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INFLUENCE OF STORAGE TEMPERATURE AND 

HUMIDITY ON KEEPING QUALITIES OF 
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INTRODUCTION 

The purpose of the lllvestigations described and discussed herein 
as to study the physiological and pathological reactions of onions 
d onion sets stored under different controlled temperature and 

humidi~.onditions. 
OniQirs epresent one of the most important vegetable crops that 

'	 are store I xtensively during the fall and winter seasons. Although 
onions ar . grown in many of the Southern States the varieties pro
duced are not usually suitable for storage purposes, and they are 
therefore marketed for consumption immediately after harvest. On 
the other hand, the late varieties grown in the North and maturing 
in September and October may be stored successfully for considerable 
periods of time. The principal districts in tho North where onions 
are grown and stered in commercial quantities include the muck de
posits of New York, Michigan, Ohio, Indiana, and Minnesota. In 
many other Northern States they are produced and stored on a 
smaller scale f01' home or local supply. 

I Senior physIolOgist, Division of Sugar PJ~nt Investigations, Bureau of Plant Industry. 
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USUAL METHODS OF ONION STORAGE 

The bulk of the onions grown in the States mentioned includes the 
varieties classified within the globe-type group, which constitute the 
so-called "good keepers." Outside of this belt, States in which 

'J onions are stored in large conunercial quantities are Colorado, Idaho, 
and Oregon. The onions that are stored in these Western States are 
principally of the Spanish type, usually known as Valencias. 

Perhaps three-fourths of the conunercial-storage onions are held in 
conunon storage in the particular sections in which they are grown. 
"Conunon storage" refers to the storage of products in suitably , .~ 
insulated buildings in which the temperature is largely governed by 
weather conditions but where extremes of temperature can uRually 
be modified by manipulation of the ventilating syste~. By judicious 
management of the conunon-storage house, the wmter supply of 
northern-grown onions usually can be kept in good condition until 
'about the first o~ March. For satisfactory holding after this date 
onions usually mlis'l; be placed in cold storage. In genernl about one
fourth of the crop of storage onions is put directly into commercial 
cold storage where the temperature is mechanically maintained au 
about 32° F. These onions are customarily sorted and graded after 
being cured, and are then put into sacks in which they are subsequently 
marketed. 

As is well known, success in holding onions in stora~e depends ')n 
employing late-maturing varieties harvested when suffiCIently mature; 
on careful handling during harvesting, curing, and storing; and on 
having the onions thoroughly cured when stored. The principal object 
in having these onions mature late is tha,t they ma,y not bo ready for 
storage before October or early November, when the night tempera
tures are low enough to keep the storage houses cooL 

When onions are to be put in common storage they usually are cured 
in the field: 1 slat crates holding about a bushel, in which they are 
stacked in ~ Irs and covered to shed the rain. They Ilre then topped, 
if tIllS has hut already been done before curing, and sorted to remove 
all thick or bottle-necked specimens, and those known as splits or 
doubles, which keep poorly. The sorted onions are then usually put 
back into the field crates, and these are stacked in the storage room. 
One-inch-thick strips should be placed over each layer of crates in (
order to separate them and to hold the tiers apart sufficiently to , 
permit air circulation over and under each crate, while a space of 
aboll t 1 foot should be left clear next to the walls of the building for the 
same purpose. When removed for marketing the onions nre again 
sorted, graded, and sacked for shipment. 

The storage-house walls and roof should be insulated sufficiently 
to protect the onions from freezing. During severe winter weather 
some heat may be necessary. Usually concrete floors are preferred, 
since less moisture from the soil will ~et into the storage atmosphere. 
In addition to ventilators in the roof, Inlet ventilators in the walls near 
the floor and windows near the eaves are also most desirable to insure 
the maximum amount of air change. In this way it is possible to 
take advantage of the cool night air during the fall or in mild winter 
weather and to maintain the inside air as dryas possible by ventilation 
during dry weather, when the outside-air tempera.ture is not low 
enough to freeze the onions, 

" 
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Onion sets are cured and held. in common storage in practically the 
same manner as large onions, except that they are handled in shallow 
slat-bottom crates about 3 feet square and 4 inches aeep, with corner 
posts extending about 4 inches above the sides so that air can cir
culate between the crates when they are stacked. Sometimes sets are 
treated further, after the usual curing and before going into storage, 
by passing through them a stream of air heated to 80° or 90° F. for a 
period of 5 to 6 hours. By thoroughly drying the necks this treatment 
is reported to reduce considerably the amount of neck rot. When 
ready for shipment the sets are cleaned again by passing them through 
a strong draft of air before they are sacked. 

PREVIOUS INVESTIGATIONS 

Practical methods for the handling and storing of onions have been 
well described by various writers (1, 4V The usual storage temper
ature recommended is about 32° F., or slightly above the freezing 
point, with a low rela,tive humidity. The average freezing point of 
cured onions is given by Wright and Taylor (8) as 30.09°. While this 
is the temperature at which freezing of the tissue is likely to occur, it 
is common opinion that slight freezing does not injure onions pro
vided they are thawed out slowly and kept dry. One writer ('I') 
reports that onions carried for 6 months at 25° and then carefully 
thawed were entirely satisfactory and marketable. A storage tem
perature of 32° is usually considered best for onion sets, since the 
development of decay is less rapid than at higher temperatures and 
also be(;~use it is thought that the subsequent production of seed 
stalks is minimized. This view is supported by the work of Boswell 
(2) and Jones (3), who found that mother bulbs stored at the lower 
temperatures tend to produce fewer seed stalks tlum those stored at 
higher temperatures. The work of Boswell clearly showed further .. that a storage temperature of 32° prevented practically all sprouting, 
whereas at 40° and at 50° increasing numbers of sprouting onions 
were found. 

Probably the most serious storage disease of onions is the one 
commonly known as Botrytis neck rot. Three types of this disease 
produced by three species of Botrytu (B. allii Munn, B. byssoidea 
Walker, and B. squamosa Walker) are described by Walker (6). 
These fungi. usually enter through the neck or through mechanical 
wounds when the bulbs are not well dried. The importance of 
thorough curing or drying and the careful sorting out of all wounded 
bulbs and all thick-necked specimens that are difficult to dry cannot 
be overemphasized as prerequisites to successful storage. Walker (5) 
has demonstrated that neck rot can be controlled by artificial curing 
or drying. 

FACTORS INVOLVED IN SUCCESSFUL STORAGE 

Some of the .factors affecting the successful storage of onions, as 
recognized by well-informed growers, are soil, cultural methods, 
weather, degree of maturity, method of handling, and storage temper
ature and humidity. Onions grown in certain general localities keep 
consistently better than those grown in other localities, doubtless 
owing to soil and climatic adaptability and accounting in large 

• Italic numbers in parentheses refer t.o Littlrature Cited. p.37. 
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measure for the segregation of onion-producing areas. The widely 
different soil types of individual farms may also greatly influence the 
keeping qualities of the onions produced. Satisfactory development 
in the field is influenced by the weather, by the prevalence of disease 
or insect pests, and, of course, by the care gIven by the grQwer. 
Suitable weather is as important during the curing period as during 
the growing season. When dug, onions should not be immature or 
overmature. After harvest, onions should be handled with as few 
operations as possible to avoid injury and the consequent spread of 
diseases in storage. 

MATERIAL AND METHODS 

The experimental work described in this bulletin was carried on at 
the storage laboratory at Arlington Experiment Farm, near Wash
ington, D. C., during the period 1925-31. 

During these investigations the varieties of onions studied were all 
grown in commercial onion-producing sections of this country and in 
most instances were procured on the local Washington market. 
Purchases were made early enough in the season to insure the onions 
had not previously been in storage and yet late enough to obtain in 
most instances well-matured stock that. was suitable for storage from 
a commercial standpoint. Care was always taken to obtain lots that 
had just arrived, to eliminate as much as possible the effects of various 
conditions on the market. 

Unless otherwise stated all results given herein are based on actual 
counts rather than on weight. 

VARIETIES STUDIED 

The varieties studied include the Ohio Yellow Globe, Southport 
-White Globe, Valencia or Denia, Bermuda, and three varieties of sets, 
namely, Yellow Strasburg, White Portugal, and Red Wethersfield. • 
These varieties will be discussed in the order given. 

STORAGE CONDITIONS 

The desired temperature and humidity conditions were obtained by 
storing the onions in nine galvanized-Iron chambers approximately 
3 feet 6 inches in length, 2 feet 11 inches in width, and 3 feet 4 inches 
in height. Three of each of these chambers were installed in storage 
rooms maintained constantly- at temperatures of 32°, 40°, and 50° F. 
Because of the free conductIvity of the thin metal walls, the temper
ature of each group of chambers closely approximated that of the 
storage room in which the chambers were located. Desired humid
ities were manually controlled by exposing different quanti.ties of 
calcium chloride or water in large shallow pans under slatted false 
floors in each chamber. Air circulation was Elupplied in each group 
of chambers by small fans driven from a line shaft operated by a 
motor. In the door of each chamber was a small glass window through 
which wet- and dry-bulb thermometers, directly-in line with the draft 
from the fan, could be read. Distilled water was supplied to the wet 
bulb by a cotton wick extending from a small bottle supported just 
below the thermometer. 

During the seasons of 1925-26 and 1926-27, low, medium, and high 
relative humidities in each group of chambers at each storage tem
perature were arbitrarily maintained at approximately 65, 80, and 
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90 percent. At the beginning of the 1927-28 season it was decided 
to adjust the relative humidities in the respective groups of chambers 
so that there would exist a comparable relative evaporating efficiency 
in the corresponding low, medium, and high humidities at each of the 
temperatures used. With the lowest humidity readily obtained at 
32° F. as a basis, the other humidities were determined by calculation 
and were maintained as nearly constant as possible by the method of 
control already described. The calculated humidities, with compar
able saturation deficits, are given in table 1. This arrangement of 
humidities was followed (luring the rest of the investigation. 

TABLE I.-Calculated humiditics, with corrcsponding saturation deficits at 32°, 
40°, and 50° F., to be maintained as nearly as possible in the storage cham/JeTS 

Saturation Saturation Saturntion 
Lo,,' deficit lIIedlum deficit High deficit 

Storage temperature (OF.) relative (vapor relative (vapor relative (\,npor
humidity pressure) humidity pressure) humidity pressure)

In mercury In mercury In mercury 

Percent Inch Percent Inch Percent Inch32._._ ._... ___ •____ • ________ ._. _____ 
40. __ .•________•__ .•• __ ._._____ ••• _._ 64.0 } 79.0 } 89.0 }

i2.9 0.007 { 85.0 O.03i { 93.• 1 0.016so......______ . ________ .... ____ ,.•_._ 81.0 89.0 98.0 

YELLOW GLOBE 

SEASON OF 1925-26 

Two lots of N ew York-grown stock were studied during the season 
of 1025-26. The onions of lot 1 were selected and purchased from a 
drying shed in the field and, being well-matured and dry, they were 
bagged and eA"Pressed direct to the laboratory at Arlington EA-peri
ment Farm. They arrived on November 1 and because of delay in 
the preparation of certain equipment they were put temporarily in 
storage at 40° F. with a relative humidity of 80 percent. On Novem
ber 11 the onions were removed to the workroom, where all sprouted, 
decayed, misshapen, and injured specimens were discarded. After 
the contents of all the bags had been thoroughly mb.:ed together to 
obtain uniformity, nine I-bushel slat crates were filled and 1 was 
stored in each of the special chambers. 

Lot 2 was purchased on November 11 on the Washington market. 
This lot was taken directly from a car that had just arrived from 
central New York, and although only of fair size the onions were 
selected because they were rather damp and not well cured. To 
dry off the surface moisture the onions were emptied into slat bushel 
crates and stacked in an airy location in the workroom., where the 
windows and doors remained open during the daytime. On Novem
ber 18 the onions were sorted and mixed in the same manner as lot 
1 and stored in the same chambers in slat crates. 

Both lots were inspected on January 7 and February 16 to deter
mine the actual numbers of specimens remaining dormant Rnd those 
showing sprouts or top growth, roots, and decay. All specimens 
showing both sprouts and roots were classed as sprouted. In this 
connection it is desired to point out that among dealers, sprouted 
onions are discounted more than rooted onions, since sprouted oni'.}ns 
are usually soft and not usable, whereas rooted onions are usually 
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relatively firm and the roots readily rub off in handling. After each 
inspection only the sound dormant specimens were returned to the 
storage chambers. The results of the inspections, as shown in table 
2, are expressed in percentages and are cumulative 01' progressive; 
th'itt is, the results of each inspection are combined with those of the 
preceding one. 

T_-\BLE 2.-Conditions found in Yellow Globe onions (seasons of 1925-26 and 
1926-27) after storage for various periods at 32°,40°, and 50° F., with low (65 
percent), medium (80 percent), and high (90 percent) relative hu.midities at each 
temperature 

I 	 ('nndltlon nfter storage nt indIcated temperature 
...-...-.~ 

0 
I 	 I i 

c: I 	 32· }" 40· F. 50· F. 
~ "" c Relative 
.E humidity'l .., 

c 	 ;:; ... ., '" '" '" eo " '" :;" 'g '" " '" ~ ... g '" :; 
'g

" ... c E "0 '"5 ~ "0 5 " a '"2i '" !i 0 0 Co 
e 

0 c 8 " ~ 0 
5 

0Co ,... ~ 0 

>< rn A en ~ IA" 0 OIl c:: " A en c:: AH 

1925-26 

1_____ DaV8 Pct. Pel. Pct. Pct. Pct. pCI.1 Pc/. Pcl. Pcl. Pct. Pct. Pel.
Lo\\' .• _____ .57 99.2 0.0 0.4 0.4 92. I 4.8 O. 9 2.2 n4.0 a.7 1.4 0.9Mediulll ____ 96.4 .4 0 3.2 92.9 :J.9 .8 2.4 93.2 2.0 2.0 2.8High_____ • __ 93. I 2.1 2.2 2.6 89.2 3. a 3.8 3.7 82.2 6.9 4.4 6.5 

La" _. ____ ._97 97.7 0 .4 1.9 83.3 10.5 .9 5.3 86.6 9.2 1.4 2.8lIIedium ____ 94.6 .4 0 5.0 85.8 7.4 3.2 3.6 86.0 6.0 2.0 0.0
High__ ••• __ • 85.3 2.8 7.8 4.1 49.2 9.6 36.8 4.4 45. 9 16.7 18.9 18.5 
Low. _______2__ . ___ 50 79. i .3 9.4 10.0 68.4 4.9 16.6 10. I 42.9 8.6 25.5 23. o
Medium ___ • 79.3 .5 4.3 15.9 66. I 2.1 29.2 2.6 55.4 5.1 26.6 12.9
High_____... 45.4 2.4 30.6 15.6 32.4 7.5 49.5 10.6 35.2 3.5 49.3 12. 0 

90 	 Low_ ...._.. 71. 4 .6 II. 7 10.3 SO. 7 8.1 25.9 15.3 26.9 15.6 30.0 27.5 
1IIedium.... 65.1 .5 13.7 20.7 43.0 4.7 39.2 13.1 41.0 10.7 27.9 20.4 
High........ 17.0 2.4 56.3 24.3 8.4 8.9 69.0 13.7 13.7 5.2 63.5 17.6 

1926-27 

3...... 32 	 Low.._..... 100.0 0 0 0 99.6 0 0 .4 100:0 0 0 0 
Medium .... 100.0 0 0 0 99.2 0 .8 0 9S.9 .7 .4 0 
High...__ ... 97.0 0 2.6 .4 78.3 .4 21. 3 0 91.0 .7 8.0 ..3 

94 	 Lo\\·....... _100.0 0 0 0 98.7 .4 0 .9 99.3 .7 0 0 
Medium.... 100.0 0 0 0 90.0 .8 3.2 0 97.4 1.1 1.1 .4 
High...__ ... 95.3 0 3.5 1.2 77.1 .4 22.1 .4 50.7 2.4 40.6 .3 

4••• ,._ 32 	 Low........ 98.2 0 0 1.8 99.2 .4 0 .4 95.3 1.4 0 3. 
Medium.... 97.5 .4 0 2.1 90.5 2.2 .4 .9 94.6 1.8 .9 2.,
High..__ .. __ 97.6 1.4 .5 .5 86.9 2.4 5.7 5.0 87.2 0 10.0 2. 

94 	 Low..._._ .. 82.9 .5 .5 10. I 80. I . 9 0 13.0 79.9 3.7 0 16. 
Medium.... 83.1 .9 0 16.0 82.4 3.2 .4 H.O 73.5 2.4 2.4 21. I 
lligh__...... 88.3 1.4 .5 9.8 69.0 5.0 0.0 19./ 58.2 3.6 22.5 15. I 

Low. __ . ____5_- ... _- 57 9i. Co 0 0 2.4 95.2 2.4 0 2.4 94.4 4.8 0 8
Medium ____ 94.7 .9 0 4.4 84.8 5.0 4.8 4.8 54.8 15.6 17.8 11. 8Hlgh.. ______ 90.5 .0 1.6 7.9 75.0 8.1 15.3 1.6 52.2 0 38.0 8. 9 

l1i Low_. ____ •• 93.0 I. i 0 5.3 58.3 10.4 27.0 4.3 66.1 32.2 0 I.
Medium.. _. 88.2 2.0 ·1.9 4.0 39.4 18.6 3·1. 7 7.3 30.4 29.7 22.2 17. ,High________ 41. 9 0 47.0 11.1 32.4 28.1 31.8 7.0 it 1 20.3 63.7 8. 9 

SEASON OF 1926-27 

During the storage season of 1926-27, 3 lots of onions were studied, 
2 of which were grown in the Middle West and 1 in the Northeast. 
The first 2 of these, referred to as lots 3 n.nd 4, were midwestern- and 
eastern-grown, respectively, and were purchased on the local market 
October 16 and left in the workroont at Arlington Ex--periment Farm 
to dry off until October 18, when the onions of each variety were 
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sorted, thoroughly mixed, and apportioned into 18 slai' crates holding 
a bushel each. Crate lots were put in storage in each of the nine 
temperature and humidity chambers already described. These were 
inspected on November 19 and January 20, and the results are 
recorded in table 2. 

On November 23 another lot of midwestern-grown onions was pur
chased on the market and left in the workroom until the following 
day, when it was sorted, mixed, and stored similarly to the two other 
lots. This will be known as lot 5. Inspections of these onions were 
made on January 20 and March 21, and the results a,re shown in 
table 2. 

RESUL'l'S FOR SEASONS 01<' 1925-26 AND 1926-21 

The results for the seasons of 1925-26 and 1926-27 are discussed 
separately from results obtained subsequently, because of the change 
in the a.djustments of humidity relations in the later work. 

A marked difference was seen in the keeping qualities of lots 1 and 
2 (table 2). The superiority of lot 1 nllty be attributed to the fact 
that the bulbs were more mature when stored. After the inspection 
on Februa,ry 16, lot 2 stored at the high humidities was discarded, 
since most of the onions had rooted and only a few dormant speci
mens were left. Figure 1 shows the average results after approxi
mately 3 months' storage for the 5 lots of Yellow Globe onions 
studied during this time. A general study of these results shows the 
importance of both low temperature and low humidity in keeping 
onions dormant. 

Dormancy.-In general the number of dormant onions remaining 
at each inspection showed a marked decrease at all temperatures as 
the humidity increased, and also ii, decrease as the temperature 
increased. 

Sprouting.-;-Humidity did not seem to influence sprouting or top 
growth conSIstently. On the other hand there was an apparent 
general increase in sprouting at the two higher temperatures. 

Rooting.-Root growth quite definitely increased at all storage 
temperatures as the humidity was increased, but there was no appar
ent relation to temperature except at the high humidity. 

Decay.-Contrary to what might be, expected, no consistent rela
tion WIlS found in the amount of decay, under the different storage 
conditions, to either temperature or humidity. 

Loss in weight.-In table 3 is shown the progressive loss in weight 
in the sublots of lot 3 (midwestern) onions, which were not inspected 
but were weighed at certain periods during storage. This loss in 
weight, e:\'})ressed in percentage, includes both the loss in water and 
in carbon dioxide given off through respiration activities. At aU 
temperatures the loss decreased slightly as the humidities increased, 
as would be e:\'})ected. The increasing loss as the storage tempera
tures increased can probably be e:\'})lained as due to incrensing trans
piration and respiration. 
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TABLE 3.-Cumulative /08S in weight in midwestern onions during storage, season of 
1926-27 

Loss in weight nt indl· I,oss in woight nt indio 
Storage cated humidity Storage cntCd humidity

lem· tem·Weighing dnte Weighing date perno pera· 
ture Medl· ture Medi·Lo,,' High Low Highlim 11m 

01;\ PeTcent. PeTcent Percent o P. Percent Percent Percent 
Oct. 18•••••••••• } 0.00 0.00 0.00 Oct. 18•• _._ ••••• } 0.00 0.00 0.00 
Nov. 22•••••••••• 1.16 .99 .23 Nov. 22.••••• __ •. 2.13 1.53 1.16

32 { 50 {Feb. 2••••••••••• 2.97 2.63 .87 Feb. 2........... 5.18 4.07 3.27 
l\for.23.......... 4.97 4.39 2.93 Mar. 23...__ •• __ • S.23 7.00 5.94 
Oct. 18.. ____ .... } 0 0 0Nov. 22____• _____ 1. SO 1.57 1.2440 

Mor.23.......__ 6.7S 6.44 5.25 

Feb. 2. __••• ____ • {4.35 4.13 2.06 

SEASON OF 1927-28 

In the season of 1927-28 also, eastern- and midwestern-grown onions 
were selected, since it was desired to study each season onions grown 
under different climatic conditions. :Midwestern onions designated as 
lot 1, which were secured on the \Vashington mnrket on November 12, 
were well matured and dry. The following day they were sorted 
and mixed as usual, and duplicate lots were put into bushel slat crates 
and stored at 32°, 40°, and 50° F. However, as has been pointed 
out, the humidities in aU the chambers were adjusted so that the 
same approximate saturation deficit would exist in corresponding 
chambers a,t the different temperatures (table 1). In addition to 
the chamber lots, eighteen IOO-pound sacks of sorted and well-mb.:ed 
onions were evenly divided and stacked in two rooms held at 32°, in 
order to compare onions stored in crates with those in sacks at both 
low and high humidities. The relative humidit,y of these rooms was 
maintained at apprmd.mately 60 and 90 percent, respectively. 

The eastern-grown onions, designated as lot 2, were secured in 
Washin~ton November 19 and taken direct from the railroad car in 
which they were shipped; being damp and not well cured, they were 
sorted and allowed to stand in crates in an airy location at Arlington 
Experiment Farm until November 23. On this date duplicate half
bushel hamper lots were put in storage in the control chambers, while 
the rest of the purchase WfiS put into eight I-bushel slat crates and 
ten IOO-pound bags and divided between the 32° F. high (90 percent) 
and low (60 percent) humidity rooms in which the mid-western 
oDions were stored. 

Inspections were made on the lots of onions in the control chambers 
on January 9 and :MfiTch 12, and the results are shown in table 4. 
Practically all of the midwestern-grown onions remained dormant 
except those in the high-hull1idity room held at 50° F., where con
siderable rooting occurred. The eastern-grown onions, on the other 
hand, showed somewhat more sprouting and root growth and con
siderably more decay, owing perhaps to less favorable climatic con
ditions for thorough curing. 

The average temperature and humidity conditions actually main
tained in the storage chambers for this season, as well as the succeed
ing seasons, are shown in table 5. 
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TABLE 4.-Conditionsfound in Yellow Globe onions (seasons of 1927-28,1928-29, and 1929-30) after storage for various periods at 32°, 40°, I-' 
and 50° F., with low, medium, and high relative humidities having comparable saturation deficits (0.067,0.037, and 0.016 inch of mercury, o 
respectively) 

~ Storage conditions Keeping qualities oC onions in indicated condition Decay summary 
~ 

StorngeYear and lot no. 	 Dormant Sprouted Totalloss ~ period 	 RootedTern· in weight 
peru· Relative hUlllidity ---,---- -----,,-------,----INeck rot TotalOther 
ture 	 decay ~ Souud IDecayed 1 Soum! 1Decayed 1 Sound 1Decayed

1---1 1----1----1----1----1--__1____' ____,____,____,____ t:d 
1927-28 

Dov. o ji'. Percent Percent Percent Percent Perctml Percellt Percent Percent Percent I Percent1 (mid\~estern)_•. ___ .1 57 321 Low___.••_._._..••.•_.•_.•.••••_ ]00.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
lvledium•••.••..• _. _••..••••• _•. _ 	 99.5 .5 o o o o .5 o .5 i]00.0 o o o o o o o o

40 1r~~~l:====::==::=::::~===::::::::: 100.0 o o o o o o o o z 
Medium ••.••••.••••.•.."'" ••• _ 	 99.5 .5 o o o o .5 o .5 ,;..100.0 o o o o o o o o -l 

50 I r~~~::==::::=:::::::::::::::=:::: 00.5 .5 o o o o o .5 .5 en 
Mediwn_ ••••.••••_•••••..•..•.•• 	 99.5 o .5 o o o o o ()

97.5 .5 .5 o 1.5 o .5 o109 32 I r~~~:::::=:::::::::::::::::::::: ]00.0 o o o o o o o O· 51····--:i~25 9 
Medium•••..••••••.•..•_••...•.. 99.5 .5 o o o o .5 o .5 2.51 Ul

100.0 o o o o o o o o 1.32
40 I ~~::::::::::::::::::::::::::::: 100.0 o o o o o o o o 3.75 t:1Medium•...•••••.•.••_•••.._.•.• 100.0 o o o o o o o o 3.23 t:J91.5 o o o 8.5 o o o o 1.09
50 I f.;~~:==:::::::::::::::::::::::::: 99.5 .5 o o o o o .5 .5 3.62Medium ___ •. __ .•_. __"'___ •• _." 	 98.5 1.0 .5 o o o .6 .4 1 2. 32 ~ 

-18.0 2.1 .5 o 49.-1 o 2.1 o 2.1 2.042 (eastem)•••._._.•.•J 47 32 I r~~~::::::::::::::::::::::::::::: 100.0 o o o o o o o o ~ :Medium.• _..• __ •..•.•••. _••.. __ _ 	 95.0 3.7 o 1.3 o o 5.0 5.0o 
92.8 7.2 o o o o 4.3 2.9 7.2 >40 I r~~::::::·::::::::::::::::::::::: 90.0 5. i 4.3 o o o 2.9 2.8 5.77 • .fediuru ___ ~ ___ ~ .. ~_ ........... _..... ___ .. 
 91.4 7.2 1.4 o o o 4.3 2.9 7.2 
90.1 6.5 1.7 1.7 o o 4.8 3.4 8.2 

&11 f~~~:::::::::::::::==:::=:::::=:: 79.5 13.5 o o 4.1 2.9 13.7 2.7 16.4 ~ 
.Mediulll_ •.. _._._ •.•. _.•._••___ . 79.5 8.2 5.5 6.8 o o 11.0 4.0 15.0 c:l 

no 7.2 2.9 7.2 2.9 2.8 11.6 5.6110 32 I ~~~__:::::::::::::::::::::::::::: 88.3 11.7 o o o o 9.1 	 ~ 2.6l\-fedium. ___ .•• ' ___ .•. __•••_•.••• 	 if:? 1-···-·5~iii c:l76. ;- 20. Ii 1.4 1.4 o o 20.5 1.4 21.9 3.95
72. 5 27.5 o 	 ~o o o 24.8 2.7 27.5 2.06

40 I r~~,!~:::::::::::::::::::::::::::: 68.3 20.1 5.8 5.8 o o 21.8 4.1 25.9 6.29 t:J 



1928-29 I 
3 (midwestern)_______ 

4 (eastern). __•________ , 

I 
751 

1171 

581 

100 1 

Medium_________________________ 
High_____________________________ 

50 1 Low_____________________________ 
l\fedium_________________________ 
High_____________________________ 

32 
Low___________________ . _________ 
Medium _________________ •_______ 
High___________________________ ._ 

40 
Low______. ___________________ •. 
:Medium_________________________ 

50 I ~~:.:_~====::=::::::::=:=:::::::::Medium___ •_____________________ 

32 1 ~~.:_::::=:::::::::::::::::::::::Medium _________________________ 

40 1 f~~.:_~::::::::::::::::::::=::::::Medium ________________________ • 

50 1 ~~.:_::::::::::::::::==::::::::::
Medium ___ ._•••______ ......... __ 

32 1 ~~?.:_::=:::::::::::::::::::::::::Medium _____________________ •.• _ 

40 1 ~~.:_:==:::==:::::::::::::=:::::::Medimn._______________________ • 

50 1 ~~.:_::=====:=:===::=:=:::::::=::Medium___________ .__________• __ 

32 1 ~~.:_:::::::=:::::=:::::==:==:::::Medium_________________________ 

40 1 ~~.:_:=::::=:::=:::::==:::::::::::Medium_________________________ 

50 1 ~~.:_::::::::::::::::=::::::::=:::Medium. ______________________ ._ 
High_____________________________ 

65.3 
53.1 
48.0 
50.7 
2i.6 

100.0 
96.0 

100.0 
99.4 
9S.6 
83.3 
92. 3 
S9.S 
70.6 

100.0 
96.0 
88.6 
98. L 
96.5 
58.0 
78.4 
73.6 
32.0 
98. 3 
95.0 
98.0 
77.6 
75.S 
62. 9 
53.6 
49.8 
31.5 
95.4 
88.2 
84.0 
65.0 
66.0 
29.0 
34.8 
29.0 
14.2 

2:1.2 
17.7 
17.8 
24.1 
14.5 

0 
2.0 
0 
0 
0 
0 
0 
.6 
.6 

0 
2.0 
1.3 
0 
1.4 
.6 

0 
.6 

2.0 
.4 

0 
.5 

0 
.6 

2.0 
1.3 
1.6 
2.5 
1.4 
0 
.6 

0 
0 
4.0 
1.2 
2.4 
2.5 

5.8 
1.9 
8.2 

13.7 
18. 7 

0 
2.0 
0 
0 
.1 

2.5 
6.1 
7.8 
9.S 
0 
2.0 
0 
1.3 
1.4 
3.4 

18.8 
22.2 
25.5 
0 
5.0 
1.0 

19.5 
18.4 
25.2 
42.5 
37.5 
45.0 
1.8 

11.8 
7.0 
4.8 

20.7 
35.2 
61.2 
53.0 
56.3 

4.3 
0.4 

17.S 
10.9 
16 

0 
0 
0 
0 
0 
0 
.6 

0 
0 
0 
0 
0 
0 
0 
.6 

l..7 
0 
0 
0 
0 
0 
.6 
.6 

0 
2.8 
2.1 
3.1 
0 
0 
0 
1.1 
.6 

4.0 
2.8 
4.5 
7.4 

1.4 
16.2 
4.1 
0 

14.5 

0 
0 
0 
.6 
.1 

13.6 
1.0 
I.S 

19.0 
0 
0 

10.1 
.6 
.7 

36.S 
1.1 
3.6 

40.5 
0 
0 
.5 

1.7 
4.6 
9.9 
0 
9.0 

17.3 
0 
0 
S.4 

28.5 
12. 7 
26.8 
0 

11.1 
19.0 

0 
4.7 
4.1 
0 
8.7 

0 
0 
0 
0 
0 
.6 

0 
0 
0 
0 
0 
0 
0 
0 
.6 

0 
0 
0 
1.3 
0 
0 
.6 

0 
0 
0 
0 
.6 

1.4 
0 
0 
.6 

0 
0 
0 
0 
.6 

24.7 
24.2 

-2i_5 
343 
2'J.O 

0 
2.0 
0 
0 
0 
_5 
_6 

0 
(f 
0 
2.0 
0 
0 
1.4 
1.2 
1.1 
0 
1.3 
.4 

0 
.5 
.6 

1.2 
.5 

3.4 
2.1 
4.9 
1.4 
0 
.6 

1.1 
.6 

5.9 
3.4 
4.8 
1.4 

2.8 
4.0 

12. 2 
1.3 

10_2 

0 
0 
0 
0 
0 
6.0 
0 
.6 
.6 

0 
0 
1.3 
0 
0 
.6 

0 
.6 
.7 

1.3 
0 
0 
.6 

0 
.5 
_7 

1.6 
1.3 
1.4 
0 
0 
.6 

0 
2.1 
.6 

2.1 
3.1 

2i.5 2.95 
28.8 2.20 
39.7 5.99 
35.6 4. 95 
39.2 2.12 

0 2.3 
2.0 1.2 
0 1.8 
0 3.8 
0 2.5 
1.1 2.1 
.6 3.5 
.6 3.2 
.6 2.0 

0 
2.0 
1.3 
0 
1.4 
1.8 
1.7 
.6 

2.0 ---------
1.7 3.4 
0 2.5 
.5 1.8 

1.2 6.4 
1.2 3.4 
2.0 I .9 
4.1 3.6 
3.7 3.3 
6.2 2.4 
2.8 
0 
.6 

1.7 
.6 

8.0 
4.0 
0.9 

10.5 

=l'j "d.... 
Z 
Cjl 

£> 
c:l 
:> 
t"' 
::3.... 
l'j 
CJl 

0 
o,j 

0 
~ 
0 

~ 
:> 
~ 
0 
~ 
0 
Z 
CJl 
l'j 
1'3 
CJl 

...... ...... 



TABLE 4.-Conditions found in Yellow Globe onions (seasons- of 1927-28, 1928-29, and 1929-30) after storage for various periods at 32°, ,40°, .....
and 50° F., with low, medium, and high relative humidities having comparable saturation deficits (0.067,0.037, and 0.016 inch of mercury, t-:)
respectively)-Continued 

Storage conditions ~ Keeping qualities oC onions in indicated coudition Decay summnry 

Year and lot nn. IStorngel I Iperioel Tem- Dormant Sprouted Rooted I ITotnlloss 
pera- Relative humidity Other in weightIINeck rot Totalture decaySound Decayed Sound D~cayed Sound Decayed 

------------------- 1:%:1----,----,----,----.---
1~30 / DOV8 / 

5 (midwestern)_______ 61 o Joi2/ LoW_______ ~_____________________ Percent Percent Percent Percent Percellt Percent Percent Percent Percent Percent:Medlum_________________________ 98.4 0.8 0 0.8 0 0 1.6 0 1.6 4.795.6 1.4 0 0 2.5 .5 .7 1.2 1.9 3.8oo.:! 1.6 .7 0 7.4 0 _840 I ~~:.:::==:=::-:::=:=::::::::::::= .8 1.6 2.SMedium_______ •_________________ 89.6 .7 7.4 0 2.3 i0 .7 0 .7 4.7SI.S 5.6 4.2 0 6.3 2.1 2./l 4.9 7.766.6 II>3.5 4.4 0 24.1 1.4 2.1 2.S 4.9 2.350 I ~;~-:.:::::::::::::::::::::=:::::: 73.7 
4.0 

Medium _________________________ 0 13.S .8 11.7 0 _S _S82. 7 "'"1.2 6.1 0 10.0 ., 0 3.7 .?'0 .5 1.2 3.S39.0 2.8 6.4. 1.4 49.6931 .8 4.2 0 4.2 1.932 I ~~:::::::::::=::==:=::=:::::::: u.s. 8 1_ 6 ;:f:Medlum __ • _ ••_._______________ ._ .8 .8 0 0 1.6 .S 2.4 .595:6 1.4 0 0 2.5 .5 .7 1.2 1.9 5.1 m89.0 1.6 1.4 0 S.O 040 I ~~:.:::::::::::::~::::::::::::::= 73.3 1.4 
.8 .S 1.6 5.3Medium__ •______________________ 8.5 0 16.8 0 1.4 0 1.4 5.770.4 5.6 7.1 0 14.8 2.1 1:1

2.8 4.9 7.7 5.046. 5 3.5 14.6 t!!l0 34. 0 1.4 2.1 2.8 4.9 3.750 I ~~:::::::::=:::::::::::::::::=: 55.7 2.1Medlum__________________.._____ 27.6 .8 13.8 0 2.9 0 2.9 6.0High___________________________ ._ 64.8 1.5 15.4 3.0 14.6 .. 3_1 2.1 5.2 6.1 ~ 
19.3 3.5 13.5 1.4 61.5 .8 5.7 0 5.7 2.9 ~ 

-~ 

I 
~ 
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TABLE 5.~Average temperatures and relative humidities maintained in storage 
chambers during the seasons of 1927-28, 1928-29, and 1929-30 

Storage conditions wlth-

Low humidity Medium humidity High humidity Storage senson 

Temper· Humid· Temper· Humid· Temper· Humid· 
ature Ity nture Ity ature ILy 

of. Percent of. Percent of. Percent 
1927-28••••••••.••••••••••••••••••••••••••. 32.6 60.0 31. 5 79.7 31.7 88.0 

40.2 71.5 40.2 83.8 40.3 94.2 
49.4 SO. 6 48.7 90.5 49.8 96.0 

1928-29•••••••••••••••••••••••••••••••••••• 33.6 68.5 32.5 79.0 32.6 89.0 
40.8 74.4 40.8 84.7 41.5 95.2 
49.5 83.0 49.4 89.4 50.9 OM. 4 

1029-30•••••••••••••••••••••••••••••••••••• 33.4 64.0 32.4 78.0 32.2 89.0 
40.9 74.0 40.9 86.0 41. 9 94.0 
50.0 84.0 50.0 90.0 50.2 98.0 

The onions stored in 100-pound sacks and bushel crates at 32° F. 
with hi~h and low relative humidities were inspected only on March 12. 
The mIdwestern onions, both those in sacks and those in crates, 
showed no sprouting or rl)oting and less than 0.1 percent decay at either 
humidity. The average percenta~e loss in weight per sack was 1.54 
and 0.81 for low and high humidIties, respectively. The inspection 
results on the eastern oni.ons stored in sacks and crates at high and 
low relative humidity at 32° are shown in table 6. These results 
indicate little difference between sack and crate stora~e at the low 
humidity, but the crated onions at the high humidIty did show 
slightly less decay and slightly more rooting but no difference in 
sprouting, as compared with the sacked lot. 

TABLE 6.-Average condition and weight l08s in sacked and crated luts of eastern
grown Yellow Globe oniona after 109 days' storage at 32° F., with high and low 
relative humidities, season of 1927-28 

Keeping qualltles or onions in Indicated 
condition 

Decay summary 
TotulRelative Containers Dormant Sprouted Rooted loss Inhumidity -_._---- weight 

De- De- De· Neck Other TotalSound Sound Soundcnyed cayed cayed rot decay 
._-------------------------

Per· Per· Per· Per· Per· Per· Per· Per· Per· Per· 
cent cc"t cent cent cent cent cent cent cent cent 

Low••••••••••••• Sacks........... 82.8 W.n 0.7 0.0 0.0 0.0 14.7 1.8 16.5 4.25 
HIllh•••••••••••• ••••• do ••_••••.•• 75.6 22.8 .4 .2 .0 .1 20.9 2.2 23.1 1.36 
Low••••••••••••• Crates•••••••••• 84.6 14.9 .2 .3 0 0 13.3 1.9 15.2 4.60 
High •••••••••••• •••••do •••••••••• 81.1 17.1 .4 .3 1.1 0 16.2 1.2 17.4 2.54 

SEASON OF 1928-29 

Midwestern- and eastern-grown onions were stored during the sea
son of 1928-29 also. The midwestern onions, designated as lot 3 (table 
4), were secured on the Washington market on October 19. The 
following day they were sorted and 18 half-bushel hamper lots were 
prepared in duplicate and put in each of the humidity chamhers, one 
lot for periodic inspection and the other for determining the weight 
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loss. The remaining onions were weighed into twelve 100-pound bags 
which were stored at :!2° F., 6 of them with low and 6 with high 
relative humidity. 

The eastern-grown onions, designated as lot 4, were purchased on 
the Washington market on November 1 but were not placed in the 
humidity chambers until November 6, when 12 bags of these also 
were stored at 32° F., 6 with low and 6 with high relative humidity. 

The usual inspections were made on the lots in the humidity 
chambers on January 3 and February 14; the results are included in 
table 4. The average temperature and humidity cOD,ditions actually 
maintained during the storage season are given in table 5. 

The bag lots stored at 32° F. with low and high relative humidities 
were again weighed and inspected on March 15. The results, ex
pressed in percentages, are given in table 7. 

TABLE 7.-Average condition and weight loss in sacked lots of midwestern- and 
eastern-grown Yellow Globe onions after 129 days' storage at an average tempera
ture of 32.2° F., and relative humidities averaging 61.4- and 84-.5 percent, season 
of 1928-:29 

Keeping qualities of onions in indicated condition 

Dormant Sprouted RootedLot Reiative humidity 

S d De·S d De·S d De·
OUD cared oun cayed oun cayed 

--------1--------1------------
Percent Percent Percent Percent Percent Percent 

Midwestern.............. Low.............__ ....... 91.9 1. 8 a,9 0.4 2.0 0.0 

High...__.._........___... 83. 0 2.8 2.4 .6 IJ, 0 .2 


Eastern_................. Low._ ...._............... 97,2 1.2 0 .3 1.3 0

High•.•__•_______ ••_....__ 92.6 1.8 .2 ,0 5.4 0 

Decay summary Shrinkage by weight 

Lot Relative humidity 

-------1-------------------
Percent Percent Percent Percent Percent Percent 

Mldwestern _______....___ Low _.___..__.......____•• 1.2 1.0 2.2 2.5 3,8 6.3 
High__ ...__._.._...___._.. 2.2 1. 4 3,6 6.9 1.9 8,8 

Eastern.................. Low.........._........... .4 1.1 1.5 9.8 5.4 15,2 
High..................._.. .4 1.4 1.8 15,2 3.3 18,5 

SEASON OF 192HO 

One lot of Yellow Globe onions, designated as lot 5, was studied 
during the season of 1920-30. They were well-matured .midwestern
grown onions purchased on November 26 on the Washington market. 
The following day they were .sorted and divided into 18 half-bushel 
hampers and ten lOO-pound bags. The hamper lots were placed in 
duplicate in the various humidity chambers and the bags were stored 
at 32° F., 5 with low and 5 with high humidity. 

The onions stored in hampers were inspected on JanuaIY 27 and 
February 28 after 61 and 93 days' storage, respectively, the results 
being given in table 4. 

The sacked lots of onions were inspected after 93 days' storage at 
32° F. with high and low relative humidities, the results being shown 
in table 8. The average temperature and humidity conditions main
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tained during the storage season, from November 26 to March 20, 
are shown in table 5. 

TABLE S.-Average condition and weight loss on March 20 on inspection of sacked 
lots of midwestern-grown Yellow Globe onions after 93 days' storage at an average 
temperature of 32.4-° F., and relative humidities of 64 and 81 percent, season of 
1929-30 

Keeping qunUties of onions in indicated condition 

Relative humidity Dormant Sprouted Rooted 

Sound Docayed Sound Decayed Sound Decayed 

------------1------------------
Percent Percent Percent Percent Percent Percenl

Low____ •___ .•• __ •.. _..._••__ ._ . ___ •••• ,._ 94.5 2.5 1.2 0.1 0.6 1.2 
ffigh.__ . ___ ._. __•. _••.•.•.• _••••.••_.___ •• 87.0 3.2 2.1 .2 6.3 1.0 

Decay summary Shrinkage by weight 

Relative humidity 
Neck SUmy I Brown '1'otal Water Culls Total 

_________.I__r_ot_ ~~ decny ~______ 

Percent Percent Percent Percent Percent Percent Percent 
Low•••••..•.. _._ •••••••• __•••.• 2.6 0.1 1.1 3.8 4. i 4.5 9.2
ffigh._ ••.... __•.•••.• __ ._••. __• 4.2 .1 .1 4.4 2.5 12.6 15.1 

RESULTS FOR SEASONS OF 1927-28, 1928-29, AND 1929-30 

The results of inspections of the 5 lots studied during this period 
are given in table 4, and the averaged results after approximately 3 
months' storage are shoW1l graphically in figure 2. By adjusting the 
relative humidity to maintain comparable saturation deficits in the 
low-,medium-, and high-humidity chambers at the three temperatures, 
an entirely different interrelation of humidities to temperatures was 
disclosed. In table 5 is shown the average seasonal temperatures 
and humidities actually maintained. At temperatures above 32° F. 
all the humidities were materially higher than during the first two 
seasons' work (1925-26 and 1926-27), especially in the low-humidity 
group. However, the relations of temperature and humidity to con
dition at inspection remained practically the same as in the first 
two seasons. 

Dormancy.-The several lots of onions differing in condition before 
going into storage showed considerable difference in keeping quality. 
The percentage of specimens remaining dormant after each inspec
tion, however, tended to decrease more or less uniformly with the 
increase in relative humidity, especially as the storage temperature 
increased. In most instances the percentage of dormancy at the 50° 
F. storage with low humidity was greater than at 40° 'with high 
humidity. In the sacked lots stored at 32° F. with low and high 
humidities and stacked to correspond with commercial conditions, 
the effect of increased humidity in increasing the amount of rooting 
was more marked than in the lots stored, in the smaller chambers. 
Probably this was owing to the restricted aeration caused by the 
close piling of the sacks, which caused a higher humidity and possib1y 
a higher temperature around the onions. 
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Sprouting.-Ashas been pointed out (p. 7) the amount of sprouting 
did not vary consistently with the hUIDldity, but it did increase with 
the storage temperature irrespective of the humidity. The amount of 
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FIGURE 2.-Average condition (expressed In percentage) of 5 lots of Yellow Globe onions ruler npprox!·
mately 3 to 4 months' storage at 32°, 40°, and 50° F., with low, medium,nnd high humidities huvlngcom·
parable saturation deficits (0.007, 0.037, and 0.016 inch of mercury) for the5ensons of 1927-28, 1928-29, 
and 1929-30. 

sprouting was usually negligible at the two lower temperatures but 
became important at 50° F. 

Rooting.-The amount of rooting showed a definite increase as the 
humidity increased. There was also a general increase in rooting as 
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the storage temperature increased, but even at 50° F. with low 
humidity the amount of rooting was never excessive. 

Decay.-Beginning in 192'7-28, at each inspection all decayed 
specimens were examined and classified as dormant, sprouting, or 
rooting; in addition the type of decay present was reported as neck 
rot, which is the most frequent source of loss in storage onions, or as 
other decay. The preponderance of decay was found to be neck rot, 
but a small amount of slimy soft rot was occasionally found. Other 
kinds of decay occurred so infrequently that they were not classified. 
While the total amount of decay in storage did not vary altogether 
consistently with the humidity, there seemed to be a slight increase 
with increased humidity. On the other hand there was a, general 
increase in decay with the increase in storage temperature, irrespective 
of humidity. 

WHITE GLOBE 

White Globe onions are usually considered comparatively poor 
keepers. They must be cured more carefully than the yellow varieties 
because of their greater susceptibility to decay, which not only de
stroys the specimens that become infected hut also is likely to stain 
or discolor other onions with which the infected specimens are in 
contact. To bring the best price these onions must be sound and 
without discoloration or stain. 

SEASON OF 1925-26 

For study during the season of 1925-26 a lot of White Globe 
onions was purchased on the V\Tashington market on November 11. 
They were put into slat crates and left in the workroom at Arlington 
E} . .-periment Farm until November 18, when they were sorted, mixed, 
apportioned into half-bushel hampers, and stored in the various 
temperature and humidity chambers already described. Inspections 
were made on January 7 and February 16. Detailed results are shown 
under lot 1 in table 9. 

SEASON OF 1926-21 

The onions used for storage eA]leriments during the season of 
1926-27 were purchased on the Washington market October 16 and 
left in slat crates until October 18, when they were sorted as usual 
and stored in half-bushel hampers. Inspections were made on No
vember 19 and January 20, and the results are shown under lot 2 
in table 9. 

SEASON OF 1921-28 

The onions used during the season of 1927-28 were purchased in 
Washington November 7 and left in the workroom at Arlington Ex
periment Farm until November 8, when they were sorted as usual 
and stored in half-bushel hampers in the various temperature and 
humidity chambers. Inspections were made on .Tanuary 9 and March. 
12, and the results are shown under lot 1 in table 10. 

SEASON OF 1929-30 

The onions used during the season of 1929-30 were purchased in 
Washington on November 26 and on the following- day were sorted 
and stored in half-bushel hampers under the yaTIOUS conditions of 
temperature and humidity. Inspections were made on January 27 
and February 28, and the results are shown under lot 2 in tahle 10. 

Illi59°-35-3 



TABLE 9.-Conditionsfound in White Globe onions (seasons of 1925-26 and 1926-27) after storage Jor various periods at 82°, .40°, and 50° F;, I-l 
with low (65 percent), medium (80 percent), and high (90 percent) relative humidities at each temperature 00 

Year Storugeand Relative humidityperiodiutno. 

11ii.~2~J DUVio ILow.............................. 

Mediulll...........____........... 


90 I {~~~?::::=====::~=::::::.::::::: .. 
Mediulll........................... 

11igIL.............................. 


1:.2.G~] 
321 1.ow................_............... 


Mediulll ......................... 

lIigh.............................. 


94 I Low............................... 

Medium.......................... 

11igh.............................. 


CO>1'lition after stora~e at indicated temperature ~ 
32°F. 40°F. 50°F. ~ 

~I SproutedIRooted IDecayed DormantISproutedIRooted IDecayed DormllntISproutedIRoot:d IDecayed ~ 
Percent Percent Percent Percent Percent Percent Percent Percent Fercent Percent Percen! Percen! 

93.2 1.0 4.0 1.2 82.3 1.5 13.8 2.4 02.8 1.6 20.0 9.6 
80.0 2.4 6.0 5.6 68.4 1.9 27.5 2.2 49.7 2.8 42.6 4.9 
63.0 1. I 31. 0 3.7 38.3 5.7 50.3 5.7 23.2 0.3 38.3 32.2 
91. 2 1.0 4.0 3.2 ;2. ; 3.0 19.5 4.8 48.4 6.8 33.6 11.2 ~ 
81. 6 2.4 7.0 8.4 49.6 6.2 40.5 3.7 41.7 6.1 44.0 8.2 Z 
27.2 1.1 66.9 4.8 4.7 7.5 60.8 18.0 7.3 7.3 47.4 38.0 

~ 
-:j 
en 

94.4 0 0 5.6 93.2 0 0 6.8 86.8 .6 0 12. 6 
95.5 0 0 4.5 86.6 .6 1.9 10.9 83.0 1.2 1.8 14.0 
83.0 0 3.7 13.3 63.0 0 24.7 11.7 50.0 0 26.3 23.7 ~ 
59.4 0 0 40.6 0 0 33.3 59.4 1.2 0 39.460.7/ t1l
59.0 0 0 41. 0 50.2 .7 4.1 39.0 39.8 6.2 3.1 50.9 
48.4 0 3.9 47.7 25.0 1.3 38.2 34.9 10.4 3.9 33.0 46.7 t:I 

l';l 

~ 
~ 
~ 

I 
~ 



TABLE 10.-Condition.~ found in 2 lots of White Globe onions (seasons 0/1927-28 and 1929-80) after storage for variou8 periods at 820 , 400 , 

and 500 F., with low, medium, and high relative humidities having comparable saturation cieficits (0.067, 0.087, and 0.016 inch of mercury) 

, 
Storage conditions Keeping qualities or onions In indicated condition Decoy summllry 

Year and lot no. 
Arter 

I stor· 
age 
ror- Tern.' pera·

ture 
Relati"e humidity 

Dormont 
-~ 

Sound Decnyed 

Sprouted 

Sound Decoyed 

Rooted 

Sound Decoyed 
Neck rot Other 

decoy Totnl 

Loss in 
weight =tr:1 

~ .... 
Z 

1 ______ !~:~~~_______.1 Da~·21 

125 I 

2 ......!~~~~....._..I 61 1 

93 I 

0p. I32 1..o\\""________________ .. _________ ~ ... 

Medium •• ~ •• _____..._... __ .._••• 

40 I r~~\~'::::::::::::::::::::::::::::: 
Medium _"" ___ ...... __ ......... 

50 I ~~~~~::::::::::::::::::::::::::::. 
l\lediulll __ ..... __ ........... __ ... 
High. ____ ........................ 

32 I 1.0\\'............................. 
l\[edhun......................... 

40 I ~~~~::::::::::::::::::::::::::::: 
Medium......................... 

50 I ~!~~?::::::::::::::::::::::::::::: 
l\fedium ••• ___ ._........_........ 

321 :~~~.:~:~:~~~~~~~~~~~~~~~~:::~~~~ 
Medlulll ..........._.............. 

40 I ~:~~~.:::::::::::::::::::::::::::: 
Medium......__ ................. 

50 I :e~~\?::::::::::::::::::::::::::::: 
Medium......................... 

32 I r~~?:::::::::::::::::~::::::::::: 
Medium.....__ .................. 

40 I ~~~.:::::::::::::::::::::::::::: 
Medium............_............ 

.>0 I f~~::::::::::::::::::::::::::::: 
l\'fedium...... ___ ._.............. 
High............................. 

----------------
Percent Perccnt Percent Percent Percent Percent 

84,0 15.4 0.0 0.0 0.0 0.0 
82. i 17.3 0 0 0 0 
ii. a 22.7 0 0 0 0 
01.0 39.0 0 0 0 0 
70.1 27.0 0 2.3 0 0 
51.7 30.5 0 2.2 2.2 4.4 
42.2 .1.1.4 0 2.4 0 0 
:1l.3 5-1.5 0 2.0 3.1 9.1 
26.7 56.0 0 0 1.3 10.0 
61.5 3S.li 0 0 0 0 
62.3 37.7 0 0 0 0 
58.0 4~. 0 0 0 0 0 
;l0. .1 f,I.6 1.2 2.4 0 1.3 
41. 4 .11.7 1.2 4.0 1.1 0 
18.7 51.6 0 2.2 8.8 18.7 
1-1.5 79.5 0 6.0 0 0 
6. I 67.7 1.1 5.0 3.0 17.1 
2.7 6·1.0 0 0 2.6 30.7 

75. {} 16.3 3.0 2.6 1.3 0 
7·1.0 10.8 2.5 1.3 11.4 0 
70.5 15.1 2.9 3.6 7.9 0 
65.S 17.1 10.3 3.4 2.0 ].4
65.3 11.7 8.6 .9 11.1 2.4 
47.5 18.6 6.4 3.2 15.4 8.9 
50.0 14.5 0.2 9.9 14.5 1.9 
47. i 11.1 14.4 7.9 16.3 2.6 
31.4 9.6 10.9 5.2 28.8 14.1 
65.5 26.8 3.8 2.0 1.3 0 
6S.3 13.9 5.1 1.3 11. 4 0 
6.1.5 19.4 2.9 3.0 S.O 0 
.17.5 18.•~ 15.7 4.8 2.1 1.4 
5-1.4 13.0 9.2 1.8 17.3 3.7 
34.6 21.8 8.3 3.8 21.8 9.7 
30.5 19.8 18.4 14.8 ].1.5 2.0 
34.0 13.7 22.0 0.6 17.0 3.7 
12.8 11.5 16.0 5.8 3i.2 16.7 

-------
Percent PerCc11t PcrCf'CIt 

14.3 ].1 15. .; 
14.5 2.8 17.3 
20.4 2.3 22.7 
30.0 2.4 39.0 
28.8 1.1 29.9 
4'.0 2.1 46.1 
55.4 2.4 57.8 
64.5 .1.1 65.6 
70.5 1.5 72.0 
30.3 2.2 38.5 
31.9 5.8 37.7 
35.2 6.8 42.0 
57.3 11.0 68.3 
50.0 0.3 .;0.3 
70.3 2.2 72.5 
79.6 .1.9 85.5 
88.0 1.8 89.8 
DO. 7 4.0 94.7 

lS.9 0 18.9 • 
12.1 0 12.1 . 
18.7 0 IR.7 • 
21.9 0 21.9 
14.2 .8 15.0 • 
27.6 :l.l 30.7 • 
26.3 0 2f>.3 • 
21.0 0 21. 6 • 
27.6 1.3 28.9 • 
29.4 0 29.4 • 
15.2 0 15.2 • 
23.0 0 23.0 . 
24.7 0 24.7 
18.3 .8 19.1 
32.2 3.1 35.3 
30.6 0 36.0 
27.0 0 27.0 
3~. 7 1.3 34.01. 

Percent 
3.11 
2.04 
1.14 
3.77 
3.80 
1.97 
9.07 
3.92 
4.30 
8.02 
4.46 
3.41 

11.70 
9.23 
5.f>4 

18.50 
11.70 
12.60 
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RESULTS 

A comprehensive summary of the storage results for White Globe 
onions is given in figures 3 and 4. :Figure 3 shows the averaged results 
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FIGURE 3.-Average condition (expressed in percentage) of 5 lots of WhIte OIobe onions nfter approxi. 
mBt.ely3 months' storage at 32°,40°, nnd 50° F., wIth low (U5 percent), medium (80 percent), and high
(00 percent) relative humidities at ench storage temperature, sel!3ons of 1925-26 nnd 192!l-27. 

of all lots for the 1925-26 and 1926-27 seasons after approximately 
3 months' storage, which probably represents about the ma~:imum 
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storage period for a large part of the commercial crop, while figure 4 
shows the results of all lots for the seasons of 1927-28 and 1928-29 
after the same storage period. It will be recalled that during the 
first two seasons the same humidities were maintained at the different 
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FIGURE 4.-Av~e condition (expressed In percentage) of 5 Jots of White Globe onions after approxi· 
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storage temperatures, whereas in subsequent years the same satura
tion deficits were maintained. 

Tables 9 and 10 indicate rather definitely that even under identical 
conditions White Globe onions did not keep as long in storage as the 
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Yellow Globe. Even when stored under the most favorable conditions 
(32° F. with low humidity) these onions usually cannot be expected 
to keep in It moderately salable condition longer than 2 months. In 
commercial practice it is seldom possible to maintain storage condi
tions as favorable as those maintained under the experimental con
ditions described herein. Therefore, the commercial-stomge life of 
these onions undoubtedly is often shorter th'tn the stor9.ge life indi
cated above. The condensed data in figures 3 and 4 indicate that the 
amount of sprouting, while almost negligible, increllsed very slightly 
with an increase in storage tempel·ature. Root growth tended to 
increase with the humidity and generally with the tempel'llture. 
Decay did not consistently increase with either the tempemture or 
humidity, but there appeared to be a slightly greater development at 
the higher tempemtures and humidities. The average decay was con
siderably greater in these onions than ill the yellow type stored under 
the same conditions and for appro:lo.."imately the same periods of time. 
Most of this decay was classed as neck rot. 

VALENCIA 

One lot of Valencia onions grown in Walla Walla County, Wash., 
was received at the laboratory on November 8, 1925, having been 
purchased on the market in Chicago on November 6 out of It shipment 
that had just arrived from the grower. It is quite probable that 
these were harvested just befoce shipment. After standing in slat 
crates in the work.room at Arlington Experiment Farm until Novem
ber 11, the onions were placed in hampers and put in the storage 
chambers at variou;; temperatures and humiditie&. In;;pections were 
made on December 1 and January 7. On September 18,1926, another 
lot from the same source was purchased in Chicago and sent to the 
laboratory, where the onions were put in storage on September 20. 
These onions were inspected on November 19. The results of each 
inspection are shown in table 11. 

The combined results from the 2 years' storage tests indicate that 
from a commercial viewpoint Valencia onions from the Walla Walla 
district cannot be e:lo..l)eeted to keep profitably much longer than 1 
to 2 months. These onions are very succulent when harvested, and 
owing to local high temperatures and humidities the bulbs do not have 
optimum conditions for satisftlctory curing after harvest. Therefore, 
they are usually consumed soon after they arc htlrvested. It will be 
noted that decay was found to be relatively limited during storage, 
most of the loss being due to root growth, even at the lowest tem
perature. 

On October 15, 1930, some Valencia onions grown in Colorndo were 
purchased just niter arrival on the "Washington, D. C., market and 
half-bushel basket lots were apportioned out and put in the nine 
storage chambers. These onions appeared to be well matured, firm, 
and suitable for prolonged storage. They were inspected on Decem
ber 15 and Janunry 15 with the results shown in table 12. After 3 
months' storage at 32° F. with nll humidl.ties and at 40° and 50° with 
low humidity, there was in each cltse less thnn 5 percent total loss. 
The actual humidities maintllincd are shown in ·:,nble 5. It will be 
noted that comparatively little decny or sprouting developed in any 
of the conditions and that the principal loss occurred through rooting. 

http:stor9.ge


TABLE n.-Conditions found in Washington-grown Valencia onions after storage for various periods at 32°, 40°, and 50° F., with low (65 per
cent), medium (80 percent), and high (90 percent) relative humidities (seasons of 1925-26 and 1926-27) 

------ ,----- 
('ondition aCter stornge III indicated temperal!.!r. ;

Year Star' 
and lot age Helat/va humidity 32° F. 40° F. 50° F. 

no. perioel ~ 
___I 	 1DormantISproutedIHooted IDecayed IDormantISprouted I~I Decayed I~ISproutedIHooted IDecayed 

£> 

19'15-26 
DaV8 	 P<rcent Pcrcmt Percwt Percent Percent P<rctnt P<rcwt P<rcwt Percwl Percent Percenl Percent ~ 1.____ •• 20 	 Low .........._••_................. ifi. i 0.0 20.5 2.8 H.O 0.0 26.0 0.0 6~.0 0.0 37.8 2.2 


l\Iedium ........................... is.O 0 22.0 0 67.4 0 32.6 0 63.6 o . 36.4 0 
 e 
1Iigh .............................. 59.0 0 41.0 0 ti6.3 .4 33.3 0 50.1 0 49.9 0 t;I 


57 	 Low ............................ 13.1 U 22.3 4.6 61.0 2.0 37.0 0 39.1 2.2 57.8 .9 rJJ 

l\Iedium ........................... 76.2 0 2.1.8 0 43.9 2.2 53.4 .5 37.0 1.7 61.3 0 

l1igh............................... 19.5 0 80.5 0 35.6 1.1 62.6 .7 17.5 1.5 79.5 1.5 


1026-27 	 ~ 
2--•.• 1 60II.ow; •..••••..••...•••••...•••..... \ 86.3\ 	 15.83.9\ 9.8\ 51.0 \ 20.5\ 26.5\ 2.0 \ 55.3\ 28.9\1I1ed1l1l1l ..•..••.••..••••._••••.... 5G.l 17.1 !;:. 2 i.3o \ 15.9 22.8 4i. i 13.6 40.0 12.5 2~.5\ 20.0 

1Iigh....•.•.•.•..•••.•.......... 0 4.5 ,_. I 22.8 0 25.9 59.3 14.8 0 16.4 32. 6 51.0 ~ 
~ 

~ 
o 
~ o z 

i 
t...:> 
~ 
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These results indicate that well-matured onions of the Valencia type 
grown in the Colorado section can be expected to keep in storage 
equally as well as the best of the Yellow Globe type. 

TABLE 12.-Conditions found in Colorado-grown Valencia onions (season of 
1980-81) after storage for various periods at 82°,40°, and 50° F., with low, medium, 
and high relative humtdities having comparable sahration deficits (0.067,0.087, and 
0.016 inch of mercury) 

Stornge conditions 

-.,........,...,..~ 


Stor· 
a~e 

period 	 Tem
pera
ture 

Dav& 	 °P. 
61 	 32 

40 

1iO 

02 	 32 

40 

50 

Relatl\'e humidity 

Low _______________ • 
l\Iedillm.__________
High ___________ •___ 

loJo\v .............. _....... ~ 
M cdium ____________
JIigh. ____ •_________
Low________________ 
Medium____________ 
High•• ______ •• _. __ • 
].JO\\" .......... ____ A .... _ .... ~ 
l\Icdlllm__•_________ 
lIigh _______________ 
l ..o\\~____ .. ___ .. ___ ... _~ 
l\Iodium • ___________
11 igh _______________ 
I.ow________ •_______ 
l\Icd ium ____________ 
lligh ______________ • 

Keeping qualities 01 onions in indicnted Decny summarycondition 
, -

Dormant Sprouted Rooted 

Dc- De-SOllllri Sound Soundcayed cnyed 

Per-	 Per- Per- Per- Per
cent 	 cent cent cent cent 

100.0 	 0.0 0 0 0.0 
Oi.S 2.2 0 0 0 
OS.O 0 0 0 2.0 
!l0.0 2.0 0 0 0 
Oll. i 0 0 0 3:1.3 
!l3.4 2 . .; 0 0 34.1 
\l3.0 0 0 0 i.O 
fo8.2 0 0 0 31.8 
.12. (I 	 0 0 0 55.3 

100.0 	 0 0 0 0 

lIi.S 2.2 0 0 0 

96. .; 0 0 0 a.5 
II~. 0 2.0 0 0 4.0 
58. ; 	 2.2 0 0 011.1 
48.S 2.5 0 () 48.7 
oa.o 0 0 0 i.O 
25.0 	 0 0 0 75.0 
6.4 	 0 0 0 Ill. .; 

,--"..-.-..• 

Neck 
rotDe

cnyed 

Per-	 Per
cent 	 cent 

0.0 	 0.0 
0 2.2 
0 0 
2.0 0 
0 0 
0 0 
0 0 
0 0 
2.1 • 0 
0 0 
0 0 
0 0 
2.0 	 0 
0 2.2 
0 0 
0 0 
0 0 
2. I 	 0 

Other Totaldecay 

Per-	 Per
cent 	 cent 

0.0 	 0.0 
0 2.2 
0 0 
4.0 4.0 
0 0 
2.5 2.5 
0 0 
0 0 
2.1 2.1 
0 0 
0 0 
0 0 
4.0 	 4.0 
0 	 2.2 
2.5 2.5 
0 0 
0 0 

I 2.1 2.1 

The difference in the reactions of the Valencia onions from these 
two localities is thought to be due to climatic differences during 
growth and harvest. In the Walla Walla district of Washington these 
onions are grown under hot, humid climatic conditions, resulting in a 
very succulent product_ After harvest they are not given an oppor
tunity to cure out well, but are shipped soon after they are pulled. 
In the Colorado section the growing conditions include a cooler, drier 
climate producing a drier, firmer onion, which, when cured under the 
prevailing dry atmosphere, is more suitable for storage. 

BERMUDA (AMERICAN GROWN) 

On May 27, 1930, some well-matured Bermuda onions grown in 
Texas were stored in half-bushel hampers under the usual nine tem
perature and humidity conditions. Inspections were made monthly 
until July 25, and the results (table 13) indicate that these onions 
stored at 32° F. with low and mediuIll hlUnidities kept in good condi
tion for 2 months. At the higher temperatures deterioration was 
rapid and even at 40° with low humidity they kept well for only 1 
month. In ll11lots most of the loss was due to rooting, which increased 
rapidly as the humidity increased. After the July 25 inspection all 
lots were discarded except those from 32° with low humidity. The 
dormant onions were returned and kept until August 25, when 98 per
cent were found to be still dormllnt. 
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TABLE l3.-Condition8 found in Texa8-grown Bermuda onions after storage for 
various periods at 82°, 400 

, and 50° P., with low (65 percent.), medium (80 per
cent), and high (90 percent) relative humiditie8 in 1980 

Keeping quaIltIe.~ of onions In Indicated Storage conditions DCC!l.ysummarycondition 

stor· I 
age Dormant Sprouted I nooted 

period Tern· Neck Other pera· Helntlve humidity Tot"lrot decllYture De· Dc· d ])e·Sound 'cayed Sound cayed Soun cnyed 

........ '--'--'1""'-' ..... -- .... ··T .... ·T..··.. . 


Dav~ I~
30 32 Low................ 

Medium............ 

Per· 
cent 

100.0 
9S.0 

Per
cent 

0.0 
2.0 

Per· 
cent 

0.0 
0 

P r· 
cent 

0.0 
0 

Per· 
cent 

0,0 
0 

Per· 
cent 

0,0 
0 

Per· 
cent 

O.ll 
1.0 

Per· 
ccnt 

0,0 
1.0 

Per· 
cent 

0.0 
2.0 

40 

50 

High........__ •.••• 
I,ow.•• __ •__ ......" 
Medlulll............ 
High............... 
Low............ __ .. 
lIfedlulll......... 

US.O 
\l0.0 
31.1 
26.7 
40.6 
16.4 

0 
0 
0 
1.9 
.0 

1.0 

0 
0 
2.0 
1.0 
9.9 
3.8 

0 
0 
0 
0 
0 
0 

2,0 
10,0 
63.0 
69.5 
47,7 
75.0 

0 
0 
3.9 
.9 
.9 

3.8 

0 
0 
3.9 
2.8, 
1.8 
4.8 

0 
0 
0 
0 
0 
0 

0 
0 
3,9 
2.8 
1.8 
4.8 

~9 . 32 
llIgb .............:' 
I,ow.............. ' 
Medium........... 

:1.0 
100.0 
UI.O 

0 
0 
1.8 

1&.0 
0 
0 

3.0 
0 
.5 

68.0 
0 
0.7 

11.0 
0 
0 

H.O 
0 
1.0 

0 
0 
1.3 

14.0 
0 
2.3 

40 

no 

High .......... , .•.. 
J.;IO\V _.. ~ ... "''' .... ~ .. - ..... _~ 
Medium.......... __ 
High........... _••• 
J,ow............... 
Medlulll............ 

80.S 
211. 9 
0 
0 

11.8 
3.8 

0 
0 
0 
1.9 
.9 

1.0 

0 
13.8 
20,S 
9. [)

23,4 
15... 

0 
.9 
.9 
.9 

0 
0 

13.2 
58.4 
77.3 
85.8 
63.0 
76.0 

0 
0 
.9 

1.9 
.9 

3.8 

0 
.9 

1.9 
·1.7 
1.8 
4.8 

0 
0 
0 
0 
0 
0 

0 
.9 

1.8 
4.7 
1.8 
4.8 

lligh 1•••• __ ~ ....-..- -- .. ~ -~ ~ ~ - ...... - .. 

1 Onions discarded. 

ONION SETS 

During the seasons of 1928-29 and 1929-30 onion sets of the 
Yellow Strasburg, Red 'Wethersfield, and White Pol'tugal varieties, 
which for brevity will hereafter be referred to simply as yellow, red, 
and white sets, were stored under the conditions already described. 

The sets used in the 1929-30 season were Wisconsin-grown and 
were harvested between September 3 and 13. After curing for 6 
weeks in the field, the usual commercial practice, they were shipped 
to a storage warehouse in Ohicago. Here the storage lots were 
purchased and shipped by express to the laboratory at Arlington 
E.lI:periment Farm, arriving on October 6. In order to ::;tOl'e them in 
the restricted space allowed in the metal chamberF,;, special slat
bottom trays 18 inches square by 4 inches deep were tHlilt to simulate 
as nearly as possible the type of .trays used in commercial onion-set 
storage houses. These commerClul trays are 11sually about 3 feet 
square by 4 inches deep. On arrival of the yellow and red sets each 
lot was well mb.:ed and placed in the trays, care being taken not to 
fill them to the top in order to insure air circulation over the tops of 
the sets when the trays were stacked. 

SEASON 01-' U28-29 

During the season of 1928-29, in order to. allow the sets to dry 
out, trays of each variety were stacked in the workroom until Octo
ber 10, when a tray of each vnriety was stored in each chamber. 
The contents of the other nine trays of each variety, after being 
carefully hand-sorted to remove all decayed or injured specimens, 
were likewise stored. The unsorted lot of each variety will be 
referred to as "field-run"; the other lot will be designated as "hand
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sorted." Only a field-run lot of white sets was studied, and these 
were mixed and handled in the same manner as the other sets. 
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On March 23 all the trays were removed from storage and the 
contents inspected to determine by actual count the number of sets 
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FIGURE fl.-Condition (expfe!lSed In pert'entnge) of hand-sorted Yellow Strnsburg onion sets after storage 
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remaining dormant and those that were sprouted, rooted, or decayed. 
The results of the final inspections arc shown in figures 5 to 9. When 
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the hand-sorted and field-run lots are compared, there is apparent 
8, very slight advantage in favor of the hand-sorted lots, accounted 
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for largely by somewhat less decay. The advantage is less than 
the figures appeal' to indicate, since in hand-sorting an average of 
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about 5 percent of decay was removed before the storage period was 
begun. Under such conditions it is doubtful if the extra time and 
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labor required for this sorting is justified by the results. The some
what greater loss in weight in the field-run lot was undoubtedly due 
to the greater amount of gross decay. 
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SEASON OF Im-30 

The sets used during the season of 1929-30 were of the same three 
varieties as were used the preceding season. They were grown in 
northern Indiana and represented only field-run lots. After about 
6 weeks of the usual field curing, a lot of each variety was e:x-pressed 
to the laboratory at Arlington EA-periment Farm, where they arrived 
November 29. The sets were placed in nine trays for each variety, 
the contents of each tray weighing abou t 11 pounds. The trays were 
stacked in the workroom until December 2, when they were stored 
in the several chambers already described. 

On ~1arch 18, at the end of the storage period, the total loss in 
weight was determined. After being weighed the sets were inspected 
as usual to determine the number remaining dormant and those that 
were sprouted, rooted, and decayed. The percentage loss in weight 
due to the different storage conditions is shown in table 14, while the 
inspection results are shown in figures 10, 11, and 12. 

TABLE 14.-Percentage 1088 in weight oj yellow, red, and while onion sets aJler 
storage from Dec. 2, U)20, to lVar. 18, 1980, at 82°, 40°, and 50° F., with low, 
mediu1Il, and high relativo h1lmidities (havillg saturation deficits of 0.067, 0.087, 
and 0.016 inch oj mercury) at each s/orago temperatllre 

.. 
Loss In weight of speclfied variety nfter st{)rage nt Indicated temperature 

'Relative humidity 32° F. 40° F. ~ ~ .. 
Yellow Red White Yello,v ~ White yelJowl~ White 

Puce1l! Pactnl PurrJlt Puunt Percr.JlI PerceJl/ Percent Percent P<rcrn/ 
L<Jw....... " 22.2 24.3 211.3 16.7 25.11 19.3 18.3 18.0 17.7 
Medium•••••.•::::::::::. :. J5.8 17.8 :!Il.O 15.0 13. II 11.8 16.8 IO.~ 16.4 
Hlgh..............._....... 9.5 U. i 10.8 12.1 10.2 13.1 11.4 10.6 14.7 

RESULTS 

A review of the results of both seasons' work shows the importance 
of a comparatively low humidity in keeping sets in a sound dormant 
condition and free from deca.y or top ana root growth. In comparing 
the results from all the conditions there is shown in general as great 
differences between those from the different humidities at each tem
perature as is seen between the same humidities in the different tem
peratures. In all lots the greatest number of onions remaining sound 
and dormant was found at 32° F. with low humidity, although at 
all temperatures there was comparatively little difference in the results 
from the low and medium humidities. At the high humidities in 
every temperature there was a marked drop in the number of sets 
remaining dormant nnd an increase in sprouted nnd rooted specimens. 
Unlike the large onions, the sets showed in general a more or less 
distinct increase in sprouting, rooting, and decay as the storage 
temperatures and the humidities increased. In geneml, the red sets 
kept slightly better than the other varieties. The decay was practi
cally all neck rot, with a few specimens of slimy soft rot at the high 
humidities. 
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PHYSIOLOGICAL BREAK·DOWN 

A condition resembling freezin~ injury and often diagnosed as such 
has been repeatedly noted in variOUS lots of onions on the market by 
both dealers and investigators. However, careful investigation of the 
history of these lots indicated that the possibility of freezing being the 
cause of the trouble was very doubtful. This condition has frequently 
been the basis for damage claims for freezing injury against carriers 
and storage-house owners. For want of a better term the condition 
will be referred to as physiological break-down. Like freezing injury, 
physiological break-down is marked by a grayish water-soaked dis
coloration in certain scales, usually in those at or nellr the surface of 
the onion but may be found in one or more deeper scales. This 
condition may include only a part of the scale or may extend entirely 
around the scale affected. . 

Complaints regarding this condition prompted the writers during 
field trips in early February, both in] 927 and 1928, to take particular 
care to investigate onions stored in various localities. At several 
points in N ew York, Massachusetts, and Ohio, onions were carefully 
examined, and the condition was found in severnl specimens in typical 
cummercial storage houses, the owners of which were positive that the 
onions had never been frozen. In all cases they had been brou~ht 
from the fields before freezing weather, and no evidence of freezmg 
injury, usually characterized by localization of the damage near the 
outside walls of the house or near doors, could be found; instead, the 
affected bulbs were found scattered throughout the storage houses. 
In September 1928 several conm1ercial onion-growing centers in 
Massachusetts; Long Island, New York; Ohio; and 'Wisconsin were 
visited and onions in the field were examined; in nearly every case 
some evidence of physiological break-down was found, although no 
freezing had taken place. The results from cutting 50 specimens in 
each lot are as follows: 

Number Nllfnba 

Lot 110. b:<~~~~~fvn Lot .110. br~~/::j~~71
1__________________ . 9 8___________________ 1 
2 _________ •.• ____ .. 11 9___ • _____________ ._ D 
D__________________ . 11 10__________________ 0 
4__________________ 10 11__________________ ° 5________________ ._ 14 12__________________ 7
6___________________ 1 13__________________ 4 
7_________ .--_______ 6 

Many of the. specimens showed only traces of the break-down, 
and since much of it was in the outer scales it is thought that, after the 
usual amount of drying out before storing, this condition may dis
appeaT. These results are significant in tlll1t they prove that a 
physiological break-down which resembles freezing injury may be 
found in the field before freezing weather has alTjvcd in onions that 
are normal in external appearance and that undel' certain conditions 
lots containing many such specin1ens may get into stornge. Thus 
when this condition is discovered it might easily be mistaken for 
freezing damage. Corresl)ondence with an inspector of food products, 
workin~ in the Walla WaItt section of Washington, revealed the fact 
that omons in that locality sometimes show this condition in t.he field. 

In order to determine whetLer storage temperature or humidity 
influences the development of physiological break-down, samples of 
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2,) specimens from several lots stored in tho special chambers already 
described were cut and exltmined at the end of the storage period. 
Representative samples of these lots were examine(t before going into 
storage, and tho break-down, although very limited in extent, was 
found in about 2 percent of the onions. The results of these inspec
tions are shown in table 15. The only si~ficance apparent in these 
results is a tendency toward an incroase ill break-down in storage at 
the higher Immidities at 40° and 50° F. 

From 12 commercial bag lots of Yellow Globe onions stored at 32° F. 
with both low and high humidities, 50 specimens were cut opon and 
examined at the end of the storage period. No examinations of these 
onions were made before they went into storage, but all were from the 
general lot which had been thoroughly mixed and apportioned in to 
100-pound lots before being stored under the two humidity con
ditions. The results showed a distinctly greater amount of break
down at the higher humidity (4.7 percent) than at the lower humidity 
(2.3 percent), although none of this deterioration was at all serious. 
In most cases it was represented by a very limited amount of watery 
discoloration in the outer scale only. 

TABLE I5.-Physiological break-down found after approximately S-months' storage 
in sample lois of 20 onions each held at three tempcratures and humiditics 

Number of specimens of inulC'llted ,"urlety showing brenk·down 

Storage Wnlla 
tem· WallaYollow Globe Whita Globopern· Helative hnmldity Valen· 
ture ria 

Lot 1 II,at 2 1,0( 3 J,ot ·1 .Lot 5 'rotlli. Lot 1 Lot 2 Totall I,ot 1 

---1------· ---- ----:,-- - 
32 	 Low_. _____ ...... _.. 1 1 2 1 0 5 :1 0 0 


l\ledium. ___._...... 4 0 2 0 0 U'i 2 1 

lligh••••______ • __ • I 0 0 1 2 41 0 0 


40 Low................. 0 0 0 1 0 31 ;1, 0 0 

Medium........ '" 2 0 1 0 0 1 0 

lligh ............ ,.. 3 0 () 1 7 11 if 1 U 


50 !.()\v... __ .......... 0 2 0 1 1 .j Ii 0 1 

l\lCUitUll.. - •.. -.. 3 0 0 5 0 H III' 1 :\
" 

t11 igh.... .. .. I 2 { 2 2 2 u. 2. 0 

Tho conclusion to be drawn from the investiglLtions of break-down 
is that it condition resembling freezing injur,Y sometimes occurs in 
onions as they come from the field and that It may develop further 
upder oertain storage conditions. The presence of break-down 
greatly complicates the identification of true freezing injury that has 
occurred either in the field, in transit, or in storage. A complete 
history of any given lot of onions is obviously required before a satis
factory conclusion eUII be drawn regurding the cause of the trouble. 

SUMMARY 

In order to study the influenee of difl'erent temperature and 
humidity conditions Oil keeping q unlity, onions iUld onion sets of 
several varieties were stored for vnl'ious periods at temperatures of 
32°, 40°, and 50° F., with low, mediulll, und high humidIties at ench 
temperature. 
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Periodic inspections were made, and aU specimens showin~ sprout
ing or top growth, rooting, and decay were recorded and dIscarded. 

In general, the amount of sprouting in stored onions was influenced 
little by the humidity, but increascd with an incrense in the tempera
tura, whereas rooting increased with humidity and was Ii ttle influenced 
by temperature. The amount of decay appeared to show only a 
general slight tendency to increase as both temperatures and humidi
ties increased, but tlus was not marked. Most of the decay was 
identified as neck rot. 

Onion sets showed an increase in sprouting, rooting, and decay as 
the storage temperatures increased and as humidities increased at 
each storage temperature. 

For keeping both onions and onion sets in a sound dormant stat6 the 
best storage conditions were found to be 32° F. and a low relative 
humidity of about 64 percent. 

A condition, hawing symptoms which wero apparently the same us 
those resulting from freezmg injury, was found in onions both in 
storago and in the field before freezing hnd occurred. This condition, 
referrcd to as physiologic.\l break-down, is sometimes found in stored 
eonunerciallots of onions. It is often confused with freezing injury 
and has been the cause of legal action against cnrriers and storage
house operators. In control lots put up in IOO-pound bags and 
stored at 32° F. Itt both low and high humidities, the number of 
specimens showing brenk-down at the high humidity was greater 
than the number of specimens showing break-down n.t the low 
humidity. Aside from tIus, no new information was obtained on the 
control of this trouble. 
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