INFLUENCE OF PHOTOPERIOD ON THIAMINE, RIBOFLAVIN AND
NIACIN CONTENT OF GREEN PLANTS*

Felix G. Gustafson

IT 1s A WELL KNOWN FACT that the climate and
the seasons ‘influence the vitamin content of green
lants. Many investigators, among them Wolf
(1938), Moldtmann (1939), Reid (1941, 1942),
Hamner et al. (1944), Rodahl (1944), Aberg
(1946), Somers et al. (1948), and Gustafson (1948,
1950), have shown that both light and temperature
are factors of great importance in vitamin synthesis.
Yet when light intensity and temperature have been
accounted for there is still something lacking to
account for the high vitamin content of plants dur-
ing the summer.

In 1940 Bonner found that Xanthium pennsyl-
vanicum, Cosmos sulfureus, Lycopersicum esculen-
tum, Brassica nigra and B. alba had a higher con-
centration of thiamine in the leaves when subjected
to a photoperiod of 18-20 hr. than when exposed
to a 9-hr. photoperiod. Reid (1942) found that
medium to long days were conducive to the produc-
tion of a high ascorbic acid content in cow peas,
whereas short photoperiods produced plants with
low ascorbic acid content. Hammer et al. (1944)
also found that the tomato produced less ascorbic
acid under an 8-hr. photoperiod than when exposed
to a 16-hr. photoperiod.
~ In the spring of 1951 the writer had the oppor-
tunity of spending several months at the Earhart
Plant Research Laboratory at the California Insti-
tute of Technology, Pasadena, California, and it was
decided to take advantage of the unusual oppor-
tunity offered at this laboratory to study the in-
fluence of the photoperiod on vitamin content in
several different plants.

MATERIAL AND METHODS.—The plants used for
these studies were Alaska peas, Black Valentine
beans and San Jose Canner tomatoes. The plants
were grown in natural light at day temperature of
23 or 26°C., and a photoperiod of 14-15 hr. until
placed under the experimental conditions. The age
of the plants varied considerably but within any
one experiment the plants used were of the same
age and were closely selected for size and stage of
development. The plants were grown in plastic
boxes in gravel and vermiculite, and were watered
with Hoagland’s nutrient solution. In the first ex-
periments the plants were transferred directly from
the greenhouse to the experimental rooms, but in
the later experiments they were first placed in the
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dark at 20°C. and left there for various lengths of
time, to reduce the vitamin content before setting
up the experiment.

During the controlled part of an experiment the
plants were maintained day and night at the desig-
nated temperature. The. temperatures chosen for
these experiments were 6°, 14°, 20° and 26°C., and
the plants were exposed for 8, 16 and 24 hr. out of
every 24 hr. to artificial light of an intensity of from
1000-1600 ft.-c. (See Went, 1950, for details of
lighting). In each experiment the light intensity
was the same at all temperatures except for a second
lot of plants at 26°C., which received a light in-
tensity of about 600-700 ft.-c.

For thiamine and riboflavin analyses the plant
material was harvested at 1:00-3:00 p.m., quickly
frozen and shipped in dry ice by air to Ann Arbor,
Michigan, where the material was received in less
than 24 hr., still in a frozen condition. On receipt
the plants were put in a deep freezer at —20°C.
and analyzed within a few days. The first niacin
analyses were made in Pasadena and later ones in
Ann Arbor on the same material that was used for
the other vitamins. Preliminary tests had shown
that the three vitamins under investigation were not
destroyed by this freezing treatment. Plants were
left for several weeks in the deep freezer without
any decrease in vitamin content. The niacin analy-
ses made in Pasadena were made on plants similar
to those shipped to Ann Arbor, and were collected
one day later and analyses made at once on fresh
material. All experiments on the tomato were made
with plants from the same planting, so that as the
investigation progressed the plants became older
and older. This necessitated using fewer plants and
less of each plant. To clarify the situation details
of the different experiments with the tomato plant
are given in table 1.

The thiamine and riboflavin analyses were made
according to the procedure outlined by the author
in 1947, with a modification according to which
digestion with clarase is carried out at a temperature
of 37°C. for 20 hr. instead of at 45°C. for 2 hr.
Precautions were taken to prevent bacterial contami-
nation, The niacin assay followed the prescribed
procedure, as given in the Methods of Vitamin
Assay issued by the Association of Vitamin Chem-
ists (1947).

Resurts.—In table 2 are given the results for
thiamige. Only one experiment was run with peas
and these plants were 20 days old. They were main-
tained under the experimental conditions for 6
days and the light intensity was about 1000 ft.-c. At
the two lower temperatures there was a decrease
in thiamine with increase in length of the photo-
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TasLe 1. Details of treatment of the tomato plant material used.
No. of days
No. plants used Age in Light intensity ~ under exp.
Exp. for each photop. Part used days ft.-c. conditions
354 s 6 All leaves* and 1 in. stem tip. 37 1300-1600 5
36 . 4 5 leaves and 1 in. stem tip. 44 1000-1400 6
358 ; 4 Blades from 7 leaves and 1 in. tip. 51 1400-1500 6
360 4 As for 358. 53 11001500 5

*In the first three experiments the plants were transferred directly from the greenhouse to the experimental rooms, but
in the last one the plants were transferred from the greenhouse to a dark room at 20°C., where they were left con-
tinuously for 5 days, previous to being placed in the experimental rooms.

period, but at 20°C. there was no definite trend.
Entire tops of 15 to 21 plants from each condition
were used.

The tomato plants maintained at the temperatures

6°, 14° and 20°C. show no significant response to
the photoperiod, except those in experiment 360,
which were starved by being placed in the dark for
several days preparatory to the exposure to different
photoperiods. On the other hand, plants at 26°C.
showed a decrease in thiamine with lengthening of
the photoperiod. This is true for both light inten-
sities. In the starved plants there was a decrease
in vitamin with increase in photoperiod, at tem-
peratures 14° and 20°C., similar to that in the
plants at 26°C. Analyses of the plants before they
were placed in the dark and after 5 days in the

TaBLE 2. Influence of photoperiod at different temperatures
on the thiamine content in peas, tomato and bean

plants.  Vitamin content is given in ug./g. fresh
weight.”
Photo- Temper-
period  ature Peas Tomatoes Beans
Experiment No. 350 354 356 358 360 364
Hr. °C.
8 6 075 060 0.89 114 089 0.77
16 6 071 071 071 117 095 073
24 6 059 063 0.65 119 086 0.85
8 14 080 077 071 131 127 0.65
16 14 079 074 092 100 1.00 0.65
24 14 062 060 081 098 063 0.67
8 20 078 076 073 1.06 121 0.82
16 20 070 069 085 106 132 0.59
24 20 085 073 077 0.85 1.03 0.65
8 26 074 117 145 127 082
16 26 073 108 146 109 068
24 26 057 079 096 092 058
8 26 0.60° 106 1.47
16 26 057 092 110
24 26 052 060 1.00

*A five per cent difference between readings of an
experiment can usually be considered significant, when
material is carefully selected as was the case here.

* The second group of plants at 26°C. in experiments 354,
356, and 358 were at light intensities of about 600-700
ft.-c., whereas the ones above were at light intensities of
from 1000-1600 ft.-c. in the different experiments.

dark showed considerable decrease in the thiamine
content. This shows up even after 5 days at 6°C.

In the single experiment with beans the plants
were also first subjected to a dark period before
placing them under the experimental conditions. As
in the experiment with the tomato, 26°C. was the
only temperature at which the photoperiod in-
fluenced the thiamine content and here too the
longest photoperiod produced plants with the lowest
vitamin content. For each condition six 24-day-old
plants were used. The stems were cut just below
the cotyledonary node and everything above this
cut, except the cotyledons, was used.

In table 3 the results for riboflavin are recorded.
The thiamine and riboflavin were determined on
the same plant material. The most striking thing
about riboflavin is that, unlike thiamine, there is
an increase in amount with increase in the photo-
period, when there is a significant effect at all.

The pea plants from temperatures 14° and 20°C.
show a progressive increase in riboflavin with the
increase in photoperiod. At 26°C. the plants were
damaged and they were not used. In other experi-
ments where effect of temperature on peas was
studied, they died most rapidly at 26°C., which is,
of course, not surprising, as we know that peas are
a cool weather crop.

Tomato plants, at temperatures 14°, 20° and
26°C., demonstrated a general progressive increase
in riboflavin with increase in the length of photo-
period. In plants at 26°C. that were exposed to
light intensities lower than 1000 fi.-c., this increase
with the lengthening of the day was less marked or
entirely absent. In beans there was no significant
difference in the riboflavin content with change in
photoperiod. This was true for all temperatures.

Niacin was determined in two different lots of
pea plants. At both ages the niacin content in-
creased at all temperatures, as the length of photo-
period increased (iable 4). In both experiments
entire tops of 15-20 plants were used.

No general statement will cover the niacin situation
in the tomato plants. When the concentration was
plotted against photoperiod it was observed that in
the majority of cases there was a dip at the 16-hr.
photoperiod, but there were a few exceptions. The



258

TasLE 3. Influence of photoperiod at different temperatures
on the riboflavin content in pea, tomato and bean
plants. Vitamin content is given in ug./g. fresh weight.

Photo- Temper-
period  ature Peas Tomatoes Beans
Experiment No. 350 354 356 358 360 364
Hr. °C.
8 6 125 1.83 171 3.08 248 137
16 6 118 1.83 147 284 218 130
24 6 115 1.87 138 280 234 157
8 14 070 169 125 264 279 120
16 14 0.89 190 144 280 276 136
24 14 095 213 160 279 3.18 139
8 20 073 122 116 226 202 097
16 20 096 170 129 246 219 098
24 20 123 183 163 319 260 122
8 26 124 171 268 214 114
16 26 129 214 272 214 133
24 26 187 195 286 272 132
8 26 1.13* 208 254
16 26 143 207 272
24 26 141 222 286

* The second group of plants at 26°C. in experiments 354,
356, and 358 were at light intensities of about 600-700 ft.-c.,
whereas the first lot was at 10001600 ft.-c. in the different
experiments,

youngest plants (experiment 9) did not conform
to this picture, but in this experiment whole plants
were used, whereas in others only leaves or even leaf
blades were employed. This may make quite a
difference as stems and petioles do not synthesize
any vitamins (Gustafson, 1947). The best experi-
ment is 360, where the plants were first starved
before being placed under the controlled conditions.
In this experiment the plants subjected to the 24-hr.
photoperiod have the highest niacin concentration
except at 6°C.

The bean plants were also subjected to darkness
at 20°C. for 4 days and during this period there
was a considerable decrease in niacin so that at the
time they were placed under controlled conditions
the niacin was down to 7.35 pg./g. of fresh weight.
The very great increase at 6°C. was not expected.
In previous experiments (Gustafson, 1950) it had
been shown that beans at temperatures 10-15°C.
produced less vitamin than at higher temperatures.
Continuous lighting is conducive to high niacin
content at all temperatures.

DiscussioN.—In this investigation twelve combi-
nations of temperatures and photoperiod have been
employed, whereas in other investigations the plants
were subjected to only one temperature and two
photoperiods. Whatever temperature is considered
with 8- and 16-hr. photoperiods, we find only six
instances out of twenty-six combinations in which
thiamine is even slightly higher for the 16-hr. than
for the 8-hr. photoperiod, and in all others the
concentration in the plants exposed to the 8-hr.
photoperiod was considerably higher than in those
from the 16- or 24-hr. photoperiod. One might,

AMERICAN JOURNAL OF BOTANY

[Vol. 40

therefore, consider that if the length of day has any
effect on the thiamine concentration at all, a long
day is more likely to cause a decrease than an in-
crease. This is contrary to what Bonner (1940)
found for thiamine and what others have found
for ascorbic acid. This difference cannot be ex-
plained on the basis of the plants in the long days
being more succulent than those in short days. No
dry weight determinations were made on these
plants, but in other investigations the writer has
found no essential difference in dry weight between
plants exposed to 8-hr. photoperiod and 16-hr.
photoperiod. At all temperatures investigated, the
plants grew more in the longer photoperiods. This
need not surprise one as thiamine is not known to
be directly related to growth.

In determinations at the temperatures 14°, 20°
and 26°C., where there was any appreciable dif-
ference in plants from the different photoperiodic
treatments, the plants from continuous light had the
highest riboflavin content. In most cases this was
quite appreciable, especially in those plants where
there had been some depletion, due to dark treat-
ment, before the plants were put under the con-
trolled conditions. The plants from 6°C. gave very
unsatisfactory results. The differences among the
photoperiods are not very large, but sometimes the
shortest photoperiod has the highest concentration
while at other times the reverse is true. Part of
this irregularity may be due to the fact that in the
first four experiments the plants were transferred
directly from the greenhouse at 23°C. and these
plants were quite rich in riboflavin. At the low

TasLE 4. Influence of photoperiod at different temperatures
on the niacin content in pea, tomato and bean plants.
Vitamin content is given in ug./g. fresh weight.

Tem-
Photo- pera-
period ture Peas Tomatoes Beans
Experiment No. 7 8 9 10 11 360 364
Hr. °C.
8 6 850 7.72 6.24 1012 13.25 13.13 1283
16 6 898 821 560 950 1138 1214 13.13
24 6 975 885 587 950 1150 1224 13.33
8§ 14 705 543 438 7.05 1125 1314 7.84
16 14 836 577 535 746 948 1098 8.38
24 14 894 650 639 9.00 14.83 8.29
8 20 771 594 408 667 961 955 817
16 20 7.92 473 600 940 917 751
24 20 935 832 510 856 1170 10.79 9.88
8 26 581 7.10 1200 858 9.75
16 26 465 6,56 950 8.36 953
24 26 376 810 13.81 11.79 10.48

* The niacin analyses for experiments 7, 8, 9, 10 and 11
were made at Pasadena, but on material that was essen-
tially the same as that used for thiamine and riboflavin and
sent to Ann Arbor, Michigan. Experiments 360, and 364
are identical with the same numbers for thiamine and ribo-
flavin and were made at Ann Arbor at the time the others
were made.
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temperature this was only slowly modified by the
photoperiod. In the last two experiments where
the plants were first starved, the longest photo-
period always had the highest riboflavin content.
Here high riboflavin content and a high rate of
growth are associated. Riboflavin has sometimes
been called a growth vitamin.

Niacin increased progressively with increase of
day length, in peas. In tomato there is, in general,
a slight increase in niacin content with increase in
the photoperiod. This is especially true for the
higher temperatures. Beans had the highest niacin
content in the longest photoperiod at 6°, 20° and
26°C., but at 14°C. there was no essential difference
between 16-hr. and 24-hr. photoperiods.
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SUMMARY

In this investigation thiamine, riboflavin and
niacin content has been determined in the Alaska
pea, Black Valentine bean and the San Jose Canner
tomato, when subjected to 8-, 16- and 24-hr. photo-
periods. It has been found that, in general, at tem-
peratures 14°, 20° and 26°C., there was a decrease
in thiamine content as the plants were exposed to
longer photoperiods. On the contrary, riboflavin
and niacin concentrations increased with increase in
the length of photoperiod.
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