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LIGHT AND PLANTS

A Series of Experiments Demonstrating

Light Effects on Seed Germination,
Plant Growth, and Plant Development

By R. J. Downs, formerly plant physiologist, and H. A. Borruwick and A. A, PIrINGER, plant physiologists,
Crops Research Division, Agricultural Research Service

INTRODUCTION

Each year scientists in the U. 8. Department of
Agriculture receive many inquiries from students,
teachers, and other interested biologists for details
of simple but dramatic experiments to demonstrate
the formative effects of light on plants (photomor-
phogenic effects). To answer these requests for spe-
cialized information, detailed and systematic ex-
periments and demonstrations on effects of light on
seed germination, growth, flowering, and fruiting are
outlined herein. References accompanying each ex-
periment provide supplementary reading and addi-
tional details. Certain references will not be readily
available to all interested persons, but, in general,
the cited papers can be obtained from college and
other school libraries of most metropolitan areas, as
well as the personal libraries of local plant scientists.

LIGHT AND SEED GERMINATION

Seeds of many kinds of plants gerrmnate poorly or
~not at all when planted and covered with soil. In

. many instances these are seeds that require light for -

germination. Some seeds, such as those of pepper-

grass (Lepidium virginicum), do not: ‘germinate at

all in darkness. Others, such as seeds of Grand Rapids
lettuce (Lactuca sativa), often germinate as much as
30 percent in darkness, and some lots of lettuce even
hlgher All the seeds of both- peppergrass and Grand

. Raprd lettuce germmate fdlowmg a smgle brief ex-
posure to light. A single exposure to hght neverthe- -
less, is not’ adequate to promote germmatron of-all -

‘kinds of hght-sensltlve seeds. Seeds of"the’ Empress-
tree (Paulowma tomentosa); for example, require one
v'or more periods of light each day for several days. -

'+ Germination of still other kinds of seeds, such as.
" those ‘of ‘henbit {Lamium amplexzcaule), a.ppears “to

__be inhibited by light:

A favora,b)e tempera,ture lS one' of the requlre- U
ments for germmatlon and often 3 change or’ alterna-‘ s

\‘l

tion of temperatures is more effective than a constant
one in obtaining maximum germination. For example,
only about 30 percent of peppergrass seeds, imbibed
in water and placed on blotters in petri dishes at a
constant temperature of 70° F., may germinate in the
light. If the temperature is alternated, more seeds
germinate. If the seeds are imbibed in a solution
containing 0.02-percent potassium nitrate (KNO;)
and the temperature alternated, maximum germina-
tion is attained. Such an alternation of temperatures
might be 77° F. for 8 hours per day and 60° for 16
hours per day.

Germination studies are often made on blotters in
petri dishes in order to facilitate handling, planting,
and counting the seeds. If petri dishes are not avail-
able, plastic sandwich boxes with lids and filter paper
or paper towels are good substitutes. Studies of the
effect of light on germination of seeds imply that
some of the seeds must be kept in the dark to act as a
check or control. The term “dark’ means “total dark-
ness,” a complete absence of light. (See p. 2.) Bags
of at least two layers of black sateen cloth provide
the darkness required for dark controls. These bags

must be large enough to- contain the dishes, with -

enough slack at the opening so that o flap may be

folded back to prevent entrance of light. An alter- .
“nate method would be to cover the dlShLS with two -

or more’ ‘layers of alummum foil.

. Studies_on the effect of light on various plant
responses can be made in greater detail, using red and

far-red! radiant energy. These wavelengths are the
~most effective ones for regulating many plant
. responses to light and they can be obtained by using
- colored filters in con]Jnctlon with the proper Tlight
- source. The fluorescent larp emits considerable red-
" but almost no far-red and is, therefore, used as a .
" source of red light. A filter of two’ layers of red cello-
N _:'pha.ne removes all v1srble hght except red and smce :

Ty tages o
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very little far-red is emitted by the lamp, the net
result is reasonably pure red light.

Incandescent-filament lamps emit considerable
amounts of far-red and are thus good sources of far-
red. The visible light is removed by appropriate fil-
ters such as a combination of red and blue cellophane.
The red celiophane absorbs all the visible light except
red and the dark-blue cellophane absorbs red. How-
ever, neither color of cellophane absorbs far-red, so
the radiation passing through the filter is, therefore,
far-red.

Seeds of trees, shrubs, ornamentals, vegetables,
grains, and grasses can be obtained from commercial
seed sources that range from special seed supply
houses to the local hardware store. Many weed seeds
are light-sensitive, and these can be gathered by the
investigator. After the seeds are gathered they should
be stored dry in a refrigerator (about 40° T.) until an
appropriate time to begin the experiments, because at
higher temperatures they often undergo change in
their light requirements, A good supply of seeds
should be gathered to assure an adequate amount for
possible additional experiments. Any difficulti in
identifying the plants can be resolved with the aid of
high school biology teachers, the botanists or horti-
culturists at State university, State agriculsural ex-
periment stations, or agriculture extension specialists.

Demonstrations A-1 through A-5 tell us the
following facts:

® Certain kinds of seeds require light in order to
germinate.

® The light requirement is not something that
occurs only under a special set of experimental
- conditions, but occurs when séeds are planted in
an ordinary way in pots of soil.

® A light requirement can be‘induced in seeds that

normally do not require light for germination.

" @ The photoreaction ‘that allows germination to
_proceed is reversible; red radiant energy drives

- the reactlon in one du'ectlon and far-red dmves
16 in the reverse direction.

" @ The sensitivity of seeds to a given amount of

radiant. ‘energy changes w1th the peuod of .

1mb1b1t10n

Several questlons should come t0 mmd 1mmed1-

ately. “How much light is requu'ed to mduce germina-
tion? What are the relative amounts of red and far-

- red required to - dnve the reactions? Do -all light-

sensitive seeds require tho same amount of energy to

trigger germmatlon‘? What is ‘the effect of various ..

" temperatures on the hght requlrements‘? Are- there

«.other methods of mducmg a hght requlrement 1n‘

seeds that normally are not light-sensitive? Are there
any seeds that are inhibited from germinating by
light? Experiments can be designed to answer these
and many more questions relating to the mechanism
by which light controls germination.

LIGHT AND PLANT GROWTH

Vegetative growth of plantsisto » large degree con-
trolled by light. Plants grown in total darkness have
very long internodes, small leaves, and are yellow in
color because no chlorophyl! is formed. If the dark-
grown plants are exposed to weak light for a minute
or two each day, the plants have shorter internodes
and normal-size leaves, aithough they may still be

‘yellow and without visible chlorophyll. Daily ex-

posures of the plants to light of higher intensities or
for a longer duration may not change the size of the
leaves or internodes of the plants from that obtained
with brief exposures to light of low intensity, but the
plants turn green as chlorophyll is formed.

The formative effects of light, but not chlorophyll
formation, result from the same red, far-red reversible
photoreaction that also controls flowering of photo-
periodically sensitive plants, germination of light-
sensitive seeds, and many other plant responses. Red
is the most efficient portion of the spectrum in in-
hibiting stem elongation and promoting leaf expan-
sion. A far-red irradiation immediately following the
red reverses the potential effect of the red irradiation
and the stems become long.

TFar-red at the close of each light period causes
stems of light-grown plants to elongate. If the far-red
is followed by a brief exposure to red, the effect of
the far-red is reversed and the stems remain short.

If light is directed at either light-grown or dark-
grown plants from one side, the leaves tend to bend
and the leaf petioles twist until the plane of the leaf
blade is perpendicular to the light. The stems tend to

_curve in such a way that the tip of the stem is directed
~ toward the light source. This phenomenon is called

phototropism and is-caused by a different photo-
reaction than the red, far-red one. Blue light is the
most effective kind of hght to plomote the photo-
tropic response. -

‘Demonstrations  B-1 thlough B-4 show several
ways in which light influences plant growth and de-
velopment. These demonstlatlons tell us the follow-

ing facts:
® Light 1nh1b1ts stem growth and plomotes leaf

* . expansion,
e Plants bend toward the ll"‘ht




@ Chlorophyll formation requires light and the
light must be of higher intensity than that which
controls stem length.

® The red, far-red reversible photoreaction that
controls seed germination also controls stem
length and leaf size.

Additional experiments can be designed to answer
many other questions relating to the manner by
which light controls plant growth, Examples of such
questions are as follows: Are bending (phototropism)
and growth of internodes controlled by the same
photoreaction? This question can be answered by
using different regions of the spectrum (colors of
light) and testing to see if bending and growth are
controlled by the same colors.

Does the duration of darkness following the far-
red irradiation of light-grown plants affect the ulti-
mate length of the internodes? What is the optimum
period of darkness and why is it optimnm?

How concentrated is the pigment that controls
growth? How do we know it is not chlorophyll?
These questions can be answered by comparing the
growth responses of 'LIban and green corn or barley
seedlings.

LIGHT AND PLANT PIGMENTS

The autumn coloration of leaves and stems of
woody plants is in part caused by the formation of a
red pigment called anthocyanin. The formation of
anthocyanin is also responsible for the red color of

apple fruits and for the red to purple color of milo, -

turnip, and cabbage seedlings.

A common observation is that apples often do not
turn red unifoimly but that one side of the fruit is
green or at least a lighter shade of red than the other
side. The reddest side of the apple is usually facing
outward from the tree. The formation of the red

color (anthocyanm) in apple fruits is controlled by -

. light. Detailed studies have shown that anthocyanin

formation in mile, turnip, and cabbage seedlings and ' -
inleaves of red map]e and other trees is also regulated s

»by light. - :
Unlike many othel hght-controlled pIa.nt re-
‘sponses, anthocyanin formation requires high-mten-

sity light for a relatively long time. However, at the
close of the hlgh-mtensrty light perrod the low-inten- -

, srty-red far-red- phntoreactron may exert final control
‘on anthocyamn synthesis. Thus, if the plant material

~is-irradiated for a few minutes wrth far-red-at: the’.'.r
close of the high-intensity light perrod the potent1a1~

* anthoeyanin synthesis is inhibited and very little is

. formed If-a ‘brief 1rrad1at10n wrth red f0110ws the__

wll Toxt Provided by ERIC

far-red, then anthocyanin is formed in an amount
equal to that produced by the high-intensity light
alone.

An example of a low-intensity light-controlled
coloration is the yellow color of the skin of the tomato
fruit. Plant breeders recognize differences in the color
of the skins of fruits of certain tomato varieties and
have classified the skins as yellow or clear. The red
f.esh and a transparent or white skin give the fruit a
translucent pink color, whereas the red flesh and a
yellow skin give the fruit an orange-red appearance.
In many tomato varieties the formation of this yellow
pigment is controlled by light. Moreover, the same
reversible red, far-red photoreaction that controis
flowering of photoperiodically sensitive plants,
germination of light-sensitive seeds, and many other
plant responses also controls the formation of the
yellow pigment in the skins of tomato fruit.

Demonstrations C-1 through C—4 concern light
and its control of plant coloration. From these
demonstrations we know:

® That light is required for the formation of the

red color (anthocyanin) of certain seedlings and
apple fruits. ‘

- @ Light is required for the formation of a yellow
pigment in the skin of tomato fruit.

® The coloration oceurs only in the areas that re-

ceived light—there is no translocation of the
stimulus.

Additional experimeats can be designed to learn
more gbout the light reaction and about the chemical
processes that result in pigment formation, Questions
that one might ask are: How much energy is required
to induce the formation of anthocyanin? As light
energy is increaser, does the amount of anthocyanin
increase proportlonately‘? Once the light require-
ment is fulfilled, what is the rate of anthocyanm
formatron" What is the role of temperature? What is
the role of sugar? Does the red, far-red reversible

’photorea‘ction operate in the control of coloration‘P

' EFFECT_OI‘ DURATION OF LIGHT

ON PLANTS
Flowerlng of many kmds of plants is contr: olled by

 the relativelength of the daily light and dark periods.
_Tms phenomenon is called photoperiodism. Some
plants, such as certain varieties of chrysanthemum, '
poinsettia, - mormng-glory, cocklebur, and " lambs-
”quarters, are short-day plants and. flower in nature
_only when the days are short and the nights are long.
_ j,Certam varletres of spmach beet barley, and tuber-




-sus-rooted begonia are examples of long-day plants,
which flower in nature only when the days are long
and the nights are short. Flowering of many other
kinds of plants is hastened but not absolutely con-
trolled by the appropriate daylength. For example,
scarlet sage, variety Aerica, flowers quickly on
short days but eventually flowers on long ories. Many
varieties of petunia flower inost rapidly on long days
but finally flower on daylengths as short as 8 hours.

Bulbing and tuber formation arc also controlled by
daylength. Tuberous-rooted begonia, which is a long-
day plant for flowering, produces tubers on short
days but not on long days. Onions, on the other
hand, produce bulbs on long days but not when the
days are short.

Dormancy, and thercby preparation of woody
plants for the coming of winter, is another plant
response regulated by photoperiod. Eiven in the warm
greenbouse many woody plants stop elongation of
stems, produce terminal buds, and “harden off’’ when
the days begin to shorten in the autumn, However, if
artificial light is used to keep the days long, plants
in the warm greenhouse will continue growing during
the aaturally short days of winter and several years’
“field” growth is often obtained in only 1 year.

These plant responses are regulated not by the
length of the light period but by the length of the
dark period. Thus, a long-day plant is really a short-
night plant, and a short-day plant is really a long-
night plant. Therefore, when a long dark period is
broken into two short periods by a relatively brief
exposure to light near the middle of the period, long-
day plants bloom, dormancy of woody plants is pre-
vented, and onions produce bulbs. Under these same
conditions, short-day plants remain vegetative.

Physiological studies often require that plants be
grown indoors, with -temperature ' controlled and
periods of light and dark regulated. The plants, how-
ever, should- have the same healthy appearance as
well-tended plants grown out :of doors. Everyone
knows ‘that plants cannot survive without light of

-adequate intensity to operate the processes of photo-

synthesis. In' the field and: garden or in the green-

house this hngh-mtensrty light is obtained from the

sun, which often provrdes an illumination as high as

10,000 foot-candles. In the average home. the light
mtensrty is usually too low for growth of many kinds
of: plants even on the window sills. However,. plants

can be grown: qmte successfully with: artificial light

“in complete absence ‘of sunhght Beans,  tomato,
: cereals, and-many . ornamentals’ that grow_in open

" sunlight make’ satlsfactory growth if -the  artificial -
“light 1ntensrty is about 1, OOO foot-candles Shade-lov-'

ing plants, such as African-violets, begonias, episcias,
gloxinias, and orchids, will grow well with intensities
as low as 500 foot-candles.

A practical source of artificial light for plant
growth is the fluorescent lamp. These lamps supply
the necessary intensity without excessive heat and
are available in various lengths, wattages, and colors.
They are usually operated on onc- or two-lamp bal-
lasts, which maintain the proper current and provide
the starting voltage. Prewired lainps and ballasts of
several sizes and types are available as commercial
luminaires or as channels.

Many kinds of plants ecan be grown satisfactorily
with only two 40-watt fluorescent lamps:. As the
lamnps themselves are relatively cool, the plants may
be placed quite close to them without danger of ex-
cessive heat or burning. Table 1 shows the illumina-
tion at various distances from two 40-watt cool-white
fluorescent lamps mounted 2 inches apart. If the
lamps are mounted further apart, the illunination at
6 inches or less from the lamps is markedly decreased.

TasLE 1.—Illumination in fool-candles at various dis-
tances from two or four 40-watt standard cool-white
fluorescent lamps mounted approximately 2 inches
from a white-painted reflecting surface

Illumination
Distance
from lamps Four lamps!
(inches) Two lamps,!
Used?

Used? New
Fl-c. Ft.-c. Ft-c.
P 1,100 1,600 1,800
2 860 1,400 1,600
3 680 1,300 1,400
4 570 . 1,100 1,300
i 500 - 940 1,150
6 420 820 1,000
7 360 3 720 900
8 330 660 - 830
9 300 .. 600 . 780
10 : 280 560 720
1 . 2260 - 510 660
12 240 , 480 600
18 8 130 . 320 420
24 100 190 260

1 Center-to-center distance between the lamps was 2 inches.
2 These lamps had been used for approxxmately 200 hours.

If the daylength is to be controlled, plants must be v v

‘put into complete darkness at the close of a particular

’ photoperrod A dark - chamber can be made of

- Masonite or plywood with calked seams, or it could
~ be made of two or more thrcknesses of black sateen.

cloth stretched over a wooden frame. If used “care-

) lely,_;a. cardboard box with all seams and joints
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sealed with paper tape could be placed over the
plants to provide darkness.

Experimental procedures can be facilitated and
made more exact if an electric time switch is available
to turn the lights on and off at any desired time.

Demonstrations D-1 through 1D-4 show some of
the effects of the relative lengths of day and night on
plant growth and reproduction. These demonstra-
tions tell us that:

® Some plants flowew on short days and long nights,

whereas others flower on long days and short
nights.

® Dormancy of woody plants in the autumn is

brought about by short days.

® Daylength controls tuber and bulb formation as

well as flowering and dormancy.

Additionai experiments can be designed to answer
and demonstrate many other aspeccts of the photo-
periodic control of flowering, bulbing, and dormancy.
For example, we might ask, what is the critical day-
Iength for short-day plants? What is the longest day
(shortest night) that will induce flowering of short-
day plants? What is the shortest day (longest night)
that will induce flowering of long-day plants? When
a long dark period is interrupted by a brief interval
of light, what is the minimum energy required to
keept short-day plants vegetative or to induce flower-
ing of long-day plants? When is the most efficient
time to give the interruption during the dark period?
Is the control of flowering operated through the same
red, far-red reversible photoreaction that controls
other plant responses?

GENERAL CULTURAL HINTS

Soil should be sterilized for-the demonstrations

when it is used in germination tests or as.a medium -

in which to grow seedlings. Sterilizing the soil
destroys - harmful insects, dlsease-producmg organ-
isms, and weed seeds. Soil may be sterilized by dif-

ferent methods: (1) Place small lots of moist soil in
“a shallow pan and bake for at least 1 hour at a tem-
_perature of 215° F., then cool but do not use for at
‘least 2 weeks; (2) place soil in an-autoclave or pres-
. sure cooker and steam sterilize at 15 pounds’ pressure |
for at least 14 hour, then allow to stand for a mini-
. “mum of 2 weeks; (3) spnnkle 1 quart of formaldehyde :
solutlon (1 pint 37 percent commerc1al formaldehyde- :
.~ to'33 gallons water) on 1 square foot by 6 inches of -
soil placed in a box or bushel basket, then water
liberally and. completely cover with plastlc or. heavy o
'cloth for 48 hours, stu'rmg frequently to hasten .
' esca,pe of the fornlaldehyde gas, and ‘allow - 2 weeks' L

before use of the soil. (CAUTION: Do not use for
planting as long as fumes are present, because form-
aldehyde gas is an irritating poison to humans and is
toxic to plants.)

Plants are usually grown in clay pots of 3-,31%-, or
4-inch disineter filled with sterilized soil. Before the
soil is put into the pot a piece of broken pot is placed
in the bottom to cover the hole so that the soil will
not plug it and prevent good drainage. Clean pots
should always be used.

When pots are not available or are for some reason
objectionable, plastic cups, polyethylene freezer food
containers, o1 even tin eans may be used. Before the
containers are filled with soil, they should have one
or more holes punched in the bottom. The holes are
covered with fiberglass matting or plastic window
screen. Good drainage is imperative for good plant
growth.

In the experiments dLbbtlde two 40-watt cool-
white fluorescent lamps are usually adequate, and
will be used unless another number is specified. The
lamps should be no nearer than 2 inches from the
plants, and usually no farther than about a foot.
The generally recommended temperature for most
experiments with fluorescent lamps is 70° to 80° F.
Maintain this temperature unless another is specified.

Studies of the effect of light on plant growth and
flowering require that at certain times the plants be
placed in total darkness. A “dark chamber” is used
for this purpose. A light-tight box is generally best,
but a room may sometimes be suitab'e. A light-tight
box must be eonstructed so that there is adequate air
exchange between the inside and outside to prevent
overheating. A satisfactory and proven method is to
construct a frame of wood and cover it with at least
two layers of black sateen cloth. An entrance or door
can be provided by making an overlapping flap.

CAUTION: See that cords and connections for

“light chambers do not present g fire hazard. Be sure
" that incandescent-filament ‘lamps are not too close

to combustlble matenal
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DEMONSTRATIONS

A, nght and Seed Germmatlon

DEMONSTRATION A—l Effect of llght on germlnatlon of seeds planted in soil.

MATERIALS : :
1 fSeeds of peppengra.ss (Lepzdzum mrgmwum or L denszﬂorum)

2. ‘Sterilized Dpotting soil.
o Six clay pots .or other sultable contamers, 3 to 4 mches in- dlameter
- 4 Sn; il glass squares large enough to eompletely cover the tops of the pots
5. Glass ba.kmg dlSh or enameled pan large enough to oontaln all the pots
‘6.1'PotIa,bels ' . o - . s
PROCEDURE

1 F111 six pots or contalners w1th moxst (not wet) stenhzed soil to W1thm 2 centlmeters of the top of ‘the
pots Smooth the soﬂ surface a.nd tamp the soﬁ gently but ﬁrmly w1th the bottom of one of the pots




2. Prepare six lots of 100 seeds each and distribute each lot of seeds uniformly over the surface of the soil

in each pot. Treat the pots as follows:
(a) Pot 1—leave the seeds on the surface. Do not cover them with soil.
(b) Pots 2 to 6—Cover the seeds with 1 centimeter of soil. Level the soil surface and tainp gently.

3. Do not water the top surface of the soil. Place all the pots in the large glass dish or enameled pan and sub-

iirigate the soil in the pots by adding water to the dish. Maintain the pots in this dish, being careful to

have them standing in about 1 centimeter of water at all times.

Place all pots in unfiltered sunlight.

5. XKeep each pot covered with = glass square, at least until the seedlings that will develop are well estab-
lished. The soil will be kept moist by capillary action. The glass cover will admit light but will prevent
excessive water loss from the soil and maintain a high bumidity at the soil surface. This is important
during the critical periods of germination and early seedling growth.

6. Write the name of the plant material, the date of planting, and the date of treatment on a label, and
insert it into the soil at the edge of the pot.

7. Treatments:

(a) Pot 1-—See 2(a).
(b) Pot 2—S8ee 2(b).
(¢) Pot 3—Immediately after covering the seeds with soil, with a knife make a narrow slit 3 to 4 centi-

i meters deep in the soil across the diameter of the pot.

£ (d) Pots4, 5, and 6—1, 2, and 4 weeks after planting, respectively, repeat the process described for pot 3.

OBSERVATIONS:

Record the date of exposure to light, the subsequent date of germination, and the extent of germination.
Moist peppergrass seeds exposed to light (as in pot 1) will germinate in 3 to 4 days after exposure. Seeds
covered with 1 centimeter of soil will not germinate since they are in the dark (as in pot 2). Slitting the soil
with a knife blade exposes some of the buried seeds to light. Thus (as in pots 3 to 6) germination of seeds
occurs in the slit made in the soil.
The soil may shrink away from the sides of the pot and expose some seeds to light and seedlings may appear.
Avoid this by planting the seeds away from the edge of the pots. Slitting the soil at regular intervals after
planting illustrates that germination will occur any time the seeds are exposed to light. Sliéting the soil, in

~ effect, simulates field cultivation. Thus, cuitivation, while destroying plants and seedlings, also brings weed
seeds such as peppergrass to the surface of the soil, where they receive light, germinate, and produce more
weeds. : .

SUPPLEMENTARY READING:
Borthwick, H. A. Light effects with particular reference to seed germination. Internatl. Seed Testing
: Assoc. Proc. 30: 15-27. 1965,
Koller, Dov. Germination. - Sci. Amer. 200: 75-84. Apnl 1909
; - Toole, E. H., Hendricks, S. B., Borthwick, H. A., and Toole, V.K. Physiology of seed germination. . Ann.
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Rev. Plant Physiol. 7: 299—324 1956. .
E U.s. Agrlcultural Research Service. New light on plants. U_.S. Dept. Agr., Apr. Res. 1: 3-5. 1953.
g U.S. Agricultural Research Service. How light controls plant development. U.S. Dept. Agr., Agr. Res. 8:
- 3-5. 1959, ' ' : : _

: DEMONSTRATION A-2 How to test various klnds of seeds to determme their
CE . : hght requlrement tor germmatlon.

| [ | MATERIALS v ,,
% 1.--_=Seeds of several kinds of weeds. (Although some kmds of seeds are known to be: llght-sensmve, many -
. “group-to investigate. Seeds of many commonly grown small—seeded orna.mentals and gra.sses exhibit light. *

: - requlrements and mlght also be included in this demonstration.) -
. 2 A mlmmum of four petn dlshes or plastlc sandwmh boxes, with llds

-~ kinds have never been tested. Thisis especlally true for weed seeds, so they would be the more interesting . * -




3. Two to four thicknesses of white or colorfast blotters, tilter paper, or paper towels.
4. Black sateen cloth bags made of two layers of cloth large enough to hold the dishes. An alternate method
is to wrap the dishes in two layers of aluminum foil,

PROCEDURE:

1. Collect seeds of several kinds of local weeds. In geneml seeds will retain their viability fairly well when
stored dry in a refrigerator. Some suggested seeds known to be light-sensitive are peppergrass (Lepidium
virginicum and L. densiflorum), henbit (Lamium amplexicaule), and hedge mustard (Stsymbrium offi-
cinale). Other weed seeds worthy of investigation are shepherds-purse (Capsella bursa-pastorss), yellow-
rocket (Barbarea vulgaris), tumble-mustard (Sisymbrium altissimum), chickweed (a species of Stellaria
or Cerastium), sheep sorrel (Rumex acetosclla), the small-seeded cactuses, and many others.
2. TFour dishes should be used for each kind of sceds tested.
3. Cut the blotters to fit the dishes and presoak overnight (about 16 hours) by putting enough tapwater
into the dishes to flood the blotters.
4. After the blotters are thoroughly soaked, pour oﬂ excess water and evenly distribute 100 seeds over the
top blotter in each dish.
5. Immediately after the seeds are distributed, cover the dishes with their hds and place dishes in the black
cloth bags.
6. Allow the seeds to imbibe water in the dark for a period of 16 to 24 hours, then begin treatments,
7. Treatments: v
(2) Dishes 1 and 2 should be kept at about 70° I, during the entire period of the demonstration. Dishes
3 and 4 should be helc at about 60° during the 16- to 24-hour imbibition period, then transferred to a
temperature of 77° for the remainder of the demonstration.

(b) Dishes 1 and 3 are placed in the black cloth bags at the time of planting and left there throughout
the demonstration. These: will serve as “dark controls.”

(c) Dishes 2 and 4 should be placed in unfiltered sunlight for 1 hour each day. ' ‘

(d) When the seeds in dishes 2 and 4 have germinated, the other dishes are removed from the black cloth :
bags and- the number of germlnated seeds are counted and recorded for each. treatment '

OBSERVATIONS

_Record the number of days requ1red for germmatlon, the tempe1 ature, light condltlons, and s0 forth Count :
the niumber of seeds that germinate under each treatment and record as percentage of germination. When a
hght-sensntwe seed is found, demonstrations can be:designed to determine how much light the seeds require,
*how many times they must be exposed to hght a,nd other da,ta These seeds can also be used in demonstra,- o
" tions 3, 4; and5 L Fnad : e : i :

~ SUPPLEMENTAR ;READING L
See Demonstratlo A—_ i :

i DEMONSTRATION A—3 Eﬂ'e(,t of duratlon of 1mb1b1tlon perlod (Soaklng) onir i
eﬂ'ectlveness of a given light exposure in promotmg germl f
‘i ght-senSItlv :

: ""MATERIALS




a black cloth “blanket” or wrapped in layers of aluminum foil. Dish 2 is exposed to light for 5 minutes,

then placed in darkness.

3. Treatments:
(2) Dish 1 remains in darkness throughout the demonstration and serves as the dark control.

(b) Dish 2 is given its 5-minute irradiation immediately after distribution of the seeds, then placed in

darkness.
(c) Dish 8 is irradiated for a period of 5 minutes with light from the fluorescent lamps after the seeds

_* have imbibed in darkness for a period of 1 hour; that is, the seeds are exposed to light 1 hour after

soaking.
(d) Dishes 4, 5, 6, 7, and 8 are exposed to 5 minutes of light after 2, 4, 8, 16, and 24 hours, respectively,

of imbibition in darkness.
After the 5-minute exposure to the fluorescent light the dishes are returned to the black cloth bags.

5. Four days after the seeds were planted, the dishes can be removed from the dark and the number of
germinated seeds counted and recordec.
OBSERVATIONS: ‘
Count the number of seeds germinated in each dish and record as percentage of germination. These data can
be presented in a line graph by plotting percentage of germination against the number of hours of imbibi-
tion. The results may show the sensitivity of the seeds to a given dose of light after certain periods of imbi-

bition without light. , :
SUPPLEMENTARY READING:
" See Demonstration A-1.

-~

.DEMONFSTRATION A-4: How a light‘requirement for germination can be
. ¢ induced in seeds that normally do not require light for germination.

. MATERIALS: -

LS eds of various kinds of plants, including‘sevetél varieties of lettuce and tomato.
" 2. Four petri dishes or plastic sandwich boxes, with lids, for each kind of seed.
3. Two to four thicknesses of white or colorfast blotters, filter paper, or paper towels.

At least.Qngbldckf_'satéen'ckloth bag, made of two layers of cloth, large enough-to hold at least two
. dishes (each containing & different kind of seed). ©

. Dark blue cellophane. "

6. Fl@f‘?ﬁ@ﬁt{lamg ’(a‘ﬂud_ré‘s'cent' desk lampwﬂl dd)f.i S s

" Prepare the dishés as déscribed under demonstration A-2.
es should be usgcli_;_for"é‘a‘ch'kipd;fbf__szégd't'estved'.v L PR

Treatments: O Sy L A SO ER N B
“(a) ‘Dish 1 is placed in a black cloth bag'(darkness): -

-(b) Dish'2 is placed under the fluorescent lamp.- - -+ 0

()" Dishes 3 and 4 are completely covered

d

wi h_t_;Wo',iayey»s'_y_df,;a'da;;k;blu(;a _c_ellqpha,ne‘ filter and vp‘laced '

int and record the Anuxjr:ibeli"';(‘)'f ‘gei'miﬁ;xtbéd' seeds 1n alldlshes :

d replace dish 3 and dish 4 (without, cellophane) under the
mlnatedseeds in both dlshes 3 and 4, _ ‘
collophsnié may not germinate, whereas those roceiving either

rcent. After a dlshhas temainéd un‘der'bll';e: i_égll(iph&ng,ili:light: o
¥ eds may rema nant in the dark. When "~ ;




SUPPLEMENTARY READING:
See Demonstration A-1.

DEMONSTRATION A-5: Photoreversible contro! of seed germination by red and

’

. OBbERVATIONS

When countmg the number of seeds germmated in each ulsu, record as percentage of germmatlon These '

“data can be presented in either tabula.r form or in a bar graph, using the bars for treatments and the height . "~
of the bars as percentage of gemunatron Those seeds that remained in darkness w111 probably gemunate 0
percent if ) peppergrass seeds‘were used .or 5t025 percent 1f seeds of Grand Raplds lettuce were used: Those
ds recelvmg red: llgh wil "munate 90 to 100 percent for, both specres, whereas those’ receiving - -
‘red followed by far-red nught germm 0 10 ercent for peppergrass, and 5 to’ 25 percent for lettuce

far-red light.

MATERIALS:
1.- Light-sensitive seeds such as Grand Rapids lettuce or peppergrass (Lepidium virginicum).
2. Three petri dishes or plastic sandwich boxes, with lids.
3. Two to four thicknesses of white or colorfast blotters, filter paper, or paper towels.
4. Black sateen cloth bags, made of two layers of cloth, large enough to hold each dish.
5. Red and dark-blue cellophane.
PROCEDURE:
1. Cut the blotters to fit ewch dish and plesoak overnight (about 16 hours) by putting enough tapwater into
the dishes to flood the blotters.
2. After the blotters are thoroughly soaked, pour off excess water and evenly distribute 100 seeds over the
© top blotter in each dish.
3. Immediately place the dlshes, with lids on, in the black eloth bags. Hold temperatme as close to 70° .
as possible.
4. Allow the seeds to imbibe water in the dark for a period of 16 to 24 hours, then begin tr eatments
5. Treatments: . {
(a) In the dimmest llght posslble, prefe1 ably complete darkness; remove dishes 1 and 2 from theu' black
_ cloth-bags and wrap each dish with two layers of red cellophane. '
“(b) Place both the cellophane -wrapped dishes under fluorescent light; for a pe1 viod of 5 minutes.
(c) Return dish 1 to its black cloth bag without further exposure to light. If no dark room is available
during this transfer, place the dish in the black cloth bag w1thout removmg it from the
_red cellophane .
s (d) ‘Dish 2.is wrapped in blue cellophane 50 that the seeds are now covered with two layers of red and
. two layers of blue cellophane :
S ’(e) ‘Dish 2 is now exposed to light from the 1ncandescent lamps for a perlod of 15 minutes. -
“ . (f). Place dish 2 in the black cloth erther in complete darkness or 1f necessary Stlll enclosed in the red
i ..and blue cellophane R TR SR SR e
6 The three dlshes of seeds have now recelved thelr treatments Dlsh 3 has remamed in the black cloth bag_
+  andservesasa dark control Dish 1 has-been’ exposed to red radiant enel gy for 5 1mnutes and dlsh 2 has
il been exposed to red for 5 minutes and to far-red for 15 minutes. o
.

. Allow 3 to 4 days to elapse, then remove the dlshes from therr black cloth bags and count and record ‘
the number of germmated seeds e e : :

e e e e e o APt i b e = 513 Aot s 4 A Pt




B. Light and Plant Growth c

DEMONSTRATION B-~1: Control by light of the growth of an internode.

MATERIALS:

1. Corn seeds.

2. Sterilized soil.

3. Two 4- to 5-inch clay pots or other suitable containers.

4. Glass baking dish or enameled pan iarge enough to hold the pots.

PROCEDURE: L 1

1. Place a piece of broken po#, fiberglass mat, or plastic screen over the drainage hole in the bottom of the ;
pot or container.
2. Till pot or container 1 with sterilized soil to within 3 centimeters of the top, tamp the soil gently, place i
3 or 4 corn seeds on the surface of the soil, and cover them with 2 centimeters of soil. Tamp firmly. i
3. Fill pot 2 with 3 centimeters of sterilized soil, tamp gently, place 3 or 4 corn seeds on the surface of the
soil, and fill the pot with sufficient soil to reach the same level as in pot 1. Tamp ﬁrmly
4. Place both pots in the large glass dish or enameled pan and subirrigate by adding water to the dish or
. pan.
5.  Place both pots in unfiltered sunlight at a temperature of about 70° to 80° F.
6. The seedlmgs of pot 1 will emerge first. Let them grow until the seedlings of pot 2 emerge and produce a
leaf.
7. Knock the soil out of the pots into a bucket of water and remove the seedlmgs from the soil, holding the
soil and seedlmg under the surface of the water until the roots are free of sorl

OBSERVATIONS

Compare and measure. the length of the first mternode (the distance from the corn seed to the beginning of
the first leaf). Note that the internodes in both pots 1 and 2 stopped growrng when the plant emerged from
the soil; that is, when the seedling recelved llght R

.SUPPLEMENTARY READING , : : o ' :
‘ U S Agrmultural Research Servrce New hght on plants US Dept Agr Agr Res 1 3—5 1953.

= 'DEMONSTRATION B-2 Control by llght of growth and chlorophyll formatron.

- »MATERIALS )
7 1i::Bean: seeds (any klnd) : i , = : - - R B
e 2. -At least’ ﬁve ﬂats, boxes,"pots or plastlc freezer cups ﬁlled wrth sterrhzed SOll or sand or w1th Verrmcuhte
o7 or Perlites” . e s T
S8 A chamber or box that can. be ade completely dark If entrance mto the chamber cannot be made el
Cheld w1thout exposmg the contents to: hght regardless of hiow weak_ the light is; then several chambers- (one. _
. for eaeh container of plants). w1ll be: needed 'These chambers can be made of Masomte ‘or plywood -
iw1th calked seams and a baffled door, or they can be made of several layers of black sateen cloth stretched




Place box 2 in the light for 20 minutes on the fifth day only.

7. Place box 3 under the light for 2 hours each day, and box 4 for a period of at least . hours per day.

8. Remove all five boxes from the dark chambers on the ninth or tenth day from planting. Measure and
record the length of each internode and the length of the leaves.

Calculate the average length of the internodes and the average length of the leaves for each treatment.
10. Slice or mince the leaves and place in a known volume of ethyl alcohol. Use the same volume of alcohol
i g for each treatment irrespective of the size of the leaves. A better method is to use 10 milliliters of alcohol
i ' for each gram of leaves. The relative amounts of chlorophyll can be estimated by assigning a numecrical
value to each sample based on the visual greeness of the extract, or by measuring the optical density
of each sample.

OBSERVATIONS:
The plants grown in complete darkness (box 5) should have long hypocotyls, short first internodes, small
leaves, and no chlorophyll. Boxes 1, 2, 3, and 4 should contain plants that have shorter hypocotyls, longer
first internodes, and perhaps more internodes than the plants of box 5. They should alsc have much larger
leaves. Plants of box 1 should contain no chiorophyll; and those of box 2 none or very little. Plants in boxes
3 and 4, however, should contain a greater amount of chlorophyll, with those plants of box 4 having more
than those of box 3.

SUPPLEMENTARY READIN(:

Downs, R. J. Photoreverslblhty of leaf and hypocotyl elongation of dark-grown 1ed kidney bean seedhngs
Plant Physiol. 30: 468-473. 1955. ‘
- Textbooks of plant physlology

&

B

DEMONSTRATION B—3 Why planl:s bend toward hght (phototroplsm) :

MATERIALS: o *
1. A chamber or box that can be made completely dark. (See Demonstratlon B-2, steps 1 2, and 3 of
i " Materials, for deta,lls) . - -
'PROCEDURE » . . :
CE 1.‘_]P1ant the bea,n seeds, then wa,ter No nutrlent solutlon lS reqmred even when the seeds a.re planted in P
7 sand, Vermlcuhte, or Perlite. S . Lo
2. The:best temperature is- 80° to 85° F Lower tempera.tures w111 suﬂice, but the ra.te of germmatlon and L
S0 growth will be slower, *
- After the beans are. plur.ted, place one box in the dark chamber and one in the hght where the pIants o
~ - should receive 8 hours of hght perday. o

RS o s

P

: 4. When the dark-grown beans are a,bout 6 days old, open the door of the dark chamber S0 that the plants
S frecerve ‘some: hght.‘Better results are obtalned by placlng a desk lamp 3 to 4 feet from the open door




3. A red chamber (a cardboard box with seams sealed with paper tape). Cut out the top and 1 10st of the
bottom of the box. Place a light filter of two layers of red cellophane over the opening in the bottom
of the box, using cellophane tape to hold it in place.

4. A far-red chamber (a cardboard box prepared in the sume manner as for the red chamber exeept cover
the cutout opening in the bottom with a light filter of two layers of red and two layers of dark-blue cel-

lophane).
5. A dark chamber that can hold three pots.
PROCEDURE:

1. Plant beans in pots of sterilized soil; water and place at a temperature of 80° F,
2. After 3 to 4 days the plants will begm to emerge from the soil. At this time all pots should be placed
in the light chamber, where they should receive light from the fluorescent lamps for 8 to 10 hours each
day. The temperature during this growing period should be 70° to 75° F.
3. " The first pair of leaves should be about half expanded 10 to 12 days after planting. At this stage of
development the plants are ready to start on individual treatments, but the 8- to 10-hour fluorescent
+ - lighting continues daily for all of the plants.
4. Divide the plants into three equal lots: A, B, and C.
5. Place plants of lot A in the dark at the close of each 8- to 10-hour llght perlod Place lots B and C
under the red and blue cellophane(the, far-red filter).
6. Turn off the fluorescent lamps, and curn on for 15 minutes a IOU-watt 1ncwndescent-ﬁlament lamp
"" placed 3 feet above the red-and-blue cellophane filter. :
7. Plants of lot B-are moved in darkness to the dark chamber immadiately after the 15-rmnute exposure
 to far-red. Plants of lot C are moved in darkness and placed under the red cellophane filter, whrch is
.. under the ﬁuorescent lamps :
8. Turn' on the ﬁuoreseent lamps for 10 mmutes, then move plants of lot C in darkness to the dark chamber

(Great care should be taken to assure that the plants receive no hght from any other source after in-

‘ = ‘dividual radiation tneatments begin.)
B ‘_9. Return plants.of all lots to the ﬂuorescent-hght chamber each mormng
100 The treatments should be gwen dmly untll a response is obv1ous, requmng at least 5 days of treatment

OBSERVATIONS

- Reeord: date of plantmg, date treatments ‘were begun, number of days treatments ‘were given,: and the
‘ :- duratlons of ‘the light perlod red exposure,- and far-red exposure. ‘Measure and record dally the length of

* the second 1nternode Data can be ‘plotted as ‘line graphs (length plotted against time). Three’ plots should_’ S

- be made The control (lot A), the far-red'treatment (lot B), and the far-red fo]lowed by red (lot C)

g SUPPLEMENTARY READING:-

' Q.Downs, R J; Hendrlcks 8. B, and Borthwrck H A PhotoreverSIble control of elongatlon of Plnto
beans and other_ plants under norrnal cond_ltlons_of growth Bot Gaz 118 99_—208 1957




PROCEDURE:
" 1. Place three sheets of filter paper in each petri dish and noisten with water.
2. Place 20 seeds on the top filter paper of each dish, cover the dishes with the lids, and place each dish
in a black cloth bag, keeping the temperature at about 80° F.

3. Allow 4 days for the seedlings to germinate and then begin treatments.

4. Place the five dishes under fluorescent lamps for periods of 0, 4, 8, 16, and 24 hours, respectively, then
; return the dishes to their black cloth bags.
E 5. The amount of anthocyanin.formed can be observed from 16 to 24 howrs after irradiation.
6. Count out a certain number of seedlings (say 10) from each dish and place each lot of 10 seedlings in

the solution of HCI in r-plopanol Place them in a refrigerator (about 40°F. ) for 16 to 24 hours.

P OBSERVATIONS:

The amount of anthocyanin forined by the various hght treatments can be estimated by assigning a nu-
“merical scale that increases with increasing color, or it can be measured by differences in optical density as
measured with a colorimeter or spectrophotémeter. The amount of anthoeyanin ean then be plotted graph-
ically by plotting the amount of anthocyamn 48 a functlon of the time (howrs of light).

SUPPLEMENTARY READING:

Siegelman, H. W,, and Hendricks, 8. B. Photocontrol of anthoeyanin syn.;hesns in turmp and red cabbage
seedlings. Plant Physrol 32: 393-398. -1957. ,

DEMONSTRATION C—2 hifeot of llght on tomato skln and frult (,olor.

' MATERIALS N,

’ - Mature green tomato frults from a normally red- frulted ‘variety when ripe, such as the variety Rutgers.
Their skin color should be. umformly greemsh-whlte with'no visible red, pink, or yellow color. Thase

“are 1ead11y obtainable from ‘home gardens any time prior to frost and from local wholesale vegetable

o d1str1butols ini the largel c1t1es, where southe1 n—groWn green-mature f1u1ts can be obtamed throughout

 the winter; '

A hght famhty,' smg mcandescent or ﬂuonescent lamps that provrde a hght 1ntens1ty of 20 foot-candles

f‘_'A dP*x_facllxty that provrdes total darkness, usmg hght-tlght black sateen cloth bags made of two layers '
: ofcloth . - i RN IR , RTINS

. Scalpel or snrmlar sha p mstrument

5. Small bottles or. v1als :

i orm lots, A and B : L
nmi atlon of dally duratlon of 1 hour Longer penods may '




:f?l'SUPPLWMENTARY’READING

leaching with the solvent. The insoluble light-induced yellow pigment left in the tomato fruit cuticle (skin)
has not yet been identified. The presence or absence of this light-controlled pigment in the skin makes it,
respectively, either yellow or colorless. When the yellow skin is superimposed over the red, the fruit has an
orange-red appearance, the typical color of summer field-ripened tomato fruits. The combination of red
flesh and a transparent skin produces a fruit that is pink. The pink color is characteristic of fruits com-
mercially availabie in the North in midwinter; these have been artificially ripened in darkness by vegetable
wholesale distributors. If the fruits ripened in the dark have yellow-tinted skins, the fruits were too mature
and were already producing the light-responsive pigment at the time they were placed in the dark.

SUPPLEMENTARY READING:

" Piringer, A. A., and Heinze, P. H. ~Effect of light on the formation of pigment in the tomato fruit cuticle.
Plant Phys1ol 29: 467-472. 1954,

- U8, Agrlcultural Research Service. Light_link in tomnato. U.S. Dept. Agr., Agr. Res. 2: 8. 1954

DEMONSTRATION C-3: Localization of response to light by the pigment
' in tomato skin.
MATERIALS

" Three uniformly greenish-white mature tomatoes.
2 Other materials as in demonstration C-2.
3. Inaddition, two small sheets of aluminum foil, enough to complete13r cover a tomuto fruit.

| PROCEDURE

- 1.- "Completely and tightly wrap one of the toma,to fruits with a sheet of alumrnum foil (dark control)
- 2. Remove a 5-millimeter-diameter section from the center of another sheet of aluminum foil. Completeiy

‘and tightly wrap another tomato fruit, being careful that the perforatlon exposes an area of skln on the ,

: ., .. side of the fruit.
3. Leave the remaining tomato frult unwrapped (llght control)

4. . ‘Place all tomato frurts, both wrapped and unwrapped in the hght and allow 10 to l4 days for rlpemng,
-+ keeping" the tempera,tune at 70 F. . ;0

o 5. When the unwrapped fruit is r1pe (soft and’ red), unwrap all frults and note any dll’ferences in skm color

. 6 . Remove and. process sections of ‘the skin as in demonstra.tlon 0—2 belng careful to mclude the area '

’ exposed to the. llght through the perforatlon in the fOIl
OBSERVATIONS -

Skms of. the unwrapped frult should be brlght yeIlow slans of the completely wrapped frults should be
colorless, sk1ns from the wrapped frult with the small area exposed should be oolorless except for the small’ _
exposed area, which ‘will be: yellow. A~ novelty canbe produced by tlghtly wrapplng .t green-mature fruit

" with a sheet. of aluminum foil. havmg a3 number of small -perforatlons




MATERIALS:

'_"PROCEDURE

3. Using the black plastic electrical tape, put an initial on each of several apples and place the apples
under the light of the growth chamber.
4. Keep the temperature about 75° . Allow 3 to 4 days for the apples to turn red, then remove the foil
and tape.
OBSERVATIONS: : l
The apple that has been completely wrapped in foil will still be green. The one covered except for holes in '
the foil will also be green except where light has entered through the cut-out portions; here, the apple will i
be red and may have a polka-dot appearance of red cn green. The apple that was exposed to light except
for areas under the black tape will be red. Under the black tape the apple will be green and thus will show
green initials on a red apple. _
SUPPLEMENTARY READING: ‘
Downs, R. J. Photocontrol of anthocyanin synthesis. Wash. Acad. Sci. Jour. 54: 112-120. 1964.
Siegelman, H. W., and Hendricks, S. B. Photocontrol of anthocyanln synthesis in a,pple skin. Plant
Physiol. 33: 185—190 1958.
U.8. Agricultural Research Service. How light controls plant development. U.S. Dept. Agr., Agr. Res.
8: 3-5. 1959. - : . .

D. Duration of nght
'DEMONSTRATION D-l Photopel'lodlc control of ﬂowermg of short-day plants.

B Plants of cocklebur, lambsquarters, scarlet -sage variety Amerlca, or morning-glory va,rlety Scarlett
~'O’Hara should be grown from seed on daylengths of 18 hours or more until large enough to use in the
- demonstration. Use morning-glory plants as soon as the cotyledons have expanded. Plants of cocklebur
- -and Iambsquarters are large enough when. they have three leaves above the cotyledons. Photoperiodi¢.
{'"..treatments of sca.rlet sage can be begun as soon as the plants ha,ve 4 to 5 palrs of lea.ves
2. Sterilized soil. = i - %
3N hght-equlpped chamber Illumlnate the chamber w1th at least two 40-watt ﬁuorescent lamps
4, Adark i,hamber ‘ : ‘ :

‘When the plants are large enough to use, d1v1de them mto lots A and B
"Both lots should receive 8 t0'10 hours of light daily in'the light chamber, - N
] ‘Place lot A in’ darkness ‘at the. close of: each.8-to. 10-hour hght period: Plaoe lot B (1n51de the hght -
'chamber) 3 to 4 feet from a hghted 40-watt 1ncandescent-ﬁ1a.ment lamp. < -
4 AIf an electnc time switeltis’ avallable, glve lot Ba total daily. hght perlod of 18 to 20 hours (8 to 10
St »hours of ﬁuorescent light' plus 8 to 10 ‘more hours of 1ncandescent Tlight), -« - : .
' rIf an electnc time switch is:not. avmlable, leave the mca.ndescent-ﬁlament la.mp on throughout the .




L . See Demonstratlon D. 1

Salisbury, F. B. The flowering process. Sci. Amer. 198: 109-117. 1958.
Salisbury, F. B. The initiation of flowering. Endeavour 24: 74-80. 1965.
See Demonstration D-2.

DEMONSTRATION D-2: Photoperiodic corttrol of flowering of long-day plants.

MATERIALS:

1. Plants of tuberous-rooted begonia, petunia, or barley. :
2. A light-equipped chamber. Illuminate the chamber with at least two 40-watt fluorescent lamps.
3. A dark chamber. : :

PROCEDURE:

1. Divide the plants into lots A and B as soon as they emerge from the soil.
- 2. Both lots should receive 8 to 10 hours of light daily in the light chamber. ‘

3. Place lot A in darkness at the close of each 8- to 10-hour light period. Place lot B (inside the hght cham-
- “ber) 3 to 4 feet from a lighted 40-watt incandescent-filament lamj..
- 4. If an electric time switch is available, give lot B a total daily light period of 16 to 18 hours (8 to 10
. hours of fluorescent light plus 8 more hours of incandescent light). >;

5. Ifan electric time switch is not available, leave the incandescent-filament lamp on throughout the mght
6. Each morning resume the fluorescent light treatments for both lots A and B.

7. Continue these daily treatments until flowerbuds are obvnous

OBSERVATION 8:

Record date of planting, da.te treatments began, and length of the light and dark penods ; also record how
many long days were required to induce flowerbud: formation. If the tuberous-rooted begonia is used as
‘the experlmental plant, make observations on the extent of tuber formatlon as well as ﬁowe1 ing.

 SUPPLEMENTARY READING:

U.S. Agrlcultural Research Serv1ce Pmcrip_tion fpr bettelj pvla.htf form.__‘ U.S_. ,‘Dept.‘ Agrf, Agr. Res. 8¢
14..:1959. . Sl A U ol T S




OBSERVATIONS:

Record date treatments began and length of the light and dark neriods; also record how many short days
were required to induce dormancy or to stop growth of the main axis. Measure at daily intervals and plot,
the length of the main axis of plants from both lots against time in days.

SUPPLEMENTARY READING:
Borthwick, H. A." Light effects on tiee growth and seed germination. Ohio Jour. Sci. 57: 357-364. 1957.
Downs, R. J., and Borthwick, H. A. Effects of photoperiod on growth of trees. Bot. Gaa. 117: 310-326.
1956.
Thlmann, K. V. The physrology of forest trees. Pp. 529-583. Ronald Press, New York. 1958.
Wareing, P. F. Photoperiodism in woody plants. Ann. Rev. Plant Physiol. 7: 191-214. 1956.

DEMONSTRATION D-4: Photoperiodie control of bulb formation of onions.

MATERIALS

1. Onion seeds. Plants of southern varieties White Bermuda, Crystal Wax, Echpse, Exce1 and Granex
' hybrid will bulb on 12-hour days. Plants of northern varieties Australian Brown, Sweet Span;sh Yellow
" Globe (Early Yellow Globe, Yellow Globe Danvers, Downing Yellow, and Globe), and Elite hybrld

will bulb on 15-hour days '

‘Sterlhzed soil. :

For each vauety, fou1 wooden boxes 8 to 10 inches wide, 10 inches deep, and 12 1nches Iong, with drain-
- 7 age holes. :
4. Alight-equipped chambel I]lummate the chamber w1th at least two 40-watt ﬂuorescent lamps.
‘5. A dark chamber. ) ; .

PROCEDURE

1. Fill boxes w1th sterlhzed soil and level the soil surface. : :

2. Make two shallow furrows one-quarter- inch.deep and 4 inches apart, lengthwrse of the box.
" Plant-the seeds thinly in the furrows, cover the seeds with soil, and water carefully Laoel each box with
'fthe name of. the ‘variety, ‘the-date of plantmg, and-the’ daylength treatment S ‘
. 4." When: seedhngs are well estabhshed thin the plants $0 2 inches apart in the row. .‘ -

: '""'?lGermmate the seeds and’ grow the p]ants at room temperature (70° to 80° F.).-
- -"Place two boxes on short days and the remammg two boxes on long days 1mmed1ately after plantmg ,

‘ :_‘ f" Note any dlfferences in the top: growth or plant.hablt at regular 1ntervals durmg the course of the demon-'
. '-stratlon Dlﬁ'erences should ‘become apparent in’ about 60 days. Carefully ‘remove & few. plants at random
from a_box on each daylength and note any dlﬂ'erences m bulbmg Do thls at regular lntervals to’ determme




