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INTRODUCTION

Commercial onion production in Colorado has become

of mejor importence to the vegeteble industry of the state
and during the past 10 years has incressed from a small
acreage to approximstely 7,000 scres in 1929. The Western
Slope district, previous to that time, held the lead in
total production. However, in that year the Arkansas
Velley shipped out 2,508 as compared to 1,328 cerlosads
from the Western Slope. FYroduction in the Arkanses Valley;
increaesed from 183 carloads in 1927 to the above named
figures in 1929. The Northern Colorsdo section shows less:
?increase than the other two districts and has not develop-a
ied to the same extent.

| The production and price figures, secured from in-
zformation furnished by the U. 5. Bureau of Agricultursl
tEconomics and shown in Tebles I and II, show very clesrly
the rapid growth of the onion industry in Colorado and its
value to the growers.

Due to the recent development of the onion industry
in the Arkansss Valley, growers were not familisr with
standerdized practises necessary to properly grow, curs,
harvest and store their onions. Differences of opinion
existed, and still exist, in regard to the most profitsble
methods of curing and storing.

i The first few yesrs of development of the industry




Table I.

onions.

Acreage, production end shipment of Colorado

:Yield:Product-~:

Total:Shipments by districts

[
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e ey et b o 2t et < e e

: per ¢ ion tcarlot:
: :acre : ,000 : ship-: W, : Ark.: N.
Yopr:Acreage:{bu) : bu. : ments: Slope : Vel. : Colo.
1920 : 760 : 340 : 268 ¢ 150 : 128 ¢ 0 : 22
1921 : 1,300 : 300 : 390 ¢ 447 : 391 : O : b6
1922 : 1,900 : 280 : 632 ¢ ©0bl : 570 : 13 : 68
1923 ¢ 2,620 : 250 : 6556 : 988 @ 839 8 ¢+ 81
11924 : 3,410 : 270 : 921 :1,064 : 944 10 : 110
11925 ¢+ 3,520 : 325 : 1,144 :1,809 : 1,743 : 156 ¢ 51
1926 : 3,700 : 275 : 1,018 :1,758 : 1,411 : 91 : 256
1927 : 4,300 : 320 : 1,376 :1,460 : 1,172 : 183 ¢ 1056
1928 : 3,700 : 310 : 1,147 :2,244 : 1,231 : 743 ¢ 270
1%29 : 7,000 : 369 : 2,586 :4,019 : 1,328 : 2,508 : 186
Teble II. Aversge price per bushel, value per sacre.
Yoar Price per bu. Total Value Value per acre
b $ $
1920 .72 186,000 244.73
1921 53 597,000 460.00
1922 .52 277,000 145.00
1923 1.08 707,000 269.00
1924 .58 534,000 156.00
19256 .78 892,000 253.41
1926 «50 509,000 135.57
1987 .45 619,000 144.00
1928 l.42 1,629,000 440.00
1929 42 1,097,000 156.57
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found losses in storage a negligible fector, but with each
succeeding yesr, losses beceme greater until in the present
seeson (1930-1951) they ranged from 15 to as high &s 60 and|

70 percent.

In most cases, losses in storsge are csused by in-
fection of rot orgsnisms such as neck-rot (Botrytis elliil,
Fysarium bulb rots (Fussrium species) and purple blotch
bulb rot (Macrosporium porri). Other causes of storage
ilosses are sprouted bulbs and shrinkage due to a decrease
'in moisture content.

i

Such losses are often large emough to preclude any

"possibility of the grower reslizing & profit on his sﬁoredf

1
H

ierop. It was with a realizstion of the growing seriousness

%of the situation, and 8lso in response to a request from
éthe growers, that the Colorado Agricultural College estab-.
élished g horticultural sub-station at Rocky Ford with the
%object of assisting the growers in working out their pro-
‘duction and storage problems. This work was first sterted .
'in 1929. The dats presented in this peper were secured
during the yeers 1929 and 1930.

The purpose of the investigations reported herein
was to determine, if possible, practical methods and pro-
foedures whereby losses of onions in storage might be re-

duced to g minimum.
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REVIEW OF THE LITERATURE

Investigations in regerd to losses of onions in
storage have covered & long period of years. Work on the é
nature and control of the diseases causing storage rots,
on culturel methods affecting the susceptibility of bulbs
to infection, on methods of harvesting and curing esnd on
conditions in storage has determined that all these factors
must be considered in reducing storage losses. The writer
iin reviéwing the literature has included only thoss invest-g
igations which have a direct besring on conditions which

are found in the Arkanses Valley. Investigations concern-

ing the control of diseases such as smut, blight, mildew

and others which have not as yet appeared in the Valley,
ior which do not affect stored onions, were not abstracted
'in the review of literaturs.

Hglstead (1) reported a botrytis disease of onions
'in 1890. He suggested that the onions be harvested in a
'dry condition and stored in s cool place. He also sug-
gested that sprinkling the onions with air-slaked lime
might check the spread of the disease in storsge.

Clinton (2) reported in 1904 that the wet seasons
of 1902 end 1903 were probably responsible for the large
losses in storaege, as the year 1904 was much drier snd

losses were correspondingly less. He observed that the

white varieties of onions were much more susceptible to

stem rot (Botrytis species) than the darker skinned types.
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Spraying with & bordesu mixture did not give definite re-
sults, ¢ue to the slight amount of infection during the
season of 1904. No difference was found in storsge in the:
keeping qualities of sprayed and unspreyed onions. f

Garcis (3) observed in 1910 thet wet weather just |
before and during hsrvest caused large losses from rotted
bulbs.

Bennett (4) found thet the greatest difficulty in
~keeping onions in storege wes the tendency of the bulps to;
gprout. He recommended that storsge houses should be frosé
proof end as dry as possible. If onions were kept dry and§
nesr the freezing point they could be kept until February ‘
or March.

Humbert (5) reported losses in storage ranging from
15 to 76 percent. He determined that the neck-rot spores
, found on crates in April send liay after the storage season
~were viable. He also determined that spores from refuse
xpiles two and three yesars o0ld were visble. He reoowmen&ed»
ventilation and fumigation ¢f newly topped bulbs as mesns
of control. According to his figures, fumigation with
formaldehyde materially reduced the amount of disesse.

His observations indicated that the rot organisms were

very apt to gain a foot-hold in the onion st the time of
topping and he suggested that the onions be sllowed to dry%
thoroughly before being topped. |

In a2 report desling with the onion industry of the

Connecticut River Vslley in Messachusetts, Cance, liachmer,
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and Beed (6) stated that onions which are to be placed in
storage will keep better if pulled somewhat green and
gllowed to cure in storasge. They glso reported that onions
might be left on the ground for several days after pulling;
if not topped but that topped onions would not keep well i
if left on the ground for eny length of time. ZExperienced |
growers of the region stated that onions kept in storage
just as well if not better when the bulbs were not topped.

Munn (7) reporting in 1917 gave & complete history -,
‘and deseription of the causal organism of the neck-rot
disesse and nsmed the fungus Botrytis £l1lii. He found
thet the neck-rot disease of onions occurred in every 3
principel onion district in the United States, causing |
;heavy losses in storage and frequently to the growing crop.
He describes the disease as follows:

; "The most striking signs of the disease sare to be
found in the storage houses where the csusal fungus appesrs
‘a8 a mass of sclerotia at the necks of onions. However,
-these may cover pert, or &ll, of the individusl bulbs. The
,smoke grey covering of fungus growth commonly recognized by
‘onion growers as 'grey mold' is snother striking sign of
‘the disesse."

According to Munn's observations infection occurs in
the field through the lesves and necks. The rot either de-
velops in the field or later in storage when conditions are
more favorable. The bulbs may slso become infected from |
the soil. The factors he found favorable to infection andé
the occurrence of the disease sre given below.

"(1) Immsturity snd imperfect curing of the bulbs;

(2) the application of commercial fertilizers late in the
season or in incorrect proportions; (3) the application of
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'laréé duantitiégwgfwgfabié ﬁéﬁﬁte béfafémﬁiantihg§4(;) poor
air drainege in the field; and (5) high humidity, high tem-
peratures and poor ventilation in the storage house.

Bulbs with large thick necks were found to be very

susceptible to the disease. |
!
E

As control measures liunn recommended the following

practises:

"(1) the tops should be well ripened and shriveled
before pulling; (2) the onions should be well cured and
stored in a house with good ventiletion; (3) temperature in
the storage house should be kept as near freezing as is
possible end humidity should be low; (4) sanitation should
‘be prectised in field and in storsge; (5) bruising of the
bulbs should be avoided; and (6) selection for good neck
type esnd esrliness should be prectised.”

Experiments showed that the soil type did not affect]
the degree of infection. Short topping of bulbs did not ‘
: ;
affect the keeping quelity of onions. OSpraying with s bor-}
}deau mixture resulted in 4.4 percent less loss in storsge. l

Halligan (8) reported that, if onions were sllowed
to stey too long in the ground sfter msturing, especially
jduring moist weather, a second growth might start which
‘would meke curing end drying of the bulbs more difficult.

Sayer (9) recommended that onions which are to be
stored in pits be stored with the tops left on.

Beattie (10) stated that onions to be stored should
be well ripened and thoroughly cured; thet the essentisls
for successful storage sre plenty of ventilation, storing
in small quantities, & comparatively low tempersture, dry-

ness and safety from actual freezing.

Under Celifornis conditions Rogers (11) recommended
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‘thet onions be cured in the field from four to seven days,
then topped and pleced in storsage.

Jones (12) discussed the factors related to onion
dormesncy and suggested that oxygen was the limiting factor g
in the growth of the bulbs. This opinion was derived from é
the fact thet wounding or cutting the bulbs resulted in
sprouting. In his work, the asmount of weter contained in
the bulb did not seem to influence growth.

Boswell (13) in continuing the studies on onion dor-
;manoy begun by Jones (12) found that wounding of omion
-bulbs by transverse cuts resulted in marked stimulus of
growth. The closer the cut was made to the growing regioné
.0of the bulb, without injury to those parts, the grester wa%
‘the effect on growth stimulestion. The stimulus to growth |
‘'seemed to be associated with incressed availability of
%oxygen rather than & wound stimulus. ZFreezing, etherizing‘
;and exposure to sunlight resulted in less growth then with
_the check lots of bulbs.

In further studies Boswell (14) found that early
maturing bulbs started growth in storage less resdily than
late maturing bulbs and that losses from decay were less in
the esrly maturing bulbs. Storage at temperatures near
‘freezing resulted in & minimum amount of loss from decsy.
Veriations in temperature from low to high resulted in

greater growth then in bulbs held at the higher tempera-

ture.

Yeager (15) suggested & tempersture of around 320




weather during the harvesting season of 1915 resulted in |
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vPahrenheit and a df&Athésﬁhéré foirtﬁédsﬁofééé‘ofmbhions.

He found thet normelly matured bulbs kept best. He re-
ported that in 1921, when the maturity of bulbs wes hast-
ened by & dry fall, it was slmost impossible to keep the

onions from sprouting. He also observed that in normel

years the early flat verieties failed to keep.

Irwin and Harter (16) called sttention to the fect

that in the Pleasant Valley district of Iows that the wet

the loss of the major portion of the onion crop from rot.
Welker (17) in studying varietsl resistsnce to rot

infections found that the dark skinned type of onions

showed much greater resistance to disease than did the
white varieties.

In further studies Walker and Lindegren (18) found

: that resistance to neck-rot disease was due to & soluble

toxin found in the outer colored scales. Control experi-

' ments showed, that with inoculations directly into the

succulent tissue (thus eliminating the influsnce of the
soluble toxins in the dry outer scales), infection ocourred
with epproximately equal rapidity in colored and in white
bulbs. The writers suggested that the occasionsl epiphy-
totics in colored varieties might be due to particular

conditions at harvest time. Such & condition ss premature;

topping might expose succulent tissue to the attack of the

disease. Insect injuries snd openings in the stem plate
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‘might provide other modes of entrance of the disease in
colored bulbs.

In discussing the relation of environment to the
control of fussrium rot (Fussrium species), Walker end |
Tims (19) stated that holding the bulbs in an atmosphere j
of high relative humidity grestly increased the percentage;
of infection in inoculated bulbs. JDevelopment of the
disease in storage was accelerated by higher tempersatures.

Link and Beiley (20) reported thet the fusarium
5bulb rot of onions was found in practicslly s&ll onion
growing sections of this country. In their report they
gave a description of the disease in the bulbs and plsnts

and stated that colored and white varieties were equally

- susceptible.

In further work on the mycelisl neck-rot of onions,
Walker (21) found that the state of msturity of onion ‘
. bulbs when the tops sre removed has a direct bearing on
ithe smount of infection. Topping onions of the Red Globe
typre, when the neck tissue wass still succulent, resulted

in doubling the amount of infection as compared to onions
which had properly matured tops. In the case of colored
varieties, removel of the tops at pulling time as compared%
to sllowing them to remain on the bulbs after harvest, re-é
sulted in grester infection. However, with white bulbs, |
very little difference resulted.

Artificial ocuring of onion bulbs sufficient to

~ceause desiccation of neck tissue within two or three weeks .
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after harvest resulted in materisl decrease in the smount
of disease.

In snother article on the Botrytis neck-rot disease
of onions, Walker (22) gave a description of the disease i
and gave recommendations for its control. He stated that ;
there are three closely related but distinct neck-rot |
diseases of onion bulbs; grey-mold neck-rot (Botrytis
8llii), mycelial neck-rot (Botrytis byssoides) and small

' sclerotial neck-rot (Botrytis squamosis). Infection and

;decay of bulbs infected by these organisms are reported as
being favored by temperstures below 68° gnd above 599
-Pghrenheit.

Pi1eld observations in the Middle West over a period

;of yesrs showed Botrytis byssoides to be most prevalent
¥during seesons in which the temperature was below normsal
rand the rainfall sbove normal.

Infection by Botrytis ellii esnd Botrytis byssoides
}was reported to take place more ravidly when the neck
| tissue is succulent at the time the bulbs are topped than
when the tops are dried out. When hsrvested under com-
parable conditions, bulbs with mature tops showed less in-
fection than bulbs with immeture tops. Harvesting the
‘bulbs with tops intact resulted in slightly less infectiong
than was the case when the tops were removed at harvest
time.

Colored varieties were less subject to attack than

white varieties, although the disease proceeds with equal
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repidity in either case after infection once occurs.
Walker suggested that the water soluble toxins in the dry
outer scsles and neck tissues of the colored bulbs saids

materielly in excluding the organisms.

He further stated that control might be effected in |

& large measure by artificial curing of the bulbs after
harvesting, or by other rspid curing methods.

In discussing farm practises in relation to storage
diseases, Walker (23) recommended that sanitery measures
' be employed, and that ell old tops, old bulbs, and other
refuse should be burned or buried. Infected bulbs should
not be stored. He stated that white varieties will not
“keep long snd, as is the case with the Bermuda onion,
" should be promptly sold. Sun-burn, freezing and bruising

will give bacteria 2 chance to start, particulerly under

moist conditions. According to his observations, prevail-?

- ing rainy weather at harvest time and during the curing
}period usually leads to heavy rot losses in storege.
Harmer (24) reported thet the development of neck-
rot in onions is largely due to two fectors at harvest
time; first,the state of maturity of the bulb neck tissue
and, second, weather conditions. He stated that immsture
or succulent neck tissue is very conducive to infection
by the neck-rot fungus and that wet weather during the
curing period ususlly results in an incresse in the amount
of decay. He found that variations of tempersature in

storage tended to hasten sprouting. He recommended the
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following practises as control messures:
"(1) Cultural operetions should be conducted s0 &8
to reduce scallions to e minimum. (2) Late growth should

be avoided. And (3) curing should be hastened by every
means possible.”

He reported that repidly cured bulbs were rarely
infected and suggested artificiael curing wherever the
procedure was practicsal.

Caence and Fiske (25) stated that esrly onions are

not storable and that it is importasnt that the onions be

+ kept dry.

Variety trisls at the Utah Station (26) showed
great variation in the keeping quelities of onion veri-

eties. The Austrsliesn Brown waes found to be the best

. kesper followed by the Valencis (Sweet Spenish), Yellow
‘Globe and Southport Yellow Globe in the order nemed.

In studying the effects of freezing on onions,

Wright (27) found that the average freezing point of

ionions was sbout 30° Fghrenheit. He stated thst onions

may be undercooled below their freezing points without
freezing, if not moved or handled; end thst onions with
only the outermost scales injured by freezing may as s
rule be selvaged, if allowed to dry out. Such onions, if
left in a deamp storage or without sufficient ventilatia ,
will soon start to decsaye.

LeClerg (28) recommended grading of onions before
placing them in storage, removing &ll split onioms, scal-

lions and doubles, as they are more susceptible to neck-




‘rot infection. He suggested quick curing end storing im
a dry house as preventive measures.

Angell (29), in his studies on purple-blotch of |
onions, found thet the disease is caused by a fungus whichi
he calls lgcrosporium porri. Since the nsture of the de- E
velopment of this disease is somewhat similar to that of
neck-rot, he recommended that the ssme control methods be
used. Among these were thorough end rapid drying of the
vbulbs end & low temperature in storage. Spraying with a {

bordesu mixture did not control the disease on the plants.%

The review of the litersture discloses some differ-g
~ences of opinion regarding the proper state of mesturity at§
- which to harvest ocnions, and whether or not early maturing%
?bulbs keep better than late maturing bulbs. |
Cence, Machmer and Reed (6) reported that growers
- in the Connecticut River Valley harvest their onions while
fstill somewheat green, if the bulbs are to be placed in
storage. But Munn (7), Beattie (10), Walker (21) and
Hermer (24) have 81l stated that onions should be well
matured before harvesting.

In regard to esrly and lete maturing onions, Boswell
(14) found that esrly maturing bulbs sprouted less in
storage and suffered less decay than laste maturing bulbs.
However, Yeager (15) reported that onions which were

matured earlyY &s & result of dry weather did not keep~well;

He also stated that the early flst varieties were poor
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‘keepéré.

Ferhaps the most significant point brought out in
the investigations is in regard to the comdition of the
tops of the onions when they are removed.

Walker end Lindegren (18) suggested that premsture
topping, which through wounds might expose succulent tis-
sue to attack of Botrytis g11ii, could be responsible for
disesse infection. In a later investigstion, Walker (21)

‘reported that topping onions of the Red Globe type, when
Lthe neck tissue was still succulent, resulted in doubling
‘the amount of infection as compared to onions which hsad
“properly matured tops; and that, in the case of colored
‘verieties, removal of the tops at harvest time, as com-
;pared to allowing them to remain on the bulbs after har-
vvest, resulted in greater infection. Walker verified
;these conclusions in further work on the neck-rot disease
~of onions (22).

| Hegrmer (24) reported that the development of neck-
‘rot in onions is largely due to two factors, one of which
was the state of maturity of the neck tissue of the bulbs
at the time of harvest. He stated thet immsture or suc-
culent neck tissue is very conducive to infectiom by the
neck-rot fungus.

Munn (7) found that bulbs with large thick necks
were very susceptible to neck-rot. This was probably due
to the fact that the necks of such bulbs remsin green for

a long period of time and topping leaves succulent tissue
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" exposed.

Humbert (5) observed that rot organisms were very
apt to gain s foothold in the onion at the time of toppingi
end suggested that the onions be allowed to dry thoroughlyf

before heing topped.

Conditions in the Arkansas Valley differ greatly

" from those found in the onion districts of the northern

. 0of these differences.

!
and northeastern states. vlimstic factors are most typicai

In Colorado, reinfell is insufficient to produce

i
¥
1
{
i
i
i
i

' profitable onion crops. Irrigation is depended upon to

" supplement, and, in some years, to completely replace rain-

" be more easily kept free of moisture in our dry climsate,

fgll. This condition results in cultural practises pe-

culiar to irrigsted districts.

In the humid districts of the northern and eastern
onion growing sections, rainfall is depended upon for the
entire water supply. The prevalence of rsins in those
districts during harvesting and curing periods necessi- ;
tates the curing of onions undershelter. While in Colo-
redo, the normasl clear and dry westher during the curing
seasons enables the growers to cure their onions in the

field. For these reasons and because storage houses may

as compared to humid sections, cultnral methods, harvest-

§
{

~ing and curing practises and storage practises recommended§

 for the esstern districts may not be applicable or desir-

. able under Colorado conditions.
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In the Arkesnsas Valley, the Sweet Spanish type of
onion is grown almost exclusively. This onion is a large,

mild, thin skinned type with a high yielding ability and

requires a long growing season in which to properly mature.;

In the eastern districts, the varieties grown produce
smaller, stronger flavored and thicker skinned bulbs and
mature in & shorter growing season.

Ag 8 result of the differences shown gbove, it was

not possible to sccept, &s final for Colorsdo conditions,

the results of investigations conducted under entirely

i
l
!

different climetic, cultural, hervesting, curing and stor-

age conditions. For this resson the work was not centered !

-on any one phase brought out by other investigators but

%was made to cover seversal phases of the problem. In this

\manner, a closer check could be obtained on the influence

of fectors, peculiar to this region, upon storage losses,

and definite points of attack could be determined for con-

;tinued work.

STATEMENT OF THE PrOBLEM

The object of the following investigetions was to

determine practical methods of reducing storage losses

i

i

through variety and strain trisls, improved cultursl prac-

tises, better harvesting end curing methods snd more de-

sireble storsge conditions.
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MATERIAL AND METHODS

The material for the eiperiments consisted of field
grown onions subjected to different cultursl, harvesting,

curing, and storage treatments. In connection with this

work, variety and strain triels were conducted to compare
keeping qualities. The onions were weighed in crates afterf
harvesting and before being placed in storasge. ieighings
were made on platform scales, checked by standard weights.
:The onions were stored in uniform-sized slatted crates
holding an average of 70 individusl bulbs.

- Losses in storage were determined at the close

of the storage seasons. Moisture losses were determined
;by the differences in weight at the start and at the end
fof the season. Rot and sprout losses were determined by
%grading out rotted snd sprouted bulbs and weighing those

%discarded. é
3 i

i

; The onions used in comparstive trials were subjected?
i'to ldenticsl conditions of growing, harvesting, curing and %
storing, except for the method of treatment under consid-~ |
eration.

The onions were grown under irrigation on lsnd E
leased by the Horticultural Department at Rocky FPord during%
the seasons of 1929 and 1930. %

The storage house was constructed of sdobe bricks |

placed on a concrete foundation. The floor was covered 5

with & four inch layer of cinders placed on the dirt bsase.
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The storsge house was built with two compartments, each
40 by 20 feet in size, with a ten foot ceiling insulated
with Celotex. The pasrtition well was built of adobe
bricks, with a large door between the compsrtments con-

structed of three layers of wood. Outer doors were con-

structed in the seme manner. The windows were made with
g single thickness of glass.

The north compertment of the building was built
with one large snd one small outside door, four windows,
and four ventilators placed on the foundstion of the build%

ing. The south compartment was similar in each respect

save that no bottom ventilators were provided.

Temperature and humidity records in easch compart-
Ement were obtaeined by means of hydro-thermographs correct-ﬂ
ed by mesns of & wet and dry bulb thermometer snd & stsend-
i ardized thermometer. Corrsctions were made at intervals
§°f two or three weeks during the storage period.

Weather conditions during the curing period of l929§
were almost ideal. Fair days and sunshine prevsiled |
throughout the period. But during the 1930 season the
weather was quite the opposite. Cloudy dsys were common
end two rains were recorded. Table III shows the dsily
‘preoipitation during the two curing periods.

The genersl increase in rot losses recorded for the‘
‘1930 season, as compared to the 1929 season, mey be attri-

buted in part to the wet weather during the curing sesson..
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Table III, Dgily precipitation records at Roeky
Pord, September 1 to October 25, 1929
and 1930

Septe. 1929 1930 Oct. 1929 1930
1 1 23
2 2 T
3 3 .80
4 ¥ 4
15} 73 5] .18
6 .09 .01 6
7 .70 «28 7
8 .11 8
9 9

10 .01 10 «65

11 11

12 12

13 - .04 13

14 14

15 15

16 16

17 17

18 18

19 19

20 20

21 21

22 23

23 24

24 25

2b 26

26

27

28

29 .02

30 T

Total 93 1.06 0.0 1.86
Total  September 1 to October 25, 1929 0.93

" " " 1930 2.92
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RESULTS OF THE INVESTIGATIONS

Comparison of the Keeping Quelities of

Onion Varieties and Strains

Variety trisls. The varieties were grown under
similar conditions, being planted on the same day and re-
‘ceiving the same care throughout the growing season. Har-
vesting and curing methods were identical. The results
fobtained from these trisls are given in Tables IV and V.

The Austrelisn Brown, Ohio Yellow Globe, Yellow
:Globe Danvers, Southport Yellow Globe asnd Sweet Spanish

varieties were the best keepers in the order given, follow-~

%ed by Mountain Danvers, Ailsa Crsig, Prizetaker, Gibralter |
fand Denia.

. The best keeping onions were all of varieties with
édark yellow or brown skinned bulbs. Walker aend Lindegren ;
;(18) have reported that the outer scales of dark colored
?onions contain & soluble toxin which inhibits the growth
‘of the neck-rot organism and that colored verieties keep

better in storage.

In these trisls, the poorer keeping onions were of

the straw colored type. The Sweet Spanish, which is inter{

mediate in color, was found to be a moderately good keeper.%
Comparisons at the Utsh Station (26) showed that the

Sweet Spanish (Valencia) ranked next to the Australisn

Brown veriety in keeping guality. The Yellow Globe and




Pable IV. Comparison of keeping qualities of
onion varieties.

Year : Variety : Losses in storage
: : (Percentege)
: : ot :Moisture:Sprout: Total
: : loss ¢ loss ¢ loss : loss

1929 : Austraslisn Brown : 0.0 : * : 1.65: 1.65
: llountein Dgnvers ¢ 0.0 : P 2.91: 2.91
: Ohio Yellow Globe : 0.0 : : 2.92: 2.92
: Sweet Spanish : : : :
: or Valencia i 0.27 : : B.31: 3.58
: Gibraltar : 0.0 : T 4.,48: 4.48
: Yellow Globe : : : :
: Dagnvers : 0.0 ¢ 4.88: 4.88
: Uenia : 0.0 : : 6.39: 6.39
: Yellow Globe : 0.0 A R A |
: Ailsa Craig : 0.0 : T 7.89: 7.89
: Prizetaker : 0.0 : : 20.,13: 20.13

1920 : Ohio Yellow Globe : 0.0 : 1.8 : .9 2.7
: Australian Brown : 0.0 : 2.0 : J76: 2.76
: Yellow Globe : : : :
: Danvers : 1.0 : 1.6 : 1.5 : 4.0
¢ Southport Yellow : : : :
: Globe : 97 1 3.0 1 Beb6 : T.H7
: Sweet Spanish : : : :
: or Veglencia : 9.5 ¢ 3,0 : 1.0 : 13.5
¢ Mountain Danvers : 4.7 : 5.3 : 12.2 : 22.2
: Ailsa Craig 18,0 : 3.6 : 1.0 : 22.0
: Gibreltar P 3l.b 1 3.6 3 4.7 39.8
: Denis : 3644 4.2 : 7.9 48.5

e e & oo
es o0 20 o3 oo oo

*Loss in moisture was not determined in 1929.




Table V. Average totsl™ losses of varieties in
storasge for the two year period 1929

and 1930.
Variety Loss in storage
{Percentage)

Austreliasn Brown 2.2

Ohio Yellow Globe 2.81
Yellow Globe Danvers 4.44
Yellow Globe™* 7.1

Southport Yellow Globe™™ 757
Sweet Spanish or Valencisa 8.54
Mountein Danvers 12.55
Aflss Craig 15.24
Prizetaker™* 20.13
Gibreltar 22.14
Denisa 27 .44

*Loss in moisture was determined only one year (1930).
Varieties grown only one year.
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j:Sou‘l:hrpért Yellow éiobé;”iﬁ théif>t£ialé,uégﬁ£éd béldw the
Sweet Spanish.

Such trisls asre of velue in determining better var-
iieties to use in selection and cross-breeding work with the
iobject of producing an onion of high yielding ability,

- good keeping characteristics and good quality.

Strein trisls. The Sweet Spanish or Velencia onion
:has been proved by both local experience and by experi- ;»
%mental investigations, previously reported upon (30), to
;‘be the type best asdapted to the Arksnses Valley. The

i

ERiverside strain of this variety was selected in order %o

{
; determine what part breeding asnd selection played in pro-

ducing onions of good keeping guality. These trisls were
conducted in the seme menner as the variety triels. Table
VI shows the results secured.

As shown in this teble, there is & large variation

in the keeping qualities of the various strains. This

iindicates that it is possible by breeding and selecting

| for & type resistant to storage rots to grestly improve a

strain in regard to keeping qualities.

Effect of Cultursl Methods on the heeping

Qualities of Onions

8ransplented snd field-sown onions. In this pro-
| s
EJeCt one plot of onions was grown from seed drilled in the

!field during the month of March. The other plot was grown




Teble VI. Straein trisls of

the Sweet Spanish onion.

Yoar Strain : Losses in Storage
: : {Percentage)
: : Rot  ;lioisture:Sprout : Totsl
: ¢ Loss :Loss : Loss : Loss
1929 : Cglifornis @ : : :
: No. 2 : .17 : * : 3.31 i 3.48
: Cglifornis : : :
: No. 3 ¢ .23 : 3.41 : 3.64
¢+ California ¢ : : :
: No. 1 : .38 : : 3.31 : 3.69
: Colorado : : : :
H No. 1 : .06 @ 7.51 : 7.56
: Colorsdo : : : :
: No. 2 ¢ .17 : 9.2 t 9.37
: Californias : : : :
: No. 4 ¢ .00 :12.14 : 12.14
1930 : Colorado : : : :
: No. 2 ¢ 3¢06 T 2.3 : 2.6 : 8.b
: Colorsado : : : :
H No. 1 ¢ 4.8 t 3.3 s 1.5 T 9.6
: California : : : :
: No. 2 ¢ 7.6 : 3.3 T W2 11.1
: Californie : : :
. No. 4.: 5.6 HE T P 645 : 1b.4
: California ¢ : : :
: No. 1 :10.8 : 3.6 : 1.2 : 15.6
: Cglifornia : : : :
: No. 3 :12.0 ¢ 3.8 : 1.4 : 17.2
¢ Imported : : : :
: Spanish :12.5 ¢ 7.6 i 2.6 : 22.7

*Moisture loss was not determined in 1929
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from onions which hed been sown in plamt growing structures
and transplanted to the field during the month of April.
The trensplanted onions matured several dsys sgheasd of the f
field-sown onions and, as a result of eerlier harvesting, g
were allowed to cure in the field a few days longer than i
the others. Other conditions of harvesting and storege
were similar.

The results obtained in this experiment are given in
‘Table VII, ;
| The difference in keeping qualities of transplanted §
onions as compered to field-sown onions, as shown in Table E
'VII, is so slight as to be negligible. There was less thang
%

‘1 percent more rot with the field-sown &s compared to the

%transplanted onions. An interesting phase of this project §

i
i

is in the compearison of esrly maturing with leter maturing

) }
‘onions. The transplanted onions matured a week or ten daysi
: i

H

;ahead of the field-sown each yesr. But there was no great
idifference in state of maturity at the time of hsarvest. %
'Due to the conditions under which the experiment was con- |
ducted, the only definite conclusion from the work is thst
there 1s 1little difference in the keeping quslities of

transplanted and field-sown onions.

Immature and meture onions. In this experiment,
onions from seed planted liarch 20 were compared to onions
grown from seed planted May 4. The onions were of the

Sweet Spanish type and were from the ssme strain of seed.
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Table VII. Trgnsplented gnd field-sown onions.

. Year : Trestment :Weight : Losses in storage
% : : of (Percentegs)
g : tonions :Kot :Moisture:Sprout:Total
§ : (1bs) :loss: loss loss :loss
i 1929 :Transplanted: : : : :
3 : onions : 2403 ¢ 4.66 ¢ 1.76 ¢ .89 ¢ 7.3X
; 1929 :Field-sown : : : : :
; : onions : 2500 : H.0O : 1.8 : .66 ¢ 7T.46
1 : : : : :
it 1930 :Trensplanted: : : : :
: : onions ¢ 583 : 4.9 : 2.2 :10.68 : 17.9
% 1930 :field-sown : : : :
; : onions ¢ B77 : 3.6 ¢ 3.3 :12.9 : 19.8
‘Average : ; ; ; ;
¢ for :Transplaented: : : : :
2 yeers : onions t 4,76 ¢ 1.98 ¢ b.84 : 12.60
:¥ield-sown : ; ; ;
: onions : P 4.3 ¢ 2.b5 ¢ 3.39 ¢ 13.03
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Other than the differences in planting detes, the onions
received the ssme care throughout the growing, harvesting,
curing and storage periods. The storage period was from
October 10 to February 18.

As shown in Table VIII, green or immeture onions
kept in storage with much less rot than those that were
well matured. There was difference of nearly 10 percent in
favor of the immature bulbs. But the decreased loss from
;rots was more than offset by the increesed loss in moistureg

!

‘and green sprouts.

{
H
i
1

The loss from sprouting, in the cese of the immature|
‘onions, might conceivably be reduced by a more thorougn
ccuring of the bulbs before being topped and placed in stor-

ege. The immature onions, when pulled, were still growing

‘8t a rapid rste. They were topped the dsy after pulling |
‘while growth was presumably still tsking place. It was
inoticed that green sprouts asppeared within a day or two.
:If the tops had been sllowed to remain on the bulbs until
‘all growth had stopped and the bulbs were thoroughly dry,
it is supposed that sprouting might have been gresatly re-
duced. In such a case, the smaller loss from rots in the
immature onions may well be given further considerstion inf
future trials.

In suggesting an explanstion for this decrease in
rot loss it is necessery to consider growing conditions.

The late planted onions went into the month of August in

vigorous growing conditicn and with new leaves still beingé
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Table VIII,

Immgture and Mature onions.

1930
Dgte of : Weight of : Losses in storage
plenting : onioms : (Percentage)
: Rot: koisture: Sprout: Total
{1bs) : loss: loss : loss : loss
Mgreh 20 47 : 16,19 : b5.03 : 2.6 :22.82
nay 4 178 . 5.8 : 13.3 : 38.0 :57.1




29

formed. It waes noticed thet injury from thrip insects
(Thrips tobsci) on these plsnts wes much less evident than
upon the earlier planted onions. Further observations re-
vealed thet infection from the purple blotch orgasnism %
(Mgcrosporium porri) wes slso much less than was the case |
with the esrlier planted onions.

The connection between thrip insect injury end
purple blotch infection has not been determined, although
‘Angell (29) reported that inoculations of onions with
tMgcrosporium porri was sccomplished with or without wound- §
ing the leaves of the plesnt. But it is possible that thripg
‘insect injury may fascilitate the entrance of the organisms E
‘of purple blotch and other disesses into the plant. In
§such & case, lste planting may result in greater plant re- f
‘sistance to attack from thrips, thereby decreasing chances :
tfor disease infection. This should permit onions to go
%into storage with less disesse infection. This would, in
éturn, decrease losses from purple blotch and other storage f
rots.

Walker (17) suggested thet insect injuries may pro-

vide & mode of entrance for the neck-rot organism.

Zffect of fertilizers. In this project, the fer-
tilizer treatments were applied on each side of the onion
rows at e distance of three inches from the plants, just
before the first cultivation. The onions were about two

inches high at that time. Applications were made at the
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rate of 200 poundé p;Q é;fégrﬁith ;héwe#ééption of triple
super-phosphate which wss applied at the rate of 100
pounds per ecre. The onions were of the Sweet Spanish typé
and of the ssme strain of seed. Growing conditions, har- E
vesting methods and conditions in storage were similer. §
The onions were put in storasge on the tenth of Uctober and
were graded out February 16.

The effect of fertilizers om the keeping quality ofi
. onions in storage, as shown by Table IX, is rather startl-é
' ing. The results from one year's work indicate that |
E onions fertilized with potash or nitrogen produce poorer i
- keeping bulbs than onions grown without fertilizers. f
EPhosphate fertilizer, salone, improved the keeping qualitie%
%of the bulbs gpproximately 2 percent as compeared to un- |
; fertilized onions.
There was no noticeable difference at time of har-
§ vest in the state of meturity of the bulbs. DNeither couldé
:there be observed any difference in resistance to thrip %
jinsect injury or purple-blotch infection. Hurther trisls

and closer observagtions will be necessary to substantisate

the results obtained.

Effect of late irrigetion. It is customery for |
growers in the Arkansas Valley to withhold water from the i

onions for & period of at least three weeks prior to hsr-
- vesting. The resson advanced for this practise is that

- the onions are allowed %0 dry out further snd will keep ;




Table IX. Effect of fertilizers on the keeping
qualities of oniouns.

1930
Fertilizer : Weight : Losses in storage
: of (Percentage)
: onions” :
: : Rot :Moisture:Sprout: Total
. (1bs) : loss: 1loss : loss : loss
’Super-phosphate; 232.5 : 9.4 ¢ 2.7 ¢ 0.0 : 12.1
Check : 233.5 i 8.3 : 2.9 : 0.0 : 11.2
' Check : 238.5 : 9.8t 3.7 : 0.0 : 13.5
' Check : 233.5 :13.9 : 4.2 : 0.0 : 18.1
Aversge of : : : : :
‘ checks : H : : ¢ 14.26
| B3-18~3 : 2828.6 :14.8: 3.7 : 0.0 : 18.5
i 0-16-6 : 242.5 t17.6 3.9 ¢ 0.0 : 21l.b
?Potassium : : : ; :
Nitrate : 238.5 :20.7 5.0 : 0.0 : 25.7
Sodium : ; ; ; ;
Nitrate i 243.5 :126.08: 4.6 : 0.6 : 30.18
4-12-4 : 240.5  126.7 i 4.6 i 0.6 : 31.9

* Graded bulbs

i
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field in crates ten days after topping and kept in storsage
from October 13 to Pebruary 17, when losses in storage
~were determined. The results of this project sre given in!

: Table Xo

better in storege. In this project it was planned to her-
vest bulbs from plots which had been irrigated from one to
four weeks before harvesting. #all rains, however, made

it impossible to secure a period longer than two weeks

without water.

Bulbs from plots irrigsted one snd two weeks before |
harvesting were given the same curing treatments snd

rlaced in the ssme storage room. The onions were pulled

- on the same day, topped three days later, cured in the j

Contrary to locel opinion, the onions irrigated one%

week before harvesting kept better then the onions which

-years (1929 and 1930). The onions were weighed a&s soon as |

were irrigated two weeks before hsrvesting.

Influence of Harvesting snd Curing Methods on the

Keeping Qualities of Onions

Length of field curing. In an effort to determine

the number of dsys required to properly cure onions in the

‘field after pulling and topping, five crate lots of onionsé

were cured in the field in crates from 1 to 21 days after
topping. The bulbs were topped 3 dsys after being pu.lled.f
The onions were of the Sweet Spanish type and were from thé

same strain of seed. The project was carried on for two




-33=

Table X. Effect of late irrigetion on the keeping
qualities of onions.

1930
Treatment : Weight : Losses in storage
:  of (Percentage)
: onions : Rot :Moisture: Sprout: Totsal
: (1bs) : loss : loss : 1loss : loss
Irrigated : : : :

1 week : : : : :
before pulling: 478 t 12,8 ¢ 6.4 : 3.4 : 28.6
Irrigated : : : ; ;

2 weeks : : : :

before pulling: 424.5 : 18.0 6.1 : 3.1 : 27.2




topped and losses in storage were determined at the close
of the storage season. The dste from this experiment are

given in Tebles XI, XII and XIII. 1

The results from two years' work on the length of g
time necessary to properly field cure onions which are ?
topped two or three days after pulling are inconclusive.
Apparently, there is no direct correlation between length
of field curing snd losses in storage, when, as stated

above, the onions are topped two or three days after pull-:

i
i

ing. Averaging the losses in onions cured 1 to b, 6 to |
10, 11 to 15 snd 16 to 21 days shows a difference of only §
| 1.06 percent between the low and high groups. The curing g
5 periods of one to five dsays resulted in the lowest losses.é
; The greatest loss was in the curing periods renging from 5
16 to 21 dgys. i
Curing in the field and curing under g shed. In
eastern states where rains are common during the curing
season, onions are often cured under sheds before being
| placed in storsge. It was thought that this method of
curing might improve the keeping qualities of onions grown
in the Arkansas Velley. A comparison of onions cured under
sheds and in the field was the object of this experiment,
'~ which was carried on for two seasons. The lots of onions
consisted of ten crates each, in each instance. The onioné

were of the Sweet Spanish type end from the same strain of

seed. The cnions were pulled snd sllowed to cure in the
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Tgble XI. Length of field curing periods and results

in storeage.
1929
Days cured : Weight : Losses in storage

in :  of (Percentege)
field : onions ¢ Kot :Moisture: Sprout: Total
: (1bs) ¢ 1loss : 1loss : 1loss : loss
1 ¢ 2.7 P 9.91 ¢ 6.82 ¢ 6.60 : 23.33
2 : 226 ¢t 6.41 ¢ 5.3 T 4.48 : 16.13
3 : 285 P2.88 ¢ HJ,33 : 2.44 : 9.99
4 2256 : 2.89 ¢ 4.91 : 2.39 : 10.19
5 : 224 4,93 ¢ 4.72 ¢ b.63 ¢ 1b5.88
6 2281.5 ¢ H.,64 ¢ 5,01 : 6.72 : 17.37
7 233.b ¢ 2.b4 ¢ 4.67 : b.,b2 : 12.73
8 229.6 ¢ 4.35 : 4,35 : 5.01 : 13.71
9 P 239 ¢ b.02 ¢ 5H5.,02 : 4,36 : 1l4.4
10 : 218 ¢ 5. ¢ 4.8l : 1.94 : 12.25
11 ¢ 231 P 6,06 ¢ B.24 : 3,47 : 12.77
12 : 223.6 ¢ 6,71 ¢ 4.69 : 1.56 : 12.96
13 ¢ 23l.5 ¢ 4,75 ¢ bH.61 ¢ 4.53 : 14.89
14 $23l.5 ¢ 4.32 ¢ 3.89 : 4.53 : 12.74
15 ¢ 22645 1 4.63 ¢ 6.18 : 3.35 : l4.l16
16 : B26.5 ¢ 7.5 ¢ bobBl : 4.63 : 17.64
17 P B82.5 ¢ 2.8 ¢ 4.85 : 4.51 : 11.56
18 ¢ 228 : 504 ¢! bH.86 : 3.5 : 13.80
19 227 ¢t 2.86 ¢ 4.62 4,18 : 11l.606
20 t B23.5 1 4.8 : bB.,5H9 4.47 ¢ 14.87
21 P 222.5 ¢ M.19 ¢ 4,94 4,04 : 1l6.17

e 08 o9 s o




Teble XII. Length of field curing periods and results
in storage.

1930

Days cured : Weight : Logses in storsge
in :  of (Percentage)
field : oniong ; Rot :loisture:Sprout : Total
: (1bs) : 1loss : loss : loss : loss
1 $ 474,00 ¢ 6.4 6.1 : 2.0 : 14.5
2 i 241.5 : 10.7 : 6.2 : 2.8 : 19.7
3 : 242.,0 : 11.3 ¢ 5.9 ¢ 2.2 : 19.4
4 : 239.5 ¢ 10.2 : 6.0 = 2,7 : 18.9
5 : 240,56 : 9.7 ¢ bet : 3.1 : 18.4
6 ¢ 237.0 : 10.5 ¢ 4,8 : 3.5 ¢ 18.8
7 : 236.5 : 1ll.2 @ 4.4 ¢ 6.7 : 22.3
8 : 240,56 : 13.0 : 5.4 : 2.7 : 21l.1
9 : 239.5 : 15.0 : 6«6 : 2.7 : 24.3
10 : B02.0 : 13.7 : bess : 1.9 : 21.0
11 ¢ 228.0 ¢ 12.7 : 6.2 ¢ 2.6 : 20.b
12 t 243.5 ¢ 13.1 4.9 ¢ l.4 : 19.4
13 ¢ 2826.0 : 12.5 : b.7 : 2.4 : 20.6
14 : 239.5  1l4.6 b.0 ¢ 3.1 : 22.7
15 : 238.5 ¢ 11.9 5.0 : 2.7 : 19.6
16 ¢ 238.5 : 1b.7 ¢ BeB8 ¢ 2.3 ¢ 23.8
17 i 234.5 ¢ 1l2.5 e : 243 : 20.7
18 ¢ 237.6 ¢ 13.2 5.0 : 2.7 : 20.9
19 : 237.5 ¢ 1b.3 @ 6.8 ¢ 1.8 : 22.9
20 ¢ 23837.5 : 12.4 bed : 4.0 : 21.8
21 : 480.0 ¢ 7.3 : 77 : 3.2 : 18.2
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Teble XIII., Showing aversged results of field curing

periods (1929 and 1930).

Days cured in field : Total losses : Average losses
: in : (Percentage)
: storage :
: (Percentage): 1 to 5 days
1 : 18.41 :
2 : 17.91 :
3 : l14.64 :
4 : 14.54 :
b : 16.84 :
: : 16.67
6 : 18.08 : (6 to 10 days)
7 s 17.51 :
8 : 17.4 2
9 : 19.36 :
10 : l6.62 :
: : 17.79
11 : 16.63 : (11 to 15 days)
12 : 16.68 :
13 : 17.74 :
14 : 17.72 :
156 : 16.88 :
: : 17.13
16 : 20.72 : (16 to 21 days)
17 : 16.13 :
18 : 17.356 :
19 : 17.28 :
20 : 18.33 :
21 : 17.18 s
: : 17.83
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Ewindrow for four dé&s}wtﬁeniféépéd éndrplaééd iﬁié;ates to
be cured in the field, and under a shed, for en sdditional
ten deys. After curing, the lots were placed in the same f
gstorage room., The bulbs were weighed when topped and agaiq
:weighed at the end of the storage seasons. Kots and sproutg
were graded out and weighed at the close of the season.
The figures in Teble XIV ghow in both the dry and
wet curing seasons of 1929 and 1930, respectively, that
;onions cured in the field kept better than those cured in
an open shed. However, the differences are smsll. When
considering the cost of providing curing sheds and the

negative results secured here, there is no indication, st

present, of the desirability of curing under shelter.

Long snd short topped bulbs. This experiment was
started in 1929 and was repested in 1930. The onions weref
of the ssme vsriety and strain, were pulled the same day,

cured in windrows four days, topped, field cured for ten

days and then placed in the same storage room. Losses in

storage were determined at the end of the storsge season.

In 1929 the lots consisted of two crates esch. 1In

§1950 the lots consisted of five crates each. The dsts for

i

fthis experiment are presented in Table XV,

i

¥
|
i

The comperison of long, medium and short topped

jonions, as shown in Table XV, indicates that topping onions
| ,
'at the natural bresk in the neck, or "medium topped", is

to be recommended. The short topped bulbs during the 1929

{
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Table

X1V, Curing under & shed as compared to

curing in the field.

{foar

:Treatment:Weight: Losses in storage
: : of (Percentage)

: sonions: Rot :kMoisture:Sprout:Total
: : (1bs): 1loss : loss : loss :loss
1929 :Cured in : s : : :
: shed: 45656 : 2.1 : 12.14 : 5.1 : 19.34
1929 :Cured in @ : : : :
: Pield: 451 : 2.88 ¢ 9.97 : 4.1 ; 16.95
1930 :Cured in @ : : : :
: shed : 482 : 9.2 : %7.05 : 2.b : 18.75
1930 :Cured in : : : : :
Pield: 485 : 6.4 : Db : 4.4 : 16.3
- Aversge :Cured in : : : : :
: shed : : : : 19.54
:Cured in : : : :
: field: : : : : 16.62
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Table XV. Comparison of keeping quelities of long
and close topped onions.

Year : Trestment :Weight: Losses in storage

: of : of :__ (Percentage)

: bulbs tonions: xot :hioisture:Sprout:Total

: : (1bs): loss: 1loss : loss : loss
1929 :Lon% togped : : : : :

: 21" : 91.0: 1.3 : 8.7 : 2.1 : 12.10
1929 :Short topped: : : : :

: close to : : : s :

: bulb ¢ 90.5: 0.0 : 7.7 : 8.28: 15.98
1930 :Lon% topped : : : : :

: 3") : 215.5:20.4 ¢ 5.5 :  .92: 26.82
1930 :Medium : : : : :

: topped ¢ : : : :

:(at netursl : 230.5:14.3 @ 5.3 : 2,3 : 21.9

:bresk in neck) : : : :
1930 :Short toppead: : : : :

(close to : : : : :
bulb) : 236.0:17.0 : 7.8 : 2.3 : 27.1




onions wss not so marked, yet grester than was the case

! project was started in &n effort to determine the sdvsan-
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?season showed gresater sprout loss than did the medium
topped onions. According to Jones (12) and Boswell (13)
this is probably & result of grester aveilebility of ox-

ygen. During the 1930 season the increase in sprouted i

with those that were long topped. Rot losses were less

~with the short and medium topped bulbs.

Graded, field-run and cull onions in storage. Thisf
!
. tages of grading onions before placing them in storsge. §
- The culls were doubles, splits end scellions. The results§
E sre given in Teble XVI.

i
|
H

5 The comparison of graded, field-run and cull onions
shows, primarily, that the lsrgest amount of moisture is
given off by the culls. This results in higher relative

humidity of the air in the storsge house and s more favor-?

able environment for the development of rot organisms.
This would indicate that grading onions before prlacing
them in permanent storage would reduce losses in storeage.
High humidity in onion storehouses is more conducive to
increases in rot losses. Data will be presented to sup-

! i
1

'port this statement.

.

Curing in the field with tops left on as compared
' Xo curing with tops removed. The onions used in this ex-

{

fperiment were of the same veriety and strain snd were sub-§

. Jected to the same growing conditions. The onions were
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Tgble XVI., Graded, field-run and cull® onions
Year: Grades of tWeight: Lossces in storage
: onions of (Percentage)
: tonions: Rot :loisture:Sprout:Total
: : (1bs): Loss : 1loss : loss :loss
; : : : : : : "
1929 :Graded bulbs : 454. ¢ 4.7 : 5.5 : 7.0 ¢ 17.3
1929 :field-run : 4561, ¢ b.2 ¢ 4.8 : 10.0 : 20.0
1929 :Culls 2 461. ¢ 11.7 : 8.6  : 38.6 : 58.9
é 1930 :Graded bulbs : 238.5: 9.8 : 3.7 : 0.0 ¢ 13.5
1 1930 : Pield-run : B77. : 12.9 : 3.6 : 3.3 : 19.8
1930 :Culls $ 178, ¢ 8.1 ¢ 7.3 i 19.3 : 34.7
‘Average Graded bulbs: $ 7.2 ¢ 4.1 P 3.5 : 1448
Average Field-run : i 9.0 ¢ 4.2 P 6.6 1 19.8
Average Culls : : 9.9 7.9 : 28.9 : 46.7

*Soallions, doubles snd

splits.
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;pulled and éiibﬁéd-fb éﬁ£é>;ﬁitheiground. Ten crate lots
of these onions were topped 1, 5, 10 and 15 days after
pulling. After topping, the bulbs were left in the cratesf
in the field until the fifteenth dey when all lots were
lplaced in storage. The onions were weighed when placed ing
storage and losses were determined at the close of the
- season. The bulbs were kept in the same storage room.
- Results of this project are given in Table XVII.
% Curing onions with tops left on gave very good re- f
%sults, as is shown in the preceding table. It is suggesteé
éthat a large part of the infection in bulbs may occur sat g
‘the time of topping. It is often the case under condition%
'in the Arkasnsas Vglley to find onions being pulled before i
the tops have dried out and fallen over. The customary |
two or three dsys of curing in the windrow before topping 4
does not allow the tops to completely dry out. Therefore,%
when topped, the necks of the onions are still succulent

and the surface of the cut is damp from exuding plant

%juiee. This freshly cut surface will provide & favorable
means of entrance for disease organisms. Contaminstion
may come from the clipping shears, which may have been
;used on diseased bulbs, or spores of the rot organisms

;may be carried by sir currents and light on the cut sur-

faces of the bulb necks. On the other hand, when the
' bulbs are cured for ten or fifteen days before topping, the
‘necks will have become thoroughly desiccated. Topping st

-this time exposes no succulent tissue snd it mey be reason-
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Table XVII, Topping onions 1, 5, 10 snd 15 days
after pulling.

1930
Trestment : Weight : Losses in storage

:  of  i__ (Percentage)

: onions : Kot :bMoisture: Sprout:Total

: (1bs) : loss : loss : 1loss ;loss
Topped 1 dsay : : : : :
after pulling : 477 :15.19 ¢ b5.03 : 2.6 :22.82
Topped 5 days : : : : :
after pulling : 492 $16.3 ¢ 9.3 ¢ 2.1 26.7
Topped 10 days : : :

after pulling : 473 :10.2 ¢ 1.2 0 1.79 :13.19

Topped 15 days : : : : :
after pulling : 453 : 6.09 ¢ 4.4 ¢t 1.8 :12.29
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‘ably be considered thet chences for rot infection would
thereby be grestly reduced, with resulting smaller rot
losses in storage.

The results of this investigation generally sgree
with results secured by Welker (21). He found that with l
untopped bulbs (when sprayed with & spore suspension of ,
' the neck-rot fungus, Botrytis gl1ii/ infection was much |
less than with those which had been topped. He similerly ;
. found that untopped bulbs kept much better in storage than |
?topped bulbs. He also reported that neck-rot casn be con-
ztrolled by artificisl curing of the bulbs. Artificial
%curing results in thorough and rapid drying of neck tissue
and produces conditions unfavoreble to the development of

the disease. Thorough drying out of the tops in the field

before topping may serve the same purpose.

Influence of Conditions in Storage on the Keeping
Qualities of Onions

Effect of bottom wventilation. In this project 25

crate lots of onions of the same variety end strain and
subjected to the seme hsrvesting and curing methods were
;stored in each compertment of the onion storage house.

One compartment was provided with added ventilation
4through ventilators placed on the foundstion. The other
gcompartment was provided with doors and windows, only, for

ventilation. Equal quantities of onions were stored in ;

,each compsertment and the compertments were filled to 75
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vpercent capacity. This resulted in comparsble cohditioné
for each room except for the ventilation. Temperature andz
relative humidity records were taken by meens of hydro-

; thermographs. The average temperature and relstive humid-
ity record for the seasson was determined by taking the

- meximum and minimum resdings for each day, averaging them
and then aversging the dasily records for the season. The

3 houses were opened for ventilation early in the mornings.
;Heat was provided, when necessery, by mesans of & coel
burning stove in each compartment. Results aere shown in

Table XVIII.

Humidity end temperature records during the 1929
i season show that practically the ssme conditions of humid-
ity and temperature obtained for each compertment. The
loss in storage for the onions in the check compartment
was slightly less than for the onions in the compeartment i
provided with bottom ventilation. It would therefore

sppeaxr that, in the ordinery smell storage house, suffi-

'cient ventilation is provided by mesns of doors and win-
‘dows.

Effect of high reletive humidity. The same project%
- described above was started in the fall of 1930. However,
;during the snowstorm of November 19 and 20 large quantitie
of snow were blown into the north compartment of the stor-
;age house. 4As it was impossible to thoroughly dry out

' this section of the house, the project was changed to a

. 8tudy of high relative humidity in storage, lower relstive
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Table XVIII,

Comparison of bottom ventilation and
humidity and temperature records in

storage.
1929

liethod of

ventiletion :

.
.

: Weight :Losses : Average : Average

of : in ¢ relative temperature

: onions :storage: humidity

: ¢ per- : per- : degrees
(1bs) :centage: centage : Fghrenheit

.

¢ % we

Bottom
ventilation

Ventilstion :

with doors
and windows
only

.
.

£1,156.5 : 17.04 :  56.97 40.26

:1,157 i 15.73 ¢ 56.35 : 39.53

Table XIX.

Effect of high relative humidity in
storage.

1930
: :  Hot : :
Condition : Weight : Losses : Average : Average
in : of : in ¢ relative : tempersture
storage ¢ onions : storage : humidity : t
: : per- @ ¢ degress
: (1bs) : centage : centage : Fshrenheit
High : : : :
humidity : 1,069 : 19.0 : 737 : 40.6
Low : ; ; ;
humidity ¢ 1,064 : 14.4 : 47.7 : 41.5

e
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huﬁidity-and thé efféé£kgﬁmst;¥edrbhions. Twenty crate
lots of onions of the same variety and strain, subjected
to the same harvesting and curing processes, Were used in
this work. |
The records, given in Table XIX, show & greatly |
increased relstive humidity in the north compsertment as
compered to the south compartment. Temperature records
were approximately the same in each section. The quite
- considerable increase in rot loss of the onions in the
" north compartment undoubtedly must have resulted from the
iincreased moisture content of the a2ir and its influence

in creating & favorable environment for the development

§of rot organisms.
SUMMARY

The investigations reported in this paper cover onef
;and two yesrs' results. In order to reduce varistions |
icaused by weather conditions during harvesting, curing andi
- storage periods, the work should be repeated over a numberi
of years. ®inal conclusions cannot be drawn or recommen-

dations given without further verification of the results.
Where the verious treatments show significant differences,é

i
\

the informsetion mey in time be used in planning practicsl |
demonstrations for onion growers. In sddition to the praci
tical velue of the results, the direction for further work .
has been pointed out. By concentrstion of future work on

- the outstanding phases of the investigstions, more rsapid
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e practicel solution of storage

PR, P S—

progress can be made on th
problems.

Veriety and strein trisls showed thet the Va.rietiesé
producing dark colored bulbs keep better, and that it is E
possible by breeding and selection to greatly improve & f
variety in regard to its keeping quelities. The 1930
trisls of Sweet Spanish streins showed a difference in
total storage losses of 14.2 percent between the best and
poorest keeping streins. The variety trials resulted in

i even greater differences. An average of the storage losse%

3

for two years gives & difference of 25.24 percent between
i

the Australien Brown and the Denia varieties, the best and§
the poorest keeping varieties in storsge, respectively. g
Cultursl methods must be considered as factors in |
reducing losses in storage. Irensplented and field-sown
" onions seem to keep equally well. Little difference was
; found between early and lste maturing bulbs. But immsture'
. bulbs showed less rot in storage, &lthough sprout and
fmoisture loss was grester. By better curing methods it
should be possible to dry out immsture bulbs 80 that
sprouting will be greatly reduced. In this case, it may
be that late planting of onions will prove of practical
value in preventing rot losses in storsge.
Appiications of fertilizers, in most ceases, resulted
in grester storage losses. However, the addition of super{

vhosphate, alone, resulted in a slight reduction in storage

losses8 &s compared to onions which did not receive fertil-'




«~50-

izer applications. Should this result be verified in
future trisls, two purposes msy be served by gspplication
of this information: First, reduction in storage losses
will result, and second, addition of the one plent food
(phosphates) which is generelly considered as low in
Colorsdo soils, should be encouraged and better soil fer-
tility will be mainteined.

Late irrigstion did not increase losses in storage.}
' There was & difference of 4.6 percent loss in favor of
{onions irrigated one week before as compered to onions
;irrigated two weeks before pulling. If this treatment
?proveé consistent in reducing rot loss snd does not in-
. crease the susceptibility of the plant to disease, it 2
gshould be of velue in maintaining the growing period sever;
-8l days longer. This should result in increased yields. |
The condition of the tops of the onions when re-
%moved was shown to be an important factor in effecting the;
%amount of rot loss in storsge. Curing onions for 10 and i
15 days before topping resulted in approximetely 6 end 10
percent reductions in rot loss as compared to onions which
were topped one or five days after pulling. This trest-
ment allows the neck to completely dry out before topping
-and, consequently, no succulent tissue is exposea to ;
-fecilitate germination snd spore development of the differi
ent rot organisms. |

The results secured on this phase of the work sre

-of the greatest practical value. The procedure can be
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worked into the grbwer's method of csring for onions dur-
ing the curing sesson, without necessitating added expense
or trouble. However, it may be necessary to develop
earlier meturing strains of the sweet Spanish onion, in g
order to hasten harvesting apd give plenty of time for thei
curing process to be completed before severe frosts.

Topping onions st the natursl "break" in the neck,
instesd of close topping or lesving three inches of the

top attaeched to the bulb, seems to be sdvisable.
| Curing onions under a shed as compsred to curing
them in the field did not decrease storage losses. & two
" year average of the results secured shows that onions
cured in the field kept in storage with 2.9& percent less
. loss than the onions cured under sheds.
These results are in direct contrest to recommen-
% dstions given to growers in eastern districts where it is
% necessasry that curing be done under sheds. Dissemination §
" of this information to the growers should prevent un- |
' necessary expense proposed by some who are planning on
building curing sheds.

Where onions were topped two or three days after
pulling, curing periods of one to 21 dsays, in the field,
did not show significent differences in the emount of
storage losses. No direct correlation was found between
length of field curing and losses in storsge, when the
onion tops were removed shortly after pulling.

The use of bottom ventilators in the Station stor-
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ture records or decrease

gage house did not lower tempera

the humidity content of the air, and had no effect on stor-

age losses.

Increased humidity content of the air in the storage

i

"house resulted in greatly increased storage losses. Onions

:stored in the north compartment of the house, where an
?aVerage relative humidity of 73.7 percent was maintained,
;showed g loss in rots of 19.0 percent, as compared to a
éloss of 14.4 percent for onions stored in the dry south
compartment. In the south compartment, the average rela-
tive humidity was 47.7 percent. Temperasture records were
approximately the same in both compartments. This empha-
sizes the importance of keeping storage houses as d4dry as
is possible.

Should the results of these investigations prove
consistent in future trials, stcrasge losses should be re-

duced to & minimum by the following praectises and treat-

iments; (1) 1sate plenting of onions, (2) 1ate irrigations,
%(3) spplication of super-phosphate fertilizer, (4) curing
10 or 15 dsys in the field after pulling and before
topping, (5) maintaining dry conditions in storage, and
;(6) selection and breeding for a better keeping strain of

.onions.
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CONCLUSIONS

i

1. Dark yellow or brown colored bulbs keep better
in storage thaen do the straw colored types.

2. Strains of the Sweet Spanish vsriety of onions

very in the percent of storage losses, showing the value
;of selection and breeding in reducing such losses.

3. There is no significant differences in the keep-
%ing qualities of transplanted end field-sown Sweet Spanish i’
gonions 8s grown in the Arkanssas River Valley. v

4. Deate of planting trials indicste that immsture
onions ere more resistent to storage rots than msture
onions, but produce larger numbers of sprouted bulbs and
lose more moisture.

5. The preliminary results of fertilizer treat-
ments indicate that the addition of super-phosphste, alonej

to onions reduces storage losses when compared to onions

grown on check or untrested plots.

i 6. Late irrigation of onions, apparently, does not;
‘increase rot losses in storage.

7. When onions are topped within two or three days .
;after pulling, the length of time they are cured in the
ffield has little effect on storsge losses.

8. Under conditions of the experiments, no sdvan- ;
‘tege is gained by curing onions under an open shed as com-

{pared to curing in the field.

9. Onions topped at the natursl "bresk" in the
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i

f neck kéej beﬁter thanrthosé wﬁich aré cliﬁped éia;e to the

bulb or those left with three inches of the top attached.
10. Cull onions, such as doubles, splits and

scellions, give off larger amounts of moisture than do

graded bulbs.

11. DBetter storage conditions are insured by the ;
removal of culls and undesirasble bulbs, before the crop ;
is placed in permanent storage. g

12. Curing onions in the field until the tops sre §
completely dried out, before topping, results in large
reductions in rot losses, when compared to onions which

are topped while the neck is still succulent.

13. Additionsl aeration by means of bottom ven-

tilation does not seem to be necesssry in the Ststion
|
H

storage house.

14. Increased humidity in the storage house result%
in greatly increased rot losses. %
|
g




—~5h=

10.

11.

12.

LITERATURE CITED

Hglstead, B. C.
1890 Report of the Botannicel Department. K. J.
Ligr. Exp. Rpt. (1890) 352-354

Clinton, G. F. ‘ _
1904 Keport of the Botanist. Conn. Ann. Hpt.
(1904) 321-322

Garcia, fabian o
1910 Growing Denia Onion Seed. H. Mex. £gr. Exp.
Sta. Bul. 74

Bennett, E. R.
1914 The Onion In Colorsdo. Colo. Exp. St.
Bul. 198

Humbert, J. G. §
1916 The Neck-rot of White Onions. Ohio 4gr. Exp.
Sta. Mo. Bul. Vol. 1:176-180 ;

Cance, Alexsnder E., Machmer, Wm. L., end Read, #. W..
1916 Connecticut Valley Onion Supply and Distri-
bution. Mass. Exp. Sta. Bul. 169 :

Mwunn, M, T. . ;
1917 The Neck-rot Disease of Onions. N. Y. State
Lgr. Exp. Ste. (Geneva) Bul. 437 363-455

Hglligen, C. P. _
1914 Onion Culture on liuch Lands. Mich Agr. Exp.
Sta. Spec. Bul. 67

Sayre, C. B,
1916 Commerciel Onion Growing. Ind. Exp. Sta.
Cir. b7

Beattis, W. R.
1909 Onion Culture. U. S. D, A, Far. Bul. 354
(Revised 1928) ,
Rogers, Stanley C. i
1918 Onion Growing in Celifornis. Calif. Cir. 199

Jones, H. A, g
1920 ZPreliminary Report on Onion Dormance Studies.
Proc. Amer. Soc. Hort. Sci. 1920 pp.
128-133




-b6=

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Boswell, V. R,

1922 Influence of the time of maturity of onions
upon the rest period, dormance end re-
sponse to verious stimuli designed to
bresk the rest period. ZProc. Amer. Soc.
Hort. Seci. 1923 pp. 225-233

1923 Influence of the time of maturity of onions
on the behavior during storage and the
effect of storsge temperature on subse-
quent vegetstive end reproductive devel-
opment. Froc. Amer. Soc. Hort. Sci.
1923 pp. 234-239

Yesger, A. F.
1924 Onion Growing in North Dskota. N. D. Agr.
Exp. Sta., Bul. 173

Irwin, 4. T. and Harter, W. L.
1925 A Study of the Onion Industry in Pleasant
Velley, Iowa. Iowa Exp. Sta. Bul. 225

We.lker, Jo Co
1923 Disease Resistance to Onion Smudge. Jour.

Walker, J. C. and Lindegren, Carl C.
1924 further studies of the relation of onion
scale pigmentation to disearce resistance.
Jour. Agr. Res. Vol. 29: 507-514

Walker, J. C. and Tims, #. C.
1924 A Pusgrium bulb rot of onions and the re-
lation of environment to its development.:
Jour. Agr. Res. Vol. 28: 683-694

Link, George K. K. and Bsailey, Alice A.
1926 PFusaria csusing bulb rot of onions. Jour.
Agr. Res. Vol. 33: 929-951

Weglker, J. C.
1925 Control of mycelisl neck-rot of onions by
Artificisal curing. Jour. Agr. Res.
Vol. 30: 365~373

1926 DBotrytis neck-rot of onions. Jour. Agr.
Res. Vol. 33: 893-928




~57=

23. .
1919 Psarm perctises in relation to storage
diseases. U. 8. D. &, Far. Bul. 1060

ee, 15-16 (Revised 1931)

24, Hegrmer, Paul U, |
1927 The management of kichigan much soils for ;

the production of onions. kiich Exp. Sta. !

Spec. Bul. 168 (1927) !

25, Cance, Alexander E., and Fiske, George B.
1925 Marketing onions. U, S. D. A, Dep't Bul.
13256

26. Wilson. &, L.
1925 Horticultural investigations at the Utsh
Station. Utsh Exp. Sta. Bul. 192 p. 41

27. Wright, R. C.
1927 Some effects of freezing on onions. U. S,
D, A, Dep't. Cir. 415

28. LeClerg, E. L.
1929 Heck-rot of onions. Colo. Exp. Sta. Bul.
301-4

290 Angell, Ho Ro
1929 Purple blotch of onion. Jour. agr. Zles.
Vol. 38 No. 9 Mgy 1, 1929

1 30. 4Allen, E. J.

1931 A progress report on onion investigations

i in the Arkansses Valley. Colo. Zxp. Sta.

: Press Bul. 75 i

LIBRANY OF THE

STATE AP2CutT eay s
FORT COL i ey A -































	1001
	1002
	1003
	1004
	1005
	1006
	1007
	1008
	1009
	1010
	1011
	1012
	1013
	1014
	1015
	1016
	1017
	1018
	1019
	1020
	1021
	1022
	1023
	1024
	1025
	1026
	1027
	1028
	1029
	1030
	1031
	1032
	1033
	1034
	1035
	1036
	1037
	1038
	1039
	1040
	1041
	1042
	1043
	1044
	1045
	1046
	1047
	1048
	1049
	1050
	1051
	1052
	1053
	1054
	1055
	1056
	1057
	1058
	1059
	1060
	1061
	1062
	1063
	1064
	1065
	1066
	1067
	1068
	1069
	1070
	1071

