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THE EFFECT OF ANTHOCYANIN FILTERS ON
PLANT BEHAVIOR AND DEVELOPMENTl
By

HOWARD

E.

MANNING

The red color of leaves found in nature during various seasons
has long intrigued scientists and laymen alike. The voluminous
literature is also evidence of the interest the phenomenon has aroused.
Onslow's (12) 'Anthocyanin Pigments of Plants' and 'The Biological
Effects of Radiation,' 'edited by Dugger (3) are the two most ex
haustive books on the chemical and physical aspects of anthocyanin.
Lippmma (8) came to the conclusion that anthocyanin plays a role
of protection and that it is a geneticalJy controlled characteristic of
plants. It is thought by some that the pigments aid in temperature
rise and thus cause increased transpiration. Chemically, the antho
cyanin pigments occur in a number of forms. The most common two
are found in beets and grapes.
Nicolas (11) found that red leaves exhibited increased respira
tion over green leaves. Charlton (2), Popp and Brown (13, 14)
and Teodoresco (IS) found that red light caused elongated cells with
resulting longer petioles and internodes. Gort's work (4) showed
that a 10 day exposure, after germination, to red light followed by
natural light; stimulated vegetative- and reproductive development.
Johnston (7) reported that red light inhibits root growth and that
photosynthesis has a maximum in red light and a lower maximum in
the blue. Hoover's (5) work with wheat also shows this condition
in photosynthesis with the maximum at 655 millimicrons in the red
and at 400 in the blue. The thickness and surface area of leaves is
reduced by red light, according to Teodoresco (15). Arthur (I)
reported that anthocyanins had absorption bands at 2670, 3310, 4000,
4540, 5040, and 5700 A.
Meier (9), working with the unicellular alga, Stichococcus bacil
laris, recorded less cell multiplication in a two weeks exposure to red
light (600-750 p.p.) than in blue (400-520 p.p.) or daylight.
1 A portion of a thesis submitted in partial fulfillment of the requirements
for the Master of Science degree in the Division of Graduate Instruction, Butler
University.
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The present problem was undertaken to determine whether iso
lated anthocyanin red used as a light filter has effects on plant be
havior and development similar to light filtered through red glass.
No recorded experiments of this kind are known to the writer.
METHODS
The garden bean was used to observe light effects on root, stem,
leaf and reproductive stmcture. Tbe study was carried ont in the
laboratory greenhouse of Butler University. All plantings were
made in individual pots of soil. The beans were kept in an incubator
for 72 hours and were then transferred to the observation box in the
greenhouse where four compartments permitted installation of light
filters.
Tbe observation box was built of plywood 76 em. high with end
pieces 76 cm. wide and the back and front 152 em. long. Partitions
were the same dimension as the ends of the box. 'These divided the
box into the five compartments, 76 cm. from front to back, and 30
em. wide, each with a glass top. This made possible the control of
the quality of light admitted to the plants below. Top light only was
used. The ends and partition pieces were fastened sew rely to the
back with one-inch corner irons. The front was made removable for
inspection and watering. It was fastened to the ends and partitions
with corner irons and bolts like the otber parts of the box, but wing
nuts here facilitated removal of the front.
Of the five compartments, four were covered by two pieces of
window glass, Libby and Owens, grade B, double strength. The
fifth was covered with one piece of the same glass and a piece of
rub-flash red glass. The top piece of glass on one section was made
into a shallow tray by sealing strips of wood 2 cm. square to the edges.
Sealing was accomplished with heavy pitch. This tray was kept filled
with a solution of beet juice in water to function as a filter. This
made three compartments of clear glass, one clear glass with beet juice
filter above (an tho-red), and one of red glass supported by clear glass.
The antho-red solution was prepared by grinding two fresh beets
through a food chopper. The grindings were extracted in 250 cc of
tap water for five minutes. The resulting solution was filtered
through fine cloth and made up to a volume of 400 cc by the addition
of more tap water. The solution was changed every 24 to 72 hours
according to the intensity and duration of sunlight. No artificial il
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lumination was used at any time. The clay pots containing the bean
plants were imbedded in garden soil to reduce evaporation.
Potted bean seedlings were placed in two rows of nine each in the
center of each compartment. They were watered daily and after 30
days all plants were removed. Roots, stems and leaves were measured
and then dried in an oven at 100° C. before recording weights. A
second lot of seedlings was treated in the same manner except that
they were kept in the compartment for SS days. When removed, the
plants under red and antho-red filters were so retarded and dwarfed
that measurements for comparisons with the control wen~ unneces
sary.
A third lot of seedlings was prepared, using 8 cm. pots. Twenty
were selected for uniformity of size and vigor. Ten were placed in
two rows of five each under antho-red light and ten were placed in
a natural light compartment. At the end of 7 days, five pots were
taken from each compartment and equally spaced in an area of 76
cm x 40 cm on a bench in an adjacent room of the greenhouse. At the
end of 7 more days, the plants yet remaining in the observation box
were removed and treated like the first ten on the same greenhouse
bench.
The greenhouse bench was covered with sand and soil to a depth
of 10 cm in which all pots were sunk. The plants were watered care
fully and equally throughout the course of the experiment. When
some of the plants were about 2S cm tall, all were supported in an
upright position with the aid of string over head. This prevented
light competition. The experiment was culminated June 27, 1949,
and the procedure of the first planting was used for measurements
and weights.

OBSERVATIONS AND RESULTS
All the experiments were carried on from late autumn until early
summer. While the quality of sunlight varies considerably within
that time, especially in the quantity of ultra-violet present, the glass
of the greenhouse and of the observation box, being opaque to ultra
violet, eliminated it as a factor.
The results from red glass and antho-red filters are not identical
(table I) but their effects on morphology (table I, fig. I) were con
sidered su fficiently similar to justify using antho-red only in the
third planting (table II).
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No measurements were made on the plants in the third planting
until they were mature. At 7 days no differences were observed be
tween plants under antho-red and natural light, but plants which grew
under red glass or antho-red for 21 days or more were dwarfed, with
fewer and smaller leaves than the controls. Also, their leaves were
more rugose and almost hispid, with more stiff, short hairs. The
areas between veins were bullate on the upper surface and cancellate
on the lower surface. Apparently the veins had not grown as rapidly
as the mesophyll and the margins. The margins were entire but the
leaf edge was ruffled. The sinuses were narrow and the lobes more
pronounced and turned in toward the petioles. In short, the leaves
grown under antho-red and red glass were strikingly different from
those under white light.
If we compare results of the first and third planting (tables I and
II), it appears evident that length of first node is greater in plants
grown under red light. It is 'most pronounced in those which had
14 days' initial growth under antho-red followed by white. This dif
ference is not apparent in higher nodes. Total stem length is greater
in plants grown under natural light for 30 days as compared with
those grown under red light for the same time. However, plants
initially grown (both for 7 and 14 days) under red light and then
transferred to white light, had longer stems than comparable plants
grown under white light. In this respect 14 days initial growth under
red light is more beneficial than 7 days. The same comparisons apply
to weights of stems (table II).
For all other structures except roots, the 7 days antho-red plants
were superior. Entire stems were longer and heavier, number of
leaves and area was greater, and pods weighed more. All plants grew
tall m?re rapidly in the compartments with top light only than if no
light restriction had been imposed.
DISCUSSION
As with so many functions in plants, the role played by anthocya
nin is still poorly understood, and this warrants continued study of
this phase of plant life. Most of the workers on this problem have
used red glass filters and in order to determine whether anthocyanin
may present a difference in the filtration of light from that a f glass
filters, the anthocyanin filter was devised and used simultaneously
with an artificial filter of red glass. Some of the results obtained cor-
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related remarkably well with the results of other workers (2, 14, 15).
Thus, reduced development of root systems, involving both length
and weight, had been reported by Johnston (7) as an effect of red
glass filters. Similar, if not identical results were also obtained with
an tho-red filters in the present study (tables I, II).
The question may well be asked as to what relationship exists
between expanse of leaf surface and photosynthetic efficiency. If
an inverse relationship exists (as greater size of shade . leaves indi
cates) then it may be inferred from the present results that a red filter
has a double function, causing reduction in leaf size and compensat
ing reduced photosynthetic surface with greater activity in the process
itself (tables I and II). In the present study, leaves developed under
red filters were one-third smaller in area than leaves grown in white
light (fig. 1), yet they permitted development of plants of greater
. total weight than those grown in white light.
Vife may probably assume that accelerated photosynthesis may at
least partly account for the stimulation of the beans received from
the 7, 14 and 30 days of exposure to an tho-red light. However, one
must reserve definite conclusions to the time when effect of light on
growth processes has been observed specifically. That red light has
modifying influence on cell structure was shown by Charlton (2).
She found that red light induced elongation of the cells and this in
turn may explain the longer stems in beans grown under antho-red
(tables I and II). In view of the striking morphological changes
shown in tables I and II and figure 1, it seems clear, also, that the
effect of red light is not limited to photosynthesis, but involves growth
processes as well (tables I and II, fig. 1).
According to Arthur (I), anthocyanin has absorption bands at
2670, 3310, 4000, 4540, 5040, and 5700 A (ultra-violet, violet, blue,
and most of the green). From this it may be seen that in plants
where anthocyanin-red occurs in the leaves, the chloroplasts are
shielded from most of the green, bIlle, violet, and ultra-violet light
waves. This brings about great changes in the normal light-plant
relationship.
Most plants are green hecause the green of the spectrum is re
flected from the chloroplasts. This means that the red, yellow and
blue are being absorbed. Whatever the ef fect of white light may be,
it may be concluded from the present results and those of others (5,7)
that photosynthesis is aided by red light, at least for a limited time.
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SUMMARY
1. Experiments were conducted with filters made of anthocyanin
from beets (antho-red) to determine the effect on growing beans.
2. Red light from a filter of anthocyanin extracted from beets
and red light from a filter of red glass produce similar effects on
plant behavior and development.
3. Beans exposed to red light for 30 days were stimulated in
photosynthetic activity to produce heavier plants than the control al
though the leaf surface was reduced 1/3 in area.
4. Red light (both antho-red and red glass filters) induced most
striking modi fications in leaf size and leaf structure as compared with
plants which developed in white light.
5. A 7-day exposure to red light after sprouting. followed hy
growth in white light, was best for development of stem diameter,
stem length, number and area of leaves, weight of pods, and total
weight of plants.
6. Exposure to red light for 55 days appeared to be lethal to
beans.
7. All exposures to red light (7, 14,30 days) reduced root de
velopment both as to length and as to weight.
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TABLE I
Quantitative results (averaged) on various morphological features of bean
plants grown under red glass, antho-red filter and under clear glass
First Planting
30 Days
Antho·red

30 Days
Red Glass

30 Days
Clear Glass
Filter

22.5 cm
Root length
Root dry weight
.0720 gm
Length to 1st node
15.725 cm
Length 1st to 2nd node
8.20cm
Entire stem length
29.92cm
Dry weight of stem
.1242 gm
Stem diameter middle 1st internode 3.7mm
Leaves per plant
2.00
Leaf area per plant
2.035 sq. in.
Dry weight of leaves
.0382gm
Weight total parts
.2345 gm

14.75 cm
.0518 gm
18.60 cm
10.25 cm
33.12 cm
.1282 gm
3.9mm
1.83
1.877 sq. in.
.0308gm
.2109 gm

23.35 cm
.1060 gm
14.375 cm
8.575 cm
35.65 cm
.1301 gm
3.4mm
3.61
6.20 sq. in.
.0719 gm
.2682 gm

Feature compared

Second Planting
55 Days Growth
Antho-red and red glass

All plants about 30 cm tall.
Leaves small, curled rugose.
No blooms or pods, plants prostrate.
Obviously would not mature.

Clear glass filter

All plants about 45 cm tall and erect.
Well formed, smooth leaves. Well leafed.
Blooms and pods well represented.
In process of maturing.
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TABLE II
Quantitative results (averaged) on various morphological features of bean
plants started under (a) red filter for 7 days and 14 days, (b) under full light
for the same lengths of time, then all followed by full light
Third Planting
Featured compared

Root length
Root dry weight
Length to 1st node
Length 1st to 2nd node
Entire stem length
Dry weight of stem
Stem diameter middle
1st internode
Pods per plant
Dry weight pods
Leaves per plant
Leaf area per plant
Dry weight of leaves
Weight total par.ts

7 Days
Antho·red

14 Days
Antho·red

7 Days
Full Light

14 Days
Full Light

33.9 em
.6364 gm
18.8 em
7.4 em
43.5 em
.7694 gm

29.4 em
.4837 gm
20.4 em
8.5 em
46.75 em
.6446 gm

41.8 em
.8902gm
16.45 em
7.75 em
40.0 em
.6046gm

24.8 em
.3274 gm
15.9 em
8.5 em
39.1 em
.5096gm

3.2mm
1.8
.6676 gm
15.8
25.96 sq. in.
.7285 gm
28019 gm

3.4mm
1.0
.3486 gm
14.75
19.13 sq. in.
.6468 gm
21237 gm

3.12 mm
1.8
.2438gm
15.2
19.8 sq. in.
.5651 gm
2.3127 gm

3.2mm
1.6
.6088gm
11.4
18.22 sq. in.
.4518 gm
1.8976 gm

All plants were incubated 72 hours for sprouting and all plants were
processed for data after a total of 68 days of growth.
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