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BULB FORMATION IN SOME AMERICAN AND EUROPEAN
VARIETIES OP ONIONS AS AFFECTED BY LENGTH OF
DAY!
By ROY MAGRUDER, olericulturisty Division oj Fruit and Vegetable Crops and Diseases j and H. A. ALLARD, senior physiologist. Division of Tobacco and Plant
Nutrition, Bureau of Plant ^dustry. United States Department of Agriculture
INTRODUCTION

Since the work of Garner and Allard (3) ^ presenting the specific
effects of length of day upon plants, it has been recognized that bulbing of the onion (Allium cepa L.) is more or less dependent upon a
suitable length of day, or photoperiod. Such work as has been done
with the onion indicates that its flower and seed development is also
favored by the longer days. Jn this respect it is a long-day type of
plant, as the term has been used for those plants that produce their
flower primordia in response to an increasing length of day. The
onion is of especial interest, however, because its bulb, which represents a very compact and ball-like type of rosette, is best formed in
response to long photoperiods. Many of the biennial or perennial
long-day type of plants produce loose flat rosettes under the decreasing lengths of day of autumn.
Morphologically the onion bulb represents an intermediate stage of
rosette development between the loose flat rosette of persistent green
leaves and the extreme reduction of the rosette to mere scales as in the
lily bulb. In the onion, green leaves are produced; but these ultimately die down, leaving only the swollen and thickened leaf bases
alive and succulent. Thus, bulbing of the onion, which illustrates
different phases of purely vegetative development, assumes especial
interest because definite photoperiods give rise to particular phases of
purely vegetative expression and to differences in the period of dormancy.
In the case of the hogpeanut, a wild legume, it has been shown by
Allard (Jf ) that the development of different types of flowers, including
the initiation of the subterranean sort, is dependent upon particular
lengths of day, so that in this plant different phases of flower development are governed by different photoperiods.
Difficulties of a practical nature also led the writers to make the
present studies. Most of the varieties commonly grown in the late
onion-growing sections of the United States fail to bulb normally when
grown in southern Texas. Other varieties commonly grown in the
Southern States have failed to produce satisfactory crops in the
Northern States. On occasions when a shortage of onion seed existed
1 Received for publication May 12,1936; issued June 1937.
2 Reference is made by number (italic) to Literature Cited, p. 751.
Journal of Agricultural Research,
Washington. D. C.
149603—37

1

X?L^ik ^?¿^?
Ma^y^l^^. ¿937^^
(719)

720

Journal of Agricultural Research

voi. 54, no. 10

in this country, seed from northern European countries was imported,
but the plants therefrom in many cases failed to produce normal,
marketable bulbs. These failures have been attributed to many
causes, chiefly seasonal. The present studies were initiated in an
attempt to determine the role of length of day in the bulb formation
of 18 varieties of onions commonly grown in the United States, 8
varieties commonly grown in northern European countries, and 2
varieties from other European countries.
REVIEW OF LITERATURE
Garner and AUard (4) planted sets of onions of the Silverskin variety,
May 14, in the greenhouse and outside. Paft of the greenhouse plants
were illuminated with electric light from sunset to midnight of each
day. The other part received only the normal daylight (maximum,
14.9 hours). Both greenhouse lots and the outside control produced
good bulbs, but the bulbs and foliage of the greenhouse material were
smaller than those in the control lot grown outside. When 13 hours
of daylight were supplied, each set produced several shoots or divisions, each of which eventually produced a small but normal bulb. In
the lot receiving only 10 hours of daylight, none of the plants produced
any semblance of a bulb but split into two or more individuals, and
the foliage remained green and erect for an indefinite period. With
only 5 hours of light, the plants produced weak, pale-green shoots, but
no bulbs, and soon died.
Bos (2) reports failure to secure bulbs of Silberzwiebel (silver onion)
strains in the greenhouse during the winter in the Netherlands, when
the normal day length was extended to 12 hours by the use of electricbulb illumination. However, good bulbs were formed when the period
of total illumination was extended to 14 to 15 hours daily. By using
a light period of 16 to 17 hours he was able to obtain sufficient bulb
formation in 3 months to distinguish the early-maturing strain from
the late-maturing, the globe-shaped from the pear-shaped, the finetextured from the coarse-textured, and the white mature skin color
from the yellow and the red.
McClelland (6), working at Mayaguez, Puerto Kico, with four varieties of onions planted at different dates and grown under light exposures of 10,11,13.5, and 15 hours, respectively, and 11.0 to 13.2 hours
(normal day), found that Prizetaker remained in the vegetative condition and produced slight or no swelling of the base in the 10- or 11-hour
days. In the normal-day lot the response varied with the date of
planting. In the lot planted November 14 and removed June 11, one
of the five plants had developed a well-formed bulb 5.S cm in diameter
and the tops, though still green, had fallen over on removal at 30 weeks,
whereas the others in the container were in the spring-onion stage,
with erect turgid tops. In the lot planted December 12 and removed
June 4, bulbs of considerable size had formed. Since with one exception the tops were stilj growing and were larger and more turgid than
those under the shorter light exposure, the stage of development
appeared to be intermediate between that of spring onions and matured
bulbs. In the 13.5-hour lot, as in the other lots, the development was
mainly that of spring onions although some plants were slightly
swollen near the base.
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Under a 15-hour day, the Prizetaker variety produced 100 percent
of good bulbs in 30 weeks from the date of seed sowing. At 35 weeks
the tops of 60 percent were dead and the other 40 percent were dying.
McClelland says: ^'There was no evidence as to any effect of length
of daily light exposure on division or splitting of the individual into
more than one.'^
The Bermuda White variety, when grown under a 10-hour daily
light exposure, remained in the spring-onion condition, a slightly
swollen base being the nearest approach to bulb formation. McClelland says:
Similarly, under an 11-hour daily light exposure the development for the most
part was that of spring onions. Of those in the five plantings (total of 25 plants)
only one individual developed bulbs.

Under normal-day exposures all plants developed normal bulbs,
which at 25 to 30 weeks were entering or had entered the rest period.
Well-formed bulbs developed under the 13.5-hour light exposure. On
some of these the tops had fallen over at 20 weeks and were dead at
22 weeks. McClelland states:
Under the 15-hour daily light exposure, bulbs developed rapidly though they
were somewhat smaller. At 18 weeks the tops of these small well-formed bulbs
had fallen over but were still green. At 20 weeks the tops were dead or dying.

The production of splits and doubles was very pronounced in the
Bermuda White variety. McClelland says:
Owing to the vigorous top growth and the absence of bulb formation the splitting
of one individual into several was more conspicuous under the shorter exposures
than under the longer daily Hght exposures where bulbs were quickly formed and
the rest period was entered. On resumption of growth however, the compound
formation under the longer exposures became evident.

Yellow Globe Danvers plants produced no good bulbs in the 10- and
11-hour lots. In the 13.5-hour and normal-day lots, planted on September 19 and not harvested until September 4 of the following year,
small bulbs averaging 4.3 cm in diameter were formed: The tops had
fallen over at 50 weeks and were dead at 51 weeks. Under the 15hour exposure all had formed, or were forming, bulbs at 25 weeks from
planting and the tops of all were dead at 31 weeks. Only 3 out of 81
plants of this variety showed splitting, 1 in the 11-hour, 1 in the
normal-day, and 1 in the 15-hour lots.
i i n .
Silver King (Giant White Tripoli) plants produced no good bulbs m
the 10- or 11-hour lots. Development was not uniform in the normalday lot or in the 13.5-hour lot, both lots producing various degrees of
bulbing. The 13.5-hour lot, however, produced a greater percentage
of bulbs that ripened normally, and the proportion of green-top plants
with swollen bases was higher than in the normal-day lot. Under the
15-hour exposure all the plants formed bulbs.
Wilson (5), working with plants grown in water cultures from sets
of the Yellow Strasburg variety, found that plants grown from March
19 to May 2 at Ithaca, N. Y., in a greenhouse that was maintained at
a temperature of 60° to 70° F., produced only faint traces of bulbmg.
The length of possible daylight during this period varied from 12.2 to
14.2 hours. When plants of the same variety were grown from June
12 to July 15 in the greenhouse, where temperatures frequently
reached 90°, all produced good bulbs. During this period the day
length varied from an initial of 15.25 hours to a maximum of 15.3
hours, decreasing after the summer solstice to 14.9 hours.
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In a third experiment, plants of the Ebenezer variety were grown
from January 4 to February 27 in a greenhouse maintained at a temperature of 55° to 60° F. for the first 3 weeks and at 60° to 70° thereafter. Artificial light was supplied by 100-watt Mazda lamps suspended
3 feet above the cultures from dark until 10 o'clock each night. This
resulted in an illumination period, including daylight and artificial
light, of from 14.3 to 15.3 hours. Wilson says that under these conditions ''many of the plants in this experiment failed to form distinct
bulbs.'' Regarding bulbiQg he concludes {8, p. 54):
Bulbing was related first of all to the length of day, secondly to the amount of
root injury, and finally to the general vigor of the plant. Bulbing was first evident
at pH 3.5, at pH 4.0, and in distilled water. Within a given reaction series,
bulbing occurred first on the least thrifty plants. However, from the standpoint
of total dry weight at the end of the experiment, the largest bulbs were found on
the most vigorous plants, particularly in experiment 2, where bulbing was most
pronounced.

In a recent paper Wilson (9) concludes that ''apparently, iaitial
bulbing results from the accumulation of sugars in all parts of the
plants." He also found that "for some reason, large quantities of soil
nitrates tend to delay bulb formation and to reduce yields." Nitrogen
starvation, on the other hand, is characterized by a stunted growth,
pale-green or even yellowish leaves, a rigidly erect position of the
leaves, and a failure of the roots to die at the same time as those of
normal plants. Small, distinct, bulbs were formed, but the necks
neither collapsed nor ripened as in normal maturity. Soil moisture
was found to limit the total amount of growth but apparently did not
influence the time of bulbing.
1934 EXPERIMENT
MATERIALS

The 18 varieties used in 1934 included representatives of all the
major types of onions grown in the United States. Yellow Bermuda,
largely grown in Texas, is an early-maturing variety with light-yellow
skin and mUd-flavored flesh. White Creole is an early-maturing
variety with hard, pungent flesh and is grown almost exclusively in
Louisiana and adjoining States. Early Grano, recently improved
and introduced by the New Mexico Agricultural Experiment Station,
is an early variety of Spanish origin, with a light-yellow skin and
mild flesh. Early Yellow Globe and Mountain Danvers are secondearly varieties with hard, pungent flesh. California Early Red,
recently developed at the California Agricultural Experiment Station,
is an early, semiflat variety with soft, mild flesh. A strain of Australian Brown, also developed at the California Agricultural Experiment Station, is late maturing and has very firm, pungent flesh.
Italian Red, likewise developed by the California Agricultural Experiment Station, is a midseason variety. It is long oval or bottle-shaped,
with soft, mild-flavored flesh. Sweet Spanish (Utah Agricultural
College strain) is a late-maturing sort, globe-shaped, with mild flesh,
and is grown extensively in Washington, Oregon, Utah, Colorado, and
California. This variety can be grown successfully in all parts of the
United States by starting the seedlings in greenhouses. The remaining varieties, including Yellow Strasburg, Ebenezer, Ohio YeUow
Globe, Yellow Danvers Flat, Yellow Globe Danvers, White Portugal,
Red Wethersfield, Southport Red Globe, and Southport Yellow
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Globe, are all midseason to late maturing, with hard, pungent flesh
characteristic of the varieties grown for storage in the Northern
States.
With the exception of the Ebenezer variety, which came from the
California Agricultural Experiment Station, all the midseason to
late varieties were obtained from commercial sources. They were
the most uniform strains submitted for use in the vegetable variety
standardization project of the Bureau of Plant Industry, United
States Department of Agriculture, and cooperating State experiment
stations.
METHODS

Seed was sown in the greenhouse at the Arlington Experiment
Farm, Arlington, Va., near Washington, D. C, December 20, 1933,
and the plants grew slowly at a cool temperature until March 26,
1934, when they were transplanted into the experimental boxes.
At this time they were approximately 8 to 9 inches tall and oneeighth to three-sixteenths of an inch in diameter at a distance of
one-half inch above the root plate. All but 6 inches of the tops and
IK inches of the roots were removed preparatory to planting. The
trimmed plants were spaced 2 inches apart in rows 4 inches apart,
in boxes 10 inches wide, 10 inches deep, and 36 inches long, inside
measurements. Since limited space permitted the planting of only
10 plants of each variety in each treatment, 5 were planted in each
of 2 boxes, which were placed on movable trucks. The duplicate
boxes were separated from each other on the trucks in order to avoid
restricting to certain varieties any possible favorable or unfavorable
place effect.
A rich compost soil, to which had been added a liberal application
of a commercial fertilizer containing 5 percent of nitrogen, 8 percent
of phosphoric acid, and 5 percent of potash was used in the lower 8K
inches of each box. On top of the compost 1 inch of muck was placed
in order to provide a substratum that would allow easy access to the
base of the growing plant for examination of the amount of bulbing.
Additional applications of the fertilizer mentioned and top dressings
of nitrate of soda were made at weekly intervals until the bulbs were
more than half grown; at no time was there any evidence of malnutrition.
Thrips were controlled by weekly sprays, and the plants made
excellent growth. A rot that started at the base of the plants caused
the loss of a few individuals after they had made their maximum
vegetative growth.
The boxes of plants, except those of the control lot, were placed on
movable trucks and were exposed to daylight according to the schedule
giv^en below. For the remainder of each day, the trucks containing
the plants were kept in dark, ventilated houses.
10-hour day, 6 a. m. to 4 p. m.
12-hour day, 6 a. m. to 6 p. m.
13-hour day, 5 a. m. to 6 p. m.
13.5-hour day, 5 a. m. to 6.30 p. m.
14-hour day, 5 a. m. to 7 p. m.
14.25-hour day, 5 a. m. to 7.15 p. m.

Throughout the duration of the experiment the control plants remained outside, where they were exposed to the natural length of day,
which at Washington, D. C, varied from 12.4 to a maximum of 14.9
hours for the period covered.
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The 12-, 13-, 13.5-, 14-, and 14.25-hour lots also remained outside,
exposed to the normal length of day, until the date when the possible
hours of daylight from sunrise to sunset had reached the respective
photoperiod for each treatment. These dates were as follows: 12hour day, March 29; 13-hour day, April 10; 13.5-hour day, April 23;
14-hour day, May 6; 14.25-hour day. May 21.
To aid in interpreting the data, air temperatures as recorded on
official United States Weather Bureau instruments in regulation instrument shelters are presented in table 1. The average temperature
is the average of the minimum and maximum readings. The minimum temperature for the week ended March 31 occurred on the
25th, the day before the plants were set. The plants were well hardened before transplanting and none was killed by temperatures of
29°, 29°, and 28° F. on the successive dates of March 28, 29, and 30,
respectively.
TABLE

1.—Weekly average air temperatures and minimum and maximum for each
weeky at Arlington Experiment Farm^for seasons of 1934 ct^d 1935
Mar. 25 to Aug. 11, 1934

Week
ended—

Mar. 31
Apr. 7
Apr. 14
Apr. 21
Apr. 28
May 5
May 12
May 19
May 26
June 2
June 9
June 16
June 23
June 30
July 7
July 14
July 21
July 28
Aug. 4
Aug. 11

Mean (average)
Min- Maximum imum
Min- Max- Averimum imum
age

31
43
40
45
42
48
54
54
55
58
64
63
68
70
71
68
69
73
69
67

op
52
68
60
65
60
73
80
78
78
79
82
86
87
95
94
88
96
96
88
88

42
56
50
55
51
60
67
66
67
69
73
75
77
83
83
78
83
84
79
77

op
22
35
30
34
30
32
42
44
46
53
58
60
65
63
68
59
61
71
67
58

op
63
82
76
72
79
89
90
89
94
88
89
90
95
102
96
93
99
99
92
93

May 1 to Sept. 6, 1935
Week
ended—

May 4
May 11
May 18
May 25
Junel
June 8
June 15
June 22
June 29
July 6
July 13
July 20
July 27
Aug. 3
Aug. 10
Aug. 17
Aug. 24
Aug. 31
Sept. 6

Mean (average)
Min- MaxMin- Max- Aver- imum imum
imum imum
age
op
51
50
52
50
58
62
62
67
62
69
72
70
73
70
69
72
69
61
63

°F.
70
72
71
69
83
80
83
87
88
90
91
93
91
92
86
96
87
82
72

op
61
61
62
60
71
71
73
77
75
80
82
82
82
81
78
84
78
72
68

42
46
46
44
46
56
56
61
58
61
70
68
63
60
62
68
62
55
55

84
82
78
72
89
84
91
95
97
93
97
99
97
98
94
101
94
88
76

Thermographs installed in the darkened sheds in earlier experiments revealed only slight differences (2° to 3° F.) between the temperature within the sheds and that outside, showing a somewhat
higher temperature in the sheds, especially at night.
RESULTS

An excellent stand of plants was obtained in 1934, and growth
proceeded at a rapid and apparently uniform rate under all treatments for the first 6 to 8 weeks after planting. By June 21 the
plants in the lots receiving 10 and 12 hours of light were much taller
and the blades were more erect than in the lots exposed longer.
There was apparently a gradual reduction in height of plant from
the 12- to the 14-hour treatments. However, measurements from
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the soil surface to the tip of the longest leaf and of the diameter of
the plant 2 inches above the soil level showed no significant difference
in size between the different lots in any of the varieties. The apparent difference in size was due to the fact that the blades had
broken over more in the long-day treatments than in the short-day
treatments. The plants in the 10- and 12-hour lots, where bulbs
did not form, continued to produce new leaves, which grew erect
and remained so until they attained sufficient height to be beaten
over by the wind and rain.
As the onion plant matures, the older leaves die and dry up, and
the softening of the tissues in the column of leaf bases (neck) above
the bulb finally allows the foliage, or top, to fall over. This dropping
of the tops is recognized by commercial growers as an indication of
maturity.
The length of day had a marked effect on the amount and rate of
dropping of the tops. As early as May 15 the necks of some of the
White Creole plants in the longer day treatments were beginning to
soften and bend over. The condition of all the varieties on July 7
is shown in table 2. It was evident that, in general, increasing the
length of day increased the percentage of plants whose tops had
fallen over and also the percentage of plants with dry tops. Since
the three categories of condition are successive stages in maturity,
the increase in length of day appears to hasten maturity.
It is also apparent that there are at least four groups of varieties
with reference to their maturity: Group 1 includes White Creole,
Early Grano, and Yellow Bermuda; group 2, Ebenezer, Mountain
Danvers, Yellow Strasburg, Early Yellow Globe, Ohio Yellow Globe,
Yellow Danvers Flat, and Australian Brown; group 3, Red Wethersfield, White Portugal, Yellow Globe Danvers, Southport Red Globe,
Southport Yellow Globe, California Early Red, and Italian Red; and
group 4, Sweet Spanish (SI).
On July 7 none of the tops on any of the varieties tested had fallen
over in the 10-hour treatment.. Twelve hours of daylight was sufficient to initiate maturity in group 1, and 13 hours was sufficient for
group 2. In group 3, 14 hours' exposure was required to cause the
tops to drop; none of the Sweet Spanish plants (group 4) in any of
the lots had the tops down on July 7.
When the time factor is considered, the difference in reaction
between the 13.5- and 14-hour day in the varieties in group 3 is
remarkable. An increase of less than 3.5 percent in the total duration of daylight over a period of 75 days was sufficient to cause the
difference shown. Or, put in another way, a total difference of less
than 35 hours, accumulated over a period of 75 days, resulted in the
marked difference indicated in table 2.
The importance of the time element is seen by comparing the data
in table 2 with those in table 4 (p. 729). On July 7 none of the tops
of the Sweet Spanish plants had fallen over in any of the treatments,
but by August 13 most of the tops were dry on plants in the 14-hour,
14.25-hour, and normal-day lots. Likewise the varieties in group 3,
which on July 7 had none of the tops fallen over in the 13.5-hour
treatment except two Italian Red plants, had all of them fallen over
and most of them dry by August 13.

726

Journal of Agricultural Research

Vol. 54, no. 10

I ^OOOOOOOOOOOOOOOOOOO
^g
C000050SOt^O05 iüO5©O5O5»OQ01>

I -^OOOOOOOOOOOOOOOOCIO
-^
i-( Tj< ,-(
r-l rH »O (N <N o

'■<;oo^-oooooooooooooooo

CCOOOOOOOOQOOOOO»CO
coc»05 0aiooooooô05i>ioTi<i— lo

-OOOOOOOOOOOOOOOO-^O

¿•!á20®®000<N0000000000

^OOOOOOOOOOOOOOOOOOO

£ Ö ®

p¿5 <s £

<N^<NO0I>«

¿oooooooooooooooooo

|3 e

<«"
4Í P

.

oooooooooooooooooo

!~. ^ «DCQiO

s^ggSSSS888S8888888
¿•"OOOOOOOOOOOOOOOOOO

©-tí

e3

M g¡:H ®
* "'S 03
<M ^ ro 0)

.oooooooooooooooooo
¿888888888888888888
1—1

fl
«-'
03 ä
Ä iá
eo ^

.

^ 03 es 5

«así
!^
ofl-i ya Si
£-

oo oo os
og

®^ ® o
o o o;:^

May 15,1937

Bulb Formation in Onions as Affected by Length of Day 727

The same general grouping of varieties for earliness of maturity
(based on drying of the tops) holds for the data collected on August
13 (table 4) as for that of July 7 (table 2), although the order is somewhat different within each group. California Early Red was in group
3 on July 7 and in group 2 on August 13.
The condition of the foliage on July 17, 1934, is shown in figure 1.
The effect of increasing the length of day on the rate of maturity was
clearly shown by the greater degree of desiccation and the greater
percentage of plants whose tops had fallen over as the length of day
increased from 10 hours to 14.9 hours (fig. 1, 0). Yellow Bermuda (a),
White Creole (d), Early Yellow Globe (c), and Early Grano (h) were
the only varieties maturing in the 12-hour day treatment and were the
most mature in all the treatments. Sweet Spanish (/) and Italian Red
(g) required the longest daily light exposure or exposure over the
greatest number of days. The single plant of Sweet Spanish (/) with
erect foliage in the control (normal-day) treatment, is illustrative of the
unevenness of foliage dropping which is characteristic of this variety.
Because of the closeness of planting it was impossible to make
accurate measurements of bulb development without seriously injuring the foliage, so rating was resorted to in recording the relative
development of the bulb.
The first reading was made on July 7 and the terms none, slight,
fair, medium, and good were used to describe the development of the
base of the plant. The results are given in table 3 in the approximate
order of bulb development. The percentage of each type of bulb
was used in deciding the order but was omitted from the table for
brevity.
TABLE

3.—Degree

of hulh formation on July 7, 1934y in 18 varieties of onions
exposed to different lengths of day
Bulb formation after daily exposure to indicated number of
hours of possible sunlight

Variety
10

Yellow Bermuda
White Creole
-- Early Grano._._-_.
Early Yellow Globe
Mountain Danvers
California Early Red
Yellow Strasburg
Ebenezer
Ohio Yellow Globe
Yellow Danvers Flat
Australian Brown
Yellow Globe Danvers
White Portugal
Red Wethersfield
Southport Red Globe
Southport Yellow Globe
Italian Red
Sweet Spanish (SI) 2

0-sl___
0
0-sl___
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

12
g

13

g
g
Ií:.V: g
0-f._-_ si-g-.
0
f.-g--0
sl.-f.sl.-m0
f.-m_.
0
sl.-m..
0
sl.-m_.
0
sl.-f.-_
0
sl.-f.0
Sl.-f.0
0-sl___
0
sl.-f...
0
0-sl___
0
0-f
0
0-sl-__
0

13.5

14

14.25

g
g
g
g
f.-g--.-g—
f.-m_ f.-m_.
f.-m_f.-m_.
f.-m..
f.-m..
sl.-f...
f.-m..
sl.-f...
sl.-f..sl.-m.sl.-f...

g
g
g
g
g
g
f.-g—
f.-g-f.-g-f.-g.f.-g.f.-g-f.-g—
f.-g—
f.-g—
f.-g--f.-m. sl.-f..-

g
g
g
g
g
g
g
g
g
g
g
f.-g--g
g
f.-g--f.-g—
f.-m..
sl.-f ...

12.4-14.9

g.
g.
g.
g.
g.
g.
g.
g.
g.
g.
g.
g.
g.
g.

f'.
f.-g.
f.-g.
f.-m.

1 Degrees of bulb formation: O, none; si., slight; f., fair; m., medium; g., good.
2 S followed by a number indicates a separate strain.

Yellow Bermuda and Early Grano were the only varieties to produce
any swelling of the base in the 10-hour treatment, and the percentages
of plants in the '^sUghf' class were only 20 and 10, respectively. In
the 12-hour treatment White Creole, Yellow Bermuda, and Early
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FifiiJKK 1.—Coudition of toliiiKe July 17, I'JIit, in 18 varieties of onions Krown at .^rlingtou E-ioeriment
ï,",'? "5™"' '^'''«"'eut daily periods of normal daylight as indicated: A, 10 hours; B, 12 hours- (? 1.3 hoursD. .3.5 hours; E, 14 hours; F, 14.25 hours; G (control), normal day length (12,4 to 14.« hours). Kuler iii
backüround marked in mclies. Letters in front of rows refer to following varieties: o, Yellow Bermuda-
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Grano were the only varieties to produce good bulbs. Early Yellow
Globe produced one bulb that was rated as fair in the 12-hour lot.
At the other end of the scale is Sweet Spanish, which had produced
no well-bulbed plants by July 7 in even the longest days. This,
however, is a late-maturing variety and had not had sufficient time
to make bulbs.
In order to save the bulbs of the early-maturing varieties from
rotting it was necessary to terminate the experiment on August 13.
Notes were made on the condition of the foliage and the amount of
bulb formation on all plants available. A representative sample of
the plants of every variety was photographed and varieties typical
of the different groups are shown in figures 2 to 5. To save space on
the photographs, most of the leaf blades were removed from plants
on which the neck was still green and succulent, and all of the foliage
above the neck was removed when the neck was dry.
The foliage was recorded as green when more than one blade retained its green color and the neck retained some noticeable moisture.
The foliage of plants of this type was removed before the plants were
photographed, but where the neck was stiff and succulent, though
fallen over, the basal portion of the blades and the neck were allowed
to remain.
Data on bulbs and foliage are recorded in table 4. All the plants
that had dry tops on August 13 had good bulbs. Size was not considered in rating the bulbs, but only the degree to which the base of
the plant had swollen.
Yellow Bermuda was the only variety to produce a good bulb that
eventually dried down normally in the 10-hour day. Early Grano,
White Creole, and Yellow Bermuda made 100 percent of good bulbs
in the 12-hour day. Early Yellow Globe produced 22 percent and
White Portugal 11 percent of well-bulbed plants. None of the other
varieties produced any good bulbs in the 12-hour day. All of the
varieties except Sweet Spanish produced some good bulbs with dry
tops in the 13-hour day, and none of the varieties produced any
plants that rated below medium-bulbed. Therefore 13 hours of daylight proved sufficient to produce bulbs on all of the varieties studied.
Exposures longer than 13 hours hastened the maturity of the bulb.
With regard to rate of maturity there are four groups. The first
group comprises Yellow Bermuda, Early Grano, and White Creole;
the second, California Early Red, Early Yellow Globe, Yellow Strasburg, Ebenezer, Mountain Danvers, Ohio Yellow Globe, Yellow
Dan vers Flat, and Australian Brown; the third. Yellow Globe
Danvers, White Portugal, Red Wethersfield, Southport Red Globe,
Southport Yellow Globe, and Itahan Red; and the fourth. Sweet
Spanish.
1.—Continued.
^, ,
, „
b, California Early Red; c, Early Yellow Globe; d, White Creole; e, Southport Yellow Globe; /, Sweet
Spanish; g, Italian Red; h, Early Grano; i, White Portugal;;, Yellow Globe Danvers; k, Red Wethersfield;
I, Yellow Strasburg; m, Austrahan Brown; n, Yellow Danvers Flat; o, Ohio Yellow Globe; p, Ebenezer;
q, Southport Red Globe; r, Mountain Danvers. Note the erect succulent foliage and necks of all varieties
in the 10-hour lot (A) and of most of the varieties in the 12-hour lot (B), and the effect of increasing day
length on the dropping and dying of the foliage. Yellow Bermuda (a), White Creole (d), and Early Grano
(h) are the only varieties with dying foliage in the 12-hour treatment (B). The single erect plant of Sweet
Spanish (/) in the control lot is illustrative of the variability in foliage drop which is characteristic of this
variety in the field. This plant finally produced a normal bulb. The later maturity of this variety and
of Southport Yellow Globe (e) and Italian Red (g) is shown by their greener condition under the longer
lengtlis of day.

FIGURE
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FiGUEE 2.—Degree ot bulbing
and condition of neck and
foliage on August 13, 1934, in a
representative sample of onion
varieties: A, Yellow Bermuda;
B, Yellow Strasburg; C, Australian Hrowu; and D, Southport Yellow Globe. Control
(c) grown under normal length
of day (12.4-14.9 hours). No
foliage on bulb indicates that
foliage was dead or nearly so.
The right-hand double in
10-hour treatment of Yellow
Bermuda (A) was the only
plant in any variety that matured a good or normal bulb
at this exposure. In the 13hour lot, 22 percent of Australian Brown (C) and 40 percent
of Southport Yellow Globe (Z))
were bottlenecks when dried.

10
12
13
13.5
14 14.25
C
EXPOSURE PER DAY TO NORMAL LIGHT (HOURS)
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3.—Degree of bulbing
and condition of neck and
foliage on August 13, 1934, in a
representative sample of onion
varieties: A, White Creole; B,
California Early Red; C,
Mountain Danvers; and D,
Southport Red Globe. Control (c) grown under normal
length of day (12.4-14.9 hours).
No foliage on bulb indicates
that foliage was dead or nearly
so. These varieties are arranged (from top to bottom) in
order of earliness of maturity.

FIGURE
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4.—Degree of bulbinR and
condition of neck and foliage
on August Ki, 1934, in a rejiiesentative sample of onion varietiesiyl, Early Clrano; /î,El)enezer;
C, White Portugal; and /;, Yellow Globe Danvers. Control (c)
grown under normal length of
day (12.4-14.9 hours). No foliage on bulb indicates that foliage
was dead or nearly so- Note the
slight swelling otthe base ofsome
of the Karly Urano {A) plants in
the 10-hour lot and the variability in maturity which existed
in the White Portugal (C) and
Yellow Globe Danvers (7)) varieties. All of the plants with green
foliage in the Yellow GlobeDanvers variety failed to produce
normal bulbs.

FIGURE
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é é i «
FiouRE S.—Degree Of bulbing and
condition of neck and foliage on
August 13, 19,'!4, in a representative sample of onion varieties:
A, Early Yellow «lobe; B, Ohio
Yellow Olohc; f', Red Wetliersfleld; and D, Sweet Spanish.
Control (c) grown under normal
length of day (12.4-14.9 hours).
No foliage on bulb indicates
that foliage was dead or nearly
so. Note the one good bulb in
the 12-hour lot of Early YellowGlobe (A) and the two scallions
in the 13-hour lot. The single
plant of Ohio Yellow Globe (fí)
that failed to produce a good
bulb in the 13-hour treatment
is shown. The smallest plant
in the 13-hour lot of Red Wethersfleld (C) represents the seallion. The other two with foliage
dried down to bottlenecks, as
did the two with foliage in the
:3..5-hour lot. All of the plants
in the 13.5- and 14-hour lots of
Sweet Spanish (Z>) ripened down
into good bulbs, while of those
in the 13-hour lot, 11 percent
were bottlenecks and 22 percent
stiff necks.
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Onions that fail to mature at the same time as the majority of the
crop usually produce only bottlenecks or scallions if left longer in the
field. Scallions may be defined as onions with thick necks and relatively small and poorly developed bulbs; bottlenecks, as onions with
abnormally thick necks. Neither type is accepted in the U. S. No. 1
grade of onions nor is considered a good bulb.
In order to determine the number of good bulbs among plants
having green foliage and succulent necks on August 13, the plants
were dried for about 2 months and then classified as good bulbs,
scallions, and bottlenecks. The percentages of scallions and bottlenecks are given in table 5 and show that Yellow Bermuda was the
only variety to produce good bulbs with a 10-hour day. Yellow
Bermuda, Early Grano, and White Creole produced 100 percent of
good bulbs in the lots exposed 12 hours or longer. In addition to the
three varieties just mentioned. Early Yellow Globe was the only
variety to mature good bulbs in the 12-hour lot. The bulbs of Early
Yellow Globe and White Portugal, rated as having a much-swollen
base with green foliage in the 12-hour lot in table 3, turned out to be
bottlenecks. In the 13-hour lot, two-thirds of the medium-bulb
plants with green foliage proved to be scallions when dried, but only
31 percent of the much-swollen plants proved to be bottlenecks when
dried. In the 13.5-hour lot only 28 percent of the well-bulbed plants
with green tops proved to be bottlenecks and they were not extreme
types. In the 14-hour lot only 20 percent of the bulbs with green
tops were found to be bottlenecks and none of them proved to be
scallions when dried.
TABLE

5.—Percentages of plants showing scallions and bottlenecks in onions exposed
to different lengths of day in 1934
Plants showing indicated formations under specified number of
hours of daylight 1
Variety

12
Scallions

Yellow Bermuda
Early Grano
White Creole
California Early Red
Early Yellow Globe
Yellow Strasburg
Ebenezer
Mountain Danvers
Ohio Yellow Globe
Yellow Danvers Flat
Australian Brown _
Yellow Globe Danvers-.
White Portugal
Red Wethersfleld
Southport Red Globe.—
Southport Yellow Globe
Italian Red
Sweet Spanish (SI) 2

Bottlenecks

Scallions

Bottlenecks

13
Scallions

13.5

Bottle- Bottle- Bottlenecks necks
necks

Percent Percent Percent Percent Percent Percent Percent Percent
0
0
0
0
40
0
0
50
0
0
0
0
0
0
100
0
0
0
22
78
0
0
0
0
0
0
0
0
100
0
0
100
0
20
0
0
78
11
100
0
0
0
0
0
100
0
0
100
0
0
0
0
100
0
0
100
0
0
0
0
20
100
100
0
0
0
0
0
100
0
100
11
0
0
0
0
100
0
0
100
22
0
0
0
100
0
100
0
10
22
11
33
0
100
100
0
22
0
0
11
89
0
11
100
22
0
33
11
100
100
0
0
0
14
22
0
11
100
100
0
0
0
100
0
40
0
0
100
0
22
0
100
0
33
100
0
22
11
0
0
100
100
0
0

1 No scallions were found in the 13.5-hour, 14.25-hour, nor in the 12.4- to 14.9-hour lots; no bottlenecks were
found in the 14.25-hour nor in the 12.4- to 14,9-hour lots.
2 S followed by a number indicates a separate strain.
149603—37
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Other types of onions that are objectionable from the commercial
standpoint are ''doubles'' and ''splits." Doubles are bulbs in which
the outer scale has split, revealing two or more divisions joined at the
base. Splits are bulbs in which the outer scale is intact but the bulb
so misshapen as to indicate two or more divisions within. Plants
of these types were recorded when the material was harvested on
August 13. The combined results (doubles and splits), shown in
table 6, indicate that, although doubling and splitting are largely
varietal characteristics, minimal and subminimal lengths of day for
bulbing tend to increase their prevalence.
TABLE

6.—Percentage of plants showing doubles and splits in 18 varieties of onions
exposed to different lengths of day in 1934
Plants showing doubles and splits under specified number of
hours of daylight
Variety
10

Yellow Bermuda._ ..
_ _-_ -..
Early Grano
- .. .. _
White Creole..- California Early Red
Ebenezer
_,
. _
Yellow Danvers Flat
Yellow Strasburg-Mountain Danvers
_ ._. _._
Early Yellow Qlobe
Ohio Yellow Globe
Australian Brown _
White Portugal
Red Wethersfield _
Southport Red Globe._____
_ _
Italian Red
Yellow Globe Danvers
Southport Yellow Globe- __
Sweet Spanish (SI) i

12

13

13.5

14

14.25

12. 4-14.9

Percent Percent Percent Percent Percent Percent Percent
10
13
0
0
0
70
20
0
0
0
42
22
0
0
0
0
10
0
0
10
33
0
0
14
0
0
0
0
10
0
10
0
0
22
33
10
0
0
11
0
30
20
12
12
25
0
0
0
0
0
0
0
0
0
0
10
0
0
10
0
0
0
0
0
0
0
0
0
0
20
0
0
0
0
0
0
0
0
0
0
0
33
0
20
0
0
10
30
0
12
30
0
0
0
0
.0
0
0
0
0
12
0
0
0
0
0
0
0
0
0
10
10
0
0
0
0
0
0
10
0
0
0
0
0
0
0

1 s followed by a number indicates a separate strain.

Under the conditions of this experiment an exposure of 12 hours of
daylight was sufficient for good bulb formation in the Yellow Bermuda, Early Grano, and White Creole varieties. California Early
Red, Yellow Strasburg, Ebenezer, and Yellow Danvers Flat produced
100 percent of good bulbs when exposed daily to 13 hours of daylight,
whereas Early Yellow Globe, Mountain Danvers, Ohio Yellow Globe,
Australian Brown, White Portugal, Southport Yellow Globe, and
Sweet Spanish (Si) required 13.5 hours of daylight to produce 100
percent of good bulbs. The last three varieties required longer to
mature at 13.5 hours' exposure than the first four varieties. For
complete bulbing of Red Wethersfield, Southport Red Globe, and
Italian Red, 14 hours' exposure was necessary, whereas Yellow Globe
Danvers required 14.25 hours of daylight for all of the plants to
produce good bulbs.
1935 EXPERIMENT
MATERIALS

In order to extend the scope of the 1935 trials^ a collection of
varieties and strains of onions from Europe (table 7) was obtained
from one Polish and two Dutch seedsmen. Seed of a strain of the
Sweet Spanish variety was supplied by a firm of commercial seed
growers at Rocky Ford, Colo. Most of the varieties supplied by the
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European seedsmen are reputed to be the most important varieties
in use in the northern sections of Europe. Flat Madeira and Bound
Madeira are varieties commonly grown in Italy and other Mediterranean countries.
The approximate latitude of the regions in which the different varieties and strains of seed were grown and the length of day in hours of
possible sunlight are given in table 7.
7.—Varieties and strains of onions used in 1935, the approximate latitude
of the region in which the seed was grown, and the longest day of possible sunlight
during the growing season for each locality

TABLE

Variety and strain

Wolska—
Yellow Rijnsburg.Yellow Zwiindrecht
_
Yellow Flat Dutch (SI) i
Bloodred Flat Dutch (Sl).
Zittau Yellow
ZittauRed
Yellow ZittauYellow Flat Giant
Yellow Flat Dutch (S2)
Bloodred Flat Dutch (82)
Yellow Flat Dutch (S3)
Round Madeira
Flat Madeira
_
Sweet Spanish (82) (Valencia)

Seed grown in vicinity of—

__
__

Warsaw, Poland
Central Netherlands
__do
do
_ do
__ Amsterdam, Netherlands-_
Halle, Germany
Central Germany
_ Wurtemburg, Germany. _
Anjou, France
do _
__ Avignon, France
Naples, Italy
_do
- Rocky Ford, Colo—

Approximate
latitude

52
52
52
52
52
52
51
51
49
47
47
44
41
41
39

Longest
day of
possible
sunlight
Hours
16 7
16.7
16.7
16.7
16 7
16.7
+16.5
+16.5
16.2
15 9
15.9
15.5
15.1
15.1
14.9

1 8 followed by a number indicates a separate strain.
METHODS

Seed was sown in the greenhouse at the Arlington Experiment
Farm, March 2, 1935, and emerged from the soil in about 7 days.
The seedlings when transplanted to the experimental boxes. May 1
and 2, were only about 3 inches tall and most of them had only the
seedling loaf and one or two lateral roots. Weather conditions following transplanting were very favorable and the young plants grew
rapidly. The plants were spaced 2 inches apart in the rows which
were 3 inches apart. The plant boxes were 10 by 10 by 36 inches,
inside measurements, and were filled with a rich compost to which a
liberal application of 5-8-5 commercial fertilizer was added. One
inch of muck soil constituted the upper layer of soil. Weekly applications of the above-mentioned fertilizer and nitrate of soda were
made until bulb formation on the earlier maturing lots was complete.
For each variety there were 10 or 15 plants in each of the 10-, 12-,
13-, and 14-hour lots and 20 plants in the control (normal-day),
16-, and 18-hour lots. The order of planting of varieties in the
replicate boxes was varied in order to minimize any possible varietal
competition effects.
Insects and diseases were controlled by weekly spray applications,
and excellent growth was made considering the late date of planting
and the space available per plant.
The 1934 schedule and method of moving the material on trucks in
and out of the dark chambers for the 10-, 12-, 13-, and 14-hour lengths
of day were followed in 1935. Electric illumination (fig. 6) was used
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to secure the 16- and 18~hour periods of light. The plants were
placed under these treatments on June 11 and were harvested on
August 17. With sunrise as the starting point for the daylight
period, the lights were turned on one-half hour before sunset and continued for such time as would give 16 or 18 hours' light; 200-watt gasfilled tungsten bulbs were spaced 3 feet apart and maintained at a
level of 2 feet above the ground surface of the boxes throughout the
experimental period. Each group of plants was screened from the

f IÜUKE 6.—Arrangement of 200-watt gas-fllled tungsten lights and reflectors in tlie 16- and 18-hour treatments in the 1935 length-of-day experiments with onions.

light of the other group by a partition high enough to cut off the direct
rays of light.
A comparison of the temperatures for 1935 with those of 1934
(table 1) shows that for comparable calendar periods the season of
1935 was cooler than that of 1934.
RESULTS

During the early part of the season of 1935 no marked differences
were noted in the vegetative growth rate of the onion plants under the
different periods of light. By the middle of July, however, growth of
the foliage of most of the varieties in the 16- and 18-liour lots had
practically ceased, and some of the tops in the 18-hour lot had fallen
over. The condition of the foliage on August 8 is shown in figure 7,
and table 8 gives the percentage of each of three conditions of the foliage. Figure 7 shows in general more breaking over of the blades, more
softening and collapse of the nocks, and more desiccation of the blades
FIGI;RE7.—Condition

of foliage Augusts, 1035, in 12 strains or varieties of onions grown at Arlington Experiment Farm under dillerent daily periods of normal daylight as indicated: A, 10 hours; B, 12 hours; C\
13 hours; 7>, 14 hours; E (control), normal day length (12.4-14.9 hours); F, 10 hours; (7, 18 hours. Small
letters refer to following varieties and straiTis: a, Zittau Yellow; h. Yellow Eiinsburg; c. Yellow Flat
Giant; d, Yellow Flat Dutch (S3); c, Bloodred Flat Dutch (SI);/, Yellow Zwijndrecht; <;, Round Madeira;
ft, Wolska; i, Zittau Red; j. Yellow Zittau; fc. Yellow Flat Dutch; t, Sweet Spanish (S2). Cross lines on
the background are 12 inches apart. Note the effect of longer light periods in the collapse of the necks
and desiccation of the foliage. Lateness of maturity of Round IMadeira and Sweet Spanish (S2) is shown
by succulence of necks and foliage in the 16- and 18-hour lots.
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riGURE 7.—(For explunatory legena see opposite page.)
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and necks as the length of hght period was increased from 12 to 18
hours daily. No measurements were made, but it was apparent that
the diameter of the plants 2 inches above the ground was greater in
the 12-hour lot than in the 10-hour lot.
Since the three categories of condition of foliage given in table 8 are
successive stages in maturity, it is evident that increasing the length
of the light period hastened the maturity of all varieties and strains.
The differences between varieties and strains were not so great as in
the 1934 work, but it is apparent that Sweet Spanish and Round
Madeira are the latest maturing varieties in this collection. Yellow
Flat Giant matured sUghtly earUer than the remainder of the varieties.
The differences in earliness between the remainder of the strains or
varieties were not very great nor very consistent in the different lots.
The data from the 14-hour and the 12.4- to 14.9-hour lots indicate
that Bloodred Flat Dutch (S2) is earlier maturing than Bloodred Flat
Dutch (Si), but the results from the 16- and 18-hour lots indicate that
the reverse is true.
TABLE

8.—Condition of foliage on Aug. J, 1985y in 15 varieties and strains of onions
exposed to different lengths of day
Condition of foliage after daily exposure to indicated number of
hours of light
10

12

13

Variety and strain

1

1

!

!

03
CO
O
»-I

P4

Sweet Spanish (82)^
Flat Madeira
Yellow Flat Giant
Bloodred Flat Dutch (S2)
Yellow Flat Dutch (S2)
Yellow Flat Dutch (Si)
Yellow Flat Dutch (S3)
Yellow Rijnsburg.- _ _ _
Round Madeira
Wolska
Yellow Zwijndrecht
Bloodred Flat Dutch (SI)
Zittau Yellow
Zittau Red
Yellow Zittau

.

Prostrate Prostrate

Prostrate

0

PI

O

18

16

12.4-14.9

14

i

!
O

S

O

ft

Pet. Pet Pet. Pet. Pet. Pet. Pet. Pet. Pet. Pet. Pet. Pet. Pet.
0
27
100 100 100
73
65
28
72
0 100
35
0
100 100 100 100
84
0
6
0
0
7
10
94
93
8*)
100 100 100
50
60
67
0
30
0
33
15
70
100 100 100
5
0
75
25
60
40
5
17
90
83
100 100 100 100
11
35
5
74
21
0
89
65
0
100 100 100
20
0
30
47
53
80
0
94
6
70
m
100 100 100 100
65
85
15
0
29
0
31
6
^'i
53
45
100 100 100
93
7
33
0
47
67
0
6
94
94
100 100 100
83
20
6
0
17
0
80
60
69
25
100 100 100 100
0
31
0
75
40
0
_ 100 100 100
45
0
55
93
7
47
90
10
47
6
35
22
100 100 100 100
37
63
0
65
78
0
0
40
0
25
66
44
100 100 100 100
0
55
5
75
45
100 100 100 100
42
0
74
55
68
0
0
26
4?
100 100 100 100
53
35
12
67
33
58
0
0

1 Petiole column erect and majority of leaves green and succulent.
2 Petiole column flaccid and bent over and one or more leaves green and succulent.
3 Petiole column flaccid and bent over and all the leaves dry or nearly so.
* s followed by a number indicates a separate strain.

In order to prevent the bulbs from rotting in the early-maturing
treatments, all plants whose tops had fallen over were pulled on
August 17 and cured under cover. The remainder of the lots were
harvested on September 6 and graded, as in 1934, into scallions, bottlenecks, or good bulbs. Representative portions of 12 of the strains
from the 12-, 13-, 14-, and 12.4- to 14.9-hour lots are shown in figures 8
and 9.
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The data in table 9 show that none of the varieties was able to form
any good bulbs or bottlenecks with 10 hours of daylight daily, whereas
all of the varieties produced 100 percent of good or normal bulbs with

Flci'KK 8.—Degree uf billbiiiK of oiiioiis in 1935 wlieii exposed to (.1) 12 hours ol' daylinlit daily and (U) 13
hours. Represenlalive group of plants from 12 strains or varieties; a, VVolska; (), Kouud Maileira; c. Bloodred Flat Uutch (SI); rf, Zittau Yellow; e, Yellow Flat Dutch (S2); if, Yellow KijnsburR; g, Sweet SDanish
(82); A, Flat Madeira; i, Blnndred Flat Dutch (S2);j, Yellow Flat Oiant; k, Yellow Flat Dutch (S3);
/, Yellow Zwijndrecht. Compare with figure 9 and note general increase in percentage of good bulbs in
longer lighted periods. Also note differences in strains c and i and e and k.

16 or 18 hours of light. Sweet Spanish (S2) Flat Madeira, and
Yellow Flat Giant were able to make a small percentage of good bulbs
in the 12-hour lot. It required a minimum of 13 hours of light to
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produce normal bulbs in the Bloodred Flat Dutch (S2) Yellow Rijnsburg, Wolska, and all three strains of Yellow Flat Dutch varieties.
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Eound Madeira, Yellow Zwijndrecht, Bloodred Flat Dutch (Si), Zittau
Yellow, Zittau Red, and Yellow Zittau required 14 hours of daylight
for the production of any good bulbs.
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Most of the varieties in this test were more variable in their response
to length of day in bulb formation than those in the 1934 test. For
instance, the Wolska variety contained some individuals that were able
to produce good bulbs with 13 hours of light and others that required
more than 14.9 hours. Bloodred Flat Dutch (S2) and Yellow Zwijndrecht were very uniform with respect to their reaction to length of
day.
Of the 15 varieties and strains, only 7, Sweet Spanish (S2), Flat
Madeira, Yellow Flat Giant, Bloodred Flat Dutch (S2), Yellow
Zwijndrecht, and Yellow Flat Dutch (Si) and (S2), were able to produce 100 percent of good bulbs under the most favorable growth conditions and normal length of day at Arlington, Va. (maximum 14.9
hours). The other eight strains therefore require more than 14.9 hours
to produce a crop of normal bulbs. Flat Madeira and Bloodred Flat
Dutch (S2) were able to produce 100 percent of normal bulbs with 14
hours of light.
The two strains of the Bloodred Flat Dutch showed remarkable
differences in their reaction to length of day. S2 produced 30.8 percent of good bulbs in the 13-hour lot and 100 percent of good bulbs
in the 14-hour treatment whereas Si produced no good bulbs in the
13-hour treatment and required more than 14.9 hours of light to produce 100 percent of normal bulbs. Differences were not so marked in
the strains of Yellow Flat Dutch, but it is apparent that S3 was not as
uniform in its reaction to length of day as were the other two strains,
for although it contained a greater percentage of plants capable of
normal bulb production with 13 hours of light than the other two
strains, it also contained some plants that required more than 14.9
hours of light to produce normal bulbs.
The number of splits and doubles was smaller in the 1935 material
than in the 1934 material, probably because of less favorable growth
conditions in 1935 (late planting and thickness of planting). Round
Madeira was the most susceptible variety and had one split in the
12-hour lot, two splits in the normal-day lot, one double in the 16hour, and two doubles in the 18-hour lot. Wolska produced one
split in the 10-hour lot and two doubles in the 16-hour lot. Yellow
Zittau had one double in the 16-hour lot and Yellow Flat Dutch (S3)
had one split in the 12-hour lot. With such small numbers there is
no apparent correlation between treatment and number of doubles
and splits. Under lengths of day unfavorable for normal bulbing,
splits are produced; and under lengths of day favorable for bulb
formation the outer skin splits to the base, resulting in doubles.
DISCUSSION
In general, the foregoing results agree with those of other investigators who have worked with the same varieties of onions, although
there are some exceptions, due possibly to the different environmental
conditions under which the material was grown or to inherent differences in the strains used. Although strains of varieties are known to
differ sometimes as much as closely related varieties, it is possible that
the varieties or strains of Bermuda onions that were grown by the
different workers were all of the same general type, differing mainly in
color, since the majority of seed of this type is grown on the Canary
Islands. The area of these islands is so Umited and the climate is so
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uniform that there is very little likelihood of the development of strains
differing widely in physiological characteristics. There is a possibility
that McClelland (6) was working with the same type as were the
writers, for White Bermuda and Yellow Bermuda are frequently considered synonymous by the seed trade. The results of McClelland
with White Bermuda, those of the writers with Yellow Bermuda, and
those of Beattie and AUard ^ with Red Bermuda at Arlington Experiment Farm in 1930 agree in that no normal bulbs developed when the
plants were exposed to only 10 hours of light. The results given
herein and those of Beattie and AUard indicate that normal bulbs may
be produced at 12 hours' light duration or longer. McClelland did
not have a 12-hour treatment, but found no normal bulbs at 11 hours'
exposure to light; however, normal bulbs were produced at normal
light exposures that ranged from 11.2 to 13.2 hours.
Bos (è), working with many strains of Silberzwiebel, no doubt had
in his cultures the type that the writers and Garner and AUard (3, 4)
have grown under the names Silverskin and White Portugal, which
are synonyms in the United States. Since Bos was unable to get
bulbs at 12-hours' light exposure, it is probable that he did not have
the white-skinned Bermuda type in his material. In his experiments
a light exposure of 14 to 15 hours' duration produced good bulbs.
Garner and AUard did not have a í2-hour treatment, but their results
are in agreement with those of the present work in that they did
not get good bulbs at 5 or 10 hours but did get normal bulbs at light
exposures of 13 hours or longer.
Yellow Globe as a varietal name for onion usually refers to the
Southport Yellow Globe variety, although it also may be used for
the Yellow Globe Danvers variety. The results of the present work,
however, indicate that both varieties have essentially the same
minimum Ught requirement (13 hours) for bulb forrriation, although
neither produced 100 percent of good bulbs at this exposure. In
the normal day (11.2 to 13.2 hours) and with 13.5 hours' exposure to
light, McCleUand (6) secured good bulbs, but it was 50 weeks before
the tops feU over. Under 15 hours of light the bulbs had formed or
were forming at 25 weeks. The photographs of the Yellow Globe
variety in the Beattie and AUard * records show that although none
of the tops of the onions in the 13-hour lot had fallen over, bulb
formation was well advanced, and doubtless most of the plants would
have matured normally if they had been allowed to grow longer.
This situation would be the same as found in the present work at a
comparable stage of development. Therefore 13 hours would seem
to be the minimum exposure for bulb formation of all Yellow Globe
varieties; but to insure that all the plants make good bulbs and to
shorten the time required for bulbing, a longer Ught exposure is required for these varieties.
In Wilson's work (8) the faUure of the YeUow Strasburg variety
to bulb when grown in early spring, during a period when the length
of daylight varied from 12.2 to 14.2 hours, may have been due to low
intensity of light during the spring in the greenhouse at Ithaca, N. Y.,
or to the unusual conditions of growth in water cultures. The same
reasons may be advanced for the failure of many of the plants of the
Ebenezer variety to bulb in the winter, although artificial light was
3
*

BEATTIE, J. H.,
BEATTIE, J. H.,

and ALLARD, H. A. Unpublished data.
and ALLARD, H. A. (See footnote 3.)
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supplied from 5 p. m. to 10 p. m. each day, making the total Ught
period from 14.3 to 15.3 hours during the course of the experiment.
Yellow Strasburg produced good bulbs in water culture when grown
from June 12 to July 15 (14.9 to 15.3 hours of possible daylight) in
the greenhouse. This would seem to argue that the conditions of
nutrition in water culture were not entirely responsible for the failure
of the spring crop.
Yellow Strasburg is also known in the seed trade as Yellow Dutch
and is the same color and shape as the strains of Yellow Flat Dutch
used in the 1935 experiment. The results in tables 6 and 10 indicate
that the American-grown strain had the same minimum day length
for bulbing (13 hours) but was more uniform in bulbing and matured
all of its bulbs at a shorter day length than the European strains.
Valencia, Prizetaker, and Sweet Spanish, if not always synonyms,
refer to the same general type. Beattie and AUard's results ^ with
Valencia and the 1934 results of the present work with Sweet Spanish
both show 13 hours to be the minimum hght exposure (of those
studied) for bulb formation and that longer periods of light are
necessary for the production of 100 percent of good bulbs. In
McClelland^s work the results with Prizetaker are not as clear-cut,
for only a few bulbs were formed in the 13.5-hour and normal-day
(11.2 to 13.2 hours) lots, whereas for the majority of the plants
McClelland states that the ^^stage of development appeared to be
intermediate between that of spring onions and matured bulbs.'' In
the work reported herein, the 1935 results with the Colorado strain
of Sweet Spanish (S2) differed from the results of 1934 with the Utah
strain (SI) in that the Colorado strain was more variable in its reaction to length of day than the Utah strain, containing some plants
capable of bulb production with only 12 hours of light daily and other
plants that required more than 14 hours of light daily.
The 1935 data (table 8) also show differences and similarities in
reaction between strains of the same variety. As previously pointed
out, the most striking difference is found between strains 1 and 2 of
Bloodred Flat Dutch. Strain 2 was earlier in maturing in the 14-hour
and normal-day lots but slightly later in the 16- and 18-hour lots than
strain 1. Strain 2 was also able to produce bulbs on all its plants at
a shorter light period than strain 1. The data in table 6 show that
strain 2 was grown in a locality where the maximum length of day is
shorter than that in the locality where strain 1 was grown. Strains
of Yellow Flat Dutch grown at the same locations, however, do not
show as much difference as the strains of Bloodred Flat Dutch.
Yellow Zittau and Zittau Yellow, from the same general latitude, do
not differ in their reaction to length of day.
Variability in bulb formation within a variety is probably an expression of the constitution of the variety as a whole with respect to
the bulb-formation factor or factors. It is evident that not as much
attention has been paid by the onion-seed growers to attaining uniformity in this character, which appears in the field as earliness of
maturity, in the late varieties as in the early ones.
These results also agree with those of other workers in that all
varieties and strains tested have reacted in the same way toward
length of day. The varieties and strains have been shown to have
5

BEATTIE, J. H.,

and

ALLARD, H.

A. (See footnote 3.)
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very definite minimum day lengths at which bulb formation may
take place, but increasing the light duration beyond this minimum
has invariably increased the rate of maturity for successive increments
of light in all varieties and strains tested.
In addition to showing that varieties are inherently different in
their response to length of day, and that this response is a very
important factor in bulb formation, the data illustrate the influence
of environmental factors on the expression of genetic factors. In the
1934 experiment California Early Red, Yellow Strasburg, Ebenezer,
and Yellow Dan vers Flat produced 100 percent of scalHons with 12
hours of Kght daily, whereas they produced 100 percent of good bulbs
with 13 hours of light daily. It seems remarkable that 1 additional
hour of light per day should be able to effect such a change in the
expression of the genotype.
Cognizance should be taken of the possible effect of other factors on
bulb formation. Unfortunately no definite information is available
on the interrelation of many factors, such as duration and intensity of
light, effect of twilight periods on plant growth, nutritional elements
and levels, soil moisture, and temperature of both soil and air on the
onion plant. In the evidence that is available the number of varying
factors is usually small, but the data are suggestive in pointing out
reasons why field tests or tests conducted under different conditions
may not give the same results. Temperature of the soil and air has
been shown by Walker and Jones (7) to have a pronounced effect on
the growth rate of onion seedlings. They not only found that roots
and foliage had different optimum temperatures for growth but that
varieties also differed in their temperature optima. Red Globe made
the largest root growth at a soil temperature of 57.2° F. and Yellow
Bermuda at 68°. Maximum top growth for Red Globe occurred at
a soil temperature of 68^ and for Yellow Bermuda at 77°. The air
temperature varied from about 60° at night to as high as 85^ during
the middle of the day. Germination and growth were very slight at a
soil temperature of 95°. Wilson's (8) work, however, shows that high
temperatures do not prevent the bulbing of the Yellow Strasburg
variety, although Garner and AUard (4) found that onions grown in
the greenhouse in the summer were smaller than those grown outside
at the same time. The extremely small size of White Creole in the
1934 experiment may have been due to its sensitiveness to temperature, which was higher than in its native region at the bulb-formation
period. The difference in behavior between the Wolska variety in
the field in 1934 and the same strain in boxes in 1935 may have been
due to more root growth in the field because of lower soil temperatures
or to a nitrogen shortage in the soil at the time bulb formation should
have taken place. Wilson points out that nitrogen-starved plants
are characterized by a stunted growth, rigidly erect position of the
leaves, and a failure of the roots to die at the same time as those of
normal plants. No nitrogen fertilizer was applied after the foliage of
the early-maturing varieties started to fall over, and it is entirely
possible that the surrounding varieties may have depleted the soil of
its soluble-nitrogen content before the daylight period was long
enough for bulb formation to take place. Extensive injury to the
foliage by thrips doubtless was a factor in the field results.
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PRACTICAL CONSIDERATIONS
These results on length of day as a factor in the bulb formation of
onions give a good clue to some of the reasons for the regional importance or adaptability of some varieties. Only rarely has anyone in
the major northern storage-onion-growing sections of the United
States been able to obtain a satisfactory yield from the Bermudas,
Early Grano, or Creole by sowing the seed in the field at the usual
date for main-crop varieties. Planting in the Northern States is
usually done at a time when the length of day has already passed the
minimum for bulbing and is very rapidly increasing. Under such
conditions these varieties make only a few leaves and then form bulbs
that are usually little more than sets in size.
The failure of varieties commonly used in the northern onion-growing sections of the United States when grown in the Tropics or in
regions where the length of day is less than 13 hours may be partially
explained on the length-of-day basis. Wilson {8) cites correspondence
with workers in Java who report failure of onions to mature even at
the cooler and higher altitudes. The failure of most storage varieties
of onions to bulb properly when grown at Winterhaven, Tex., during
1933, 1934, and 1935 cannot be attributed solely to length of day,
since the maximum length of daylight reaches 14.1 hours, which,
according to the present work, is sufficient for good bulb formation
and maturity.
Temperature in itself can hardly be considered the critical factor in
this instance, since temperatures in the northern onion-growing sections
equal and frequently exceed those encountered during the growing
season in this Texas section; indirectly, however, it probably plays a
very important part. It is well known that high temperatures increase
the damage from pink root and thrips when these pests are present.
In 1933 both pests were present in the Texas planting. Earlymaturing varieties such as the Bermudas, Creoles, and Early Grano,
suffered no appreciable damage, as the high temperatures favoring
the development of the pests occurred after these plants had made the
major part of the bulb growth. The later maturing varieties, however, had just entered the bulbing period of growth, and the combined
loss of roots, due to pink root, and of foliage, due to thrips, prevented
normal development of the plant even though length of day was
favorable. In 1934 and 1935, when pink root was not so prevalent as
in 1933, Sweet Spanish and Prize taker were able to produce a large
percentage of normal bulbs. These varieties are more resistant to
attack by thrips than the other late-maturing varieties in this experiment, and for this reason Wjere able to produce good bulbs.
The Wolska variety, when grown in the field at Arlington Experiment Farm in 1934, failed to make normal bulbs; the necks did not
soften, and new leaves continued to form long after the American
varieties were harvested. When grown in the length-of-day experiments in 1935, 82.4 percent of the plants produced normal bulbs with
normal day length. The failure of the 1934 crop to produce bulbs may
have been partly due to the damage inflicted by a severe infestation
of thrips, which killed most of the larger leaves. The loss of these
leaves may have prevented the elaboration and accumulation of sufficient photosynthates to accomplish bulb formation, even though the
length of day was favorable for bulb formation. This may also be
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the explanation for the failure of northern European varieties in our
northern onion-growing sections. The formation of the bulbs is delayed so late in the season by their photoperiod requirement that
unfavorable growth conditions, such as extreme heat, drought, disease,
and insect damage, prevent bulb formation.
In arranging a planting schedule, a knowledge of the length of day
required for bulb formation of varieties currently offered for sale is
also important in order to get the best results. There is a high correlation between the size of plant at the date when bulbing starts and
the size of the mature bulb. It also has been demonstrated that the
age of the plant has little influence on date of maturity; that is, seed
sown the same date on which plants 3 months old are set will mature
bulbs within 5 days of the date at which the bulbs from plants mature,
and the bulbs from seed will be much smaller than those from plants.
Thus, earlier sowing (within limits) results in larger yields both in the
South and the North because the plant has a longer time in which to
make vegetative growth and therefore has reached a larger size when
length of day begins to exert its influence in the formation of the bulb.
For the same reason early-maturing varieties make larger yields when
sown early. If planting should be delayed for some reason, what choice
should the grower make as to variety in order to secure the greatest
yield? Provided the growing season was long enough, it w^ould seem
logical to select one of the varieties that do not react so quickly to
length of day, i. e., one of the later maturing varieties. Knott (5)^
working in New York, found a positive correlation betw^een yield and
the lateness of maturity of the varieties studied.
The matter of varietal season of maturity seems to depend (1) on
response of the variety to the length of day and (2) on its rate of
development under each day length that is longer than the mininium
required for bulb formation. The varieties in table 3 may be divided
into two main groups, the first being composed of the first three varieties
that were capable of bulb formation under a photoperiod of 12 hours
or less and the second of those that were able to produce bulbs at a
photoperiod of 13 hours. Within this latter group, however, there
were marked differences in the dates at which the varieties matured.
Thus, although in this experiment Ebenezer and Sweet Spanish both
produced good bulbs at every exposure beyond 12 hours, Ebenezer
matured in advance of Sweet Spanish in each photoperiod beyond 12
hours. The difference in number of days was not determined in this
experiment, but when grown under the normal length of day in the
field in 1934 Ebenezer was ready to harvest 22 days before Sweet
Spanish. In general, the maturity groups based on the field results
agree rather closely with those given in the discussion of table 3. It
is also of interest to point out that the first three varieties in table 3
have been developed in or are adapted to the most southern parts of
the United States, whereas the larger group has been developed in and
adapted to the States north of the thirty-eighth parallel.
In the 1935 results there are three groups of varieties with regard
to the minimum length of day required for bulbing (table 8). Sweet
Spanish, Flat Madeira, and Yellow Flat Giant required only 12 hours
of light, Bloodred Flat Dutch (S2), the three strains of Yellow Flat
Dutch, Yellow Rijnsburg, and Wolska required 13 hours, and Round
Madeira, YeUow Zwijndrecht, Bloodred Flat Dutch (Si), and the
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Zittau strains all required 14 hours to produce any good bulbs. In
each of these groups there were also marked differences in the time
at which the plants matured, although the differences were not so
great as in the 1934 experiment. In the first group mentioned above,
Sweet Spanish was the latest maturing; it was also later maturing
than any of the other strains in the trial. Round Madeira was next
in lateness of maturity, as the data in table 8 indicate. Earliness of
maturity seems to depend upon the ability to start bulb formation
at short photoperiods and to proceed very rapidly with the process
after the minimum photoperiod for bulbing is reached. Lateness of
maturity may be due to a long photoperiod requirement or to a slow
rate of bulb development at superminimal photoperiods or to a combination of these two conditions.
The success or failure of an introduced onion variety in any new
location probably can be fairly accurately foretold by comparing the
length and the photoperiod of the growing season of its native home
with those of the region into which it is to be introduced.
Growing varieties of onions under the various photoperiods, as the
writers have done, serves to indicate not only the relation of bulb
formation in the variety to the most favorable photoperiod but also
the purity of the stock in its response to length of day.
The photographs showing the degree of bulbing of the varieties
under the different exposures to daylight (figs. 2 to 5) are of interest
in this connection. It will be noted that the Yellow Danvers Flat,
the Yellow Strasburg, and the California Early Red, for instance,
showed no bulbing under the 12-hour day but developed good bulbs
on all the plants grown under the 13-hour day. In the Australian
Brown, the Mountain Danvers, the Ohio Yellow Globe, the Early
Yellow Globe, and the White Portugal, some plants bulbed well and
rapidly under the 13-hour day whereas others did not bulb. It
would appear that the varieties of the second group were not quite
so pure in their length-of-day adaptations as those of the first group.
It is evident that these variations of behavior become most pronounced
around the critical minimum photoperiods at which bulbing takes
place for the variety in question. This suggests that selection for
purity of type or for producing an earlier or later strain of any variety
would prove more feasible when the plants were grown, so that their
bulbing behavior could be observed around the critical length of day
or photoperiod at which bulbing naturally begins.
SUMMARY
In 1934 tests were conducted at the Arlington Experiment Farm,
Arlington, Va., with 18 of the most important American varieties of
onions under noimal intensities of daylight at exposures of 10, 12, 13,
13.5, 14, and 14.25 hours and normal day length (12.4 to 14.9 hours).
In 1935, tests were made with 11 varieties, 10 European and 1 American, grown with daylight exposures of 10, 12, 13, and 14 hours, normal
day length, and with photoperiods in which electric illumination
supplemented the normal daylight to give 16 and 18 hoars of light
daily.
Increasing the length of photoperiod hastened the maturity of all
varieties studied.
Varieties and strains differed markedly in the minimum photoperiod
required for bulb formation and in the rate and uniformity of bulb
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formation at superminimal photoperiods. Yellow Bermuda was the
only variety that produced normal bulbs (10 percent) in the 10-hour
treatment. Yellow Bermuda, White Creole, Early Grano, Early
Yellow Globe, Flat Madeira, Yellow Flat Giant, and Sweet Spanish
(S2) produced some normal bulbs in the 12-hour treatment. Varieties
that produced one or more good bulbs in the 13-hour treatment were
California Early Red, Yellow Strasburg, Ebenezer, Mountain Danvers,
Ohio Yellow Globe, Yellow Danvers Flat, Australian Brown, Red
Wethersfield, White Portugal, Yellow Globe Danvers, Southport
Red Globe, Southport Yellow Globe, ItaHan Red, Sweet Spanish (Si),
Bloodred Flat Dutch (S2), Yellow Flat Dutch (Si, S2, and S3);
Yellow Rijnsburg, and Wolska. Round Madeira,^ Yellow Zwijndrecht,^ Zittau Yellow,^ Bloodred Flat Dutch (Si),« Yellow Zittau,«
and Zittau Red« required 14 hours light to produce any good bulbs.
The shortest photoperiods required to produce 100 percent of normal
bulbs in the different varieties and strains were as follows:
12 hours.—Yellow Bermuda, White Creole, and Early Grano.
13 hours.—California Early Red, Yellow Strasburg, Ebenezer, and Yellow
Danvers Flat.
13.5 hours.—Early Yellow Globe, Mountain Danvers, Ohio Yellow Globe,
Australian Brown, White Portugal, Southport Yellow Globe, and Sweet Spanish
(strain 1).
14 hours.—Red Wethersfield, Southport Red Globe, Italian Red, Flat Madeira,
Round Madeira, and Bloodred Flat Dutch (S2).
14.25 hours.—Yellow Globe Danvers.
Normal day (maximum, 14.9 hours).—Yellow Flat Giant, Yellow Flat Dutch
(SI), Yellow Zwijndrecht, Yellow Flat Dutch (strain 2), Sweet Spanish (strain 2).
16 hours.—Bloodred Flat Dutch (SI), Yellow Flat Dutch (strain 1), Yellow
Rijnsburg, Zittau Yellow, Zittau Red, Yellow Zittau, and Wolska.

Varietal season of maturity seems to depend (1) upon the response
to length of day and (2) to the rate of development at each indicated
length of day longer than the minimum required for bulb formation.
Thus, although in this experiment Ebenezer and Sweet Spanish (Si),
produced some good bulbs at every exposure beyond 12 hours, Ebenezer matured its bulbs before Sweet Spanish in every photoperiod
beyond 12 hours. Sweet Spanish and Round Madeira were the latest
maturing varieties in this experiment.
The success or failure of an introduced onion variety in any new
location probably can be fairly accurately foretold by comparing the
length and the photoperiod of the growing season of its native home
with those of the region into which it is to be introduced.
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