samples of frnit in the storage and air temperatures 
outside the tent. 

The oxygen and carbon dioxide of the tent atmosphere were 
determined daily with an Orsat analyzer; Excess carbon dioxide 
was r~movcd by a remote caustic soda absorhcr; oxygen was supplied 
by adding onb~ide air ~rith a blower. 

Gas leakage tests of the tent were conducted at the end of the 
storage season using the method described by Pflug and Southwick, 
1954, with the exception that rur was metered out of the tent rather 
than into the storage. 

RESULTS 

Temperature Control 

Fruit temperatures, as determined by the thermocouples in the 
14 selected positions within the tent, varied widely from the desired · 
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Fig. 3. Fruit temperatures within the tent and air temperature outside the 
tent during the storage period. 

level of 38° F. The maximnm and minimum temperatures for the 
6%-month storage perjod (Fjg, 3) sl10w that a spread of 8 to 10 degrees 
occurred dUling the first 2 months. During this time, a malfunction 
in the thermostatic control caused unusually low temperatures of the 
supply air, and manual conb·ol was necessary. 

Under these conditions, the maximum temperature ranged 4 to 
5 degrees above the desired 38° F. This occurred in the bottom 
layer of fn_1it at the center of the room (Position 10, Fig. 2). Minimum 
temperatlrres during the early portion of the storage period occurred 
in fruit stacked near tlle tent walls, especially near the evaporators. 

When the temperature control system was repaired, the desired 
mean temperature for all positiom; was attained, and maximum and 
mil1.imum temperatures were held with in approximately 3 debrrees 
of the desired level. 

Apples at positions 11, 12, 13 and 14 in the tent (Fig. 2) had 
temperatures representative of the average temperature for all posi· 
tions. Frni t at positions 1, 2, 3 and 4, although similarly located in 
the opposite one-haH of the tent to positions 11 to 14, had tempera
tures about 2 degrees above the mean for all positions. 

An express.ion of tlu~ temperature conditions for the entire storage 
period was obtained by multiplying the daily mean temperature in 
degrees above or below 38° F . by the number of days in storage. 
(TI1cse values are represented in Fig. 5 for comparable conditions at 
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the 14 positions in the tent.) Generally, there were more positions 
showing a greater nU!Ilber of degree-days below 38° F. than above. 
This is in agreement with the average temperature plotted in Fig. 3. 

Atmosphere Control 

Fig. 4 gives the carbon dioxide and oxygen concenb:at ions of the 
tent atmosphere. The desired levels were r eadjly attained and easily 
held for the storage period. Gas analysis after sealing the tent showed 
an initial oxygen content of 18.6 percent and a reduction to the 
desired 3 percent within 10 days. 
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Fig. 4. Oxygen and carbon dioxide concentrations of the tent atmosphere, 

Although carbon dioxide absorption was started immediately, the 
ca1·hon dioxide level was 3 to 5 percent , instead of the 2.5 percent 
usually desired for the first 30 days of storage. Tiw sudden and large 
increases in oxygen and simultaneous smaller decreases in carbon 
dioxide in the second and third months of operation .resulted from 
inadvertently adding excessive quantities of outside a,ir. The subse- · 
quent reductions of oxygen were slightly slower than at first, requir
ing 6 days in the 11rst instance to yield a reduction of 9 percent, and 
13 days in the second· for a reduction of 15 percent. 
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TABLE I~Air leakage of tent and a CA-room 
sealed by sheet metal lining at several dif
ferential pressures 

Pressure Tent leakage Room leakage( a) 
(Inches of water) (cu. ft. per hr.) (cu. ft. per hi.) 

.os . 

.10 
.20 
.30 
.40 . 
• so 
.60 

24 
36 
54 
78 
93 

108 
126 

26 
49 
78 

111 
149 

(a) PHu1, r. J., and F. W. Southwick (1954) . Air Leakage in controlle d
atmosphere stornge. Agr. En~. 35 (4) : 6JS..6J7. 
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Adequate gastightness is also evidenced by the leakage data of 
Table 1. The tent was more gaslight than a metal-lined room tested 
in Massachusetts and reported (Pflug and Soti.thwick, 1954) to be 
satisfactorily tight for the CA-storage of Mcintosh apples. 

Fruit Quality 

Upon removal from the controJled-atmosphere in April, the apples 
were generally sound and of :fa ir market quality. There was excessive 
moisture accumulation on tlH'l fruit at the top of the stacks near the 
ceiling and in the crates near the sides of the tent. Although no 
apparent adverse c.ITccts on quality were apparent, these apples had 
to be dried hcfore handling over the grader in preparation for market. 
The crate .q near the :Hoor.were dry and the fruit showed considerable 
,qhriveJ. 

The occurrence of shrivel and brown core of the fruit npOTi removal 
from storage and the development of storage scald during the subse
quent holding period at 75°, together with a summation of storage 
temperatures for the various positions within the .tent, are illustrated 
in Fig. 5. 

Shrivel was severe in areas having high temperatures and directly 
beneath the air purifier (position 6, Fig. 2) where the temperature 
was generally below 38° F. Mter 10 days at 75° F., all fruit samples 
showed shrivel. 

Brown cm·e was the most seveie for CA-fruit having the largest 
numbers of degiee-days below 38° F. The simulated marketing period 





CONTROLLED-ATMOSPHERE STORAGI!: OF Al'PL£S 189 

At this time, 28 to 78 percent of the apple.q stored .in areas of high 
temperature (150 degree-days or more above 38° F.) were scalded. 
Scald avenlged 20 percent for apples from CA-storage and 100 percent 
for those from regular storage at 32° F. 

Carbon dioxide injm·y was observed on 1.1 percent of the fruit 
examined. Most iujmy occurred as clepres.~cd wrinkled areas, some
times light brown in color, on the nonblusllf:cl surface of tlw apples. 
Several instances of internal injury (cavities or vo ids in the fl esl1) 
were noted. Damage fro}n carbon dioxide could not be related to 
temperature conditions. 

Decay averaged 1.9 percent in the tent and 5.2 percent in regular 
storage at 32° F. at the end of the storage period. 

Ground color changes from green to yellow during and after 
storage were variable and showed no particular relationship to storage 
conditions. 

Flesh flrmness at harvest averaged 16.9 pounds. The average loss 
of pressure during storage in the tent amounted to 6.2 pounds, with 
an acldi.tionalloss of 1.5 pounds during the 10-day holding peliod of 
75° F. Although there was a greater tendency for fruit stored in 
the wannest . areas to soften, there was no clear-cut relationship of 
firmness to storage temperature. 

Flavor was mild ai)d slightly "carbonated" when the apples were 
taken from CA-storage, but it became more typical of the variety 
upon holding in normal air. The fruits were pleasingly edible in that 
they were c~·isp and juicy. Slight mealiness developed in all lots by 
the end of the 10-day marketing period. 

DISCUSSION 

The vinyl pla.~tic tent, although serving satisfactolily as a CA
chambcr for Mcintosh apples under conditions of this experiment, 
offered several problems of installation and operation. Improved 
tent design to give adequate support for overhead suspension is de
sirable. 

The water trough provided · an adequate seal of the tent walls to 
the floor, but it was probably more costly than the original slide 
fasteners supplied for this purpose. Possibly, the cost of the trough 
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would be balanced by elimination of the plastic floor covering; how
ever, a storage builJjng floor free of cracks or other . openings for gas 
leakage would be essential. 

Several factors contributed to the wide range h1 temp eratmes 
after the thennostat trouble was corrected. Air circulation within 

·the tent was obviously inadequate, since fruit stored near the ceiling 
and walls were 4 to 10 degrees lower in temperature than frnit stacked 
at the interior and near the floor. Smock atid Neubert (1950) recom
mend that two sides of each crate of ston:d apples should be exposed 
to a l-inch space for air ci.Iculation. Two to four inches of airspace 
at the floor is also desirable. 

The low space factor of 1.8 cuhie feet per crate .suggests a mini
mum of airspace, since at least 2.5 cubic feet for each bushel are 
usually considered essential in regttlar .'itorage (Marshall, 1951). 

It is also likely that relocation of the blower within the tent to 
assure positive air circulation near the :floor would help provide more 
uniform temperatures. 

The noninsulated concrete :Ooor of the storage served as a constant 
source o£ heat. Without au airspace between the hllilding floor and 
tent floor, there w~s no opportunity to prevent heat conduction into 
the room. Normally, jacketed rooms have space for the circulation 
of reftigerated air at all surfaces, including the floor (Lentz and Rooke, 
1957). Installation and loading problems made it desirable to elimi
nate a false floor in the design of the tent. 

According to prc~ent findings, it is plausible that a tent held at 
38° F. could be operated as part of a large room in which commodi
ties are also stored in a regular atmosphere at 32" F. Regardless of 
whether the tent is used in a separate room or in a room with other 
fmit, temperature measuring devices should be installed in fruit 
stacked near the walls and at the center of the load where the lowest 
and highest t emperatmes are likely to occur. 

The fruit should be cooled to the storage temperature by direct 
air circulation before closing the tent. If used for storage tempera·· 
tmes near 32° F., positive rur movement must be maintained within 
the tent and close attention must be given to avoid freezing drunage 
to the fruit. 

The rapid rate of oxygen reduction within the sealed tent · is at
tributed to the relative gastighh1ess of the tent and to the low space 
factor .of 1.8 cubic feet per bushel for the stored fruit. Using the 
data of Pflug and Dewey (1956), an allowable leakage rate of approxi-
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mately .04 air changes per 24 hours would have been pCimissible for 
the tent. 

Since the tent is flexible, differential pressures greater than 0.001 
or 0.002 inch are unlikely unle1~s it is severely inflated or deflated. 
Considering a differential of 0.002 and extrapolation of the data from 
Table l , the leakage rate would be about 0.017 air changes per day. 
This would have permitted satisfactory atmospheric control with a 
space factor up to 3.5 cubic feet per bushel. 

Many of the wide differences in quality of the stored fruit are 
attributable to variations in temperature axld air circulation within 
the tent. Excessive fruit shrivel near the floor and at the intelior 
of the tent was associated with high fruit temperatmcs and caused 
hy high vapor pressure differences between the apples and the tent 
atmosphere (Smock and Neubert, Ul50). 

Brown core is known as a low-temperature disorder, and storage 
temperatures of 36 to 40° F. are recommended for its prevention in 
Mcintosh apples, even in controlled atmospheres (Smock .and Van
Doren; 1941). 

The development of storage scald is retarclcd but not prevented 
·by CA-storage and high storage temperatures generally cause an 
earlier manifestation of scald than do lower temperatures (Rose, 
McColloch and Fisher., 19.'51). Fruit temperatures as low as 32° F. 
in the tent (Fig. 3), however, did not cause excessive carbon dioxide 
injury, even though they occnrred when the carbon dioxide was 
maintained at 5 percent (Smoek and Neubert, 1950). 

It is estimated that the apples were stored in controlled atmos
phere in this tent at a cost of about 24 cents per crate (busllel) over 
the cost of regular refrigerated storage. This includes the tent cost 
depreciated over 5 years, the additional equipment and power cost.~ 
fot· CA-storage, and tl1e loss in storage space due to the excessive 
airspace between the tent and the storage room walls. 

By using a larger tent, an additional 500 bushels of fruit could 
have been stored; however, wider spacing of the crates to facilitate 
better air circulation would balance the space gained by better de
signing of the tent to fit the storage room. Dahymple (1956) estimates 
that the cost of storing apples in permanent-type rooms in New York 
State is 18 to 40 cents more per bushel than in regular storage. 

SUMMARY AND CONCLUSIONS 

A vinyl plastic .film tent installed jn a commercial rehigeratecl 
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storage room se~·ved satisfactorily as a controlled-atmosphere storage 
chamber for 2,460 bushels of Mcintosh · apples for 6¥..: months. The 
jacketed system of refrigeration circulated cooled air over the ceiling 
and around the outside of tlw tent. A carbon air purifier provided 
air circu1ation within the tent. 

Although average fruit temperatures of approximately 38° F. were 
attained, variations of plus or minus 5 degrees were responsible · for 
quality depredation due to shriveling, susceptibility to storage scald, 
and the development of brown core. Effective development and 
regulation of 5 percent carbon dioxide and 3 percent oxygen were 
realized in the tent atmosphere. Good atmosphe1ie control was at
hibuted to the low leakage rate of tl1c tent and the small space factor 
provided for tl1c fruit. 

l11e estimated cost of CA-storage, in addition to that of r:egular 
refrigerated storage, was 24 cents per bushel for the fruit stored in 
this test. 

The results indicate that a tent can be satisfactorily used for the 
CA-storage of apples. It appears that its use should be limited to 
temporary storages, to conditim,1s where a sheet metal lining is lin
practical for providing the necessary gas seal, and to instaliations 
where large ·rooms are partitioned into several CA-chamhers. 
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