STUDIES OF THE PHOTOPERIODISM OF SOME
ECONOMIC PLANTS^
By T. B. MCCLELLAND
Senior HorticuUuristj Porto Rico Agricultural Experiment Station
INTRODUCTION

In the spring of 1924 a study of the effect of certain seasonal
day lengths on some economic plants was undertaken at the Porto
Rico Agricultural Experiment Station at Mayaguez. At this latitude,
18^ 12' N., the time between sunrise and sunset ranges from 11 hours
in December to 13.2 hours in June. In neither December nor June
is the variation in day length within the month greater than six
minutes.
METHODS OF EXPERIMENTATION

For the purpose of the test the plants were grown in three g:roups,
under respectively a long, a short, and the normal daily light exposure. For the long exposure, electric lights were automatically
switched on at sunset and off at 133^ hours after simrise, thus furnishing a lighted period approximating in length that of June days
at this latitude. Five 50-watt mazda blue '^daylighf bulbs were
set 2}4 feet apart in a row above the containers in which the plants
were grown, the distance from the bulbs to the soil surface being
not more, and usually considerably less, than 5 feet. At the sou
surface the intensity of illumination was .53^ to 6 candlepower,
and half way to the lamps it was 15 candlepower.
The plants receiving the short daily" light exposure were placed
on cars which were run into a dark room in the latter part of the
night and brought out into the light at 11 hours before sunset. This
light exposure in length approximately corresponded to December
days at this latitude, differing, however, in having but the single
daüy twilight.
Sweet potatoes, onions, pineapples, and beans were grown under
the daily light exposures outlined above. In addition, the onions,
pineapples, and potatoes were grown under daily light exposures,
differing from the normal in slightly more exaggerated degree, of
10 and 15 hours' duration, respectively, and corn was grown under
a 15-hour exposure. Though the duration of exposure to light is
referred to in terms of hours with the sun above the horizon or the
lighted period artificially protracted, each period also included
in addition the single brief tropical twilight exposure.
For corn and for some of the plants which were grown in containers
as well, a garden plot was electrically illuminated from sunset to
15 hours after sunrise. Five rows of lights were placed 5 feet apart.
Each row contained four 40-watt lamps spaced 6j^ feet apart. The
lights were set 3 feet above the soil surface at planting and so remained
over the low-growing plants, but were gradually raised over the
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tall-growing plants, such as corn, as growth made it necessary. At
the surface of the ground the intensity of illumination ranged from 3.4
or 3.5 to 5 candlepower over the beds of low-growing plants. The
intensity of illumination at the base of the tall corn was reduced
to 1 or less candlepower after the ultimate lifting of the lights.
The check plants were grown in a plot that was sufficiently removed
from the treated plot to be unaffected by the light from it.
PLANTS STUDIED
SWEET POTATOES

Two varieties of-sweet potatoes, Porto Rico and Key West, were
grown. Fourteen plantings were made between March 11, 1924,
and June 30, 1925, at intervals of 4 to 8 weeks. The containers
used were 5-gallon tin cans, each carrying river loam in amount
equivalent to 50 pounds of moisture-free sou. At each planting the
draws or slips for the different groups were derived from a single
tuber. The vines were trained on wire screening so placed as to
utilize the illumination to the best advantage. The first 2 plantings
were run for 16 and 20 weeks, respectively, and subsequent plantings
for 24 weeks. In addition to the plants which passed the entire period
without change of light exposure, in 3 plantings other plants, after
having passed half the period under either the long or the short daily
light exposure, were transferred to the other exposure. Blossoming
and production of vine growth and tubers were noted.
The shorter daily light exposure proved to be more favorable to the
blossoming of both varieties. Four plants of the Porto Rico variety
blossomed, and a fifth budded under the shorter exposure, two blossomed under the normal, and none whatever under the longer exposure.
Of the Key West variety, 8 blossomed under the shorter, 6 under the
normal, and 3 under the longer daily light exposure.
The evidence as to the effect of length of daily light exposure on
vine growth and tuber formation was inconclusive. The curves of
both growth and production under the different light exposures follow
the same general trend.
Special conditions modified the growth of one planting of Porto
Rico and five plantings of Key West, thus necessitating their elimination from comparisons of vine growth and tuber production. There
remained for purposes of comparison 22 individuals under each light
exposure. The behavior of the two varieties did not differ essentially
and their data are combined in Table 1.
TABLE

1.—Vine growth and tuber production of sweet potatoes under 11-hour^
normal, and 13)/^'hour daily light exposures
Data from 13 individuals
under each light exposure

Length of daily
light exposure

11 hours
Normal
13J^ hours

Length
of vine
growth
alive on
removal
Inches
1,885
1,887
1,833

Data from 22 individuals under each light exposure

Weight Number
Total
Length length
of tubers of
Number Number
tubers of
plus
tubers of tubers
of vine of vine Weight Weight
weighing
growth growth of vine of tubers other weighing
100 or 50 to 99 weighing
lto49
roots
growth
dead on
on
more
grams
grams
recovremoval removal
grams
ered
Inches
918
743
639

Inches
2,803
2,630
2,472

Grams
2,131
3,450
2,943

Grams
4,839
4,855
4,975

Grams
5,257
5,516
5,454

18
18
17

16
13
17

57
41
40
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The uniformity under the différent light exposures was notable in
respect to length of vine growth, total weight of tubers, and grading
of tubers as to size. Too much importance should, not be attached
to the fact that the weight of vine growth was considerably less under
the short light exposure, since the weight of vine growth was greater
under the normal exposure than under the long exposure in 13 of 22
comparisons.
ONIONS

Four varieties of onions, Prizetaker, Bermuda White, Yellow
Globe Dan vers, and Silver King (Giant White Tripoli), were grown
under the different light exposures. Plantings were made at fourweek intervals from August 22 to December 12, 1925, and again
on January 7, 1927. Because of poor seed. Yellow Globe Danvers
and Silver King (Giant White Tripoli) were eliminated from the first
planting, and the latter from the second planting as well. The soil and
containers were like those used for sweet potatoes. Suitable fertilizer
\/ias u/wu^ftyy,
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1.—Average diameter of Prizetaker onions grown under daily light exposures of different lengths

was uniformly mixed with the soil prior to planting. The seedlings
of the first planting were germinated under a normal light exposure
and transplanted to the containers in the different groups at two weeks
after seeding. In subsequent plantings the seed was planted in the
permanent container and the resultant seedlings were kept under the
different light exposures from the start. Five were left to develop
in each container.
Four or more measurements of the diameter of the bulb or pseudostem of each plant were taken at intervals of five weeks. The increase
in diameter of the different varieties under the different light exposures
is shown graphically in Figures 1, 2, 3, and 4.
The onions of two plantings were allowed to continue growth for
considerably more than a year, whereas those of the other plantings
were removed, weighed, and measured at 25, 30, 35, and 40 weeks
after planting.^
2 Two varieties were removed on three occasions on the day prior to the termination of the weck m or<îçr
to facilitate note taking. This difference is disregarded.
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PRIZETAKER

The Prizetaker under an 11 -hour daily light exposure formed no bulbs,^
the plants remaining in the spring-onion stage, with comparatively
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FiG. 2.—Average diameter of Bermuda White onions grown under daily light exposures of different
lengths

slender pseudostems, and green leaves. In the planting allowed to continue growth for the longest period, about 15 months, the stalk or pseudostem of these ancient spring onions measured 17 to 20 cm. from root
base to the point of leaf spread, and only 1.2 to 1.4 cm. in diameter.
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FiG. 3.- -Average diameter of Yellow Globe Danvers onions grown under daily light exposures of different
lengths

Under the normal light exposure there was some basal swelling of
the pseudostems, but most individuals were still in the spring-onion
3 The term "bulb " in this discussion is not used in its botanical sense, but to designate the normal globular
form of the resting onion, or a development approaching this.
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stage. In the lot planted November 14 and removed June 11, one of
the five plants had developed a well-formed bulb 5.8 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 still growing and were larger and more turgid than under
the shorter light exposure, the stage of development appeared to be
intermediate between that of spring onions and matured bulbs.
Under the 13j^-hour daily light exposure, as in the other groups,
the development was mainly that of spring onions, although some were
slightly swollen near the base. Of those planted December 12, one
had developed a bulb comparable to those in the normal-day group,
though smaller. At the time of removal there was little difference in
duration of daily light
exposure between the
[JAN /WAt/*^ AiAyjV/mJUty fíEg M/VZM^jm£ f£B. AiV! Hi*'JI»ie /iP/Z.MAyjí/iy/tí/6^.
normal and the 13 J^- iMTS \jO
€ /o /3 /9 24^ 27 J a /2 ^ 27 / S 22 Z7 / 6
[/see /92e ¡see /see/92e/aze /312e iaee ¿see /92e faee /92e/see f926 Jaer ^27/027/927
hour exposure. The ,¿^^^í/3 20 2S M SS '40 /s 20 2S 30 /O /3 ^? 2S /S 20 25 SO
1 1 1 1 1 1 1 1 1 1
relative proportions of
tops to pseudostems
/ T.
lyutwr£
/ —•
or bulbs are given in
"M fZMt
za4/
Table 2 and show that
//
the plants went chiefly to tops under daily
/
light exposures of 11
/
i
y
to 13^ hours. (Fig.
/
j1
5, A.)
/
/
1
The plantings of
/
/,
1
/
January, 1927, were
'1
/
'
-.
given different expo/ »*-,
/
/ ^ \,
y
sures from the precedX
^"' \
ing. Under a 10-hour
j
^
daily light exposure
f
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diameter of Silver King (Giant White Tripoli) onions
spring-onion c o n d i- FIG. 4.—Average
grown under daily light exposures of different lengths
tion at 60 weeks. In
two instances, however, the basal portion of the pseudostem was
slightly swollen. On the other hand, under a 15-hour daily light
exposure, four bulbs had formed at 25 weeks and the tops of two had
fallen over, an indication that they were approaching the rest period.
Their condition in the twenty-ninth week is shown in Figure 5, B.
At 30 weeks all had formed bulbs, and at 35 weeks the tops of three
were dead and those of the others were dying. At 40 weeks the first
of these had gone through the resting period and resumed growth.
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.
No individual of the planting of October 17 showed any splitting,
whereas individuals in the following planting showed some splitting
under the 11-hour, the normal, and the 13 J^-hour daily light exposures.
On the whole, the splitting averaged the same for the three groups,
one splitting into 1.2. In the single planting under a 10-hour exposure no splitting occurred; under the 15-hour exposure one of the five
individuals had split into two prior to entering the rest period.
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2.—Relation of tops " to bulbs or pseudostems of four onion varieties which
were grown under 11-hour, normal, and lS]/^-hour daily light exposures

TABLE

Average weight per plant of onions-

Variety and portions weighed

Prizetaker:
Tops
PseudostemsTops
Pseudostems or bulbs
Tops..
Pseudostems or bulbs
Bermuda White:
Tops
Pseudostems or bulbs
Tops
Bulbs
Tops
Bulbs__
Yellow Globe Danvers:
Tops
Pseudostems
Tops
-.
Pseudostems
Tops
Pseudostems. __
Silver King (Giant White Tripoli):
Tops
,
Pseudostems
Tops
Pseudostems or bulbs
Tops
Pseudostems or bulbs

Total
weight
Planted
Dec. 12,
edin
1925,
Total percent
age of
and re- weight
moved
weight
25 weeks
of tops
later

Planted
Length of daily Aug 22,
1925,
exposure
and removed
40 weeks
later

Planted
Oct. 17,
1925,
and removed
35 weeks
later 6

Planted
Nov. 14,
1925,
and removed
30 weeks
later

f
I
/
I
f
I

Grams
78
öl
68
31
75
36

Grams
61
42
66
60
66
43

Grams
54
33
60
59
75
46

Grams
29
19
53
55
57
27

Grams
222
145
247
205
273
152

Grams
100
65
100
83
100
56

f
1
f
I
f
I

59
48
20
185
1
229

30
57
4
125
7
89

17
60
1
103
0
84

31
37
1
97
0
81

137
202
26
510
8
483

100
147
100
1,961
100
6,038

57
29
57
33
66
29

67
35
74
49
81
43

53
28
69
33
61
26

177
92
-200
115
208
98

100
52
100
58
100
47

49
24

JNormal

\r

j

}l3H hours..

{;:::::::

28
63

85
50
78
62
57
64

61
27
77
47
65
87

195
101
155
109
150
214

100
52
100
70
100
143

jll hours
Normal
|l3M hours..
11 hours
Normal
13J^ hours..
11 hours
Normal

'

133^ hours..

\

kl hours

.

« Where a bulb had failed to develop, the division between top and pseudostem was made by cutting
just below the spread of leaves.
^ This applies to all except Silver King (Giant White Tripoli), which in this planting was left for nearly
61 weeks.
BERMUDA WHITE

Under the 10-hour daily light exposure the plants of the Bermuda
White variety remained in the spring-onion condition. At 60 weeks
there were 15 plants instead of the 5 original plants, but development had been made without prior bulb formation or a rest period.
A slightly swollen base was the nearest approach to bulb formation.
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 only one individual developed bulbs. On removal at 30
weeks after planting this had developed two poor bulbs, one of which
contained two individuals.
In contrast to those under a shorter than normal light exposure,
all plants grown under the normal light exposure developed normal
bulbs. At 25 to 30 weeks these generally were entering or had entered
the rest period. The first resumption of growth in two containers
was at 35 and 39 weeks, respectively.
Under a 133^-hour daily light exposure, well-formed bulbs developed. On some of these the tops had fallen over at 20 weeks, and
were dead at 22 weeks. In one instance growth was resumed at
27 weeks.
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The plants under the ISj^-hour and under the normal exposure,
which in June closely approached the former in duration, showed
in general a pronounced similarity in rate of increase in diameter.

FIG

5 —Prizetaker onions. A, Light exposures of a, 11 hours; b, normal; and c, 13M hours. October
17 to June 18. B, Light exposures of a, 10, and 6, 16 hours. January 7 to July 27

(See fig. 2.) The contrasts in proportional development under the
different light exposures were striking. (See Table 2.) Figure 6, A,
shows the development made in 25 weeks under the different exposures.
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Under the 15-hour daily light exposure bulbs developed rapidly,
though they were somewhat smaller. At 15 weeks four bulbs had
developed and the fifth was intermediate in form. At 18 weeks the

FIG.

6.—Bermuda White onions. A, Light exposures of a, 11 hours; b, normal; and c, IZ]4 hours.
December 12 to June 4. B, Light exposures of o, 10, and b, 15 hours. January 7 to June 13

tops of these small, well-formed bulbs^had^fallen over but were still
green. At 20 weeks the tops were dead or dying. At this time the
leaf development of this lot was in striking contrast to that of the
plants grown under a 10-hour exposure. The longest leaf per plant
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of the former averaged 20 inches in length, in contrast to an average
length of 31.6 inches under the 10-hour exposure, measuring from
soil surface to leaf apex. The condition of the plants in the twentythird week is shown in Figure 6, B. At 25 weeks one plant had terminated the resting stage and resumed growth. After the remaining
plants had resumed growth, all were removed but one, as they were
infected with Sclerotium rolfsii. The remaining one resumed growth
at 29 weeks. At 40 weeks five well-formed small bulbs had developed
from it, and the tops had fallen over. At 42 weeks the plants had
entered the resting stage and the tops were dead. At 45 weeks one
plant had resumed growth, and at 50 weeks all were again growing.
Thus, within the year two growth periods and two rest periods were
terminated and a third period of growth was entered upon. At 60
weeks the plants had the appearance of vigorous young spring onions.
No indication of blossoming appeared at any time.
Among the plants which had formed bulbs the development of
more than 1 core was often shown on resumption of growth, 2 individuals arising from what had externally appeared to be a perfectly
formed single-cored bulb. Of the plantings grown in 20 containers
under the different daily light exposures, only 1 failed to show splitting of 1 or more individuals. Under the 11-hour exposure, splitting
was in the proportion of 1 to 2.1, and under the ISj^hour exposure,
of 1 to 2.2. At 35 weeks 13 individuals, 1 with 3 cores, had developed from the 5 plants under a 10-hour exposure, and 12 individuals,
I with 2 cores, had developed from the 4 plants in the contemporary lot under a 15-hour exposure, the rest period of the latter having
been terminated and growth resumed. Owing to vigorous top
growth and the absence of bulb formation, the splitting of 1 individual
into several was more conspicuous under the shorter exposures than
under the longer daily light 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
evidentYELLOW GLOBE DANVERS

Plants of the Yellow Globe Danvers variety under a 10-hour daily
light exposure were still in the spring-onion stage at 60 weeks after
planting.
Plants removed at 25 to 35 weeks after planting showed comparatively little difference in development under daily light exposures of
II hours, normal length, and 133^ hours. (See Table 2.) All had
green tops and long pseudostems. (Fig. 7, A.) The basal section of
the pseudostem generally was more swollen under the normal exposure
than under the 11-hour exposure. In the planting of December 12,
1 individual under the 133^-hour exposure progressed beyond the
spring-onion stage and developed a swollen base. Otherwise, all
were classed as spring onions.
The planting of September 19 was left for a longer period. At 45
weeks after planting, 1 or 2 plants in each container had rotted,
and the others were still in the spring-onion stage, though under the
133^-hóur exposure 1 of the 4 individuals showed a much swollen
base. At 50 weeks the basal diameters averaged 2.6 cm. under the
11-hour exposure, and 4.3 cm. under the normal and the 133^-hour
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exposures, showing the tendency of the 2 latter toward bulb
formation. Kotting eliminated the normal-day group. The 3
individuals remaining under the 133^-hour exposure had formed
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7.—Yellow Olobc Danvers onions. A, Light exposures of a, 11 hours; &, normal; and c, 13H
hours. October 17 to June 19. B, Light exposures ot a, 10, and 6, la hours. January 7 to July 26

FIO.

small bulbs with tops over at 50 weeks, and tops dead at 51 weeks.
Of these a single individual remained on removal at a little less than
65 weeks. It had gone through the resting stage and just resumed
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growth. The bulb weighed 23 gm. and measured 3.7 cm. in horizontal by 4 cm. in vertical diameter.
Under a 15-hour exposure bulb formation was rapid. At 25 weeks
all had formed or were forming bulbs and the top of 1 was alreadyover. The pronounced degree of difference is very evident on comparing the average diameters at 25 weeks under the different daily
light exposures. (See fig. 3.) At 27 weeks all had developed bulbs
and the tops of 4 had fallen over. Their condition in the twentyninth week is shown in Figure 7, B. At 31 weeks all tops had died.
In the thirty-ninth week 1 plant had terminated the rest period
and resumed growth. Prior to the forty-fifth week two plants had
rotted. Of the remaining 3, the outer leaf scales had sloughed
off, leaving in place of the old bidbs ''spring'' onions with new leaf
growth.
Of 81 plants of this variety, only 3 showed compound formation
or splitting, 1 under the 11-hour, another under the normal, and
the third under the 15-hour daily light exposure. Here again spliting was not shown to be correlated with the length of daily light
exposure.
SILVER KING (GIANT WHITE TRIFOLI)

Plants of the Silver King (Giant White Tripoli) variety grown under
a 10-hour daily light exposure were still in the spring-onion stage at
60 weeks after planting, never having formed bulbs. Similarly, plants
grown under an 11-hour exposure for 25, 3Ö, and nearly 61 weeks
remained in the condition of spring onions.
Three lots were grown under a normal light exposure. Of those
planted December 12 and removed June 5, 25 weeks lifter planting,
one had formed a good bulb which had rotted prior to removal.
Although the others showed more basal swelling of the pseudostems
than those in the lot grown under an 11-hour daily light exposure,
they had progressed little, if any, beyond the spring-onion stage of
development. Those planted November 14 on removal June 12, 30
weeks after planting, were all in the spring-onion stage but showed
some basal swelling. Of those planted October 17 all were in the
spring-onion stage with tops green, upright, and turgid at 35 weeks
after planting, June 19. Disease entered a little later and eliminated
this lot.
Though development was not uniform under a 133^-hour daily
light exposure, the effect of the longer exposure on bulb formation
was very evident. In the lot of 5 planted December 12 and removed
at 25 weeks, 2 were unmodified spring onions, and the other 3 had
developed a total of 5 bulbs. One bulb was well formed, 2 bulbs
were moderately well formed, and 2 were a little more than halfformed, all with tops over. (Fig. 8, A.) Their diameter ranged from
5 to 7.6 cm. Of the lot planted November 14 and removed at 30
weeks after planting, 3 were spring onions 2 of which were compound,
and a fourth had a much swollen base, whereas the remaining plant
had developed a well-formed bulb with top over. Only 2 plants of
those planted October 17 survived. As early as 25 weeks after planting 1 showed itself to be compounded of 2 individuals. At 4 0 weeks
3 bulbs had formed, measuring 6.1, 6.8, and 9.8 cm. in diameter. The
top of 1 was over and that of another was dead. The first appearance
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of new growth was in the forty-first week. On removal at more than
60 weeks after planting, there were 3 plants in vigorous leaf growth,
1 bulb, and 2 spring onions, which had arisen from the old bulbs.

8.—Silver King (Giant White Tripoli) onions. A, Light exposures of a, 11 hours; b, normal;
and c, 13>^ hours. December 12 to June 5. B, Light exposures of a, 10, and 6,15 hours. January 7
to July 26

FIG.

Under a 15-hour daily light exposure, 2 of 5 plants showed bulbs
half-developed at 20 weeks. At 22 weeks the tops of these 2 were over.
At 25 weeks the tops of 2 more were over. At 27 weeks all had formed
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bulbs and the tops of 3 had died. Shortly after, new leaf growth
started from 2 bulbs. Figure 8, B, shows their condition in the
twenty-ninth week. At 35 weeks,. 6 of the 8 bulbs which had developed
from the 5 original plants had vigorously growing new tops. At 55
weeks, 2 bulbs had rotted, but 14 individuals, 2 of which were compound, had arisen from the other 6. All were at this time in the springonion stage.
As was the case with the varieties which were previously discussed,
no correlation between splitting and length of daily light exposure
was seen. Some splitting occurred in every planting under every
exposure.
ONION SETS

The four onion varieties were grown in garden plots under normal
light exposure and under a 15-hour daily light exposure. Seeds were
planted February 10 in flats under normal light exposure and the
resulting seedlings were set in the two groups April 4 and 5. They
were removed June 3. During the time the seedlings were in the field
the hours between sunrise and sunset ranged from 12.3 to 13.2. The
size attained by the onions was small, the development being that of
sets rather than anything larger, but the form stood in interesting
relation to the daily light period. This is shown in Table 3.
TABLE

3.—Effect of normal {12.S to 13.2 hours) and 15-hour daily light exposures
on onions grown in a garden for two months
. Percentage of total number of plants
with—
Tops
dead or
dying

Tops green
Variety of onion and length of daily light Number
of plants
exposure

Prizetaker:
15 hours,
.
_
__
__ _
Normal
__
Bermuda White:
15 hours
--Normal ._
_
Yellow Globe Danvers:
15 hours.Normal
Silver King (Giant White Tripoli):
15 hours.,
Normal

Ratio of
weight of
bulb or
basal 3
cm. of
pseudostem to
weight of
growth
above

Pseudostems
slender

Pseudostems
with intermediate
swelling

85
166

89
100

5
0

6
0

0
0

1:3.01
1:4.22

90
119

1
7

0
10

10
'34

89
49

1:0.02
1:0.28

75
118

79
100

13
0

5
0

3
0

1 : 2.41
1:4.56

62
87

57
84

8
11

16
5

19
0

1:1.49
1:2.69

Bulbs

Bulbs

In all the varieties the growth of tops was proportionally much
greater under the normal than under the longer light exposure. The
tendency toward bulb development was greater under the longer
exposure, two varieties showing no tendency in this direction under
the normal exposure.
POTATOES

The potato as a crop is not generally grown in Porto Rico. Occasional plantings in the hills are reported as highly successful, but
the coastal plain plantings of which the writer has been cognizant
have resulted mainly in crop failures.
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Three varieties of potatoes, Irish Cobbler, Red Bliss, and Lookout
MountaiQ, were planted in containers under daily light exposures of
10 and 15 hours, and in the garden. Various interfering factors eliminated the garden check. However, within three days of planting
the lighted garden plot, the rows were continued for a distance of
21 to 23 feet beyond, but were not screened from the lighted plot.
This continuation of the rows, not originally intended as a check,
became the only check available.
The potatoes were planted in the containers January 7 and in the
garden January 5 to 8. Whole tubers selected for uniformity were
used, except in the continuation rows. As one or more tubers of
Irish Cobbler and Lookout Moimtain had failed to sprout in the
containers, the tubers of these varieties were replaced at one month
after planting by sprouting tubers of the same from the garden.
The Irish Cobbler plants in the containers under the 10 and the
15 hour exposures showed little différence in height up to March 12,
measuring, respectively, 17 and 18 inches. Further stem elongation
soon ceased under the shorter, but continued under the longer light
exposure, the plants measuring, respectively, 18 and 29 inches in
height April 16.
The Red Bliss, as early as seven weeks after planting, was much
taller under the 15-hour than under the 10-hour exposure. The ultimate heights attained were 16 and 30 inches under the short and long
exposures, respectively. The Lookout Mountain plants which February 19 measured 1 and 3 inches in height, April 16 measured 19 and
60 inches in height, under the short and long exposures, respectively.
These plants were photographed April 9. (Fig. 9, A.) Buds were
rioted on both plants March 8, and the first blossom opened March 16
to 19.
The plants were removed April 22. Whereas all tops were green and
vigorous under the longer light exposure, those of Irish Cobbler and
Red Bliss had died imder the shorter exposure. At this time the
weight of tops under the shorter exposure was only one-sixth to oneeleventh of that under the longer exposure. The Red Bliss showed
little difference in tuber formation under the two exposures, Irish Cobbler showed some difference, and Lookout Mountain a pronounced difference. The ratio of the weight of the Lookout Mountain tubers,
exclusive of seed tuber, under the shorter exposure to the weight under
the long exposure was as 7 to 1. (Fig. 9, B.) While the ratio of new
tubers to tops was as 2 to 1 under the 10-hour exposure, it was as 1
to 23 under the 15-hour exposure. Table 4 shows the weights of tops
and tubers on removal, exclusive of the tuber planted.
TABLE

4.—Weights of tops and tubers of three varieties of potatoes which were
grown under daily light exposures of 10 and 15 hours' duration
Weight of
Irish Cobbler

Weight of
Red Bliss

Weight of
Lookout Mountain

Length of daily light exposure

10 hours
15 hours _

Tops

Tubers

Tops

Grams
39
237

Grams
243
190

Grams
23
252

Tubers
Grams
309
321

Tops

Tubers

Grams
78
506

Grams
158
22
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The potatoes grown in the garden were dug April 23 to May 4.
Twenty-one to twenty-six plants of each variety were grown under
the lights. Although there was no satisfactory check plot, the
potatoes that were grown in the extension of the rows outside the
area overhung by tha electric lights bore a very interesting relation to
their position with respect to the lights. The rows, extending to a

3 3
C 2

la

o <o

bi *

a^

distance of 21 to 23 feet outside the lighted plot, were trisected, and
plants nearest, midway distant, and farthest from the lights were
weighed separately, 6 to 14 plants of each variety in each outside
subdivision. Of each variety the plants which were grown under the
lights showed the greatest leaf growth and the least tuberization. As
was true for the plants grown in the containers, the differences within
the variety were^greatest in the case of Lookout Mountain, and least
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in the case of Red Bliss. The plants of the Lookout Mountain and
Irish Cobbler varieties outside the lighted area showed a tuberization
correlated with their degree of proximity to the lights, those farthest
removed showing heaviest tuberization.
Table 5 gives the average weight of potato tubers per plant from
plants grown under a daüy light exposure of 15 hours, and from
plants grown in the same rows extended 21 to 23 feet beyond the area
overhung by the lights.
5.—Average weight of potato tubers per plant from plants which were grown
under a daily light exposure of 15 hours, and from plants which were grown in the
same rows extended 21 to 23 feet outside the lighted area

TABLE

Average weight per plant of—
Location of plants

Lookout
Mountain
tubers

Within the lighted area
_...
Outside of, but nearest to, the lighted area
Outside of, and farther removed from, the lighted area.
Outside of, and farthest removed from, the lighted area

Ounces
0.5
1.9
3.1
4.8

Irish
Cobbler
tubers
Ounces
2.9
3.4
4.8
5.1

Red
Bliss
tubers
Ounces
5.8
7.5
7.0
7.1

Of 24 plants of Lookout Moimtain that were grown under the lights,
11 produced no tubers, and 5 produced tubers only about the size of
marbles, or smaller; of 12 plants that were grown in the outside
section adjacent to the lights, 3 produced no tubers, and 3 produced
tubers only about as large as marbles; of 20 plants in the two sections
midway distant and farthest removed from the lights, a single plant
produced tubers only the size of marbles, and the other 19 plants
produced 1 or more tubers of fair size. Similarly with Irish Cobbler,
but in less pronounced degree, of 21 lighted plants, 3 produced no
tubers, and 1 produced tubers only as large as marbles; in the adjacent
section, 2 of 12 plants produced no tubers; whereas each of 23 plants
in the two remaining sections produced 1 or more tubers of fair size.
CORN

Seed of Porto Rican com, typical of that grown in the Yauco
district, was planted January 26, 1927, in the garden plots under
normal and 15-hour light exposures. In each plot two rows were
planted 30 inches apart, and the plats were later thinned to about
12 inches apart in the row, the plot which received added illumination
containing 44 plants, and the check plot 52 plants.
On March 12 the plants under the longer light exposure stood
about 3 feet high and the check plants 2 J^ to 3 feet high. A week
later the height from the ground to the highest leaf on any individual
measured 68 inches in each group. On March 26 the lighted plants
on the whole stood taller than the check. From this time on the
difference in height of the two groups became increasingly pronounced.
Their development on April 12, 76 days after planting, is shown in
Figure 10, A and B. The average height of the lighted plants was
132 inches, and that of the check was 98 inches May 13 and 14, a few
days prior to the removal of the check. The seven tallest plants in
each group averaged in height 158 and 121 inches, respectively.
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The number of nodes per plant was counted in an entire row in
each plot—half the plants. Under the lengthened light period an

FIG.

10.—A, Porto Rican corn. Normal light exposure (11.3 to 12..? hours); January 26 to April 12.
B, Daily ligiit exposure of 15 hours; January 2(1 to April 12

average'of 21 nodes per plant was produced, whereas under the normal
light|exposure but 13.1 nodes developed. A count wasjmade^of the
23317—28
4
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number of nodes, visible without disturbing the soil, from which roots
had started. The average was 3.6 nodes for the lighted plants, and
only 1.2 nodes for the check. In the former group, only 1 plant
failed to have a single node showing roots, whereas in the latter group
11 such plants were found.
On removal, the stalks were cut at the surface of the soil and weighed
after the ears were taken oiï. The average weight per plant of stalk
and leaves from the lighted plot was 2.6 pounds, whereas that from
the check was only 1.1 pounds.
Differences in fruiting, as well as in vegetative development were
very marked between the two groups. Staminate flowers were first
noted on the check plants on March 26, when 5 tassels appeared, and
the first silks in the same group were seen two days later. By March
31, more than half the check plants had tasseled and a quarter were
with silks exposed. The lighted plants when examined April 11 as
yet showed no tassels, but on the day following four were showing.
At this time all the normally developed plants in the check, 48 of a
total of 52, had developed tassels, and 46 of these had normal ears and
were silking. By April 18, only 13 of the 44 plants receiving added
illumination had developed tassels, a stage which had been reached
by the check plants approximately three weeks earlier.
As the two rows of com in the electrically lighted plot stood under
the outer row of electric lights, the inner com row received a stronger
* illumination than did the outer row. On April 23, 17 of 21 plants had
tasseled in the outer row, whereas only 10 of 23 had tasseled in the
better-illuminated row. Of the 21 outer-row plants, all but 3 showed
either silks or small ears, whereas of the inner-row plants a single
small ear without silks exposed was as yet evident. Examined again
May 3, more than one-third of the plants in the better-illuminated
row showed no indication of ears forming. This row was at this time
not as advanced in the reproductive stage as had been the more dimly
illuminated row 10 days previously. All but 4 plants had at least
rudimentary ears forming by May 14*
The height at which the ears were produced on the stalks of the
lighted plants was very noticeable. Whereas in the check the number
of nodes to the lowest developed ear averaged 6.4, the average for
the lighted plants was 11.8 nodes. The relative position of the ear
in respect to the total number of nodes produced, however, did not
differ greatly between the two groups.
The com under the normal light exposure was harvested May 1^,
113 days after planting. That grown under the lengthened light
exposure was harvested June 8, 20 days later, the lighting having been
discontinued June 3. The lighted com was left in the field for this
additional time in order to approximate as closely as possible in the
two lots the same stage of maturity at removal. The ears in the husks
were weighed immediately, those from the 52 check plants weighing
36 pounds 12 ounces, and those from the 44 lighted plants 25 pounds
13 ounces, which was an average weight per plant of 11 and 9 ounces,
respectively. The ratio of the weight of ears and husks to that of
stalks and leaves was as 1 to 1.6 for the check plants, and 1 to 4.5
for the lighted plants.
At 35 and 36 days after harvesting, the well-dried ears were graded
as uniformly as possible and weighed. As the check plot was some-
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what larger than the lighted plot the data were averaged per plant.
Table 6 gives the production of Porto Rican corn under normal and
15-hour daily light exposures.
TABLE

6.—Production of Porto Rican corn under normal and la-hour daily light
exposures
Average measurements per ear

Classification of ears

First grade, largest and best
Second grade, well-filled, second bestThird grade, short well-filled to longer
TTinstly well-filled
Fourth grade, shorter well-filled to
longer poorly filled
Total
Fifth grade, cobs with only a few welldeveloped seeds.
Sixth grade, short cobs with only a
few i)oorly developed seeds
Seventh grade, rudimentary ears and
cobs without any developed seeds _
Husks

Length
under
normal
daily
light
exposure

Average production per plant

NumDiamber of
eter Length Diameter ears
under under under
un15der nornormal
15hour
mal
daily
hour
exdaily
light
ex- light
exposure posure
exposure
posure

Inches
8.3
7.2

Inches
1.9
1.8

Inches
8.0
7.1

6.3

1.6

4.9

1.3

Weight Numunder ber of
normal ears undaily der 15hour
light
exexposure posure

Weight
under
15hour
exposure

Ounces
3.1
1.4

0.25
.14

Ounces
1.6
.5

Inches
1.8
1.6

0.38
.29

6.3

1.5

.17

.7

.30

.9

4.7

1.2

.19
1.03

.2
5.4

.16
.85

.2
3.2
.1

.15

.1

.27

.23

.02

.14

.02

.73

.02
.9

1.00

.05
.7

The measurements in Table 6 show that the production of firstgrade ears by the average plant was greater under normal light exposure than under a 15-hour exposure. Moreover, the first-grade ears,
though more in number, were also longer and broader under the
normal exposure. The same was true in the case of the second-best
ears. The combined weight of the two grades under the normal
light exposure was more than twice that under the 15-hour exposure.
The total production also was considerably greater under normal
light exposure than with the added hours of illumination. Whereas
the longer light exposure favored vegetative development, the shorter
exposure favored fruiting.
PINEAPPLES

Pineapples of the Red Spanish variety were placed August 8,
1925, under the 11-hour, normal, and 13j^-hour daily light exposures.
Thirty vigorous slips, weighing after stripping 140 to 206 gm. each,
after being placed in sequence as to weight were divided into three
groups by selecting alternating plants. The groups thus formed
varied in weight of average plant by less than 4 gm. The 5-gallon
tin containers were filled with river gravel to within an inch of the
top, the larger stones having been previously removed from the gravel
by screening. Suitable fertilizer in solution was supplied uniformly
to all containers, first at weekly and later at longer intervals.
The lights were as for the miscellaneous plants until May, 1927,
when an additional lamp was supplied to the pineapples, owing to
the shading of the lower leaves by the leaves above.
Insect damage in the heart of two plants, one in the check and the
other in the long-day group, necessitated their exclusion from the
comparative data.
Measurements of the longest leaf on each plant showed an average
difference of I inch at 6 months, The range in length of longest leaf
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per plant at 9 months was 433^ to 53 inches, but the averages for the
three groups were 48 to 49.6 inches, thus showing no material difference.
The first indications of the approach of blossoming were noted in
May in the short and the normal day groups. The first plant to
open flowers in the normal-day group blossomed May 22 and the
second plant June 2. In the short-day group, two plants opened
their first flowers June 15. No indication of blossoming was noted
on plants under the longer daily light exposure until July 7. The
first blossom in this group opened July 23. Prior to this time five
plants in the short-day group and two in the normal-day group had
finished flowering.
The fruits were picked as soon as they were considered to be fully
ripe. In September, two in the short-day and two in the normal-day
groups were picked, and in the short-day group three were picked in
October, whereas in the long-day group the first fruit was picked
November 1. The uniform fruiting and the vigorous condition of
the plants of the latter group are shown in Figure 11, A, made shortly
before the first fruit was picked. Whereas for the short-day group
the mean fruiting date was October 24, for the check it was November
19, 26 days later, and for the long-day group December 1, 38 days
later than for the short-day group. The difference between the
groups in length of interim from the opening of the first blossom on
a plant to the picking of the fruit was not pronounced, the season of
blossoming being the main factor in determining the season of ripening. The data on production under the different length light
exposures are'given in Table 7.
7.—Red Spanish pineapple production under daily light exposures of different
lengths

III

A

1
O

t
1
t
O

From original plants:
11 hours..
Normal-.
13M hours
From suckers:
10 hours..
Normal..
15 hours..

i
a

1

^

-M-W

1 -M 1

<D

Difference in mean ripeni ng date
temporary group rece iving s
daily light exposure an d those
ing longer daliy light e^cposures

TABLE

B
S
2

'S«

B%

a'
d

ë
1

ill
1

'3

1

>

o

1

111

o

O

o

d

1

Oct. 24,1926
Nov. 19,1926
Dec. 1,1926

26
38

Days
96
93
99

Grams
1,605
1,660
1,990

P.ct.
100
103
124

Inches
5.8
6.2
6.6

Inches
5.2
5.3
5.7

Inches
10.0
8.8
9.5

Sept. 12,1927
Oct. 3,1927
Nov. 9,1927

21
58

100
100
105

1,085
1,177
1,340

100
108
124

5.1
5.2
5.4

4.8
4.9
5.1

8.6
9.4
9.6

Days

1

03

03

O

1

1

+j

c3

Tí

11
'S©

f.1

0.4
.8
.2

1.8
2.3
4.3

0
0
0

.3
.7
1.5

« Because of mechanical injuries, 1 or 2 fruits in each group of the second crop were picked prior
to the normal ripening date. For each of these the normal ripening date, in order to obtain the mean,
was calculated from its date of blossoming and the average number of days between blossoming and picking for the others of its group. One of these fruits had to be excluded in obtaining average weight and
dimensions because of injury when immature.
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Under the longer light exposure the fruits were both longer and
broader, averaging 24 per cent heavier than under the short exposure,
the check fruits being intermediate in size. Six of nine fruits pro-

FlG. 11.—Red Spanish pineapples. A, Daily light exposure of WA hours; August 8, 1925, to October
30, 11)26. B, Light exposures of o, 10, and b, 15 hours

duced under the long-light exposure surpassed in weight the largest
fruit produced in either of the other groups.
The difference in the number of slips produced was also noticeable. Whereas 4.5 slips developed per fruit under the long daily
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light exposure, only 2.2 slips per fruit developed under the short
exposure. As was the case in the size of fruit, the production of
slips under the normal daily light exposure was intermediate between
that of the other two groups.
In December a decided contrast was noted in the appearance of
the plants in the different groups. Whereas in the normal and the
short-day groups the lower leaves were yellowing, drooping, and
dying, similarly located leaves in the long-day group were in the
main green and turgid. And again later from time to time the
much greener condition of the old pines under the long exposure
was observed.
A change in the lighting period was made December 15, 1926.
Although at this time two fruits remained to be picked in the longday group, their development was too far advanced to have been
materially affected by the change. Beginning at this date the lights
were turned off at 15 hours after sunrise, and the plants in the shortday group were removed from the dark room at 10 hours before sunset, thus increasing the lighted period for the long-day group hj 1}4
hours, and shortening it for the short-day group by 1 hour. All
slips were removed from the plants which had fruited, and the remaining slips were removed on picking the two remaining fruits. In
each group one plant had developed two suckers, and the remaining
plants one sucker each. These were left untouched.
The crop from suckers was produced considerably earlier than that
from the original planting. The diJfferences between groups in
ripening season were more pronounced. The mean ripening date
for the normal day group was 21 days later, and for the long-day
group 58 days later than for the short-day group. (See Table 7.)
The differences in stage of development June 10, 1927, are shown
in Figure 11, B. The large fruits and the drooping, shrunken older
leaves in the short-day group contrast strongly with the turgid
older leaves and the ahnost total absence of fruits in the long-day
group. One of the latter had blossomed at this time and three
were showing buds, thus as a group just entering the blossoming
stage. As was the case in the preceding crop, the difference in dates
of ripening was due mainly to a difference in the blossoming dates
rather than a pronounced difference in time required to mature,
though this averaged slightly longer under the longer daily hght
exposure.
The blossoming of the group as a whole, and consequently the
ripening season, of both the original and sucker plants was spread
over a longer period under the normal light exposure than under
either the short or long daily light exposures.
The fruits produced by the suckers, more poorly conditioned than
the original plants, were smaller, but bore the same group relations.
Seven of the 10 fruits produced under the long exposure surpassed
in weight the largest fruit produced under the short exposure. An
eighth fruit which weighed only 6 gm. less than the latter would
doubtless have weighed much more had not the sucker on which
it was borne fallen over more than two months prior to the ripening
of the fruit, half breaking through at the base. The average fruit
produced under the 15-hour daüy light exposure weighed 24 per
cent more than that produced under the 10-hour daily light exposure,
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was both longer and broader, and was subtended by a greater
number of slips. Only a single fruit produced under the normal
light exposure attained the weight of the average fruit produced
under the 15-hour daily light exposures.
On March 7, 1928, the plants were cut at the surface of the soil,
and the growth above ground was weighed. The average weight per
container was 6.8 pounds under the 10-hour exposure, 7.7 pounds
under the normal exposure, and 8.2 pounds under the 15-hour daily
light exposure, the latter being 21 per cent greater than that under
the 10-hour exposure. The weights under the 10-hour and normal
exposures included some immature fruit without which the averages
would have been reduced by 0.1 pound and 0.3 pound, respectively.
Whereas on removal of the plants, 5 under the 10-hour exposure, and
6 under the normal exposure, carried buds, flowers, or young fruit,
only 1 under the 15-hour daily light exposure had as yet budded, thus
in the third crop showing retarded flowering under the lengthened
period of illumination.
BEANS

Three varieties of beans were grown, two of which are the most
common locally, a white and a red, the latter a plump mottled bean
sometimes designated Guayamera, and a continental variety. Red
Valentine. These will be referred to as White, Red, and Valentine.
From March 11, 1924, to June 30, 1925, 18 plantings were made at
intervals of four weeks and later 2 additional jplantings were made.
The containers used were 5-gallon tin cans, each carrying river loam
in amount equivalent to 50 pounds of moisture-free sou which previously was screened and well mixed. Owing to the unsatisfactory
growth made in the first 9 plantings, fertilizer in suitable amount and
quality was supplied thereafter. In the first 7 plantings 10 plants were
grown in each can, and thereafter only 5 plants. Nematodes, insects,
and diseases proved to be troublesome at times, and together with
atmospheric variations caused widely different growth and production
in plantings made on different dates. In some instances one or
another of these disturbing factors interfered with normal growth to
such an extent as to make it advisable to omit certain plantings in
obtaining the averages presented in Table 8.
TABLE

8.—Growthj blossoming y and production of three bean varieties under 11-hour,
normal, and lS}^-hour daily light exposures

Interval
between
Variety and length of daily light exposure planting
and blossoming

Interval
between
blossoming and
ripening
of crop

Interval
between
planting
and
death of
vines

Days
40
41
42

Days
32
31
32

Days
80
84
90

Inches
19.0
19.8
27.6

3.4
4.1
3.9

Grams
2.4
2.8
2.9

30
30
30

32
32
32

77
77
84

10.5
9.9
12.3

2.3
2.4
2.1

1.3
1.4
1.2

33
33
32

35
36
34

67
71
72

11.7
10.6
13.6

2.5
3.0
2.4

1.2
1.2
1.0

White:
11 hours Normal
13H hours
Red:
11 hours
Normal _
13H hours
Valentine:
11 hours
Normal.
13J^ hours.-

-

-

- -

-

.

-.

_ --

---

Weight
Height Number
of dry
of pods seed
per
of plant per
plant plant
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The day on which the second plant to blossom opened its first
flower was considered as the blossoming date for each group. No
pronounced effect in hastening or retarding blossoming resulted from
the difference in length of daily light exposure. In 18 plantings
of the White bean the long-day group blossomed later than the shortday group in 11, contemporaneously with it in 2, and ahead of it
in 5 plantings. On the whole, the long-day group averaged 2 days
later than the short-day group in coming into blossom. On the other
hand, the Valentine bean under the long daily light exposure blossomed on an average 1 day earlier than in the other two groups.
The average of 20 plantings of the Red bean was the same under
each of the three different light exposures. The extremes were 27
and 33 days and occurred in both the short and the long-day groups.
The interval between the date of blossoming and the date of ripening of the first pods on two plants was considered as representative
of the length of time required for maturing pods. There was not
evident in any variety any material difference in time required
for ripening under the different daily light exposures as averaged
from data on 12 or more plantings of each.
The relation between yield and length of daily light exposure
was too inconstant to furnish conclusive evidence. In 19 plantings
of the White bean, the long-day group surpassed in weight of crop
the normal-day group 11 times and the short-day group 13 times.
The difference in yield of plantings made on different dates but
given the same daily light exposure was often greater than that of
groups receiving different light exposures but planted contemporaneously. The production curves of the White bean under the
three different light exposures follow the same general trend and
show that other factors affected production to a greater extent
than did the length of daily light exposure, veiling this effect in
large measure. Whereas the White bean was on the whole less
productive under the short daily light exposures, the Red and Valentine beans were slightly less productive under the long exposure.
In average weight of dry seed per plant, the Red bean under the
short exposure surpassed that under the long exposure in 13, equaled
it in 1, and fell below it in 6 plantings.
While the height curves show in like manner a wide variation
between plantings made on different dates, the favorable effect of
long daily light exposures remains clearly evident. (Fig. 12.)
The height of each plant was recorded. In 18 of 20 plantings of
the White bean the group receiving the longer exposure surpassed
both other groups in height. Of the 20 plantings, as a whole, the
average plant in the long-day group measured 39 per cent taller
than in the check, and 45 per cent taller than in the short-day group.
A comparison of the long and the short day groups of the Red bean
showed that while the difference in height was less pronounced,
the effect of the longer daily illumination was no less evident than
in the preceding variety. In only a single one of the 20 plantings
was the long-day group surpassed in height by either the short-day
group or the check. In 15 plantings of Valentine beans, the longday group surpassed the check in height in every planting and the
short-day group in 10 plantings.
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The length of Hfe of the plant was reckoned from the date of planting to the date on which the plant neither carried live leaves nor
was putting out new growth. The individual life span was recorded
in all plantings after the seventh. The long-day group exceeded in
average length of life the normal-day group in 9, and the short-day
group in 8, of 13 plantings of White beans. The average length of
life under the short, normal, and long daily light exposures was
81, 84, and 91 days, respectively. Similarly, the average length of
life of the Red bean was 84 days under the long daily light exposure,
and 77 days in the other two groups; and that of the Valentine
bean was 67, 71, and
72 days for the short,
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different v a r ie ties
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of 10, 11,13H, and 15
hours, and under the
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n
light exposure proved
to be more favorable to
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the blossoming of both
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West sweet potatoes
O
than a 13j^-hour explants as affected by difference in length of
posure. The evidence FIG. 12. -Height of beandaily
light exposure i
as to the effect of these
light exposures on vine growth and tuber formation was inconclusive.
The growth of the different onion varieties under the varied light
exposures showed onions to be very sensitive to the duration of the
daily light period. Different varieties varied in their responses to
different day lengths. An exposure sufficient in length to cause bulb
formation in one variety may be wholly inadequate in the case of
another. For this reason, certain varieties which form large bulbs
in temperate latitudes may fail wholly to form bulbs when grown in
the Tropics. In the lower latitudes where the temperature permits
planting throughout the year, not only is it essential to select such
varieties as will form bulbs under the day lengths which prevail in
these latitudes, but the favorable planting time as well must be determined with regard to the seasonal day length. While the shorter
days favor leaf growth, they inhibit bulb formation, for which the
longer days are necessary. Of the four varieties included in tbese
tests, one only, Bermuda White, showed itself to be well adapted for
1 Each point determined by average height of 3 plantings, except Valentine second and fifth points determined by 2, and third point by 1 planting.
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growing in such latitudes as have a maximum day length only shortly
in excess of 13 hours. Though some individuals of the Silver King
(Giant White Tripoli) variety formed bulbs, the varietal adaptability
to such day lengths could be considered as only partial. The Prizetaker and Yellow Globe Danvers varieties are wholly unsuited for
growing linder such day lengths, plants in the main remaining in the
spring-onion stage rather than forming bulbs. Under daily light
exposures of a little more than 15 hours, normal bulb formation was
rapid in all four varieties.
The tendency of the onion to form more than one core, or to split
into two or more individuals was not shown to be correlated with the
length of daily light exposure, but rather to be a varietal characteristic.
This tendency was most pronounced in Bermuda White and Silver
King (Giant White Tripoli), and least evident in Yellow Globe
Danvers. Owing to vigorous top growth and absence of bulb formation under the shorter exposures, the splitting of one individual into
several was more conspicuous under the shorter than under the longer
daily light exposures where bulbs were quickly formed and the resting
period was entered. On resumption of growth the compound formation of the bulb under the longer exposures became evident.
The Irish Cobbler, Red Bliss, and Lookout Mountain varieties of
potato differed considerably in sensitiveness to differences in length
of daily light exposure. Of the three the Lookout Mountain variety
proved to be the most sensitive, and the Red Bliss the least so.
Whereas the longer exposure favored growth of tops, the shorter
exposure favored tuberization.
Porto Rican corn showed pronounced differences in growth and
production under normal and 15-hour daily light exposures. Under
the lengthened exposure blossoming was delayed, a much greater
height was attained, and the production was inferior in number and
size of ears to that under the normal light exposure.
Red Spanish pineapples were grown under normal, 10, 11, ISj^, and
15-hour daily light exposures. Under the longer exposures blossoming
was delayed, the size of the fruit was considerably larger, the production of slips was notably greater, and the total growth was increased.
The most clearly evident and consistent effect of the longer daily
light exposure under which the beans were grown, 13 H hours, was the
increased vegetative activity as shown by the greater height and
greater length of life under the longer daüy illumination.

o

