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1.
INTRODUCTION

‘ For a long time light has been recognized as being one
of the major faoctors influencing the growth, form, and dis-
tribution 6f'vegetation.

The first studies concerned the effects of ardinary day=-
light on plant form and as early as 1835 Mirbel found that
pores (then called stomata) would develop anly on the lighted
gide of the leaf of Marchantia. About 1862 Sachs related the
rate of photosynthesis to the intensity of light and from that
time to the present the effects of 1light have been studied
very intensively.

Later the realization developed that the different wave
longths of light might cause the plant to react differently
ard mch work has been done demonstratinr that the effescts of
light are caused by its component rays, each affecting the
plant in a differemt menner.

Progress in the study of light effects probably developed
at about the same pace as the developments in the physical
stady of light, Certainly it oould not go faster. There ex-
ists even now a great need for a single instrument which will
automatically record the intensity aml duration of 1light waves
of different lengths simultaneously, and it will be the part
of the physicist with his knowledge of the fundamentals involv=

ed to develop such an instrument.
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The nature of solar radiation ig even now but 1little
understood. It is not constant either in duration, intensity,
or quality, dus to alternating periods of night and day, to
geasonal changes, clouds and other atmospherioc comditions, as-
pect, amd differences in elevation. Due to the filtering ef-
fects of the atmosphere the quality of 1licht varies greatly
at di fferent elevat ions.

In order to study the effect of 1ight upon plamts it be-
came increasingly evident that the illumination should be con=-
stant and of knmown and reproducible duration, intensity ard
quality. To this erd the incandescent lamp has come into gen-
eral use and much progress has been made in the last decade
in the study of light effects.,

Since the effects of light upon vezrztation have formed
the foundation of the practice of silviculture by foresters,
laboratory studies by the use of artificial light on the ger=
mination and growth of seeds and seedlings, suwh as used in
forest nurseries or found in the natural forest, might bring
new evidence which may substantiate ths present practices or
show cause to materially alter them,

To date two schools of thought have developed, one led
by Weaver and Clements (1929) follows the original theory
that the limit ing factor in forest reproduction ard growth is
light; while the other group led by Toumey (1923) claims that

their experiments show with equal conclusiveress that moisture
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is the limiting faoctor. Pearson (1930) is probably one of the
first of the recognized authorities to show that neither one
is at all times the limiting factor.

Pagt work has shown that the germination of some seeds
may be entirely prohibited by light and others will germinate
only in the presence of light. It has been the aim of the
author in this paper to show two things: <first, the effect of
iight on the germination and early growth of certain seeds ard
seedlings; second, the seffects of the quality and quantity of
light on the anatomy of the seedlings.

The writer gratefully acknowledges the personal interest
of Professor Dorr Skeels of the School of Forestry under whose
direction the work was d one. IZspecial credit is due Professor
J. 7, Severy of the Department of Botany = ithouf whose advice
and generosity in allowing the writer thes full use of the his-
tological laboratory aml equipment, the anatomical portion of
this work could not have been accomplished. The writer is also
indebted to S, G. Hibben of the Westinghouse Lamp Company for
informmtion relative to the intensity and spectral quality of

the illumination used in the experiment.
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HISTORI CAL

One of the earliest references on the formative influemce
off 1ight is reported by Sachs (1882) where he states that Mir-
bel, in 1835, found that Marchantia will develop stomata only
on the lighted side of the leaf, OSachs states that light re-
tarded growth, due perhaps to the increased transpiration and
8 lessensd turgescence in the cells. He says further that
etiolated plaﬁts in darkness transpire at a lower rate than do
green plamts in light and the decrease in the transpiration rate
brought about when plants are kept in 2 nearly water saturated
chamber exerts a marked influence upon the form and structure
even in light. The anatomicel characters of etiolated plants
are gquite like those of plants grown in light bdut in water sat-
urated air,

According to Pfeffer (1897) Godlewski, in 1879, obtained
norml plants in the presence of light but in the absence of
carbon dioxide. Thus light of the shorter wave lengths and
not those concerned in photosynthesis was demonstrated as being
the required condition for noxrmml form.

Gosbel (1895) and Voechting in 1894 (cited by Benecke=-
Jost 1923) found that the members of the Gactaceae which under
normal conditions produce flat, leaf-like stems and braiches,
form slender sylindrical internodes in continuous darkness.

In this case however the interrnodes are shorter than those
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grown in ordinary light, a reaction which i3 contrary to the
usual trend.

Pierce (1906) definitely c ncludes that other things being
equal light promotes growth, up to a certain intensity at least.
This appears to be contrary to the conclusions of Sachs (1882)
who as Peirce says made no distinction between organs of un-
limited growth such as stems amd organs of limited growth such
as leaves. Later work shows conclusively thnat the dry weight
of plants varies upward with the intensity of the incident
light. (Bates and Roesser, 1928, Shirely, 1929). The theory
of Sachs 1is no longertensble except in case of some of the
lower forms of vegetation which thrive in the absence of light
and mey even be killed by licht as shorm by Palladin (1914),

Clements (1910) found that Lodgepols Pine was less able
to ad just 1tself to variations in light than to variastions in
either water content or temperature. Ko vigorous seedlings
were found in forests with licht values Yrom 0.C8 - 0.05 of
full sunlight and seedlings of any sort were rare. Under
competition for 1light height growth is made at the expense of
growth in diameter. Irom the great loss sustained by wind
throw when a dense stand of Lodgepole is opened up vy cutting
it would appear that as Bums (1914), Boerker (1916) ard others
have found that top growth is made at the expernse of root
growth, for the roots are then not extensive amd insufficient

to anchor the tree,
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Burns (1914) found also that white pine seeds germinate
best under & cover of 3" of sand but that this is not due to
the presence or absence of light but to the soil mdsture and
temperature requiremants. Shaded germination beds reduced the
temperature of the so0il and delayed the time of germination
but did not affect the percent of germination. Shading was
found to give 2 more uniform growth and a more even stand.
Burng found great differences in the aprearance of seedlings
within three weeks of germination when they were subjected to
varying degrees of snade. Those grown in darkness were tall,
pale green, s3sily knocked over, and the roots were short ard
wubranched.

The seedlings produced in partial sh=de, using a cheese
eloth cover for shade, were much shorter .xd darker green, and
the roots were better developed,

The control seedlings were still shorter and sturdier than
~those foaund in either of the other two beds. The tap roots
greatly exceeded the hypocotyl in length and were freely
bramched.

This work agrees with the later work of Boerker (1916)
amd Shirely (1929) and with the results of the present paver.

Palladin (1914) states that Pilobolus develops normally
in a weak light but produces very long sporsngiorhores in
darkness, where also, the spores fail to mature.

Humphrey and Weaver (915) think that the growth of herbse-
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ceous plants arrd shrubs may frequently be so dense as to pre=-
clude the d'evelopment of the youn8 conifers. That the exclu-
sion of the seedlings is usually due to light 19 a question to
be determined by experiment and in the field. Repeated obser-
vations and me asurements of the soil moisture content armd the
eveporat ing power of the air, together with light values show
definitely that although the soil moisture may be far more than

sufficient for tree growth and the bumidity of the air rela-
tively high, yet when tte lisht velues drop 1/25 of normal sun-
shine, the hardiest pioneer, the ‘iestern Yellow Pine, is ex-
cluded, Thus it appears that Yellow Pine, like Lodgepole
(Clements 1910) is more influenced by lisht than by any other
factor.

Roerker (1916) in a study on the ze: .iration and early
growth of forest trees sums up witk the >tatement that light
plays abso lutely no nart in the wermiraticn of the seeds. He
found that Fobiria =md Quercus show a decrease in hedght ana
root zrowth under diminishdng light intensity while the coni-
fors showed increases in height zrowth but decreases in root
growth., The zauthor of this paver obtained different results
regarding Quercus. Seeds of 2. macrocarpa were germinated and
grown for 30 days under srtificial light. The stems attained
& height of 6-8 inches during that time while the rcots were
very short and relastively unbranched as compsrsd with those of
some plants grown under natural light, which had shorter stems.

Although the work of Xlebs, who in 1916 worked out the effect
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of light on the germination of fern spores was not available,
Benecke-Joat (1923) and Peirce (1926) give good summaries of
his work. KXlebs showed that under ordinary conditions fern
spores will not germinate in @arkness, armd illumination with
blue, violet, and ultra-violet, all cold rays, does not stimu-
late them to gzerminate. On the other hand cell division and
differentiation are mors influenced by light rays of the sharter
waeve lengths than by red. (Peirce 1926).

He showed also that Sempervivum, which normally flowers in
June, could be forced into flowering in winter, either by means
of continuous electric illumination by an Osram lamp for a few
days or by irncreasing the daily illumination period to more than
12 hours. (Benecke-Jost 1923).

according to Toumey (1918) most, if ot all, of the effect
of light on the germination of seeds is 1e to the alternéting
temperature relations of night amd day. Fluctuating tempera-
tures aid germination more than const=snt temperatures, other
requirements remeining constante. He cites no special light
treatment for seeds thest are difficult to zerminate but is of
the opinion that ary sweh special measurses are more exvensive
than the natural ripening process, thought this latter may re-
quire one or two years. This is probaovly true to a zreat ox-
tent, particularly with forest tree seeds, for it has been

shovn that light csn always be replaced oy some other factor
end tne recslcitrant seeds be caused to germinate.

Garner and Allard (192¢8, 1920b, 1923, 1925) in their
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experiments on photoperiodism have made an extensive and in-
tensive study of the effects of light on growth, formstion and
flowering. They foaind that scme plants could be induced to
flower by lengthening the day or licht period by use of arti-
ficial illuminstion armd others could only be forced to flower
if the period of illumiretion were shortened. In the latter
case the vegetative growth of the plant would continue without
the development of any flowers if the lidht period were longer
than required. This caused the authors to arbitrarily classify
the plants inte two zroups; long day plants md short day
plerts. The long day nlants sre those which c¢an be made to
flower by lengthening the period of illumiunstion, while the short
day plants are those whnich will flower only if the light period
i1s relatively short. This work swp:ort. the sarlier work of
Klebs who in studying tre effect of 1li.:.t on Sempervivum found
that it could be forced into early flowering oy the use of sxrti-
ficial light, There is in addition, & group which seems not %o
be influenced by the duration of the dsily light period. Jeaver
gnd Clements (1929) apply to this group the name of "everbloom=
ers". It was found that the duration of the daily light period
is more potent than tne intensity of the light.

Harvey (1922) in some similar experiments obtained results
in the main confirming those of Garner snd Allard., .S a source
0f illumination he used nitrogen filled tengsten lamps mounted

five feet avove the plants. Lamps of 200 sand 1000 Yatt capa=-=
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city were used, but the latter size was found to be the most
economical, They were burmed 24 hours daily and one set was
sufficient for four months.

He, however, found that the plants grew well ard set good
seed or produced tubers under continuous illumination. It
seemed unnecessary, as Garner arnd allard stated, to have a
period of darkness to accomplish all the trarslocstion of the
assimilate from the lsaves. Several intemsities of light were
used but the plants crew in each. The lowest intensities of
25 foot camiles, in the &ark corners, produced better growth
than in the green house in winter.

Benecke~Jost (1923) stated that it has long been known
that some seeds, such as Viscum album, :ost of the species of
Veronica, Ranunculus sceleratus and Iic-tiars, will either not
germinate at all or very poorly wnen tney are in continual
darkness. 4dAccording to tnem, Tehmann foaund that with Lythrupg,
exposure to light for 1/10 second with a 730 HK Osram-Azolamp
was sufficient to bring about 50% germination with seeds which
in the dark would only germinate 7%.

Since those seeds which will only germinate in the light
are termed "Lichtkeimers" so also there are other seeds which
must be denoted as "Dunkelkeimers"™ or those wrich will germinste
only in the daxk. The germination of seeds of the Amarantha-

cese for example amd of Veronica tournefortii are hindered by
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daylight., But there are however as Toumey (1916) indicates a
great many seeds that are ind ifferent to light.

Benecke~-Jost gives one of the best reviews of the work
done, particularly that done by the Germans, concerning the
effects of light on plant growth.

Sayre (1923) in working out the physiology of the stomata
of Rumex patientia came to the conclusion that the external
factor mostly influencing stomatal opening is light, amd that
atmospheric humidity is less &an influence then light.

Adams (1923) subjected species of Flax, Wheat, Sunflower
and Thite ilustard to varying periods of natural daylight. The
seeds were sown in pots ard grown in the greenmhouse where other
external cond itions could be maintained uniformg

In another experiment (1924) he us=3d more species, wider
range of conditions and a larger range of lisht exposures
includ ing electric illumination. It was found that artificial
light was an aid to plant growth during the relatively short
days of winter but that when the natural daylight period be=-
came 12-15 hours X had little or no beneficial effect.

The results of both experiments showed that those plants
exposed to light for the longest period grew to be the tallest
attained the greatest dry weight and commenced to flower
eerlier than the plants exposed to light for the snorter neriods.
He states that Garner and Aklard attempt to prove too much from

their experiments and agrees with them only on one point. That
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concerns those planfs such as Soy Bean, Wax Bean, and Tomato
whose growth was not d irectly proportional to the period of
light but who seemed to have an optimum at which their growth
was greatest, light periods @ither of less or greater duration
exerting a lesser influence in attaining height or dry weight.
- Contrsry to the statement of lLlacDougal (1901) that etio-
lated stems have a greater percent of bast than normal stems,
Adams states that plants grown under a2 diminished suppoly of
light wers deficienx in mechanical tissue ard had a tendesncy to
become decumbent. The juestion arises however as to whether
the plants of Adams were really etiolated or not for he 1is
supoorted by llacDougal and Pemfound (1924) who found in a later
work that the percent of vist decreased with a decrease in the
light intensity. The results of the pres:nt paper are at var-
iance with Adams as well as liacDougal and Penfound. In addi-
tion Adams does not state how he arrived at that conclusion and
it appears that he merely Buessed at it from the fact that the
plants were unable to support themselves. It is probable that
one must distinguish between etiolation and dimiankshed growth due
to low light intensity which 1s yet ample for nomal processes.

Adams belisves that a restatement of the effects of 1izht
are necessary and gives quite a lengthy discussion of the phy-
siological aspects.

Hendricks and Harvey (1924) in an experiment similar to

~ that of Harvey (1922), grew plants in rooms, under continuous
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artificial light, the plants being grown in good soil and watered
with Knop's solution so there would be no deficiemby in nutri-
ment. The light intems ity varied according to the distance of
the plants from the light. The MacBeth illuminometer was used
to measwe the intensity in foot candles. The nlats were sub-
ject to a range from 50 - 10,632 foot candles.

Amararmthus retroflexus and Chenopodium album bloomed at
hizh intensities out were stockier than those plants of tne same
species that dDloomed at lower intensities. Strawberries fruited
at 1500 = 2000 foot candles, but not at 500. Plants grown in
intersities below their prover range tended to become etiolated
and diseased, Nicotiana tadacum grew well at low intensity and
bloomed over a great range. Tagopyrum a28d Tropaseolum seemed to
be well adapted to the lower intensiti:-.. Liirabilis produced
abund art flowers at 1350 foot candles it could be induced to
bloom in continuous light only by violant fluctuations in tem-
perature or moisture conditiens. The flowers would open soon

after tne light was extinguished. Squash produced staminsate

flowers abundantly at 476 foot candles bvut only a few pistil-

late flowers., Zaster lilies were spseded up & month in their

time of blossoming, which correlated with an increase in their
carbohydrate content.

Karling (1924) following the lead of Ilebs, Garner and
Allard, and Adarms, all of whom found that the lengthening of
the day by the use of artificial light dbrought the plamts into

bloom earlier, found that with but a few hours of artificial
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illumination in addition to the daylight d ifferent species of
Characeae could be induced to develop antheridia and oogonisa
in mid and later winter. Fruiting in nature occurs in summer
and eé.rly fall, Within wide 1limits the response was not depen-
dent on the intensity of the illumination and a continuous
illumination of only 10 foot candles was sufficient to induce
the development of the anmtherid ia ard oogonia within four days.

"Growth under artificial illumination led to the lengtn~-
ening of the internodes, shortening of the leaves, reduwed
branching, brot etiolation, anl a general spindling of the plants.
Very few of the eggs developed into ue ture oospores.”

Temperature was found to be a secondary factor within the
minimum and maximum limits for vegetative growth.

The light used by Xarling was of low intemsity (60 watt)
suspended a short distance above the plonts, The effects of the
generated heat were eliminated by immersing the bulb in a ves-
gel of water wnich also would abpsorb some of the 1light. The
low intensity probably is the cause of the etiolation of his
pdants,

MacDougal and Penfound (1924) determined by an anatomical
study, the effects of 1ight am shade, and varying degrees of
light intens ity, on plants of different stories in a hardwood
commune. Leaves and first year stems were collected from Acer
gaccharum and Ulmus americana, Asimina triloba and Benzoin
melissaefolium representing the upper strata shrubs, Laportea

canadensis and Impati ens pallida which are tall herbs; and
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Asarum canadense and Hydrophyllum canadense, which are low
herbs. In the cases of woody plants, specimens were taken from
positions of both maximal and minimal lightd The specimens
collected were imbedded, sectioned, stained and studied micro-
scopically. dccurate measurements were made of the differen-
tiated portions of the stem sections and their areas were cal-~
culated as percentages of the emt ire stem section.
They summarized their work in the following manner:
1l ~ Leaves in successively lower light intensities have larger
¢cells, more intracellular svaces, less cuticle, a relatively
poor conducting system, and larger chloropBRasts. They stated
however that the lzaves of the lower strata sre not recessarily
thinnere.
2 - Stems in successively lower strat= are characterized by a
less amount of supoorting and conductirz tissue and an increas-
ing amount of parenchyma..
3 - Leaves collected from thedense shade differ from those in
meximal sunlight on the same plant as follows:
& - A decrease in palisade tissue, both z2s to the number
of layers and the depth of the individual cells.
b - An increase in the parcent of intracellular space and
spongy parenchyma.,
c.~A decresase in the amount of supoortive and conductive
t issue.
4 = Stems collected from dense shade differ from those in maxie

mal sunlight on the same plants as follows:
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& -« A decrease in the thickness and an increase in the
length of the internodes.

b - A marked decrease in the percent of sclerenchyma.

0 - A notable diminution of the percent of xylem accom=-
panied by a slight decrease in the thickness of the
tracheal walls,

d - A marked incresse in the vercent pf pith.

Plitt and Pessin (1924) found in studying the effect of
the evaporating power of light on the distribution of Lichens
that evaporation appears to play the most important role, and
light was only an indirect factor, except in the czge of Usnea
and Ramalina which occured only in regzions where light is in-
tense and the high evaporation did not ssem to be the control-
ling factor.

Shaw (1924) remarks concerning ths use of brush cover for
protecting seedlings in the forest that the survival is greater
on the poorer sitesg, for less drought resistant species and for
poorer stock. DNaturally shade would benefit the poorer sites
where the s80il and moisture factors would ve likely to become
the limiting factors rather than light.

According to Skene (1924) Loftfield has shown that at
temperatures of 1, 10, 20, =nd 39 degrees centigrade the time
of opening of the stomata of a2lfalfa in licht was 6, 4, 2, and
1 hour respectively, a rise of 10 degrees centigrade doubling

the rate of movement which is what one would sxpect with the

conversion of starch to sugar 2s the fundamental reaction.
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Korstian (1925) found that the germination of Englemann
Spruce showed & direct relation to the amount of shade. The
lowest germination and survival occurréd in the open and the
highest in 3 shade but the seedlings grown in 7 shade were t 0o
slender to make good development. In the case of Douglas Fir
the beds receiving 4 shade had the highest survival and vigor
as well as the best development. Lodgepole and Jestern Yellow
Pine were grown successfully without shade winich is what one
wrould expect from the work of Clements (191C) on Lodgepole and
Humphrey and Veaver (1915) on Yellow Pine. However, continu-
ous intense swmlight was found likely to injure small»sucoulent
seedlings.,

Gilbert (1926) made some zrowth experiments with plants
of Zanthium penngylvanicum to determine if other environmantal
conditions might not azve as mch influzice on flowering as

light as shown by Garmer ard allard, H.rvey, Aidams, amd others.

The plants were grown under Xnown conditions of temperature and
relative day length. Temperature was found to be a determining
factor in influencing the time of flower orimordia &ormstion.

This 1is not a contradiction of the work of Gamer and
Allard (1920) but is an addition to their work ard serves to
demonstrate that there may be more than one csuse of the same
phenomena.

Moore (1926) in a stuwdy on the influence of certain secil

and light conditions on tne reproduction of northeast conifers

found that germination and survival are slightly better in the
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openings of a forest. Growth and vigor was in all cases marked-
ly greater in the openings which he attributed to an increase in
light,

A series of investigations by Pfeiffer (1926) at the
Boyce Thompson Institute for Plant Research throws some light
on the subject of the affect of light waves of d ifferent ~uality
upon plant anatany. Seedlings were grovm in glass houses which
tremsmitted 1lizht in the visible svectrum and in the ultra-
violet in various ransss of wave length. It was found tiiat tue
best all around davelovment in every case was either by the full
spectrum or the outdoors.

Larsen (1927) in comp:ur inz betwesn ths 3tructures senerally
conceded to pertain to lisht found that they do not show eraded
changes in passing from t e most toler: t to the most intoler-

ent speciess There were seening incc::istencies w-ich were
prooably due to members of species chirzing site, ard to other
causes. In general the extremes of the seriss do show distinc=-
tive adaptation to light conditions on the following voints;
leaf shape and color, relative amount of spongy parenchyma, and
in the lignified psarts of the leaf.

Sheard and Higgins (1927) report that the effect of ultra-
violet radiation on germination was according to the wave length.
Radiation of 270 = 320 uu delayed the time of germination and
decreased the rate of growth, while rays of 320 - 390 uu were

particularly effective in promoting growth.

Bates and Roesser (1928) grew seedlings of Redwood, Western
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Yellow Pine, Englemann Spruce, Douglas Fir, and Pinion Pine for
nine months on a circular table with a 200 Watt Mazda lamp sus-
pended one foot above the center of the table. The dry weight
of the seedlingss was used to determine the relative growth of
the seedling under 1light of various intensities as measured by
a Coblentz thermopile. Redwood ranked first with Spruce and
fMir second, the Western Yallow Pine and Pinion Pine third and
fourth respectively,

Toumey (1928) found as 4 id Pricke twenty years previous,
that the increased germination of seeds and increased growthn of
seedlings in the openings of a forest mgy be attributed to the
removal of root competition rather than to an increase in light.
These cmclusions he ovases on some trenching experiments in
which the root competit ion was removed -~:ile at the same time
the 1ight rema ined the s:zame.

Shirley (1929) grew plants under four sets of lisht con=-

dit ions:

1 - Cloth shades insi de greenhouse.

2 = Cloth shades outdoorse.

3 - Constant conditions indoors with artificial illuminstion.

4 - In a series of glass house transmitting definite regions of

the spectrum.

He studied the influence of light intensity on the weight
of dry matter, height, ratio of roots to shoots ard found that
low light intensity favors top growth at the experse of root
growth which agrees with the earlier work of Boerker (1916}

and the stems of the plants grown under low lizht intensities

were weak and succulent, often too weak to support the plant.
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All plants survived at less than 40 foot candl es except sun-
flower. Redwood and loblolly pine survived six months at a
light intens ity barely sufficient to cause an increase in
weight armd he found that this intensity was less than that
which Bates and Roesser (1928) found necessary, but thsat none
of the plants g0 situsted were able to add appreciably to their
dry weight., The dry weight was found to be directly propor-
tional to the light intensity, up to certain limits beyond which
an increase in intensity had little effect. This is in agree=-
ment with the work of Adams (1923,1924).

The entire visible ard ultra-violet solar spectrum was
found to bpe more efficiant for growth than any frectional por-
tion of it. Blue was found to be more efficient than red. He
concluded that light quality was not a limiting factor in for-
est canopies.

Pearson (1923, 1930) studied tne reproduction of Western
Yellow Pine in Arizona ard correlated the establisument, growth,
and survival of reproduction with the soil moisture ard light
requirements. He found that the major portion of the influence
formerly attributed to light cannot be assisred to soil moisture
as Toumey (1928) indicates. It was found that temperature is as
mucihh & limiting factor as moisture, particularly at the upper
altitudinal limits. ZLow light intensity is apt to become harm=-

ful when trees are in groups. In sites having low light inten-

sities, but having adequate soil moisture, all species tend to

- assume & sSlender and weax form. It was concluded that moisture

determines the lower border of Yellow Pine.
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MATERT ALS

Two sandtables, filled with unsterilized river sand to a
depth of four inches, were set up. The control bed which was
situated in & large leboratory was subject to room tempsrature
and ordinary daylight. The experimental hed was in a small
gtore room, illuminated only by a 500 watt, daylight, liazda
'C' lamp and subjected to the heat generated by the lamp amnd
no ventilation. A black sateen cloth was used to cover half
this bed to eliminate the light.

A so0il thermometer aﬁd an ordinary standard centigrade
thermometer was placed in esch ped. Crystallizing dishes 10
¢m in dieameter amd 3 cm. deep were used to compare the satura-
tion of the air over each Dbed.

A filtered solution from steeped stable manure was used
88 & nutrient solution,

Seeds of the following species were used, no recoxd being
available as to their age or origin: Avena sativa, Caragansa
sp., Pinus austiiaca, Picea canadensis, Picea pungens var.,

glauca,
METHODS

The river sand was sifted tnrough a sieve having 10 meshes
to the inch so that the growlng medium would be wniform in tex-

ture assuring wniform rate of water 1loss amd conditions for
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root penetration

Two hundred seeds of each Species were counted out, care
being taken to select only full plump seeds. One hundred were
sown on the control bed in drills 4" apart and 1/2" apart in
the drill and were left uncovered. The experimental bed was
divided into two sections referred to hereafter as the Light
Bed and the Dark Bed, each having 50 seeds o0f each species sown
as in the control bed. One half of the experimental bed (the
Dark Bed) was kept covered continuously with a black cloth sus-
pended 3" above the surface \of the soil, from February 18 when
the seed was sown to March 1 when the majority had completed
germination. The other half of the bed (the Light Bed) was
subjected to continuous illumination of about 250 foot candles
from a 500 watt, daylight, Mazda 'C' lamp suspended 3 feet above
the center of the bed. A flat white retlector was used to throw
the 1ight onto the bed. The control bed received an illumina-
tion of sbout 500 foot camiles (3).

A soil thermometer was imbedded in each bed so that the
bulb was 3" beneath the surface of the soil, A standard centi=-
grade themometer was placed in the control bed and one in each
section of the experimental bved, 8ll so arranged on bent wire
supports that the bulb of each was 1/2" above the soil. All
temp erature readings were taxen twice daily, at 9 am and 6 pm.

A crystallizing dish was pleced in the center of each

bed, the top flush with the surface of the soil ard filled with
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water. The amount of evaporation was measured to 0.01" each
morning when the beds were watered,

From March 1 dur ing the remainder of the experiment the
black cloth was removed from 5 pm to 9 am each day thersby

giving 8 hours of total darkness and 16 hours illuminsation by

artificial light.

The growth in inches of the germinated plants was measured
once daily from Feb. 26 to lMarch 7 for oats and from March 1
to 21 for the other species. This was the period of most rapid
growth and further messurements were unobtainable due to the
building being locked during recess between school terms. The
measurements were divided into 1" height classes, any plant
being less than 1" in height was not counted except in the ger-
mination count. Any plant more than 1" but less than 2" was
in the 1" height cless end a plant mor: then 2" but less than
3" in height went into the 2" height class, etc. A white
headed pin was stuck inte the soil next to every seed and as the
seceds germinated the pins were removed theredy assuring no error
in ¢counting.
- The areas {tables XII amd XIII) of the stems were obtained
by making large scale camera-lucida drawings and then running
the planimeter around the perimeter of the various groups of

tissues.

DATA OBTAINED

1l - Temperature of soil twice daily.
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2 - Temperatuwe of air twice daily.
3 « Saturation of air or relative humid ity expressed in the
ebaporat ing power of the air.
- Percent and rate of germination.
Rate of growth,

- Comparative health of plants.

< o o e
|

- Comparative anatomy of vlants grown under different con-

ditions.

RESULTS

The fluctuation of the temperatures as shown in the zgraphs
and taobles was caused by the variation of ihe heat in the build -
ing. The low tempersture was in the moraing and the high in the
afternoon. The considerable drop over the week end was caused
by the shutting off of the heat over the week end in order to

save fuel. The fluetuation of temperzture was less in the ex-
perimental bed because of its sitaation in a room not so readily
affected by the temperature of the remainder of the building.

The significant data regarding temperature is summarized
in the tables as :1iven below.

A8 will be seen from the following summariss of the data,
the greatest wariation was in the Control Bed and the least in
the Dark Bed with the Light Bed in between. The black cloth
over the Dark Bed helped to smooth out the tempersture curve

over that section. It is rezrettable that space was not avail-
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abla so that suitable and equal temperaturs conditions could

have applied to all of the beds.

Table I

Summary of soil temperature data in dezrees Fahrenheit.

Control 3ed Experimental Bed
Mean high 66,2 71.4
Mean low _ 61.9 6947
Average 64,1 70.5
Average rarge 4,3 1.7

The daily record of the soil temperatures is given in
Table Ia and chart I,

Table II

Summary of air temperatire data.

Control 3ed AIxpzrimnental 3ed
Continuous liznt Intermittent 1light.
Mean high 6943 73.1 7245
Mean low 64.9 71.0 70.8
Average 67.1 7240 71.6

Average range 4.4 2.1 1.7
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saple la

black cover lert ofi
16 nours eacwn day

Control bed Light bed
Adlle PJlle Adlle P.l7.
05,0 05,0
01D 68,0 81.0 78,0
STV 08,5 80.0 764D
0Z .0 08,0 71.5 74,0
0l.5 70 7140 74,0
iU 672 744D 74,0
@Co..u.\_ ﬂwuvo@ C@o@ C@.O
08,5 04,0 G740 7540
SQ045 ©9.0 09.9 74,0
cD.H 3940 T0e0 74.5
04,0 07,0 TZeD "4 -
Duel V07D 71.5 75,0
Ry 7.5 7145 TG0
QU D 0l.V CB WU 0745
£9.0 uB¢H COed 715
62,5 0D U 09.0 70,0
oUJ e O 80,0 0749 0B
S2.7D 00 o= 08470 11,0
©l.d 55,9 o840 o150
YN0 004,75 5] 70,0
027 01,7 094 0l .0
59.0 ol.<s COed O .4
U LU 04U &7 eU T 40
YN S7,.4 0349 71.9
609 o848 ST7ed Tz .V
64,5 €945 71.0 72,0
3.1 08,2 094D 71,5
COe 0 QU ©9.9 o070
60.5 67.5 UO e & 095
6l.2 68.5 67.1 71.0
6,0 65.0 ©8.8 7045
03+ 65.9 ©9.4 70.2
61l.5 05.2 68.0 09.8
cled 004D 69 .0 71,2
Y] 080 0849 VoI
©5.9 08,0 71.0 )
0247 6945
YN 68,40 70.2 T
6040 ©7.0
2355.,3 2451,0 £651.0

Zod4d,.l
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FAHRTUHEIT Table Za
Control bed Light bed Dark bed
d..;.,;. Polu.o A.L:. P.LIQ :3-0120 PQLZQ
o 7184 75.2 1544
LO.& 70,1 73.4 78,7 72,5 76,1
7.0 1445 7.0 17.0 75.2 73,4
0047 75,2 4.7 M.z 75.2 76.1
71l.0 69.8 73.4 76.0 75.1 75.2
6840 71.9 72.5 74,3 73.5 74.3 cover oif
0.7 007 $8.9  68.0 88,0 ©68.1 20T :elle
6345 69,8 9.8  74.9 9.8 7TL.6
0648 00,2 69.8 1T1.¢ 70,86 72,5
59.8 7245 $9.8  71.6 69.8 71.6
6G 62 69.8 6.2  70.4 6.2 T3.4
3848 74,3 70.6 75.4 70,6 72.5
8309 78,4 69.8  74.5 70.6 72.5
0840 682 9.8  69.5 39.8  70.7
0444 63.7 68.5 67.2 3848 8.0
03¢5 5840 69.8 73.4 9.8 T1.6
67.1 1.6 0.6 72.4 71.6 71.6
68.0 7¢.1 70.6  75.2 70,0 73.4
6540 67.1 TL.7 2.5 71,7 13,3
YS! 7048 67.1 71.9 8.8 171.6
62,7 67.1 é9.8  69.5 39.8 70.0
61.6 69.8 68.0 72,8 68.7 T1.7
6246 7348 68.9 75.2 9.8 75.4
64.4 67.8 69.8 72.5 TLe2 7344
6444 66.2 70.7 72.0 1.0 7245
62,6 66.2 69.8 71.6 70.6 72.0
64.4 69.8 7.5 74.8 717 175.0
$5.3 71.6 70.7 76.0 716 T4.3
66.2 71.6 2.6  75.0 To.4 75,2
64.4 69.8 719
65.3 64.6 73.4 73.0 73,1 T4.D
¢0.7 68,0 68.0

2011.3 2094.% 2200.0 2200.0 2199.3 2182.9
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AIR SATURATION

This was not recognized as a factor previous to the ex-
periment nor until it had been in progress a few daj. The
rapidity of germination and the moisture content of the soil as
presented to visual inspection lad to the conclusion that this
factor of humidity had scme bearing on the problem, particularly
as the seeds were not in the soil but on top of it. Only suffi-
ciant readings were taxen to assure the author of the differencgs
between the three conditions.

The average rate of evavoration per day from the surface
of water in thue crystallizing dishes was 0.,09" for the Control
Bed, 0.11" for the experimental bed, Li:=.t ssection, and 0.B3"
for the Dark section, which during the tize of the readings was

gtill kept continuously dark.
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Part I

Zffect of Laboratory Controlled artificial Light on
Germination and early Growth.
GIRIIIIATION

Germination was considered to be complete when the
nypocotyl Jjust protruded from the seed coats.

CL the three varisvles, Li_nt, lJenperature, znd ois-
ture, waich inrluenced germination, an attenyt will be
nade to segregate tien, aséigning ir vsossible, to each
one, tne inrluence it exerted. Lslie accompanying tavles
zind zrapns will ve an =id o this end.

~ sumnpation of tiae percent of —ernination is iven
in Jable IV.

‘he veds in wiich sermination com;cnced Yirst, the
species and tue percent oI 5e;mination -8 suown in the
Tollowing fable III.

favle III

Tirst veds Lo snow zerminatvion and percent ol _erni-

nation:
avena Garagana rinus ricea cicea
sativa SD. sustriaca canadensis pui_ens
slauea
Control Zed 18 1
Lizht 2ed &4 _ &
Darit 3ed 70 12 1 N 4
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Trom this table it i3 seen that avena germinated in all
of the beds on the same day but in nmuch greater per cent in
the Dark Zed where the moisture countent of the soil was the
nighest. “The moisture content of the soil in the Light Zed
and in the Control Zed was so nearly equal thet only the
difrerence in tenperature cun ve tne factor errecting tae
nl ner zermination per cent in tie Lizht Zed. It is there-
fore ieiuctible that _iven ecuel conditions oi one facitor,
then tae variations of tce otuner become linmiting,

Uats Tinally attaired the same per cent in the lizht
section as 1iun tne duuir section uvut Caragana in the lizat
section exceeded by &,. tue _emainavion in vihe darl section,
Juie dirTfererce of Z;: is very sli_nt %o .g of Glazmostic
value but conbiied witih the Tact thiat -unce ~erninzbtion
commenced in the li_ut seetion 1t proceccdcd wita greater
rapidity than in the darik section some inference may ve
made., Caragana being a very hazdy nlant zdaptable to ra-
ther xerophilous conditions it is provable tiat the sligho-

e

ly dryer condition of thre soil and the very sli ht in-
crease in temperature aiforded conditions ..ore suitable
to the germination of that plant.,

sermination of rinus custriaca in

‘he per cent of

tie Coutrol Zed finally exceeded utiat oix tue Liznt Zed

attaining the same per cent as the Daric Zed indicating



TABLE IV

Germination in Per cent of

Pinus Picea Picea
Date Avena sativa Caragana austriaca canadensis pungens
Feb. 18 Cc. L. D. c. L. b. C, L., D. PF. c. L. D. P. b. L. D. P,
19
20
2l
22 le 24 70 12 4 12 6 4
23 19 24 70 1 18 4 8 30 10 6 18
24 25 44 80 16 6 22 14 16 32 1 2 22 2 10 38
235 32 46 &2 19 o 30 19 24 34 3 2 42 4 16 54
26 32 48 84 <0 8 32 22 26 36 3 © 50 4 26 78
27 33 60 88 22 22 38 32 354 40 6 18 058 12 3¢ &8
28 40 64 90 28 32 S50 35 36 40 10 26 60 23 48 94
Mar. 1 43 76 90 32 38 62 37 O 42 11 34 70 32 54 100
2 45 88 90 33 44 64 40 056 11 40 74 38 64
) 45 88 90 37 48 64 40 36 11 40 74 43 64
4 45 90 90 40 54 72 40 38 12 52 76 43 64
S 45 90 42 68 74 40 S 12 54 76 S 45 64 S
6 49 g0 46 72 76 42 42 42 20 60 76 53 66
7 50 90 92 52 74 80 24 60 176 56
8 54 82 ISP 39 25 62 76 60
9 55 684 &4 45 25 o2 76 2 66 17
10 58 84 84 49 26 68 78 25 66 S0
11 65 64 64 50 30 41 66 75
12 66 &84 86 51 37 52 67 88
13 67 86 86 38 59 68 66 100 91
14 67 86 86 38 60 91
15 67 86 86 38 60 9}
16 67 90 86 38 6l 92
17 67 68 38 €3 94
18 67 39 63 94
19 68 41 68 78 63 94
20 6 90 88 64 96
21 65
& C - Control Bed 100 seeds of each 66 50 seeds of eaoch

L ~- Light Bed species in Control Bed species in each
D - Da%k Bed b tﬁe other Beds of

A%
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that light 1s not a factor in the germination of this
species., rhe low percentazge of _ermination of Pinus
gustriaca was caused by the low quality of the seeds
waich in plate tests szerminated only 51y usiiy 200 seeds.
It is the only case where the _sermination in the exper-
inent 4id not exceed that oi plate tests. woilice Tue
plate tests vrovided uiore noisture than tne expericent
a clue is afl vded vo ex.lzin tue iuncreused ernination
under we control conditions over tie Lisnt Zed corndi-
tiors. Jne Control _ed ..ad 2 sligntly lower evapora=-
tion rate, cousecuently jreater saturation oi the air
and nore soil noisture wveilable vaich was zwoproaciled
by tne Dark Zed by the Iifvh of lareh T tnen ti.e

Darx Zed was bheliy exzosed Lo tue 1i oo ~ox lo ours
gaci day. ‘iis iaodicutes thnat witazin Uiz »inge of

c2 dezrees Lo 79 dezrees wolsture is ore o coutrolliig
factor tlwaun temperature or lizhit ror tiis s_ecies.

In tie germination of Picea canadensis tenperatur
and noisture both controlled. Iio tue exjeriuventsl ved
the greater wmoisture in the darli sectiou vi.s tl.e JTac-
tor giviug sreater _ermination than in Sie li_nt sce-
tion, wrile the nijher fenperature in the experimental
bDed caused tue zreaver jernmination tiere over ke Jon-

trol bed; licnht, aside Zrow its heating action, being



% Tised: *d °0! m ! 1 - o
e T, T ‘w\l||wil| l"fﬁ\\[ - w
_ i T — 1#1 -
M W : M
W W ]
g “ i
' "
O Hnaﬁhpmm TROE mommmw
"5 6C .

.r ~ w : ﬁ : W -

8T LT °1 nH ¥l €1 21 HA Cl € 8 u 9 ¢ ¥ n ¢ 1 8 bN Qg 62 %2 mN 22 .pmmw
| I .

€T

B
~
N
o)
«

~
=
~N
~
)
[I9}

~
~
|
~
!
[

~

|

|
thaah quaspas.s

B P I

\
\
\

N

|

|
ot ™

muvaGWHmtwﬁmﬂo%

39} 8TEIT T S I w w —

e B S e e S — = —To€

QPR (- e =

ST -

ISR L V(_.vfm EoR N . R —— . — : - H — fwwir }

. u | ., — - joct
P - — - ]
L 40 R

e e e “.HW,IWMM Tlﬁluww.w‘ e I B e

— S S S S Tttt USHE S S S Sl S S ,lJ[|]|l..,'1;|\.

I
!
|
|
|

EUGENE DIETZGEN CO., CHICAGO-NEW YORK NO. 348




g v;g"ri’gﬁ udg-- 1 ot ot T

SYE"ON XHOXL MAN-OOVOIHO “"OD N#®Z131Q ANION3I

}

B e L

T~

80

m—

QQ
Q.

O
@]

uiatiod

1
-

]}
-

5

lc nrs li~nt

——_— coatinusl 1i.:°.

conteol os-

erclent qev

D2

e em—nlate togt,

e 7

yi
/
]
!
!
i
!
|
1
”I
/

10 Vi

/.
/f

/

f//
/

Q

s

Feb. 22 23 24 25 26 27 28

1

2 3 t 5 6 7 8
: Larch:

‘I

I

'

1 :

| : .
] 2 .

)

3

10 11 12 13 14 15 16 17 18

_%Date,

'Seeds sown February 18..

- PR _——

'C. P. Beall |




39

of no conseguence. L[he germination cuxrves are suovn LYy
chart 6.

It is indicated tiat in tae _ermination ol ricea
punsens ..isn noisture conditions are nore important
than temuerature witiain cie zuil e o1 t.is experiment,
20T tiouil Covil viae Li_unt cind Darl Seds Lad ueurly
tie sawe temperature Jae _eiminatvion iun The it Zed
is very fucn lLowier si.an i Sie Juwi oed, Telny Lie
sane s th;t'in tihe Jontrol Zed iiere sl..e temperatuzre
was lower ovut Laoving woout tie sawe wmolsture coutent.
see cnaxt .
tile reatesy aiilerence veing vetween tie Ligat
Zed and tue Durlil Zed vilose tenerature  2re within a
degree 1t nust e coucluded suat wivtall cle tenpera-
Ture ranse o1 s:ie sxperic.ent wuolsture 1. the nost lire
iticy Zactor for wvena, In Iustlier supoort of tiiis con-
clusion is %ne Fact it wien _evniunavion did occur sin-
wltancously in ovner veds tie .er cant was maci srezter
in the Darii Sed than in the other und surming wp, 104
Der cent _erminzted in tihe Jark Zed in coantrast to tae

47 jexr cent in =11 sie other beds togebi.er. {lable III)
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GROWLI

a8 nignt be expected tlhe plants in the control bed
were healthier than those of eitner of the two other heds.
Tne stems were shorbter but thicker and the plents stood
erect while in the Dawii Zed vuwe wlants were etiolated to
suca «n extent tunat they were unavle 5o support tiemselves.
Jdig plants in the bontrol Zed were zlso o dorler zreen
tian tas others, witu the 2lants in the Lijut Zed ranliing
secoxd,

p.

Jne sane comdarisons o uly o tiose plants in the

Lizut and Darik Zeds, tle Toimer beiliy more normal,

Cads in the Li_nht Zed wnder continual illunination
eventually atbaluned a hei_nt o LM =2t - .ich btine tiey
neaded with 2-4 sterile dracts., Jis wis »pril 1, 40
days after sowing, wvaiich agrees with i work 0% Jurner
and ~llard. (1920)

The =zoot developnent of tie plants grown in tae Con-
trol Zed was much more brancihed than tnose _row: in tile
experinental bed. Ione of tiue conirers develoved branched

ment
roots. This is in agree/ with tie work of Zurns. (1914)
Thne rate of srowth was figjured by adding up the num-

ber of inches of zrowti for any one day. O couvse this

does not give the rate fox tle individual plant but Zow



Inches of growth of Avena sativa

Table V

March
Date Feb. 22 23 24 25 26 27 28 1 2 3 4 5 6 7
Control BSed - natural day and night
epicotyl longer than 1" 8 & 11 15 16 18 20 24 26 28 29 30
an" 5 8 11 16 16 17 20 24 25 26 29
3" 6 g8 11 16 16 17 20 23 26 &26
4" 6 9 14 16 16 17 22 24 26
ou 3 7 10 14 15 16 17 23 &5
B 4 6 9 14 15 15 15 19
7" 4 4 7 o 8 9 9
continuous artificial8" 1 1 3 3 4 3
illumination gn ‘ o 1
Light Bed Total 8 13 25 43 63 84 97 114 127 141 156 168
epicotyl longer than 1" 1 6 6 12 21 24 27 31 33 33
A 3 6 7 17 21 24 28 31 32
3" 6 11 16 21 26 27 &8
4" o 7 11 20 24 26 28
5" 3 6 7 12 19 286 26
6" o 6 7 16 20 R0
A 4 5 8 10 10
g" 1 1 1 2 4
o 2
Total 1 9 12 34 68 90 117 153 175 183
Dark Bed - 16 hours artificial illuminatiowun
epicotyl longer than 1" 1 2 13 22 31 34 37 41 43 44 45
2" 2 15 22 ¢ 34 37 42 43 44
3" 7 17 29 31 32 38 42 41
4" 6 15 20 25 30 36 40
5" 2 9 13 15 22 29 36
6" 1 2 7 9 12 13 24
VA 1 2 3 4 5 12
g" 1 1 1l 6
97 2
Total 1l 2 15 44 60 121 144 163 192 210 250

100 seeds

12" finally
attaimed
50 seeds

12" finally
attailned
50 seeds

10" finally
attained

W
'—J
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Growth in inches of Caracana sp.

Table V1

Date warch 1 e 3 4 5 6 7 8 910 11 12 13 14 15 16 17 18 19 20 21 22
Control Bed. Natural day and night
epicotyl loager than 1" 1 3 3 4 7 7 910 1012 12 15 16 24 25 25 25 28 28
100 an 1 2 284 4 6 7 7 71212 12 13 13
seeds an 1 1 1 1 1 1 2 2
Total 1 3 3 4 7 8 11 12 14 1o 16 23 24 33 38 38 38 43 43
Light Bed - continuous artificial illumination
epicotyl longer than 1" 1 2 3 4 5 5 7 7 9 910 13 14 14 15 15
2" 1 2 3 3 3 4 5 8 €10 13 13
3" e 4 4 4 5 b5
4"
5"
1 2 3 4 o 7 10 10 12 13 17 25 26 26 33 33
Dark Zed - 16 hours' artificial illumination
epicotyl longer than 1" 1 2 4 5 5 5 o6 10 12 15 16 16 lo 16 16 16 16 17 17 17 17
an 1 4 4 5 ©6 7 10 12 14 14 14 15 16 16 16 17 17
50 3" 1 1 3 5 7 7 7 7 812 14 15 15
4" 1 2 2 2 2 3 4 6 7 9 9
gH 1l 1 1 2 2
1 2 4 5 6 9 10 15 13 23 30 s& 39 39 39 41 45 52 55 60 60

94



IO Y S 4 -
g 20 — : L
o i / R (A
L i RV L7 I
5 10 // i ¢°
& e : -
5
& _Chart 12
S R Rate of Growth of Caragana. .
) A ‘ ’

50! ‘

g0

30t -

20!

OVE "ON ¥HOA MIN-ODVIIHD OO NIDZLIIO INIONI

% 27

b

7 8 3 10 11 12 15 14 15 16 17 1

o ]

O date. | C. F.;3eall 3




Growth in inches of Pinus austriaca Table VII

Date Fab. 24 252627281 2 3 4 5 6 7 8 910 11 12 13 14 15 16 17 18 19 2021 22

Control Bed - natural day and night
epicotyl longer

than 1" 6 13 14 21 28 31 33 36 38 58 3t 39 40 37 37 37 37 37 37 37 37 ¥
an 3 712 13 19 24 31 32 32 36 36 35 35 36 36 36 36 36 36 B
100 seeds 3" 2 5 7 & 13 24 24 30 32 32 33 33 33 33 33 B
g 4 6 6 6 6 66
5!
Total 6 13 17 2t 30 44 &4 60 76 76 o3 09 DO 1& 14 109 1B 12 18 18 1812

Light bed - continuous artificial light

epicotyl longerep
than 1" 1 3 o612 13 18 18 1€ 1€ 18 18 18 15 1¢ 1l¢ 18 18 18 18 18 18 18 18 18 18

o 1 2 5 81212 1€ 16 1¢ 18 1¢ 18 12 1¢ 1€ 15 €1 18 18 18 1€ 18 18 18
50 sceds 3" 2 4 © 610 1& 1€ 1 18 18 18 16 1€ 18 18 18 18 15 18 18 18 18

4n 3 4 5 717 17 17 17 17 17 17 17 17 17 17

& 1 1 11 2 3 3 3 3 3 3

46 o4 54 57 58 59 6l 72 72 72 72 73 74 74 74 74 74 74

(]
(09

Tfotal 1 4 8 125 86

Dark 3ed - 16 hours artificial light

epicotyl longer o o , _ i
than 1" & 9 14 16 16 17 21 .. ... .L 21 21 21 21 21 21 &1 21 21 21 £1 21 21 21 21 21

on 512 14 16 17 lo 2u <1 21 21 £1 21 21 £1 21 21 21 21 21 21 =21 21 21 21

4 £ 15 17 17 17 20 21 21 21 21 21 =1 =21 21 21 21 21 21 21 21 21 21

an 4 9 11 11 12 13 17 17 17 1o 80 20 20 20 21 21 zl 21 21 21 21

g ) 4 7 ¢ 8 € & 10 10 10 1010 10

Potal < 17 oo 5o i G4 G7 6w 7+ 70 60 ¢0U €U Uo WU -1 w1 UL 92 94 94 94 o4 94 94
2

50 secds "

GP



Growth in inches of Picea canadeansis Table VIII

Date Feb. 28 1 2 3 4 5 6 7 8 910 11 12 13 14 15 16 17 18 19 20 21 22 Mar,
Control Bed - natural day and night
longer than 1" 1 2 5 7 9 912 12 12 20 22 22 g2 22 22 100
seed
Light Sed - 24 hours illumination ‘ '
longer than 1" 2 3 4 10 10 13 15 19 20 21 21 21 21 24 26 26 26 26 26 26 50
seeds

Dark 3ed - 16 hours illunination

loager than 1" 4 6 14 20 21 26 28 31 32 32 32 3z 32 32 o2 32 32 32 32 32 32 32 32
2" l 1 8 2 2 3 3 4 4 4 4 4 4 4 4 4 4 4 432 32 50
4 6 15 21 23 28 30 34 36 36 36 46 36 36 36 36 36 36 36 356 36 64 64seeds

224



Growth in inches of Picea pungeans vur.

glauca Table IX

16 17 18 19 20 21 22

Date Feb. 8 1 2 3 4 5 6 7 8 910 11 12 13 14 15
Control Bed - natural day and night
longer than 1" S O B 17 18 206 <9 30 32 38 40 43 43 43 43 43
100 2"
seeds
Light Led - coatinuous artificial illumination
longer tiaan 1" 1 3 6 9 11 16 16 16 19 21 25 25 25 280 20 25 25 25 25 285 25 85 25
o0 'seceds
Dark sed - 16 hours artificial illumination
longer than 1" 6 14 26 35 36 39 39 46 46 47 48 45 48 4L 43 4E 48 48 48 48 48 48 48
an 1 1 1 &8 3 3 4 4 4 4 4 4 4 4 4 4 4 4 4 4
50 seeds 6 14 20 36 37 40 41 49 49 51 5z o2 52 S5z L2 D52 52 52 52 52 52 52 52

A4
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tie plant society, consisting of one species under one
condition., a comparison of tie figures secured serves
as an indication of Tthe suitability of Ttue conditions
wunder wihican the plants were grown., J..e nunmber of inch-
es growta nade in each bLed vy species up to ...wek 1 is
swown 1n Javle L. since tiue Coutrol Zed nas 100 seeds
0L eacw spyecicecs and vie otuer two weds ouly SU oI each

sgecie

0]

s tun8 Ucivrol led ijuves veorvesent oue L.all of
Tie totzal srowta 1u vuot bed.
Yable L

~ SuLary oI one luncunes ol growtn nizde in each oved,

soeciles vontrol Zed oixr., Ll it Zed oiiz. Di.Ced
avena saviva g4 29 lco o7 23
Sarazana sd. 21,5 1.0 v A <O
finus austriacs B 1% 74 20 94
ricea caziadeisis 11 15 o o8 RY:S
~icea »surn_eus z1.5 ved 2o 21 o2

31z variavle Tactors euter Lito tie _rowbtih orf tie
Plants in the different beds., llhese zre: tenperature,
lignt intensity, ligat quality, licht duration, soil mois-
ture and saturation oi the air.

‘Tue lower temperature of tae Control Zed wviould in
itself be sufficient cause Tor ftune less growtla in eiznt

of tie plants in that bed as conpared vt t.ue growth
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made in the other beds, but the etiolating effect of
the low light intensity and the absence of the ultra
violet rays in the experimental bed, enhancing height
growth without a corresponding normality in all the
structures inoreases tue difference, ZIowever a. ten-
perature difference of 4-5 dezgrees would not exovlain
the zreat difference in jrowth between the plants ol
the Control 3Bed and those of the Experimental Bed For
there is an much difference or more in growth between
thie plants of tie Lizght and Dark beds where the fem-
rverature was practically the same., 3o the great in-
crease in growth oI the plants in the experimental
bed over that of the control bed must b. chiefly at-
trivuted to the quantity and quality of siae light,
and in addition, Ifox tlie Dark Zed, the ..i h satura-
tion of the air which as Sachs (1882) shows results
in plants quite like those etiolated by lack of lizht
and combining the two causes to act at tne same time
would only accentuate in the effects of each, In
thi% case, nowever, the quantity and quality of the
light is of more importance than the saturation of
the air for tho the saturation of the Dark and Licht

Beds was nearly the same during the grand period of
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growth yet the plants in the Dark Bed made, excepit in
avena, a great deal more growth than did tuose in the
Light Bed. This can only be attributed to the difler-
ence in the duration of the lighting period; a matter
0f eight hours less light being received by the plants
in the Dari Zed thus increasing the effects of etiola-
tion.

2rus it appears tnat the quantity and guality of
lizcht are of nmore inportaance in conditioning the growth
of plants than are either temperature or air saturation
witain the linmits of this experiment., O0f the two fac-
tors, lijht quantity and lint quality, it appesrs tnat
Irom the normality of tiue structures tios She factor
light grality is ftuae most limiting,.

CO.CLUSICIS

1 - Iignt, aside ZLrom its heating action, has no discern-
able erfect on zermination of tie species used under tue
conditions of the experiment,
& = That other factors being equal, gernination of the
gpecies used is conditioned by temperature and noisture,
each varying ir individual importance with different
species, with moisture beinz the nove important.,
5 - small fluctuations in tenperature do not erfect cerm-

ination.



51

4 -~ Average soil temperature of 70 degrees I will effect
& greater per cent and more rapid rate of zgermination
than an average so0il temperature of 60 degrees,

S5 - Tlatural daylight gives healtinier and more nornal
plants than the artiricial lizght used.

© = Thne guality o the light, when the latter is suil-
ficiently intense ior growth, is more a limiting factor

tnan the quantity.
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PART IX
Tne Effect of ILaboratory Controlled artificial

Lignht on rflant Anatomy.

RESULTS

The results ol tnis part of tue problem are open
to criticism in some places due to an initial lack of
understanding concerning its complexities, wocurificient
material was grown so that the average measurenents
night nave been very accurate but very little material
was killed and sectioned. «t Lirst the sections were
cut too thin and the value of much of the work was
nullified due to collapse of tissues durin_ section-
ing., The secvioning was repeated using a zl:ickness of
15-20 microns instead of 5-10 as ued beer 1sed vefove,
Some of the material was unavailable but thzt which
was sectioned, and small as it was in quantity, re-
vealed conditions which on the whole checl: with pre-
vious work, such as that by licDougall and Cenfound (1924).

Ta¥les XI, XII, and XIII, «nd the plates, {(photvo-
micrographs and drawings by tne author) will sudstanti-
ate the text and explanations.

DISCUSSION
It will be noticed thét tiae usual condition oZf

decrease in the taickness of the leaf with a decrease



Thickness
Thickness
Thickness
Length of
Thickness
Thickness
Thickness

TASLE X1

Cimensions given in lMicrons

of leaf

of palisade layer

of epldermis, leaf
eplidermal cells, leaf

of vessel walls in xylen
of vessel walls in leaf
of vessel walls in Avena

Average d iameter of v essels ia avena

Avena
sativa
~
(0]
B 2w
= C O
O ) o
O 1 a
128 94 69
distorted
1
"
1.0 1.7 1.7
1.7 2.4
<2 17

Caragana
—
o)
8 7
o &
O )
o |
77 73
43 32
17 13
31 35
1.7

Pinus
austriaca

—
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4 Fts

¥ <] M
o 80 &
o ot o
o - Q

19 2l 15
18 17 13

2.0 2.2 2.5 4.3 2.1

2.2 2.5 2.1
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in light intensity was repeated, as was also the decrease
in the thickness of the palisade tissue, Ihis decrease
in thiclkness and also the relative strength of the tis-
sues as siown by Their resistance to sectioning is shown
in Flate 5. In considering thne Iijures Zor she average
diameter of vessels in .vena 23 swown in Tzble XI wiere
under control conditions cthe average dlaneter wus 22 nni-
crons .4 under btle conditions oF tiie Dari Zed tie aver-

-e Glaneter was 17 nicwous, LHue relationsnip is easily

“qn

explained toiu the decreased transpiration of the plants
under vre Dark Zed Conditions,

20 explanation is -iven Zor the irrve ular curve of
tie Ttulcikness of tihe epidernis of tne Car. ana leaf.
sust belovi, the Tizures reyreserting the ~=2nsth ol the
epidermal cells, if plotted, would fall i a straigat
line with tlie snortest occurring under the countrol con-
ditions and the longest under tie darl conditions., iunese
resulté were to be expected,

e zraduval increase of the thickness of tie ves-
gel walls in the xylem of Caragana, with a decrease in
quartity of illumination, was an unlooked for occurrence,
3ince it also occurs in the vessels of the vascular bun-

dles of iAvena in both the stem and the leaf tuae guality

of tiie light rather than its intensity mmust be account-
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able, for the intensity was much greater under the con-
trol bed conditiors than in the experimental bed, but
the speoctrum of the latter would show no uwlbtra violet
and a great deal of zreen, red, and blue. (Hibben 1930)
This is in exact opposition to the results of tihe work
of ieDougall and renfound (1924) but the resulits of
finus austriaca swpport tieir work., It must tnererore
bé concluded tihat the erfects of 1lijut may vary with

a difference in species. luey Tound that tne average
dismeter of tile vessels decreased vi th a decrease in
the intensity df the illumination. <“he results as shown
by Avena supnort tiat finding.

In avena and Caragana tie thickness I the vessel
walls was increzsed with a decrease in 1i =t intensity
as shown in Table XI, and as lacDougal (1.01} Zound the
developrent oF tile bast in per cent oI the total area
of the stem z2lso increcsed with a decrease in lizht in-
tensity, a8 shown in Table XLII. 3ut in spite of the
greater per cent of bast in the Caragana stems raised
under Dark Bed conditions these plants were somewhat
recunbent while those »lants grovm wder tie obtaer con-
ditions were erect, Tais may be due to tihe _reater
turgidity of the latter plants,

Sayre (1923) says that the external factor mostly
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influencing stomatal opening is lizght which changes the
hydrogen ion concentration of the cell; and that atros-
pheric hunidity is lesg an influence than light.Ztiolated
plants in darlkness transpire at a lower rate than do
green plants in li:cht (occis 188z) and the decrease in
toe transpiration unier tie more .amid ceonditiouns exist-
ing under tae black clotu during tiae period of Gariziess
Tor tunose planus srown in the Sark Zad viould both ften

to a suppression of tie water conduction tissues, Jiis
accounts Lor tie results depicted in lable XIII, in t..e
puovographs on Plate II, .nd tie canera lucida Jdrawings
on rlates VIII aud IX.

The results of t.ils worlk are in rull _ccord vith
tiose of Ffeiffer (1920 wiho siovied it e diiferen-
tiation ox tissues in tle stews of plunts was greater
in the ull s_ectrum wider liss thnan under _lass srans-
mitting ounly in tne blue or red reylon. In ziunus austri
aca tne differentiation as evideunced by tie development
of the endodermis is greater under a countinual artificizl
lighting containing considerably less taan tne full s_ec-
trum, than it is under tie full sjectrum =s transnitted
thru a2 west window in February and :arch., J.ois is shown
in Table XIII and Qictures i clate II. Jne totzl ab-

sence of Htihe endodermnis under 2arl 3ed conditions rust
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Table XII

Caragana

Areas of different rerions or tae stew in per cent of

total ares,

control Light vark
Cortex lo 41 3o
‘hloen oY S 29
Lylem 23 26 3
Fith 3 S 5
zast 2 5] iV

Table .11l

Finus austriaca

3

iAreas Of different resions of the svem i er csnt OF

the total area.

Cozntrol Lirnt Jarx
Lrlemn 3 S ?
Lacunae o) 4 5

snaodernils traces complete avseun
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be a function of the shorter duration of the ligsht ana the
higher air saturation. <The fact that tae relationships
existing in the development of the enrdoderzis are in the
sane éroportion as those in the development of the xylen
would indicate that the sare factor Jf transpiration play-
ed the major role in its for:ation. ['his complete forua-
tion of vhe endoder:iis under the stimulation of cowntinual
artificial liszht zay ve 2 resaction of tae jlusnt in shat-

tirnz off excessive fracs.iration thru tone storatva of the

jaay

steiz. nils interestins uaenosens, celar vasesd oa suc
few specicens, 1s of course only cornjectural.

Jhe raason for vhe z2uoesrance of the lacuniae in aus-
trian Fine, to wnich refereance is :ade ia Jable LIII, is
2ot xnown z2nd it would ce very 4ifficult -, iniiczte a

czusative asent for their origin and deveo. ..:3a%. accord-

[
T
9]
[
o
{
ct
(V]
2
ct
(@]
ct
S
[e¥

irnc 10 one theory their formation nmay e a
necessity of tiie plant to iacrease its 2o2s 2xcaznce, Larti-

cularly with retference to tiie l.icrease in res_irstion in-

duced by thzs relatively aish temperature. -4y a..car in

ne photosraphs on Plate II as larse chamvers luyinc just

[

inside the pericycle arnd situatsd nore or lecs sot.een the
sTimary xylenm elements. Lhe construction of adjaceny cell
walls indicates that they are lysigenous, veins forned by
tae alssolution of other cells. 14 order to ..ore £.lly

unaerstana thelir .evelop:ient it woulia e m2cessairy to fol-

low 1t from the age of a feu duys $0 a ti.e w.en tne secon-

. »



1)
dary xylem appeared, when the lacunae would probadly dis-
sapear. lio reference to the appearance of lacunae in this

species has veen found in botanical literature.

4ltho e Semocerazure of tug Lontrol cfed vJas not tae
caiie as that of tne woxperinsntal -—ed a.a the cuantity of
tie zaverial was not as wach as 1t aalzot fsve ucen to sive
Srio0Tth curves il shie resuits sere plotted, acvertheless
certain conclusions .ay te¢ reached.
1l - ithe thick..sss of tie lceaves decreases with a uecrease
in the iastensity or tie illumination.
L = ke thickiisss oI t.e epideruls or ths leaves decreases
with a aecreese 1 illuuination.

- e thickness srna density of the pall aus tissue ve-

(}‘

coes less with a2 decrease in li=nt L. vensity.

« = ‘r.e leangth of the epidermal cells of tne leaves in-
crease with a diminution in lisht iateasity.

5 - ne effects of light aay vary with aifrercace in
species.

& = The thickrness of tne vessel walls is 1lncrezseca 0y a
cecrease in li-nt iantensity in these speclics ana un-
der tihe coancditions »>i' tne experiment.

7 - Continous artificial illumination crcatly iacreasses

the per cent of xylea.
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PIATE I

Showing the relative thioknesa of the leaf of Avena
sativa under the three conditions of light# All magni-

fied aoo X.
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PLATE 11
PIEUS AUSTRIACA

Showing the relative development of the xylem under
different conditions of growth.

Control Bed Continual Light Bed
All magnified 200X

Dark Bed
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PLATE III1
CARAGAINA

Showing development of stem tissues under differ-
ent conditions of growth

Control Bed Light Bed Dark Bed

cortex
l—Dark areas in ere groups of host cells



PLATE IV
CARAGAITA

Showing relative development of stem tissues
under different conditions of growth

Control Bed Light Bed Dark Bed



PLATK V
ATmA SATIVA

showing development of vascular bundles
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PLATE VI




(13)
PLATE VII

. Dark Bed

Yascular Pundles of leaf of Plcea
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