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INTRODUQTION

The effect of minute traces of organic compounds on
plant growth has been & subjeot for investigation for a
number of yoars. Organic matter secmed to be a necessary
addition to inorganic media in order to securs normsl plants,
Healthy and normal growth in inorganie media was reported as
imposeible and, therefore, organio matter was supposed to
contain substances esssntial for the growth of plants. Later,
the esssntial character of these substances was questioned, and
organic matter found to be more of a stimulant than an essen-
tial. Healthy green plants were grown and shown to peproduce
in inorganic media, but the question of how the organisc matter
stizulsated the plants remained unsolved.

Regently, green plants were found to oontain traces of
certain organio acids termed " auxines * : these are produced
in the plants themselves and play an important part in growth.
The growth substances were first thought to be few in number
and specific in thelr astion, but a large mumber of synthstie
organic acids, their esters and salts, and even some organis
gases, wers digcovered, whish produced effects in plants
similar to the original auxins. Finally, other naturally
ogourring organie compounds, inoluding some of the vitamins
(essential oonstituents of the animsl dlet) were added to the



ever inoreasing sumber of plant growth~promoters.

The number and varlety of effects produced in plants by
growth substances have multipllied. Early investigatione were
conocsrned with the production of curvature and elongation of
the coleoptile and roots of grasses, espeoially Avena; later
experiments were related to the produstion of abnormsl condi-
tions, for example, the production of adventitious roots on
the upper stems and branches of complete plants. BHMore recent
inveatigators have questioned whether subsetances which proe-
duced such effects could be classed as growth substances;
they secmed, under these conditions, to be detrimental to the
plants. Investigations in which the normal healthy condition
of the planta ig maintalned, show that some of the synthetle
growth promoters not only fall to stimulate plants, but also
that they are toxic, outside a narrow range.

This thesls is a report on the effect of various

organio substances on the growth, reproduotion and composie
tion of the plant Lemna major (Spirodells polyrhiza).

HISTORY.

0f the early work on the stimulation of plant growth by
organic matier, the investigations at the Puresu of Soils at
¥Washington, D. C., are outetanding. Sohreiner and Lathrop(él)
and Spghreiner and Skinner (62) extracted and isolated from

golils a number of organic compounds, some beneflelal, others -
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extrenely toxic to ihoat sesdlings when added to nutrient
golutions. Bottomley (6) of the University of London, was
unable to secure normal growth of Lemna (duckweed) in a pure
inorganic medium; he found organioc matter, especially in the
form of well~rotted peat or peat extracits, was a necessary
constituent of a nutrient solution promoting healthy growth
of Lemna. Bottomley oconcluded that organio matter contained
substanoces, whioch he oalled *auximones®, essential for the
growth of plants. Mookeridge (53), a co~worker of Bottomley,
sugzested that auximones might consist of nuoleiec aoid and
its derivatives and these were shown to be constituents of the
organic materials investigated; Moockeridge (54) from results
of later experiments, funrther suggzested that soll mioro-
organisms were instrumental in the drmation of plant growth-
promoting substances from organic residues in the soil. The
essential characoter, however, of the auximones of Bottomley
and Mookerildge was dlsputed by other investigators.

Glark (11) end Clark and Roller (16,17) successfully
grew Lemna major in a completely inorganic medium consisiing
of recrystallized inorganic salts and water. The plants were
healthy and reproduced normally; but these investigators found
that the addition to thelr medium of organic matter in the
form of extracts of manure and other organic materitals, did
inorease the rate of reproduction of non-sterile plants grown

under non~sterile oonditions. However, the same organic matter
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did not benefit sterile m under sterlile growth conditions.
Saeger (69) confirmed the results of Clark and Roller by grow-
ing Lemna in a diluted Kneop's solution, finding no decrease in
the rate of growth of the plants in the inorganis solution,
but when either autolyzed yeast or alkaline peat W&G‘bl were
inocluded in the solution, a considerably inoreased growth
rate resulted. Later, Saeger (60) reported normal reproduc-
tion of Lemna in the same solution in the absence of micro-
organiagms; the addition of an extract of sutolyzed yesst
under these conditions also inoreased the rate of growth of
the plants, Wolfe (80) although growing lLemma minor success-
fully in Shive's inorganic medium, failed to get any inorease
An reprodustion when he added a mmmber of pure organlc oom-
pounds to the mutrient solution. Ashby (1), using the in-
organic udi.an of Clark (12), secured normal healthy growth
of Lemna minor and also reported a marked stimulation in the
growth rate upon the addition of organic matter to the non-
sterile solution.

Thess investigations showed that oertaln types of
organic matter, inoluding Bottomley and Mockeridge's auxiw
mones, were not necessary for normal growth of plants but
could be characterized as éﬂceasory growth factors 1f added to
non~sterile nutrient laluﬂ.onl.- Saeger (80) bhowever, alse
seoured stimmlation under sterile growth 6omuona. Mean-
while, the problem had been attacked from another point of
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view and experiments with blant. growth=-promoting substances,
produced and funotioning in plants themselves, were in prog-
ress.

The early work on growth-promoting substances produced
in plants was done on the primary leaf sheath or coleoptile
of grasses, espesially Avena. Boysen-Jensen (6) found
that the removal of the coleoptile tip destroyed the power
of the ooleoptile 1o respond to light; restoration of the
tip to the desapitated coleoptilde restored this power.

Pasl (66), seoured indloations that the tip of the coleoptile
normally produses & growth accelerating substance. Padl out
off the tips of coleoptile of Coix Tegrima and replaced them
scosntrieally upon the coleoptile stumpa; the coleoptile
ourved away from the side covered by the tip and this he
supposed was caused by a growth-accelerating substance whioh
passed from the tip to that side of the coleoptile. S8dding
(65), from similar experiments with oat coleoptiles, also
conoluded that the coleoptile tips formed such an accelerate
ing substance. Definite evidence of this substance was
secursd by Went (75), who extraoted it by placing the sever-
ed ooleoptile tips on agar blooks. The agar blocks were then
placed on freshly decapitated ooleoptiles; curvaturs away
from the block was secured, similar to that recorded by APaﬁl
and S6ding for the socentrioally replaced tips. Kogl,
Erxleben and Haagen~Smit (38), named this stimulating sub-



stance *auxin® and later,isolated two auxine from plant materw
lals; they found corn oil oontained a comparatively large amount
of the two substanoces and deaignnte& them auxin a and auxin

b. Both of these were found to csuse gurvature of decapitated
oat ocoleoptiles. Kogl and Erxleben (37), determined tht GOn~
stitution of theee two auxins.

Using human urine as a source of the suxins, Xigl,
Hasgen-Smit and Erxleben (40), dlscovered still another
suxin existing together with auxin a and auxin b, Thls was
named hetercauxin and ldentified as beta~indolyl acetic acid.
Xdgl, et al {42) isolated this auxin from yeast and from
cultures of the molds Bhigopus pigeroans and Aspergilius
niger. Along similar lines, Nielsen and Hartelius (565),
found Rhizopus sulnus produced two growth-promoting sub-
stances; one of these substances ascelerated the growth of
another mold, égggggg;;gg.gggggb while the other aid not,
but di4 osuse bending of oat soleoptiles. Thimann (68)
| isolated the growth~promoting subétanoe produced by
Rhigopus sulnug whioh caused the bending of the cat oocleop-
tlles] 1t aleo proved to be heterosuxin or bete-indolyl
acetic acld.

From 1930 investigations on the identity and physio-
logloal aotion of plant growthe~promoting substances found in
plants rapldly inoreased and the substences were shown to
have an active part in the 1life processes of plants. Ab
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first they were thought to be few 1in number, but this assump-
tion wae soon disproved.

A serles of investigations was carried out at the Boyce
Thompson Institute with a wide range of organie compounds.
Zimmerman and Wilooxon (83) performed experiments on African
Msold, tomato, buckwheat and athorl plants; water solu-
tions of the compounds were injected into the plants or
o.ppuéd externally to the stems or leaves in the form of a
paste in lanclin. Compounds used were mainly indole deriva-
tives, inoluding beta~-indolyl acetic acid and a number of
substituted fatty aolids. Results recorded were initiation
of adventitious roots, bending of plant stems and leaf
petioles, intumesoence and epinasty and hyponasty of leaves.
Following this, Hitohoook and Zimmerman (34) poured water
solutions of indole derivatives and naphthalens and phenyl
substituted fatty aoids directly on the soil in which tomato
and tobacco plants were grown; qualitative results obtained
were slmilar to the previous experiments. Zimmerman and his
ee-workais, {81,82) using potted plants, found the salts of
the organic aolds to be generally more effective than the free
acids; in some cases esters were found to be more effective
than the free aoid, for example, methyl-beta-indolyl aoetata
gave the same results in lower conoentration as the synthetie
heterocauxin, beta~-indolyl acetlioc acld.

Avery, Burkholder and Creighton (2) used the Avens
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coleoptile as a test object and reported results of experi-
ments with a mumber of aynthetic compounds found by the in-
vestigations at the Boyce Thbnpaon Institute to be highly
effeotive growth substances. On the basis of minimum con-
centrations whioh caused ourvature of the coleoptile of
#bout ten degrees, the salts and esters were found to be of
equal or greater effectiveness as growth substances when
compared to the free aclds., Two aolds, naphthalene acetic
acld and indolyl butyrio aoid, both powerful root-forming
substances, appeared to be only slightly effective on
Avena. This report showed that acids which had been found
effeotive as growth substances can have the hydrogen of the
oarboxyl group replaced by an organioc or inorganic radical
or a metal without destroying the activity.

A ocompletely different type of growth stimulating
subatance was found in gases; Orocker, Hitchoock and
Zimmerman (19), using tomato plante and sweet-pea seed-
1ings, reporied plant growth-promoting powers for the gases
oarbon monoxide, ethylene, acetylens, propylene and butylene,
comparable to thoss of the acids, esters and salts studled.
Denny (21) dlsoovered that tomato stems produce an emanation
whioh induced epinasty of potato leaves in a manner similar
to low concentrations of ethylene. Michever {52), reached
the conclusion that the effects of athyléne on growth were
not entirely dirsct, but that the ethylene also influenced
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the growth hormones.

The number of growth substances, increased by the syn-
ﬁautic eompounds discovered by experiments at the Boyce Thomp-
son Institute, was further augmented by the addition of fresh
naturslly odourring substances aotive as growthepromoters.

Williems and others (77), dlscovered a growth-promoting
substance which they extraoted from beef liver, rice bran,
sea urohin egge, molds mnd baoterial growth] this appesared to
be a constituent of every organic tissus examined, whether of
animal, plant or bacterlal origin. The substance was isolated
in a mnéam&e pure enough to be olasgsed as an organic asid
and was named pantothenio acid; although a large part of the
investigations of pantothenic aoid as a growth substance, by
Willianms and his co-workers, was on yeasi, MoBurney, Bollen
and Willlams {48) reported the svceleration of the growth of
alfalfa seedlings by the asld.

Vitamina, essentlial constituents of snimal dlet, have
also been found to be plant growth-prometing substances.
van Hagusen (32) reported that the addition of pure Vitamin ¢
to sterile pea oultures caused an inarease of 38 to 70 per~
cent in dry welght of the plants over oontrols. Vitamin C,
oontaingd in cotyledons of the pea seedlings, was found
to exert a declsive Influenioe on the development of young
plants; while removal of the ootyledons almost completely
-Mm the growth of the seedlings, the addition of
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vitamin 6 to the nutrient solution resulted in nearly perfect
development of the plants and these later contained normal
vitamin ¢ content. Virtanen (71), from similar experiments
concluded that vitamin C was a phytohomna wk ‘oh was indlg-
- pensable to plants. In the same way, vitamin By ie indicated
as an essentlal in plant growth; Bomner (3) was unable f.o grow
amputated pea roots in solutions containing essentisl mineral
salts and suorose; new growth was obtained when an extract of
Yoast was added to t.he nutrient solution and still better
growth when orystalline vitamin B; was inoluded with the
basal medium. Bonner conocluded that vitamin By was as
necessary for plant growth as it is for the normal growth
and health of enimals.
Thus the number of known compounds which promote the

growth of plants was inoreased. To the auximones of Bottomley

and Mookeridge and the auxins of Went, Kogl and Thimann,were
added many organic acids, thelr esters and salts, vitaminsg and
oven geses. Following the discovery at the Boyce Thompson
Institute of an inoreasing number of synthetlo organic com-
pounds ( & total of 53 were reported by Zimmerman and Hitch-
sock (81) ), which were efficlient plant growth-promoting sube
stances, Zimmerman and wil.caxoa {83) made the following state-
ment regarding the plant growth substances!
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%0f the many thousands of known chemioal
gompounds there are probably many others
which would be equally effective with
thoge known to date".

- The data of Zimmerman and Hitchoook (81) argue
against the idea of the speoificity of a particular hormone
or growth substance for any one plant, and S8ding {66) alseo
has reported experiments from which he concludes that growth
substances are noa—upeoine.

In tha‘ search for plant growth-promoting substances
the Ayena eoleoptile has been used widely as a test objeoct.
To obtain rellable results with the method developed, it is
necessary to use a standarized strain of oats and to maintain
a constant temperature in & dark room with high humidity. only
one of several growth responses induced by growth substances
1s measured, namely, the slongation of cells. Am Axsna nethod
does not measure cell enlargement, cell division, penetration
of the substance or induotion of new organs.

A %echnique developed at the Boyoe Thompson Institute
by Zimmerman and Wilooxon {83), makes use of the tomato plant,
although many other specles were aleo used. The growth sub~
amﬁs are mixed with lanolin or olive 01l and applled to
stem, leaves, etc., of the plants. Water solutions of the
substanges can be injected :"nto the plant, added to the soil
in which the plants are grown, or used as a nutrient solution,
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and the responses of plante to the growth substances oan be
Anvestigated and measured. Althoﬁgh these methods show many
of the effects on plant growth, experiments investigating the
effect of growth substances during the entire life cyocle of
the plant seem to be limited to the growth of peas, carried
out in the absence of mioroorganisms by van Hausen and
Virtanen.

In this laboratory, Lemna major had been grown
euocessfully through hundreds of plant generstions under
artificlal light, in an inorgamioc medium and in the absence
of microorganisme. Under these growth conditions Clark and
Roller (16,17) found that organic matter from soil 4id not
stimulate the rate of reproduction of the planta. The
healthy and normal growth of Lemns under sterile growth oon~
ditions and in the absence of organic matter, offered an
opportunity to investigate the effect of pure or orude oon-
centrates of growth substances on one plant, in its complete
form and under its natural means of aoquiring nutrients forx
growth. The question of the synthesis of vitamin By by the
Lemna under these conditions,(Clark 15), was a further
problem and remained to be solved.
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OUTLINE OF PROBLENM.

1. 7o determine the effect on the rate of reprodustion
of Lemna grown in inérsanic medium in the absense of mloro-
organisns and under artificial light of the following:~

{a) & orude ooncentrate of growth-promoting
material extracted from beef liver
(pantothenic acid);

{(b) & orude concentrate of growth-promoting
material prepared from the gshoots and
roote of sprouted corn {auxins);

{¢) pure organic compounds known to be

- plant growth-promoting substances.

2. 7To determine if Lemns synthesize vitamin By when
grown under the following conditions:-~

{a) 4n an inorganic medium, in the absence
of mioroorganisms and under artificial
1ight;

(b) 1n a sollewater mixture, in the presence
of mioroorganisms and under sunlight.

~ The first erude concentrates of growth substances
extraocted from &ry beef liver by 80 percent methyl aleohol
and from the shoots and rooits of sprouted corn by 86 percent
ethyl aleohol, were further concentrated by the use of the
fractional cléot.mlysu method of Williams and Truesdall (78).
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0f the pure compounds used, phenyl aoetic acid and
phenyl proplonic acid were purchased from the Eastman Kodak
Company; beta-indolyl acetic acld {synthetic heteroauxin)
was obtalned through the courtesy of Dr. R. H. Manske of the
National Research Council, Ottawa, Canada. ,

In the inveetigation of the synthesls of vitamin By by
the Lemna, the preparation of the rats and rat feeding ex-
periments were carried out with the aid of Dr. B. H. Thomas
and his assistants of the Animal Nutrition Laboratory of
the Agrioultural Experiment Station.

No attempt has been made in the introduction of this
thesis, or in the sections to follow, to review completely
the literature on plant growth~promoting substances and
vitaming; articles directly related by thelr nature to the
problem undertaken have been olted.

Thimenn (69) has published a comprehensive review of
the literature on growth substances up to 19356 ; Went, P.W.
(75) reviews auxins and Went (74) presents a complete
review of the work of the laboratory at the University of
Utrecht (Kogl, Went, et al) during the last deocade. Boysen-
Jensents (8) ﬁoax.on growth hormones in plants has been
revised and translated into Englieh; this 15 a complete
study of plant growth substances up %0 and ingluding part
of 1936, | |

A review of vitamin By is given by Brady {2);Sherman
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and gsherman (63) glve an extensive review of recent investigae
tions of vitamins up to 1937. '



PANTOTHENIC ACID

The growth promoting substance named pantothenlc acid
was discovered by Williams and his co-workers (?7?7) in 1933.
They oxtractad this substance from rice bran, beef liver,
orab eggs, sea urchin egge, oysters, earthworme, planarian
worms, slime mold, baoteris, (B.subtiles), mold (Aspergillius
niger), als#e, milk and egg white. The extraction procedure
was essentiglly the same for all raw materials.

The @ny substance was extracted for approximately one
half hour, under reflux, with 80 percent methyl aloohol.

Raw materials ﬁhleh oontained much fat were first extracted
with ether; the residue after extracting with ether was then
treated with the 80 percent methyl aloohol and although the
ether extract was always tested for growth-promoting mater-
ial, none was ever found., The methyl alcohol extract was
filtered free of insoluble material, the filtrate evaporated
t0o dryness on a water bath, phe residue taken up in water,
made up to the required volume and the solution purified by
electrolysis.

The eleotrolysis apparatus used by Williams and his
co~workers was patterned after an electrodialysis gystem
suggested by Willlams and Waterman (79). It oonslisted of a
series of four ocells 5 om. in dlameter and 6 om. high; the

cells were conneocted by syphona, which were filled by suction
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with the same solution contained in the cells and emptied ab
the end of the eleotrolysis by opening the stoppocks at the
top of thé syphons. Platinum flag electrodes, placed in the
end celle of the series, were connected to a souree of direot
ourrent. The apparatus used was similar to that of Williams
and Truesdail (78), except that the number of oells was in~
oreased from four to eilght.

During the electrolysie of water solutions in the
apparatus dsaarlbéd, a pH gradlent was established ranging
from scid in the ¢athode cell to alkaline in the anode
compartment. By 1inoreasing the number of gells from four to
eight, Williams and his co-workers (77) secured a more
uniform pH gradient. The growth substance contalned in the
extracts investigated was found 1o move toward the anode
during an eleotrolysis. By sgecuring a more uniform pH
gradlent, a ooncentrate of greater purity was obtained.

The time of eleotrolysis was usually from 30 to 60
hours for all materials 1nvast13ated; a potentlal of 50O
volts was used with & ourrent strength varying from 1 to
6 milllamperea, depending upen the nature of the material,

Williams (77), expialna the concentration of the
growth eubstance (pantothenic aclid) in certain of the cells
by the faot that a weak acid in th@ presence of buffering
substances migrates in an eleotrio fleld to a point where
itn fonization will be t00 low to be effective; as it passes
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to cells whose oontents are quite acidic the loniration of
the acld will be reduced to such a low value that its move~
ment to the next oell will be comparatively slow. If elec-
trolysis were always oarried out under the same conditions,
the aoid ghould acoumulate in the same plaece; but to duplie-
cate the exact conditions is impossible because the presence
of foreign substances influences the result. wWilliams (77),
believed the charaoter of the pH gradlent to be determined
almost wholly by the substances assooiated with the panto-
thenio scld because the oconcentration of the acid itself
was negligibly amall.

A striking stimulation of yeast growth was seoured
when pantothenic acld in the form of a crude concentrate
obtained from electrolysis bxper&ments was added to &
synthetic medium; this was true regardless of the soures of
the concentrate. Based on the similarity of behavior in
fractional eleotrolysis experiments, diffusion experiments,
and different chemical treatment such as oxidation and
hydrogenation, Willliame (77) ooncluded that the ability of
these extraocts to stimulate yeast growth was due to the
presence of & single aclid subatanoe which appegred to be of
"~ universal biolosical ooourrence. -

Although the greater number of the investigations of
Willliams and his co-workers (77) was on the stimulation of
yeast growth by the pantothenlo aoid, HoBurney, Bollen and
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Williams Ma) reported the stimulation of alfalfs ssedlings
Ly the extracts. I

In the investigations of naturslly ccomrring growth
substances for Lemna in this laboratory tho eleotrolysis pro-
nénra developed by Williamse and his oo-mrkers taaawd to Dbe
a px'onuina uathea for the consentration of growth substances
which nlsht. iﬂmulatc the rate of reproduction of Lemna; beef
diver was used as a source of the growth substance, since
Rohrmsn, Burget and Willlams (58) found that liver was one
of the ﬁm:f. souroces of the mtomnac aoid.

Growth methods for Lemng.

Presh beef liver was cut into narrow, thin strips and
completely dried in an oven at 80° 0. The dried liver was
ground in a mortar; the resulting powler was placed in the
thimble of a soxhlet extractor and extracted with ether for
30 minutes. The residue was freed of sther and then extracte
od undar reflux with 80 psroent methyl alsohol for 45 minutes.
The solution obtained was filtered and the filtrate evaporate
~ed to dryness on a water bath. The 4ry residue was taken up
in water and diluted to the volume desired for further con-
centration of growth substances by elestrolysis.

The spparatus used for the eleotrolysis gonsisted of
eight 100 eo. pyrex beakers srranged in a row upon a wooden
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platform with ocleats on the sidee to hold the beakers in line,
and covered with a wooden strip. Soft rubber sheeting was
tacked to the under side of the board, fitting snugly sagainst
the top of the beakers when the cover was oclamped in place,
in order to reduce loss of solution from evaporation to a
minimum. The cover also formed a support for inverted glass
U-tubes which passed through holes in the board and were
ussd to sonneot the beakers with liquid Junotions of the

same solution contained in the beakers. A small glass tube
was sealed into the bend of each U-tube and these were
closed at the top by means of short pleces of rubber tubing
fitted with Hoffman olamps. The rubber tubing served to fill
the tubes Dy suotion. At the end of the electrolysis the
tubes were emptied by loosening the clamps. Platinum flag
electrodes in beakers at opposite ends of the series were
supported by the cover. A 2000 voli Westinghouse high volt~
age rectifier, ocommonly ocalled a power pack and operating on
110 A.C., waB used a8 the source of ourrent.

In earrying out an eleotrolysis sach cell (beaker) in
the series was filled with 100 cc. of the solution to be
electrolysed and the cover clamped in place; the U~tubes
were filled by suotion, the electrodes placec in the end cells,
oonnected to the power pack and the ourrent turned on. The
slectrolysis was continued without interruption for as long
a periocd as was desired. At the end of the electrolysis the
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liquld Junotions were emptlied, the cover and eleotrodes re-
moved, and the pH of the contents of the separate beakers
was determined with a glase eleotrode. Alliquots of the con-
tents of the oells iere then removed and added to & basal
inorganic solution used as nutrient solution for Lemna.

The basal inorganic media used was 1dentioal in all
variations of the investigation. Thls solution was desorib-
od by élark (13) and found by him to give optimum reproduc-
tion of Lemna major at.»pH 4.8. The prepared basal solution
contained, in millimols per liter, 0.4 of calcium added as
mi;o»ealeim phosphate, 8 of potassium as potassium nitrate,
1 of magnesium as magnesium sulfate, 0.00046 of manganese as
manganous chloride, and 0.01 of iron as ferric chloride. In
addition, each liter of nutrient media contained 2 co. of a
0.0286 molar ammonium chloride solution.

All the salts used were purified by recrystalllization,
exocept ferric chloride; this salt was Kahlbaum's "Zur Analyse
mit Garantieschein®. |

Speoial distilled water was used to prepare all solu-
tions. This was prepsred from regular laboratory dlstilled
water whioh was redistilled with alkaline permangenate. The
product of the second distillation was further distilled in
an apparatus c onstructed entirely of pyrex glass. fhe
speoial Aistilled water was stored in & 20 liter pyrex carboy
and proteoted from oontaminatlon by dust. Pyrex apparatus
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was used throughout and ocontainers with which the culture
solution came in contaot were also pyrex.

The aliquots of stock solutions of the inorganic salt
used in preparation of the basal inorganic medium were added
from burettes to a 100 cc. pyrex volumetric flask; the desir-
ed aliquot of supplementary material was then transferred to
the flask with a graduated pipette. The volume of the mixed
solution was made up to approximately 90 cc. with special
dlegtilled water and ’the mixture transferred to a 260 cec.
pyrex beaker. The pH of the solution was adjusted to 4,7 to
4.8 by the addition of either a dilute molution of hydro-
chloric ascid or of potassium hydr oxide, depending on the
original pH of the asolution; measurements of pH were made
with a glass elec;rede. Following adjustment of the re-
agctlion of the nutrient solution, it was returned to the
volumetrio flask and the volume made up to 100 ec. with
- speoisl distilled water.

The prepared medla was transferred to a 280 cc.
erlenmeyer flask, stoppered with a cotton plug and sterilized
in a steam autoclave at 20 pounds for 106 minutes. Willlams
and others (77), reported the growth substence to be heat
stable in slightly acid golutions, so the treatment given
the supplemented media should not have destroyed any of the
added substances.

Lemna plants, whioch had been grown under sterlle oon~-
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ditions on inorganic mediium for a number of years in this
laboratory, were ussd Lo inoculate the sterile ocultures. The
apparatus used and the technique followed in inocoulating and
transferring oultures was essentially that desoribed by

| Clark (14). Sterility of the cultures was checked period-
ioally by inooulation of bacto-nutrient agar slants with one
of the plants, as outlined by Clark and Roller (17).

The inooculated nutrient solutions were placed in a
constant light and temperature apparatus, desoribed by Clark
(14). This apparatus contained a water bath maintained at
25° ¢ ¥ 0.5% in which the culture flasks were placed. The
light was furnished by four 300 watt bulbs for 144 hours
daily; the intensity of the light was measured by a Weston
Illunmination meter and found to be approximately 150 foot
oandles at the surface of the bath.

The rate of reproduction and general appearance of
Lemna grown in an inorganioc medium, under the conditions
desoribed, was taken as a standard for comparlison in all
investigations recorded in this thesis. The inorganic
medium used was the basal inorganio solution, adjusted to a
pH of 4.7 to 4.8 with dilute potassium hydroxide and made up
to 100 co. with special distilled water. The procedurs in
sterilization and the growth conditions were identical with
those used for the supplemented basal medium. Hereafter,
the appearance and rate of reprodustion of Lemna in the
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inorganic solution will be referred to as the "standard*.
Experimental

Stimulation of Lemna: preliminary teets.

Series I: Test of dlfferent concentrations of growth-
promoting material.

Preparation of media.
A preliminary investigation was made to test for the

presence of substances in dry beef liver which would stimu-
late the rate of reproduction of Lemna, and also to examine
the fessibility of the fractional electrolysis of Williams
and others (?7), as a method of separating such growth-
promoters. The data presented represent only a small part
of the results obtained but the general trend of the select~
ed material indlcates clearly the answer sought by these
firet experiments.

The preparation of the supplement for the basal medium
was duplicated as nearly as pogsible for each part of the
series. In every instanoce a five gram lot of dry beef liver
was prepared and extraoted by the procedure desoribed in
the section on *Methods for Lemna®". The water solution
secured was mads up to a volume of 833 c¢c. ; the excess over
the 800 oc. necded to fill the cells of the eleotrolysis
‘apparatus was used to prepare nutrient solution supplemented

with “uneleotrolyzed®solution.
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The electrolysis of the water solution was continued
for approximately 20 hours for each fiva gram lot of dry
liver. The ourrent stirength varied at the start of an
electrolysis from 5.0 to 8.0 milllamperes; this dropped
rapidly after two to four hours from 3.0 to 4.0 milliam-
peres and then deoreased gradually te 1.6 and 2.0 milliam-
peres at the end of thn.run. The voltage dropped from
approximately 1900 to 1760 volts during the firet few hours
and théh gradually increased from 1900 to 1976 volts at
the conolusion of the operation. '.’

At the end of an electrolyeis the pH ¢f the oon~
tente of the oells was determined with a glass electrode.
Aliquots were then removed from the cells by means of a
graduated pipetts, the measured portion added to the
inorganic medta and the pH adjusted to 4.7 to 4.8, as
prefiausly doaoribed. After the reaction was adjusted, the
prepared nutrient solutlon was made up to a volume of 100 co.
and transferred to a 280 cc. erlenmeyer flask, which was
immediately stoppered with a cotton plug and sterilized in
an aﬁtoolavo. Results of preliminsry investigations showed
that the precipitate which aocumulated in some of the
eleotrolytic cells at the end of an electrolysis was neither
toxic nor stimulative to Lemna ; aoccordingly, the sediment
in the eellé wag well mixed with the liguid and the aliquots
{mmediately removed from the resulting suspension.



-30-

The volume of the aliquot taken from the cells and
added to the basal inorganic medium varied from © oc to as
small a portion as 3/18 cc. Three, and in some instances
four and five duplioate cultures were prepared from the
material extracted from one lot of liver. This procedurs
was neosssary beocause the preparation of the material and
the nutrient solutions (extraotions of liver, electrolysis
of extracts and adjustment of the pH of cultures) involved
& time-consuming amount of routine work. Since the pH
adjustment of supplemented solutions was different from the
material prepared from each lot of liver extract, repetition
of that part of the preparation was avoided by preparing the
oulturés_in the number of duplicates mentioned. Unless other-
wise indicated, the oultures were transferred to fresh solu~
tions every tivg days; this method negessitated using supple-
mented media which had been reserved in the laboratory
several weeks before inoculation with Lemna. There was no
evidence of loas of growth-promoting power or of the develop=-
ment of substances toxio to Lemna in the solutions during the
int;rfal before use. In order to continue an experiment for
four to five weeks, material wae required from the electroly-
8ls of extracts of at least two separate lots of dry liver.
The cultures used in the two parts of the experiment were pre-
parsd from similar material. For example, if the alliquots
added during the first part of the experiment were taken from



a cell in the electrolysis apparatus whose contents had a pH
of 3.4, then the inorganic solution used to continue the
series was supplemented with a similar aliquot from the odil
in the seocond eleotrolysis with a pH nearest 3.4. The vari-
ation in the composition of the oultures caused by this pro-
cedure is indicated in the tables and graphs.

The results of the eleotrolyeis of nine separate lots
of liver are summarized in Table I. 8Seleoted data from
preliminary experiments on the growth of Lemns in inorganic
media contalning an extract of beef lirerggrgrmmérdad in
Table II; the curves in Figure I, show the rate of repro-
duotlion of the cultures described in Table II.

In these investigations, the terms "growth" and "rate
of reproduction* are used 1ntarohanaa&b1y. Lemna major
reproduses by budding. When conditions suitable for growth
are kept constant, the rate of reproduction, K, may be
caleulated by using the equation derived by Clark (12),
lﬂsgoﬂ - logygly = E (t=%y), in which N is the number of
frondes at any time, t. The rate of réproduotion is deter-
mined graphically by plotting logyoN against the time in
days, t ; the slope of the resuliing ourve represents the
rate of reproduction, K. The curves, for the cultures
desoribed in Table II, are plotted in Figures 1 and 2.



\ Table I.~ Fractionation by electrolysis of water solution of extract of beef liver,

Cell pH of ocells {glass electrode)
Fusber L
Cathode
1 92.9-11.0 10.8 10.¢
2 7.4-10.2 10.1 2.5
5 4.?"‘7-‘ 304 6.2
4 3.5-3.9 3.7 3.7
5 3.0-3.4 3.3 Je3
2.8~3.3 3.2 3.1
7 2.8-3.1 3.0 3.0
’ B 2‘1"'205 2-4 204
Anode

Condition of cells at conclusion
of electrolysis. {(Brown solution
at start of electrolysis).

cnlor besane lmm during electroly-
;tinge of yellow at oonclusion;fine
ia suspension throughout solution.

Became turbid,but was olear light yell-
ow brown at conelusion;slight ppt.

Color similar to cell 2 but elishu:
darker; some floocculent ppt.

Dark brown color;olear with nvu'al
large masses dark brown ppt.

Clear yellow brown;flooculent ppt.

Color similar to cell 6;turbid with
suspended particles;some ppt.

Light yellow brown;very turbid with

considerable ppt.

Light yellow to nearly colorless;bott-
om covered with flocculent ppt;largest
amount of ppt. in series of cells.

oo~



3/8 oc No.B;pH 2.5 3/8 cc No.S;pH 2.1

Table 1I.~ Growth of Lemna in sterile inorganic solutions supplemented with
~ eleotrolyzed liver extract. Inltial pH of cultures 4.8. Growth
periods 20 and 30 daye duration.
Culture ganic media. Kx Condition of plante.Stand-
Bumber L sacenﬂ addition 1000 ard of comparison - plants
awt:lea after 15 days . From grown in inorganic media.
4156 Inorganic media -~ {Standard). 7o
289 3 ¢c liver extract 3 oo liver extract 66 Saall plants;normal color;
medium length roots.
498 3/8 ec liver extract 3/8 oo liver extract 83 Slightly smaller than stand-
ard. Normal color; medium
. length roots.
172 S oc No.l;pH lo.7™ 70 Normal slize;slightly lighter
- green;rootes slightly shorter
499 3/8 ec No.l;pH 9.9 3/8 ce No.l:pH 10.7 85 Small plants;normal color;
medium roots.
321 3 oo Ho.B;pH 3.2 3 ec Ho.8;pH 3.2 72 8Small plants; light green
color; medium roots.
408 3/4 oc No.5;pH 3.4 3/4 ac No.5;pH 3.3 79 Normal fronds; roots
slightly shorter.
406 3/8 ecc No.5;pH 3.4 3/8 ec No.5;pH 3.4 85 Normal fronds; slightly
' shorter roots.
502 3/16 oc No.5;pH 3.4 3/16 oc No.H;pH 3.4 93 Normal fronds; slightly
~ shorter roots.
192 3 oc No.8; pH 2.1 62 Very small fronds; t.hmk,
ghort roots.
504 82 Normal: roots slightly

g@rtar.

* Number of ¢ell in electrolysis system and pH of contents; volume refers to the
aliquot of cell contents added to the basal inorganic mediunm,
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Trends Indiocated

The data presented in Table I inelude resulis from
electrolyses oarried out in the preliminary investigations
in whioh extracts of dry beef liver were electrolyzed. A
water solution of the materisl extracted by 80 percent
methyl alcohol from five grams of dry beef liver was used
in each run. The volume of the water solution was always
the same, 833 oc., of whioch 800 oc. was eleotrolyzed; the
electrolyals time was approximately 20 hours in each case,

During the electrolysis a.pH gradlent was establishe
ed in the geries of oells; there was a decrease in acldity
from about pH 2.5 in cell 8 (anode), to sbout pH 10.5 in
oell 1 (oathéde). Thie is olearly indicated by the results
recorded in Table I.

The variation in pH for the solution in the different
cells is shown by the values given in Table I. The range of
pH in each sell for the nine slectrolyses is recorded in the
first column under pH of cells. The greatest difference
oscurred in cells 2 and 3-- 7.4 to 10.2 for cell 2 and 4.7
to 7.4 for cell 8. The variation in pH for the other ocells
was oonfined within narrow limits; this was espescially true
for cells 4 to 8 inclusive, the final pH of the solution oon-
tained in each of the oells varying enly from 0.3 to 0.8 of



a pH unit.

For the different electrolysee oarried ocut, there was
gome overlapping of the range of final pH values, namely,
cells 1 and 2 and 6, @ and 7. The overlapping in ¢ells 1
and 2 was emall compared with the variation for the series of
runs in the cells themselves. However, in cells 6, 6 and 7,
the range of the group as & whole, 2.8 to 3.4 4id not wvary
greatly from that of sach individual oell; the average
values and the values in the sample run put them still oloser
together, the range being 3.0 to 3.3. Cell 8 on the anode
end of thie group, stands alone with a range of 2.1 to 2.5;
cell 4 on the oathode side, with a pH range of 3.5 to 3.9,
while Aaa 80 distinotly separated from the group 5, 6 and 7
as cell 8, hevertheleas 18 in a position by itself in the
pH gradient. The final pH of the solutlion in cell 3 was
always removed from that of the cell on elther side. Ths
results of the nine eleotrolyses glve it & pH range of from
4.7 to 7.4 gnd the averege value pH, 6.4, places it epproxi-
mately in the middle of & six unit gap between the avereges
for cells 2 and 4.

Williams and his oco-workers (77), as previously stated,
advanced the theory that the separation of the growth sube
stance by eleotrolysie was due to the deorease in the ion-
ization of the acid in solutions of a high hydrogen ion con-
centration. As the aclidlty inoreased there would be a ocon~
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tinued decrease in the lonigzation of the acid and consequent-
1y less movement of the aoid radioal toward the anode in an
eleotric field. On the basis of this theory it would seem
poselible, from the data recorded in Table I and previously
discussed, to control easlly an eleotrolysis =0 that the
greater part of the aocld would accumulate in cells 5,6,7
and 8; by means of & long electrolyseie period the subitanoo
might be separated in cell 8. |
' The data recorded in Table 1II and the ocurves plotted
in Figure I, are representative of the trends indicated by
these preliminary experiments on the growth of Lemna in the
inorganic medium containing prepared extracts of beef liver.
Several interesting facts are brought out by these results.
The presence in the extract of substances which in-
oreased the rate of reproduction of Lemna is olearly demon-
strated. The rate of growth for the standard, culture 415,
as measured by K, was 70. The value for K was muoh greater
for six of the supplemented ocultures included in Table I1I,
namely, oultures 498,499,406,408, 8502 and 604. The solu-
tions indloated represent ouliures containing additions from
the original water solutlon of the extract or portions of
eleotrolyzed fractions from cells 1, 5 or 8; stimulatlion of
the growth of Lemna was alao obtained in nntrient solutions
to which aliquots of the sleotrolyzod fraotions from cells 4,
8 or 7 were added. Ko aliquot tsken from oell 2 or cell 3
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inoreased the growth of the plants; however, betsuse of

lack of space in the oconetant light and tempersture apparatus,
the contents of oell 2 were not fully investigated and small
aliquots from it might have given results similar to those
obtained with aliquote from ocell 1 (culture 499). The
stinulation of the growth of Lemna in solutions containing
additions from cell 1, oulture 499, was unexpeoted. Williams
and others, {77), obtailned only a slight stimulation of yeast
growth from thé’basio_aleotrolyzed fractions of liver extract.
MoBurney, et al, {48) did not mention the uss of that fraction
in their report of the stimulation of slfalfa seedlings by
pantothenic acid.

The inorease in the rate of reproduction of Lemna in
the ocultures contalining the various forms of the extract of
liver was always aocompanled by changes in the appearance of
the plants, especially notlceable in those cultures containe
Aing the largest volume of the supplement. The fronds beocame
smaller, turned a lighter green ocolor and lacked the waxy
luster shown by plants grown in the standard solutions; the
roots were shorter and in some 1nataneci deoreased 1o mere
stubs, e.g., culture 192. This effect of growth substances
on roots has been reported by other investigators, Boysen~
Jensen (?7), found the root growth of beans was completely
stopped in auxin solution; Kégl (41), from simllar experi~
ments, reported that roots of oat seedlings deoreased
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in length. Marmer (0l), grew wheat seedlings in solutions
containing beta~indoly1 apetlio acid and reported a decreased
growth of the primary roots.

In addition, the data in Table II and the ourves in
FPlgure I, bring out one other point - an inoreased rate of
reproduction asocompanying a deorease in the volume of the
various aliquots added to the nutrient solutions. This 1s
shown very distinotly in Table II by cultures with additions
from cell B; Lemns grown in cultures 321, 406, 405, and 502,
containing in that order 3, 3/4, 3/8, and 3/16 co. portions
Irom cell B, had rates of reproduction expressed by X of 72,
79, 85, and 93. A similar relation is shown by the values
for X for the other cultures recorded in Table II, whioch
were supplemented with the original unelsotrolyzed solution
of the extract and from electrolyzed fraoctions from cells
1 and 8. The ourves in Figure 1 present a graphic ploture
of this fact; the steepest ocurves are assoclated with the
smaller volumes of added supplement. Other oultiures were
grown with larger or smaller aliquots from the cells between
thaie recorded in Table II, but the group given are repre-
sentative.

The rapid inorease in the rate of reprodustiocn of
Lemna when grown in media supplemented with the small ali~

quots, both from the originel unelectrolyzed solutions and

from the electrolyzed fractions, indleates too high a con-
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Qentration of the gxowth‘snbstanoe in the original solution.
Purthernore, the marked stimulation from cells 4 to 8, in-
olusive, ocalled for a longer period of eleotrolysis in order
to concentrate the growth substance in fewer cells of the
apparatus. With these points in mind a further investigation
was oarried out, the results of which arse presented in the

ssction entitled *"Comparison of Effective Uoncentrationas®,

Series II : Test of chemioal nature of growth-
promoting material.

Preparation of media.

The object of this serlee was to determine if the stimu=
lation in the growth of Lemna seoured in Series I was due to
inorganis or organic substances. During the preparation, in-
formation was secured on the amount of dry matter contained
in the 80 peroent methyl éleohol extract of dry beef liver.
Data were also sscured on the final distribution of material
by the frastionsl eleotrolysis of the extract.

The procedure in the extraction of the liver and purifi-
cation of the water solution of the extrasted material was
1dentical with that desoribed under "Methods for Lemnas", with
the equptian that & 5.28 gram lot of dry beef liver was used
instead of a B gram portion, in order t0 secure a larger
volume of the water solution of the extracted material. The

conoentration of extracted matter in the water solution pre-



pared for eleotrolysis was identical with those solutions
prepared from the material extracted from § gram samples.. A
larger volume of solution wsas necessary so that aliquots of
the solution electrolyzed could be reserved for further
treatment with the eleotrolyzed fraotions.

After an eleotrolysis period of approximately 20
hours, pH determinations were made on the contents of the
celle. The material in the cells was well mixed and two
aliquots were rcmoved from each cell to tared porcelain
erucibles. These orucibles, together with those containing
the portions of unelectrolyzed solution, were placed in a
sand bath and the ocontents evaporated to dryness; after
removel from the sand bath, the erucibles ocontaining the
dry residues were heated to oconstant weight at 108° €., and
one of each palr was ignited at dull red heat. Following
ignition, the qruoibles were agaln weighed. Ten oc. of
1:3 hydroohloric acld were added to each ashed residue, the
erucibles placed in the sand bath and the contents evapor-
ated to dryness; then ten oc. of water were added and the
contents of the orucibles agaln evaporated to dryness. A
blank, ocontaining the same volume of HCL used for the
samples of ash, was evaporated with the samples. Following
treatment, the orucible was washed with water and the wash-

ings preparsd in the same manner as the water solutions of
the treated ash.
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The sample of treated ash and the blank were taken up
in water, filtered and the filtrates made up to 100 oc. The
dry matter duplicates of the ignited material were also taken
up in water and made up to 100 oc. Bome of the dry matter
was insoluble in water; this was broken into fine particles
and left in the 100 cc. of solution. The sediment was mixed
with the liquid before removing aliquots to supplement Lemna
oultures. The measured portions were added to the inorganic
media and the completed duplicated cultures prepared and in-
oculated with Lemna as outlined in "Methods for Lemna®". As
in Series I, it was neocessary to use material from two
separate lots of liver in order to secure sufficient cultures

t0 continue the experiment for at least a month.

Trends Indicated.

The data recorded in Table III werg secured from the
determination of 4&ry matter, in duplicate portions, from the
eleotrolysis of two lota of dry beef liver. The results from
the ignition of the residue of one of the duplicates of each
determinationd 4ry matter are included in the table.

The pH gradients shown by the two values recorded in



Table III.~ The determination of dry matter and ash in water solution{unelectrolyzed
and sleotrolyzed fractions ) from 80 per cent methyl alcohol extract of

dry beef liver,
Source pH Samples Dry matter™  Ignited dry matter [dull red heat) -
of Two electroly- Average value from one 40 oc. aliquot for each sample.
Sample ses { Glass four aliquots Welght &ry Welght ash  Percent ash
electrode). mg/o0. natter " 38 in dry
matter.
Original
solution* 4.9, 4.9 1.0 41.3 S.4 8.2
Cathode
Cell I 10.8, 11.0 1.3 535.8 24.2 44.9
Cell 2 10.1, 9.8 0.8 36.3 5.8 15.9
ceu 8 3.3, 504 008 2’.9 Tl‘aﬂe TE——
Cell 4 3.7, 3.7 0.9 37.8 Trace -
Cell & 3.3, 343 1.0 43.1 1.8 4.2
Cell & 3.2, 3.2 1.1 47.7 3.0 6.3
Cell 7 3.0, 3.0 1.26 50.6 2.9 5.8
Cell 8 2.4, 2.4 1.4 56.9 5.5 8.8
Anods

%  gnelectrolyzed water solution of 80 percent methyl aloohol extract of dry

beefl liver.

% Averags value of dry matter determinations on four aliquots {two 25 co and two
40 oc) taken from elecotrolyses of water solutions of 80 percent methyl aloohol

extract of two §,28 gram samples of dry beef liver.



the second column of Table III are asimilar to those given in
Table I in the praaoeding section of thig thesis; nelther the
trend of the pH gradlent nor the distinot differences in pH
from cell to oell appear to be correlated with the distribu-
tion of dry matter. The dry matter values are recorded in
the third column of Table III as milligrams per 6o. of the
solution evaporated; the values glven are the average of
Tour determinations. The largest amount of material was
found in the two extrem=s of reaction, cell 1, cathode, most
alkaline and oell 8, anode, most acld. From cell 1 to cell
2 thers was an abrupt decrease in dry matter, 1.3 mg. per
¢c. for cell 1, compared to 0.8 mg. per cc. for cell 2; the
accompanying change in pH was from 10.8 or 11.0 for cell 1
to 10.1 or 9.8 for aell 2. From cell 2 to cell 3, however,
there was & change in final pH of approximately 3 pH units,
while there was no change in the amount of dry matter. Like-
wige, the large increase in acidity from cell 3 to ¢ell 4,
was not aecompanied by a corresponding differcnce in dry
matter. From oell 4 to cell 7 s gradual inorease in dry
matter was recorded with inoreasing acidity, and the sharp
inorease in acldity from cell 7 to oell 8 was accompanied
by a slightly greater inorease in dry matter between these
oells as ocompared to the acidic oslle with nearly equal
pH differences.

The last three columns of Table III contain results
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from the ignition, at dull red heat, of uhe sample of the dry
matter from the various evaporated aligquote. An exoeptionally
high value 1s recorded for the ash remaining after ignition of
the material obtalned from cell l; the residue not volatilized
at dull red heat was 44.9 peroent of the dry matter. The ig-
nited residus had a black appearance and it 1s doubtful if all
the organic substances were ignited at the temperature used.
This appears probable from the average value (not recorded in
Table 11I) for weights of ash for the series whioh 1s approxi-
~mately six and 18 nearly twice the 3.4 mg. value given for

the unelectrolyzed solution. A high percentage, 16.8 of ash
in the dry matter 1s also shown for cell 2. Cells 3 and 4
contained only a trace of ash, while the trend of the results
obtained for the ash of tha'residues from cells 5 to 8 1s
gimilar to the changes in dry matter and final pH values,

The values recorded ocannot be considered as final sinoce
they are the results of but one determination; yet the results
obtained with Lemns in oultures containing additions of the
prepared materials, olearly show that the growthnpromoying
substance present in any of the fractions, was destroyed by
~ the ignition at dull red heat.

Pable IV presents data on the rate of reproduction of
Lemna in solutlone supplemented with portlions of dry matter
compared with the rate of reproduction in solutions supple-

mented with a 133 HCl extract of the samples ignited at dull
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red heat. The values given for the rate of reproduction, K,
were obtained graphically from the curves plotted in Figure
II. 1In this figure, curve 447 repreasents the standard. No
data for this culture are inoluded in Table IV.

The rate of growth, K, for the standard solution in
Series II was 70; compared with 1t, the rate of reproduce
tion wae greater for all cultures supplemented with the
various forms of 4ry metter rescorded in Table IV, while
none of the values for K was grester than 70 for the oul~
tures containing additions of the 1:3 HOl extract. This com-
parison 1s shown by the ourves plotted in Pigure 2. The
firat ourve, 447, representa the standard. The next five
pairs of canes.are for the flve sources of materisl tabu~
lated in Table 1V; the éteeper curve of each palr represents
the rate of growth of Lemna in the culturss supplemented
with dry matter and the less inclined curve shows the similar
value for the dulturea containing additions of 1:3 HC1l ex-
tract. The cultures in all 1lnstances contained equivalent
amounts of material.

The comparison of the rate of reproduction of the
cultures supplemented with the two kinds of material, clearly
shows that ignition of the dry metter at dull red heat de-
stroys the growthepromoting substances. This result was ob-
tained also for cultures supplemented with materials from
cells 4, 6 and 7; which oultures were not lncluded in the



Table IV.~ Comparison of the growth of Lemna in inorganic solutions containing add-
itions of material extracted by 80 percent methyl aleochol from dry beef liver. Dry
matter obtained by evaporation to dryness of water solutions of the preparsd material.
Ash of dry matter (ignited to dull red heat) added as flltered water solution of

1:3 HC1 extract. Added materials equivalent to 3 oc. of original solutions.

Original material Water solution Water saimtion of 1:8 HCL

from two electrolyses of dry matter . extract of ash

—_— _ ' of dr tter

Source Average pH Cul-  Amount ary  kx . - ~ Amount & K
(Glass ture matter 1000 ture added as HC1 1000
eleotrode). sum- added** Fron Num- extract *% FProm

- Der. Bg. _Fig. 2 Der. ng, Fig.2

Unelec- 4.9 444 3.0 78 459 0.268 &9

trolyzed '

solution.

Cell 10.5 433% 3.9 82 448 1.8156 66

Cell 3 6.4 434 2.4 74 450 Trace 62

Cell & 3.3 440 3.0 82 455 0.135 82

Cell 8 2.4 443 4,2 86 458 0.412 63

Anode

* Non-gterile; contaminated.

*8%  Average value of 4ry matter determinations on four aliquots {(two 25 cc. and two
40 ¢c.) taken from electirolyses of water solutions of 80 perscent methyl alcohol
extract of two 5.28 gram samples of dry beef liver.

s4#% Results from ignition (8ull red heat) of Ary matter from 40 co. aliquot.

-&f -
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data tabulated in Table IV. Neither the dry matter of cell 2
nor an extraot of its ash was added to oultures for Lemna.
The rate of reproduction, K , for the 1:3 HCl extrast

cultures, was consistently less than the similar value for
the standard oculture (oulture 447, K - 70). ‘This was probably
due to fallure to adjust the remction t0 4.8 for the nutrient
solutions after the 1:3 HCl extract was added. The last curve
plotted in Figure 2 1s'tor-cu1ture 461 which oontained an
equivalent aliquot from the evaporated blank portion of 1:3
HCl. The rate of reproduction,X, for this culture, was b68;
thie value seems to atpribute the slow éate of growth of
Lemna to the aoid in the culturee contalning ash extract.
Also, Ke86 for oulture 448, which contained the 1:3 HOl ex~
tract of ash from cell 1 (ocathode cell and most alkalline of
the series); this was the highest value for K in the serles
of ash extract cultures. The ash in cell 1 would contaln
alkaline residues which would help to neutralize any excess
HC1 not removed by evaporation.

| The striking difference in growth rates for the two
forms of supplement was accompanied by a difference in the
condition of the plants at the end of the experiment. The
Lemna grown in ash extract oulturee 448, 450, and 455, were
very similar in sige, color and general appearance to the
standard (culture 447). Similar results were obtalned for
ash extract oultures not included in the selected data given
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in Teble IV, namely, oultures supplemented from cells 4, &

and 6. In cultures 468 and 458, supplemented with extract

of ash from unelectrolyzed solution and fraﬁ cell 8, re-
speotively, the plants were smaller than the standard and

had a lxsht green cvolor, The groups of fronds were irregular
in number and loose roots were usually present in the cultures.
The pointe on the ocurves for these two cultures in Pigure 2,
also show irregularities in the raie of growth.

The appearance of the plante in the dry mstter supple-
mented cultures, with the exoception of sige, was very similar,
Compared with the standard, the plants were a lighter green
and showed an sbsence of the waxy luster which gave the Lgmna
grown in inorganic medium a plump, glossy appearance. Plante
grown in the.aupplemante& oultures had ridged, hard appearing
fronde. The Lemna in cultures supplemented riom cells 1 to
7, inclusive, {oultures contalning additions from cells 4, 6
and 7, not inoluded in selected data for Table IV), were only
slightly smaller than the standard; the roots in all cases
were somewhat shorter compared with the plants in the inorgane
ic media. Plants in culture 444, uneleotrolyzed material, and
culture 443, materisl from cell 8, were considerably smaller
than the standard and also had short roote. Culture 433, con-
talning dry matter from oell 1, became contamlnated toward the
vend of the growth perled. A culture'acntaininé supplement from
the same source was oarried through with a series of cultures
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in another experiment; the rate of growth of Lemna in the
second ounlture was approximately the same &as for plants grown
in culture 433.

The trends indicated by the results from the growth of
Lemna in the dry matter supplemented oultures of this series,
(Series 1), wers in general the same as those indicated for
the preceding series. Two differences, however, are notable.
The Lemna in oculture 443, supplemented with dry matter from
oell 8, had a value for K of 856 as ocompared to K = 62 for
culture 1928. Series I, Table II, culture 192, contained a
3 ec. aliquot of the oontents of cell 8, while culture 443
contalined dry matter equivalent to that volume from cell 8.
Evidently the evaporation of the original solution from this
cell elther had removed subetances toxlc to Lemna, or some of
the growth substance was destroyed in the process, leaving a
more optimum conocentration in the 4ry matter for the growth
of Lemna. |

The second point of difference between Seriss I and
Series II 18 the slight stimulation of the growth of Lemna in
. oulture 434, supplemented from cell 3; no inoreased rate of
reproduction of Lemnsa in oultures containing additions of the
solution from this cell was obtained in the first preliminary
gseries. Purthermore, Lemna with a rate of reproduction K & 80
were grown in 8 oculture contalining twice the aﬁcunt of supple~
ment from ¢ell 3 as was added to culture 434, (data for this
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oculture are not tabulated in Table IV). The stimulation of
Lemna in cultures containing additlons from cell 3, brings
out ésain a‘raat indlcated by the results from 8Series I, 1.e.,
too high an initlal concentyation of growth substance in the
pre-slectrolyzed solution, which prevented a complete
separation into a few cells of the electrolysis apparatus.
However, no cause 1s known for the increased growth of Lemna
in the cultures of Series II supplemented from cell 35, where
no inoresse of growth rate was evidenced in Series I, although
the possible removal of toxic substances in the preparation of
the dry matter might be an explanation.

The grovth'or Leana in the supplemented euiturés used
in the two preliminery series indlocates the presence of an
organic growth-promoting material in the 80 percent methyl
aloohol extract of beef liver which will stimulate green
plants, The effective concentrations suggested for the
optimum growth of Lemna under the growth conditions of the
experiments, were used in a third and oconocluding series of

oultures.

Sines III. Comparison of Effective Concentrations.

Preparstion of medla.
In the preliminary experiments, the residue obtained

from extraction of dry beef liver was taken up &n water for

further concentration by eleotrolysis. The volume of the



water solution was such that one oc. was equivalent to 6 mg.
of the dry beef liver. Aligquots from this and the eleo~
trolyszed fraotions were added to inorganic media to be used
for the growth of Lemna and the reproduction of the plants
was found to be faster in those cultures ocontalning as small
a portion as 3/8 ¢c.; even smaller aliquots of the electroly-
ged fractions gave still more rapid growth. The amount of
4ry beef llver extracted was therefore reduced from 5 gm. to
1.2 gm. for the series of cultures designed to compare the
otfeatlva congentrations of growth»promotlné material. One
oc. of the water solution which was electirolyzed was equiva-
lent to epproximately 1.8 mg. dry beef liver, as oompared
with the value of 6 mg. for the first two serlies. Except
for the decrease in amount of dry becf liver, the procedure
in preparing the 80 percent methyl alocohol extract was
identlioal with that outlined under “Methods for Lemna ".
Results from the preliminary experiments also indloat~
ed that a longer period of electrolysis might yield a more
effeotive separation of the growth-promoting material.
Avcordingly, the time of eleotrolyslis was inoreased to 58
hours, nearly three times the length of time used in the pre~
liminary electrolyses. The conduotance of the more dilute
solution was much lees than that of the more concentrated

water solutions of the extracted material. The initial
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ocwrrent strength was 1.0 mllliampere which gradually decreas-
ed during the interval of electrolysis to approximately 0.1l
milliampere; an initial voltage of 1960 voltis incressed
sra&ually to 2000 volts at the termination of the operation.
At the end of the period of eleotrolysis, the condition of
the contents of the separate oells of the apparatus was
similar t0 that desoribed in Table I for the preparation

of the more concentrated solutions.

After the eleotrolysis, the final pH of the contents
of the cells was measured with a glass electrode. Aliquots
were then removed and added to inorganic media to prepare
ocultures for Lemna. The entire preparation of the cultures
was identlcal with the procedure desoribed under "Methods
for Lemna®, except that in this experiment sufficient mater-
ial was obtained from one lot of dry be:f liver to prepare
the necessary number of cultures to complete the entire
experiment - the previous series had required the extraotinn
and electrolysis of two separate ﬁcrtions. The periodic
‘transfer of Lemna was made at five day intervals; this method
was identliscal with that used in previous experiments.

The results of all oultures in the series, except the
‘standard, are given in Table V. The oondition.ot the plants
in the standard was normal and was used as the basls for
comparison. The rate of reproduction, K, was obtained

graphioally from the curves plotted in Figure 3. The first
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ourve, number 665, represents the standard.
Resulis.

The tabulated data in Table V include an expression of
the pH gradlient established at the conelusion of the
eleetrolysis. The final pH values for all the cells, except
cell 2, are recorded in the third column. Conmpared to
previous eleotrolyses, the longer period used and the deorease
in concentration of the original water solution, produced
some changes in the varliation of the final pH values from gell
to scell in the series. The pH of cell 1, cathode ocell, was
10.6, which was very similar to previous recorded values. The
final pH for oell 2 was 8.2 ; this is a more distinet varia-
tion from ¢ell 1 than in former eleotrolyses. Continuing
toward the anode, the variations between cells show a gradual
deorease until between cells 7 and 8 there 1s a more distinot
difference in the final pH. I the pﬁ gradient, cells 6 and
7 fall closely together, while in the precgdins eleotrolyses
cell § was also closely associated in finsl pH value with
cells 6 and 7. |

The largeat amount of precipitate was located in the
more acld cells. This result was obtained also in the pre-
lininary electrolyses of more eoncentrated'solutions. This
pointed to a dlstribution of dry matter in the cells similar
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to that found in the previous separation for Series I and II,
and no further determinations were made of the material.

The aliquots of esupplement added to the inorganic medium
to prepare cultures for Lemna dre glven in the fourth column
of Table V and the values for the rate of reproduction, K, in
the fifth column.

The Lemna in supplemented oultures, with one exception,
had values for K from 80 to 96, which were consistently great-
er than the rate of reproduotion K=72 for the plants grown in
the standard oulture; for the exception noted, culture 6585,
containing a 3 o, aliguot from cell 4, K=70. The values for
K were obtalned graphleally from the curves plotted in Figure
3, curve 665 representing the standard. The steeper slope
for all the ourves (except 656) shows clearly the inoreased
rate of growth of Lemna in the supplemented oultures; curve
658 1s similar to the curve for the standard.

On the basls of the rate of reproduction, K, for the
supplemented culturss, the growth substance for Lemna was
removed entirely from cell 4 only, and a concentration of
the growth substance greater than that of the uneleotrolyszed
solution was obtained in cell 8 only. This is evident from
the ract that plants in 652, containing 3 oc. of the uneleo~
trolyzed solution, give a value X=90, and plants in 662 con-
taining 3 eo. from cell 8, X=Pp8, The 96 1s the only sig-
nificantly larger value than the $0 of the unelectrolyred;
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all other oultures in this serles have values either equivalent

or Smaller. por aliquots of 1.6 oc. from the cells, the oom-
parison of the rates of reproduction indloates also that the
growth substanoce vaé concentrated in the anode cells.

The values for K show a movement of growth-promoting
material for Lemna toward both anode and cathode, suggesting
the separation and concentration of two different substances
by the sleotrolysis. According to the rate of reproduction of
the plants, cell 4 was the division point in the separation
of the material. The values for K aleo show that either the
ooncentration of the substance moving toward the anode was
much greater than the substance moving toward the ocathode, or
- that the potensy of the anode fractlon was greater. The
greatest oconcentration of each was separated in the elesatrode
oells. Although aliquots from ocell 4 did not stimulate the
rate of reproduction of the plants, scmething.benoricial waS
added from this source as the appearance of the plants when
compared with those in the standard inorganic medium was
dilstinetly improved.

The conditicn of the plants at the end of the growth
period 1s given in the final colmmn of Teble V. Oulture
656, supplemented from cell 4, was the only culture to con-
tain plants whioh were superior to those in the standard.

As & general rule, reduced sigze of fronds and shorter and

fewer roots were associated with an increased rate of growth ,
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Fronde were also & lighter green in color ocompared with the
normal green of the standard. A marked deoreade in size of
the fronds is recorded for oultures €66l and 862, supplemented
from cell 8 {anode and most acid), and for the Lemna in ocul-
ture 652 containing adéitions of uneleebrol&zed solution;

very small plants were grown in oulture 653, supplemented from
6sll 1 (cathode and most alkaline). In each instance, the
marked decrease in frond asize was accompanied by s similar

descrease in length of roots.

Discussion.

The results on the growth of Lemna in the three
series of oultures show that some stimulating substance or
substances for Lemna are extraoted from dry beef liver by 80
percent methyl aloohol: The indloations that too large a
corgsnbration of material was used in the two preliminary
series were substantiated by results secured from Seriee III;
but the comparison of the results of unelectrolyzed and elec~
trolyzed material for Series III suggests that a still lower
concentration might be daairable. These faots are shown by
the rate of éeproéuction, K, for Lemna in the supplemented
ocultures, and by the conditlion and appearance of the plants
-at the end of the growth perlod.

An inoreased growth rate for Lemna was cbtained in
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Serles III for supplement from all cells used, except cell 4.
The values for K show the greatest conpentration of growth sub-
stance in cells 6, 7 and 8, and the concentration of growth-
promoting material no greater in cells 6 and 7 than in the
unelectrolyzed solution - equlivalent aliquots from these last
three sources gave nearly identlcal stimulatlion to Lemna. A
similar aliquot from cell 8 was distinotly superior to these
sources in ability to inorease the rate of reproduction.

Although the stimulation of the growth of Lemna by the
aclidic eleotrolyzed fractions of dry beef liver extract checks
the results reported for yeast by Williams and his co~workers
(77); the stimulation obtained for Lemns in these sxperiments
from the neutral and alkaline fractions was not as marked for °
the yeast. MoBurney, Bollen and Williams (48), used only the
concentrate obtained from the acidie fractions in the experi-
ments which showed stimulation of alfalfa seedlings in sterlle
cultures. That there was a stimulation of ggggg by the neutral
and alkaline fraoctions was indicated in Series II and clearly
shown by the results of Serlies III.

Some movement of the growthe-promoting material toward
the oathode in an eleotric field is indicated by K= 85 for
Lemns in culture 653, supplemented from cell 1, as compared
with X = 80 for culture 654, supplemented from cell 3. Cell
2 was not used to prepare cultures for Lemns and no data are
available for it. The concentration of growth material toward
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sterile cultures. The waxy luster, so prominent in plants of
the standard, was present in all cultures and especislly mark~
ed in the Lemna in culture 6656, cell 4.

Summary and Conclusions on Pantothenlo Acid,

| Growth-promoting material for Lemna was prepared by
extracting dry beef liver with 80 percent methyl aleohol; a
water solution of this extract was concentrated by fraction~
al eleotrolysis. Aliquots from the unelectrolyzed solution
and from the electrolyzed fraction were added to inorganic
media in which Lemna were grown under sterile conditions.

Undexr the growth conditions of experiments carried out,
the rate of reproduction of Lemna was inoreased by the mater-
1al extracted from the 4dry beef liver by 80 percent methyl
aleohol. Ignition of residues obtained by svaporation of
the prepared extract destroyed the growth-promoting property.

The extracted growth material oan be conoentrated by
féactienal eleotrolysis. The substance, or substances caus-
ing the greatest inorease of the rate of reproduction of
Lemna was concentrated toward the anode. This result cheoks
the stimulation of yeast reported by wWilllams for a& similay
preparation, and also the stimulation of alfalfa seedlings
in sterile cultures by pantothenloc acid recorded by MeBurney,
Bollen and Willliams.
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Further, a substance or substances, which stimulated
the rate of reproduetion of the plants moved toward the
cathode and tended to be ooncentrated in the oathode cell.
Williams d1d not £ind that yeast was stimulated by additions
from the ocathode end to any marked degree, but there 1s a
definite inorease in his yeast reproduction with the larger
of his two additions of the extract. MoBurney, Bollen and
Willians used only a conoentrate from the acldic fraction
(anode) for the stimulation of the alfalfa seedlings.

Increased rate of reproduction of Lemna was accompanied
by a decreased production of ohlorophyll, a reductlion in size
of the fronds and inhibition of root growth. McBurney and
his co~workers alse reported a loss of chlorophyll for
alfalfa seedlings. Pantothenloc aold thus stimulates the
reproductive function in the Lemna as 1t 4id in the yeast,
but in the case of the green plant it seems t0 be at the
expense of normal root ahd leaf development.
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AUXINS.

Investigatlons on the produotion in the tips of
ocoleoptiles of grasses of thes growth-promoting substances
oalled auxins were outlined in the section entitled *History".

Rumercus investigations of the physiologiecal action of
the auxing on plants led to the discovery of a variety of
rich sources; 0ils of seeds, seedlings of plants, buds of
trees, yeast, mold oultures and human urine are materials
in which the auxins are plentiful. To determine the effect
of thsse substances upon the rate of reproduction of Lemna,
the roots and shoots of freshly germinated corn were select-
ed as.a source of a.uzdm./ Dollfus (22) and Kornmann (43)
found corn seedlings to be rich in auxins, and Leonian (45)
demonstrated the presence of a growth substance, similar
to auxins, in the roots of germinated corn.

Methods for Lemna.

Yellow dent corn was placed in beakers, covered with
tap water and allowed to soak overnight. The corn was then
removed and put on moist filter paper in large oryltallizins
dishes to germinate. The dlshes were fitted with covers to
allow oiroulation of air and the temperature maintsined at
37-38° ¢, Water was added to the dighes several times during
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the germination period to replace loss by evaporation. At
the end of three days the sprouts of corn had reached a
length of 1/4 to 1 inch and the roots 1 to 2 inches; the
kernels were then separated and the sprouts and roots ex-
tracted soparately with 986 percent ethyl aloohol.

The severed ocorn shoots were divided into groups of 26;
each group was placed in a mortar with 10 oc. of the alcohol
and erushed with a pestle. After all the material was
broken up, the aloohol was decanted and the extraction pro-
cedure repeated twice. The combined alcohol extrsot from
the several lots of shoots was flltered free of suspsnded
material and the filtrate evaporated to dryness on a water
bath. The residue was taken up in water and the resulting
golution filtered; the filtrate was ocomblned with B0 eec.
dilute phosphoric acld (0.0145 g. per liter) and made up to
& known volume for further concentration by fracticnal eleo-
trolysis. The acld was added to inoresse the conductance, as
that of the original solution was t00 low to carry the current.
This method was used by Willliams (77), in the eleoctrolysis of
plant extracts which had a very low oonductance.

'~ The procsdures in extraction and eleotrolysis of the
extraocts were l1dentiocal for the shoots and roote. The eleo-
trolysis apparatus was that previously d esocribed under "Methods
for Lemna" for pantothenic acid.
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Before placing the water solution in the eleetrolysis
apparatus, aliquots were removed for supplementing inorganic
medla with unelectrolyszed solution. The electrolysis was con-
tinued for 48 hours; an initial current strength of 1.6
milliamperse decreased to 0.3 milliamperes at the conclusion
of the separatlion, and during the same period the voltage
remained at approximately 19560 volts.

At the termination of the eleotrolysis the pH of the
contents of the oells was determined with the glass electrode.
The oontenta of the 0ells was then well mixed and aliquots
added to basal inorganic media to prepare cultures for
Lemna. The preparation of the anppleménted solutions, inoo~-
ulation of the preparsd media with plants, and the growth
conditions for the cultures, were identical with those de-
scribed in "Methods for Lemna® under pantothenie sold.

Experimental.

Preliminary experiments to determine the effegtive
conocentrations were ¢arried out with the prepared 95 per-
oent alechol extract of shoots and roots. Results from
these investigations indlocated that a wager solution which
contained the extract of 200 te 300 ﬁhoois or roots in the
voluné required for eleotrolysis might yisld fraotions conw-
taining an optimum concentration of growth-promoting matere



lal for Lemna.

Medlsa Supplemented with Material from (orn Shoots.

The data given in Table VI are for ggggg grown in a
geries of oultures supplemented with aliquots of unelec~
trolyzed solutién and electrolyzed fractions of a water
solution of extract of corn shoots. The rate of reproduc-
tion for the plants was obtained graphically from the curves
plotted in Pigure 4. Curve 381 is for the Lemns grown in
the standard inorganic medium; data for this oulture are
not recorded in Table VI.

Results.

The pH gradient established at the conelusion of the
electrolysis of the extraot of corn shoots is glven in the
third column of Table VI. The contents of cell 1 (oathode)
has the only alkaline reaction in the series. A pH of §.2
wes obtained in gell 2, & large inorease in acidity oom=
pared with cell 1. The pH values for the remalning cells of
the series were olosely grouped, ranging from 4.0 for oell
3 to 8.5 for cell 8 (anods).

There was very little change in the appearance of
the solution during the elsotrolysis. The small amounts of



Table V1.~ Influence of effective concentrations of various fractions of extract
of corn shoots on the rate of reproduction of Lemna. :

ription of 8 T ‘
Cule~ pH Ex Condition of plants-- standard of
ture Source Glass 1000 comparlson-- grown in inor-
Rum- electrode Fg. gsnlo media. = 72.
ber. 1 .
707 Unelso- ———— 94 Lighter green color;small fronds;
trolyzed roots medium length.
solutlion
Cathode .
711 CGell 1 9.5 95 Slightly smaller fronds;lighter
green color;medium length roots.
714 Cell 2 5.2 92 Lighter green,slightly smaller
_ fronds;slightly shorter roots., :
5 Cell 3 4.0 96 Lighter green oolor;small fronds;
' madium length roots.
716 Cell 4 3.5 20 Identioal with 715,
719 Cell 5 3.3 95 . " "
720 Cell 6 3.2 94 " " "
721 Cell 7 3.0 95 . L .
722 Cell 8 2.5 92 Small dark green fronds;waxy
Anode luster;medlum length roots.

®* 3 oo, aliquot from each source was added to basal inorganic media. 3 cc. unelec~
trolyzed solution equivalent to extract of one shoot. ;
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precipitate which formed collected in the electrode cells.

The rate of reproduction, K, of the Lemna grown in the
supplemented cultures is recorded in the fourth golumn of
Table VI and shown by the ourves plotted in Figure 4. Lemna
in supplemented oultures had values for X from 80 to 85 -

& distinotly superior rate of growth compared with X = 72
for the plants of the standard oulture.

The olose grouping of the values for K of plants in
the ﬁupplemonted cultures indicates very little separation
or concentration of the growth-promoting material in any
particular oell or gells. This 18 shown by K = 94 for
oulture 707 contalining unelectrolyged solution, compared
with values of 90 to 956 for the ocultures containing eleo~-

- trolyzed fractions. The slight variations in the rate of
reproduction are irregular and the faster rates were not
obtalned from any centralized point in the series of cells.
This fact 1a brought out by the curves plotted in Figure 4;
the differences in slopes of the ourves for the supplemented
cultures are very small.

The slight varlations in the rate of foprcduetion of
the Lemna in snpplénented cultures were socompanied by a
similarity in appearance among themselves, but a difference
compared with the Lemng of the standard. The fronds of the
plants in the supplemented cultures were reduced in size and
had a lighter green color; the waxy luster of the standard
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was absent. One exceptlion was noted, culture 722, supplement~
ed from cell 8, in which the fronds, although smaller, were
similar to those of the standard in color and appesrance.

A reduction in the length of roots is recorded in Table
VI for the supplemented plants. The extent of the decrease
in root length was appréximately the aaﬁe in all of the
cultures containing additions of the prepared extract.

Media Supplemented with Material from Corn Roots.

Material was prepared for this serles of cultures by
the electrolysis of a water solution of the alcohol extraoct
of ‘approximately 226 roots. The data given in Table VII
were secured from Lemna grown in oultures supplemented with
the uneleotrolyzed and eleotrolyzed rractiong of the solu~
tion. The values for the rate of rvprodueiion, K, record-
ed in the table, were obtained graphically from the curves
plotted in Figure §. The first ourve in Figure B, curve
381, ie for Lemna grown in inorganic media. Data on thils
oulture are not given in Table VII.

Results.

The third ocolumn of Table VII ocontalns an expression
of the pH gradient established by the electrolysis of the |
extract. Ag with the corn shoots, the pH of c¢ell 1 (oathode)
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wae quits alkaline while that of cell 2 was distinotly aold;
the difference between the pH values of the ocells is 4.9.

The pH of the remaining cells, 3 to 8 inoclusive, was confined
t0o a range of 4.1 to 2.6 with fairly uniform differences
between oells.

There wag very little chenge in the condition of the
cells during the electrolysis. 8Small amounts of preoipitated
material which settled out, were found in the eleotrode oslls.

- The values for K for Lemna in the supplemented oultures
are given in the fourth column of Table VII. These values,
ranging from 83 to 96, show a distinot inoreased rate of re-
production for the supplemented cultures when compared with
the 72 for the plants of the standard.

The rate of reproduction of Lemna in oultures supple-
mented from electrolyzed solutions shows that greater stimu-
lation was obtailned from two pairs of cells, 3-4 and 7-8,
than was obtained from cells l1-2 and 6-8, and that all the
eleotrolyzed fraotione were elther equal to or exceeded
the unelsctrolyzed solution in the stimulation of the rate
of growth of Lemna. These results are ditfioﬁlt 1o explain.
The greater stimulation obtalned for cells 3-4 and 7-8
indicates a concentration of growth-promoting material by
the eloctralysislin these cells, and the concentration in
the remeining cells of the series should therefore decresse,

but on the basis of values for K there is no diminution of
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the auxin in these oells for the rate of reproduction 1g very
close to the 83 for K of the unelectrolyzed solution. The
general stimulation of reproduction by the asuxin le marked
in all oases,

The condition of the plants in all the supplemented
cultures compared with the standard showed similar changes
at the end of the growth period. The fronds were slightly
re@uoed in slze and possessed a lighter green color; the
waxy luster of fronds of plants grown in inorganic media
was ehtirel: sbsent.

The roots of plants in the supplemented oultures
appeared healthy but showed a decrease in length when
compared with the roots of Lemns grown in inorganic media.

General Discussion.

The similar pH 3radient, which was present at the
conclusion of the electrolysis of both the sxtraots of
roots and shoots, was probably due to the phosphoric acid
.added to'eaah solution before electrolysis. This is in-
dloated in both cases by an alksline reaction in cell 1
only and the marked inorease in acidity of oell 2, compared
with oell 1 (Tables VI and VII). It is doubtful if the
small amount of extracted materisl contained in the pre-
electrolyzed solution influenced the pH gradlent, even 1if
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the same growth-promoting materials were extracted from both
shoote and roots.

Auxins have been shown {0 be present in corn seedlings
by Dollfus (22) and Kprnmann (43). The growth substance
discovered by Leonlan (46) in roots of germinated corn was
found to be soluble in 956 percent aloohol. Auxins were found
in the roots of oat seedlings, but in lower concentrations
than in the coleoptiles, by Thimann (67). These findings,
together with the widespread occurrence of auxins in plant
materials, suggest that the growth materials obtained from
corn roots which stimulated the reproduction of Lemna were
also auxine.

Indioation of a greater concentration of auxina in the
ghoots of germinated corn than in the roots is obtained from
a comparison of the rates of reproduction of the Lemna in
ocultures aupplemen@ed with unelectrolyzed solutions; the
extract from the shoots gave the grester rate of reproduction.
This oomparison ochecks the rinéinga on auxine by Thlmann for
roots and shoots of oat-aeedlings.

That some other factor is operating in the sase of the
root extract or that therg is a difference in the growth sube
stances from the roots and shoots of corn is indicated by the
sotion of the extracts in electrolysis. The treatment of the
extract of roots appeared to ooncentrate the growth substance
for Lemns in definite cells of the serles; thls is not shown
by the slectrolysis of the extract of shoots.
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The deorsased growth of roots of Lemna in solutions
supplemented with auxins checks the results raported'hy
other investigators. Boysen-Jensen (7), found the auxins
completely stopped the growth of roots of beans, and Kugl,
Hangen-8mit and Erxleben (41) reported a decrease in length

of cat roots when grown in a solution ocontalning auxin a.

Sumnary and Conolusions on Auxins.

A 95 percent ethyl alcohol extract of shoots and roots
of germinated corn was used as a source of auxins., Water
solutlions of the extracts were treated by fractional elec~
trolysis.

Under the growth conditions of the experiments, the
rate of reproduction of Lemna was inoressed by the prepared
extraots.

The auxins from shoots of corn were not concentrated
in any of the oells by the fractional electrolyegis; from
the corn roots there was some indicatlon of concentration,
but no regularity. This lack of agreement in concentration
obtalined by the frastional eleotrolysis of the two extracts
suggests that the growth substances from the two sources were
not 1dentical,although the effect on the Lemng was the same.

In both cases the extracted substances inhibited the
growth in length of the roots of Lemna; thls effect of auxins
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has been reported by Kbgl for roots of oat seedlings and by
Boysen~Jensen for roots of beans.

The utimulztion of the plants by the auxins was
aocompanied by a decresge in chlorophyll and a diminution
An size of the fronds. |
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PURE COMPOUNDS .

The aarly'lnvestisntiona of plant hormones (auxins)
made use of the tips of the coleoptiles of geedlings,
prineipally those of Avena. These growth substances were
secursd from plants and the effects of the substances on
different parts of the plants were observed. Sinoce 1935
the attentlion of many investigators hag turned toward
experinents with similer synthetic compounds and their
effect on the oomplete plant.

Baiieg, Atkins and Hudson (20), germinated the seeds
of oats, mustard and oress under sterile conditions and
found beta~indolyl acetio {synthetic hetercauxin) and beta-
indolyl propionic aolds retarded both the germination of
seeds snd the later growth of the young plants in consentra~
tions as low as 10 mg. per liter. The compounds inhibited
the normal growth of both roots and ooleoptiles. Lane (44)
also reported on the germination of oat seedlings in eolu-
tions of these aoids. Root growith was measurably inhiblited
by conoentrations from 0.032 to 80.0 mg. per liter of the
compounds. OCompared with the controls, the higher conoentra-
tion deorsased root growth in length ten times, and the inhib-
f1tion was acoompanied by & slight thickening andé an inorease ln
nunber of the roots. The treatment had no appreciable effect
on the coleoptiles.Thimann (70), placed the roote of oat seed~
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lings in solutions of beta~indolyl acetioc acid ranging in
concentration from 0.001 to 0.1 mg. per liter. After 48
hours the roots of controls were four times as long as those
of seedlings in the lowest concentration of the acid and
eight times as long as the roots of the seeadlings in the
greatest concentration. Thimsnn also reported a thickening
of the roots with the deorease in length,

Leonlan and Lilly (46) found that béta~1ndolyl acetio
aoid in concentrations of 0.1 to 1.0 mg. per liter inhibited
the growih of detached roots and shoote of aseptioally ger-
minated corn graine, and higher concentrations up to 100 mg.
per liter wers toxlo; the shoots were the less senaitive.
These investigators concluded that beta-indolyl acetic acid
was a growth inhibiting, rather than a growth inducing sub-
stance. They suggested that its aotion caused an accumu~
lation of the growth promoting meterials of the plant in
ths treated portion 'hich eventually led to & weakening and
ultimate death,

Marmer (51) grew wheat seedlings in nutrient solutions
containing beta-indolyl acetlio, beta-indolyl proplonic and
beta~indolyl butyrioc acidse, ueing a wide range of concen-
trations. She secured no signifioant stimulation of the
plantes with the compounds; at an initial pH of 4.6 or 7.6
the substances decreased primary root, coleoptile and first
leaf gtawth{hut inoreased the number of gecondary roots.
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The aolds were more effective at the lower pH; at that acide
ity the eanninmtion of beta~indolyl acetlc scid which scaused
& Gecided reduction in growth of primary root was 0.012 ng.
per liter, and wae in the same range of concentration given by
Lane and Thimann for inhibitlon of the roots of oat seedlings |
in a solution of the acid. Marmer secured a marked ﬁm
tlon of the growth of the wheat coleoptiles at pH 4.8, but
Lane, ueing the acid in approximately the same concentration,
reported no appreciable effeot on the oat coleoptile. Thimann
used lower concentrations and also reported no diminished
growth of the ocoleoptile. Neither lLane nor Thimann reported
on the growth of the firet leaf of oats. Marmer {61) found
the order of effesctiveness of the aoids ohanged at a pH of
7.6, beta-indolyl asetic acld being generally the most effects
ive at the lower pH and least at pH 7.6.

Macht and Grumbein (80) secured a marked retsrdationof
the growth of the roots of Lupinug alberg seedlings when
placed for 24 hours in solutions ocontaining fronm 20.0 to 0.1
ag. of betae«indolyl ascetic acid per liter; but when the roots
of the seedlings wers exposed for 16 minutes to solutionsd
lower consenirations of t.ha soid, 0.001 to 0.0001 mg. per
| liter, a definite stimulation was ‘secured in the sucoeeding
24 hours. These investigators compared the action of
gynthetlo growth substances on plants 10 the actlon of druye
on higher organlsms and considered the time of exposure a



very lmportant factor.

In addition to the numerous articles on the action of
theae synthetlic growth substances on plants in nutrient
solutions, some investigators have reported on their effect
on plants growing in solil.

Loshwing and Bauguess {47) applied 16 oc. of a water
solution of 67 mg. of beta-indolyl acetic aclid per liter to
118 day old Matthiola incana seedlings 5ro§1ng under green-
house sondlitions in soil. Elongation of the stems of treat~
ed plants was noted at the end of the first day; the stinu~
lation reached e maximum by the sixth day, but on the
sleventh day the treated and control plants were equsl.
Greenfield (29) also experimented with seedlings of Matthiola
Ancana in soil. He added beta~indolyl acetic soid in amounts
ranging from Q.78 to 96 mg. per 1080 g. of soil. PFrom 0.75
to 3.0 mg. gave no avceleration, 6.0 to 12.0 mg. aocelerated
growth until the sixth ﬂay,'but in seven to fourteen days
the treated and control plants were equal; higher oonocentra~-
tions were inhibitory. A loss of chlorophyll was noted for
24 mg. or more of the acld,

Grace (28) treated nasturtiums growing in sand, daily
for 23 'ml, with B0 oc. of nutrient solutions contalning
from 0.0l to 2.5 mg. per liter of l-naphthlene acetlio scid.
Plants to which solutlions contalning 0.01 to 0.1 mg. per

liter were added were superior to the ocontroel. In another
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experiment on elght weeks old lettuce in soil, this investi
gator reported an lnorease of 300 per cent in green weight
of the tops by the addition of anvequivalant of 160 mg. per
aore of the aold.

Numerous investigations of the effect of synthetio
growth substances on eoﬁplote green plants have been carried
out at the Boysce Thompson Institute. A review of this work
1s given in the seotion entitled "History%. PFor tﬁe most
part the lnvestigations have involved the use of noqcentra‘
tions of organic compounds which induced stem bending, ocurva-
ture of leaves, and initiation of adventitious roots on the
stems and leaiea of plants growing in soil or in water solu~
tions, Responses were often secured in the plants of such
an extrenme nature that a oontinuation of normal growth was
'1mp¢lsiblo; but, a&s pointed out, the experiments at the
Institute have shown that synthetio growth substances are
nelther few in number nor contxned only to one class of
chemioal substances.

The reported inveatlgations show that synthetlc growth
substances produce many varied effecte in complete plants.
In general, these effects were observed during only a part
of the life aycle of the plants, a&and mioroorganisms and
organic matter, which may be factors in plant growth, were
not always excluded. The healthy and normal growth of Lemna
mglor, under sterile growth conditions and in the absence of
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organle matter, provided an opportunity to investigate the
effeots of pure synthetic growth substances on one plant,
in its complete form, and throughout its whole life cycle.
Compounds used and growth
methods for Lemna.

Three organic compounds which were known to be growth
_ pro@ting for green plants were chogen to determine the
effeots of synthetic growth substancea on the rate of
reproduction of Lemna. These were, beta-indolyl acetio
acid, (synthetic hetoroauxin), Phenylaoetie acid and phenyl~
propionic acid. The sourge of these compounds was noted at
the end of the seotion entitled “Outline of Problem®,

In preliminary experiments with these compounds in
sterile inorganioc media, irregular resgults were observed
with Lemna. The irregularity seemed to be caused by the
decomposition of the organic compounds in the weakly acid
solutions during steriligzation in the autoclave. Accorde
ingly, water solutions of the compounds were ateriliged
separately by filtration under reduced pressure through
Chamberlain Pastewr flilter candles, and were added
aseptiocally by means of sterile plpettes to the autoclaved
standard solutions. The total volume was again 100 co.

The initial pH of 4.7-4.8 was maintained in all cule-
tures used in the experiments. Additional potassium hydrox-
1de was added to the inorganic medls to neutralige the
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slight inorease in acldity due to the organic acids. All
deterninations of pH were made with the glase electrode.

The prosedure for the inoculation of the prepared media
with Leuns was identlocal with that ocutlined in "Methods for
Lemna" for pantotienic acid. The growth conditions were also
similar except that the planis were transferred to fresh medis
twice a week and the light intensity in the growth chamber

was inoreased from approximately 160 to 450 foot oandles.

Experimental.,

The compounds were added to the nutrient media in ocon-
gentrations ranging from 0.0001 to 100 mg. per liter. Select~
ed data, from duplicate cultures containing the lower oon-
centrations, are recorded in Table VIII ; the curves plotted
in Figures 8 and 7 represent the rate of reproduction of
Lemna grown in the cultures desoribed in the table. The first
curve in each figure, curve 858 in Pigure 6 and 88l in Figure
7, is for Lemna grown in standard inorganloc medlia; data for
these cultures are not given in Table VIII.

Regults.

The values for the rate of reproduction, K, of the
supplemented oultures are given in the fourth column of

Table VIII. Compared with K = 85, for the Lemng grown



Intluence of various concentrations of pure compounds on the rate
of reproduction of Lemna.

Suppl enm“t ; Ex '

Cul~ ' 1000 Condition of plants. Standard
ture tration. From of ocomparison. grown in
Hum- ag/liter Flgures inorganic media, For standard--
211 beta~Indolyl 0.0 8% Rormal size; lighter green color,

acetic aold. medium length roote.
912 " . 0.01 87 Identical with plants in 911,
913 “ " 0.001 86 Rormal plants, }s
914 " y 0.001 83 " n d
9156 ® " 0.0001 - 86 " "
9186 » » 0.0001 86 . .
917 Phenylacstic 0.01 88 . "

acld.

218 . " 0.01 88 * "
919 " " 0.001 89 . .
2920 . * 0.001 80 " b
821 " " 0.0001 g6 " .
922 . » 0.0001 89 . "



Table VIII.~ (Continued),

Cul~ Condition of plants. Standard
ture of comparison~-le grown in
Rune- inorganic media. or standard-
ber. Ex1000 = 85. '
823 Phonyls- 0.0 80 Rormal fronds; roots alightly
propionic shorter,
aold,
924 . . 0.01 av Identical with plants in 923,
926 . " 0,001 a8 Normal plants.
926 . " 0.001 20 . .
927 I " ©.0001 85 . .
928 . . 0.0001 80 " .

-89~
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in the standard, Lemna in ocultures supplemented with 0.01,
0.001 and 0.0001 mg. per liter of beta-indolyl acetic acid
were not stimulated in any case. Values for K show only a
very slight stimulation for Lemna in solutlions containing
the same goncentrations of phenylacetic and phenylpropionic
aolds; but no one concentration is better than any other.

The curves of Flgures 6 and 7 represent the rate of
reprodustion of the plants and show graphically the same
_eomparison recorded for the values of K. The curves for the
cultures supplemented with beta~indolyl acetic acid (Figure
6) are all nearly parallel to the standard, while those for
the cultures contalning additions of phenylaoetic and phenyl-
propionic acids (Figures 6 and 7) are in most inatances only
slightly steeper. The curves in Filgure 7 for cultures 923,
924, 926 and 926 are shortier than the others, due to con-
taminations which caused the discontinumtion of these coul-
tures towards the end of the growth period.

A description of the Lemna at the conclusion of the
experiment is given in the last oolumn of Table VIII. Com-
pared with the standard, the plants in al}l cultures were
normal with the exeeption of the Lémna in duplicate ocultures
911, 912‘ and 923, 924. The fronds of the plants in 911, 912
supplemented with 0.0l mg. of beta-indolyl acetlic acid per
liter, were normal in size but had a lighter green cclor; the
roots of the plants were shorter in 927, 928, supplemented
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with 0.01 phenylpropionic acld per liter.

Several temporary changes took place in the plants during
the early part of the growth perlod, Pronds with siightly
twrned up tips were noted in the cultures containing concen-
trations of 0.01 mg. per liter of the compounds, but this
effect was absent at the end of the growth perlod, Also, a
distinot inorease in size of fronds was cbtained with Lemne
in oulturee 923 and 924, supplemented with the higher concens
tration of phenylpropionic acld, and this effeot likewlse
disappeared by the end of the experiment.

The cultures desceribed in Table VIII were supplemented
with the lower range of the concentrations of the compounds;
data from Lemna in the more ooncentrated solutions are not
inoluded with the seleoted material presented in the table
and agcompanying figures. Results with the higher gonsenw
trations of the compounds, up to 100 mg. per liter of medla,
are given below.

Coneentrations of 0.1 and 1.0 ng. of beta~indolyl aéoun
aold per liter of media retarded the rate of reproduction of
the Lemna. The effeots of these concentrations on the plants
were similar, differing only in degree. The fronds decreased
markedly in size; they becmme a lighter green color and the
sdges showed a pronounced downward curvature. The conneot~
ing strands between the mother and daughter fronds were very
long compared with those of Lemna in standard oultures. This
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effect on Lemna was noted only in ocultures supplemented with
beta~indolyl acetic acld. The roots were very ashort in both
concentrations. Ten mg. or more of the acld per liter of
nedisa killed the plants.

Concentrations of 0.1 and 1.0 mg. per liter of medla of
phenylacetic and ﬁhenylpropionie acld also retardled the rate
of growth of the Lemna and inhibited root growth, mt the
effeots produced on the fronds were different from those
caused by identical conecentrations of the synthetic hetero-
auxin; this 1s shown by a comparison with Lemna in the
standard medium.

The separste mature fronds of the plants in standard
cultures were uniformly grouped in clumps of four; the inner
ends of the fronds were slightly higher than the cuter ends,
giving an arched appearance to the group. The Lemna , in
cultures supplemented with the concentrations of phenylaocetic
and phenylpropionic aocids, had a more pronounced arched
appearance of the clumps of fronds than the atandard, and the
separate fronds fltted snugly together. The fronds of the
plants in the cultures supplemented with phenylacetlc aold
were slightly larger than the standard and possessed a darker
green color; those of plante in cultures contelning phenyl-
proplonic acid were normal in sigze and had & normal green
color.

Conesantrations of phenylsascetic aocld of 10 mg. or more
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per liter of media were toxic. Plants in cultures containing
that concentration of phenylproplonic acid became very small
and had a light green color; the roots deocreased to short,
glosck clumped stubs. anu‘ues greater than 10 mg. per
liter of this aold were toxlic to the plants.

Although rather érastic physiological changes were effect-
ed in the Lesma growing in solutions containing high ooncentra-
tions of the compounds, the plants recovered when transferred
to inorgenic media. Some of the very small plants, whioh
resulted from treatment with 10 mg. of phenylpropionic aold
per liter of medla, wers transferred to standard cultures. In
the course of four weeks the plants appearsd to be entirely
reeworad; the 6 1ze and golor of fronds and the roots were
similar té those of Lemna of standard culiures and the normal
rate of reproduction was resumed. During the first week after
transfer to the inorganic medla, the connecting atrands of the
mother and daughter fronds beocame very long, an effect previous-
1y noted only for Lemna in near toxic concentrations of beta-
indolyl acetlc acid. Similarly, plants transferred after three
weeks in cultures supplemented with 1.0 mg. of beta-indolyl
acetic, phenylacetic or phenylpropionic aoids per liter, also
showed & complete return to normal and healthy plants within
a few weeks. Lemna from the solutlions aupp}.emenﬁéd with
phenylacetic or phenylproplonlio aolds incressed in size during
the recovery period, but within a few weeks they returned to
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normal, HNo marked changes were obsgerved during the recovery
of plents transferred from the solution containing 1.0 mg. of
beta-indolyl acetic acld per liter.

Discussion.

The reactions of Lemna grown in solutions supplemented
with beta-indolyl soetic aoid, in general check the results
for loiﬁling& of oats and wheat repértea by Davies and coe
workers (20), Lane (44), Thimann (70) and Marmer (51). The
resulis obtained by Lilly and Leonian (48) for detached roots
and shoots of corn, while not exactly eompérable to those
from oam;ﬁlete plants, were of the same nature. The marked
inhibition of root growth by the synthetlo hetercsuxin
reported in all instances by these investigators was also
obtalned in the Lemnas the toxlec effect upon the coleoptiles
of seedlings seoured by Davies, and on first leaf and
oolaoptiles by Marmer, was similarly produced on fronés of
Leuna.

The suggestion of Leontan and Lilly that the acid is
& growth inhibiting rather than a growih inducing substance
appears to be well founded; if 1t is a phytohormone produced
in plants during their normal 1life progesses, then ite pro=-
duntion must bhe carefully controlled, ss & sonstant external
supply destroys the normal balance within the plant and
brings about a detrimental effect. This is evident from
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the recovery of normal heslth by Lemna when transferred from
cultures supplemented with moderate concentratione of beta~
indolyl agetic acld to standard 1norsan;a cultures,

Indxéatlena are secured from the work of Macht and
Grumbein (50) that under certaln oondlticné the aocld may be
growth inducing. These investigators, as pointed out, report-
od a definite stimulation of the roote of Lupinus albers seed-
lings after a short exposure of the roots to very dilute soluw
tions of beta~indolyl acetic acid. Thie suggests the possibil~
ity that zhort perilods of intermittent contsot for the plants
with solutlons of the acid might be benefloisl. Although
this was not indicated by Leamns transferred from solutions
supplemented with this acid to standard media, some indica-
tion of such a possibillity was secured when Lemna in solu-
tione oontaining phenylacetio and phenylproplonic acids were
transferred to inorganic media; 4in these two ocases a definite
inerease in size of the fronds was observed.

The experiments with Lemna suggest that any marked
stimulation produced in these plantas, at least in solutions
supplemented with the higher ooncentrations of the compounds,
would be secured at the expense of some detrimental effect.
This 18 indicated by ihe deoreased rate of reproduction and
inhibition of root growth, both of which atcompanied the in-
oreased frond size of the Lemng grown in solutions containing
0.1 and 1.0 mg. of phenylacetio acid per liter of medla. The
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glight inorease in the rate of reproduction of the Lemna, in
solutions supplemented with the lower range of concentrations
of phenylacetic and phenylpropionic acids, was the only
stimulation effect obtalned from the synthetlic substances
without some apparent harm to anothsr part or funetion of the
. plant.,

Summery and Conolusions on Pure Compounds.

Lemna were grown in sterile inorganic solutions éontain»
ing additions of beta-indolyl acetio acid (synthetic hetero-
auxin), phenylacetic and phenylpropionic acids. Water solu~
tions of each compound were sterilized by filtration through
Chamberlain Pasteur filter candles and the solutions added
aseptically to autoelaved nutrient solutions,

Under the growth conditions of the experiments 0.0001
to .01 mg. per liter of media of beta~indolyl acetic aoid
414 not increasse the rate of reproduction of Lemns, and
identical concentrations of phenylacetic and phenylpropionlo
acids gave only a very slight acceleration to the rate of
growth} higher ooncentrations of each of the acids retarded
the rate of reproduction. The plants were killed by incoula~
tion into solutione containing 10 mg. or more of beta~indolyl
acetic or phenylacetic aoclds per liter of medla, and by conw
sentrations somewhat higher than 10 mg. of phenylpropilonle
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acld.

Phenylproplonic and beta~-indolyl acetic aclds were more
effective root growth inhibitors than phenylacetie aocld. The
inhib&tidn of root growth by bets~indolyl acetic acid was
also reperted by other investigators for seedlings of plants.

Phenylacetic and phenylproplonic scids in concentrations
of 0.1 and 1.0 mg. per liter of media produced a slight in-
orease in size of the fronds of Lemna; 10 mg. of the latter
substance oaused a reduction in sige,with a loss of chloro-
phyll. Amounts of beta~indolyl aocetie acid of 0.0l mg. or
more brought about a marked decrease in frond size and were
also agcompanied by & loss of shlorophyll.

Lemns 41d not appear to be permanently injured by conw
centrations up to 10 mg. of beta-indolyl acetic and pﬁéﬁylu
asetic aolds, and up to and including 10 mg. of phenylpro-
plonic acid per liter of medle. The plants, when trans-
ferred to standerd inorganic media, resumed healthy and
normal growth within a few weeks.
| Any sﬁlmulation effects produced in the Lemna hy the com-
pounds were made at the expense of some part or function of the
plant, with the exoeption of the very elight increase in the
rate of reproduction produced by the lower range of concentra=-
tions of phenylacetic and phenylproplionliec aclds. The results
appear to support the statement of Leonian and Lilly, that such
substances tend to be more often growth inhibiting than growth
inducing-
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VITAMIN Bl.

The fact that minute traces of certain érganie materials
migt be present in the dlet of animal#, including human beings,
has been known for over twenty years. These organic substances,
termed vitaming, although present in very small amounts in
natural foods, have been proved to be absolutely essential.
Ab first, in the study of these substances, plants were con-
sidered only as souroes, but in the past few years definite
evidence has been secured that some of the vitaminas are
essential faotors in plant development.

Vitamin C (ascorbic acid) was the first vitamin to be
used a8 a growth substance for plants. The experiments on
the growth of peas in sterile oultures, supplemented with
ascorbic acid, reported by van Hausen (31) and Virtanen (71)
are reviewed in the seotion entitled *History". A marked
inorease in the dry welght of treated plante was obtalned
and Virtanen concluded that the vitamin was a phytohormcne,
indispensable to plants. Van Hausen (32) treated pea seeds
for 24 hours with a solution containing 4 mg. per oc. of
vitanmin C. BSeedlings germinated from these seeds and com=
pared with oontrols, inoreased 35 percent faster in dry
weight during initial stages of growth.

Bonner (4) reported a definite inoressed growth rate
of exolsed pea embryos, of the varlety "Perfeotion®, when
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5 parts in 1 million of vitamin ¢ were added t¢ the mediunm,
but Xdgl and Haagen-Smit (39) reported no influence of the
vitanin in concentrations up to 0.8 mg. per embryo, on the
growth of excised pea embryoe of the variety *Kaapsche
Groene*' and "Kortstroo Sghokkers". Bonner (4) suggested this
laock of agreement might be due to a difference in the ability
of varletlies of peas to synthesize vitamin ¢ for themselvss.
Havas (33) germinated seeds of wheat, oatse, tomato and
paprika under sterile conditions in water solutions of vitamin
C; the experiments were oontinued for 13 to 14 days. Concenw
trations of 1 to 6 parts in 10,000 of the vitamin gave no
stimulation to the germination of wheat, but a definite
acceleration Lo the growth of the ssaedlinge; the shoots of
treated plants showed 20 to 30 peroent inorease in weilght
compared with controls, and an inorease of 50 percent was
shown by the roots. A oconcentration of 2.5 parts in 1000
caused a slight oheck in germination of the wheat and a
marked inhibition of the growth of the seedlings; & concenw
tration of 5 parts in 1000 was toxic. Seeds of oats were much
less sensitlve than wheat, and for plants such as tomato and
paprika, which are naturally high in vitamin C oontent, a
concentration of & parts in 10,000 produced markec inhibitory
effeots. Adult tomato plants treated with 1l part in 10,000
of the vitamin showed no acceleration in growth or flowering,
but the total welght of frults produced was 20 percent greater
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than controls. Davies, Atkins and Hudson (20) germinated
seedsa of oats, mustard and nress'under sterile conditions in
solutions containing one part in 10,000 of vitamin C; ocompared
with oontrols, s stimulation of both gprmlnatién and growth
wag seoured. ,

Kogl and aiaganpsnit (39) demonstrated that vitamin By
is a growth factor f plants. They grew exolsed pea embryos
in a sterile nutrient gelatin medium and found conocentrations
of orystalline By , as low as one part in 100 million, inoresas-
ed the length, welght and branching of roots. They recorded
an inocrease in the length of shoots which was oonsidered to
be an indirect result of the greater root growth. Bonner (4),
An a simllar cxberiment, also seoured stimulation of the growth
of pea embryos; the optimum concentration of orystalline
vitamin B; was found to be one part in 10 million.

Bonner (3) seoursd no new growth of excised pea roots
in a sterile nutrient medium oontaining only sssential salts
and gucrose, but new root growth was obtained ihon & water
extract of yeast was added to the culture, and even better
growth when two parts in 10 million of erystalline vitamin
By was substituted for the yeast extract. Robbins and Bartley
{57) and White (76) reported stimulation of the growth of
exolsed tomato roots in sterile nutrient aolut&édé’supplementcd
with water extraots of yeast. Orystalline vitamin B,, in con-
centrations of 0.1 to 1.0 mg. per liter of media, when sub-
stituted for the yeast extract, gave an inorease in the growth
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of the roots compared wiﬁh réot.a growing in a solution of
nutrient salts and sugar, but did not give an inorease
equal to that caused by the yeast extract. These results
differ from those of Bonner {3) who seoured greater growth
of excised pea roots with By than with t.he'yeaat citmet..

¥ildler's “bios", the complex growth factor for yeassat,
in whioh vitamin Bl. seems to be a fraction, appears to act
as a growth substance for green plants. Kogl and Haagen~Smit
(39) demonstrated tbat blotin, a blos fraction, stimulated
the growth of ghoots of pea embryos in sterile cultures but
had no effect on the roots. A combination of blotin and
vitamin By gave a greater inorease in growth than either alons,
stimulating both shoots and roots. Bonner (4),sscured s
similar effeot upon the shoots of the pea embryo using pan~
tothenie acid, and also with a combination of the asid and
erystalline vitamin B,. Willlams and his co-workers (77),
who discovered this acld and used it principally ag a yeast
stimulant, have suggested that the substance may be a
frastion of one of the water soluble vitamins. Bonner (4)
believes it 18 probable that pantothenic acid and blotin are
identical.

As sources of vitamins, plants and their growth con-
aitlons have becn investigsted from several angles. Follow-
ing the digeovery by Drummond and Zilva (23) that the vitamin
A contained in cod liver oll originated in the 4latom, a
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unicellular algae in fea water, Jameson, Drummond and Coward
(36), grew the ovganisms in artificial sea water containing
only pure inorganic salts and free from all other micro-
organisms., The distom synthesized vitamin A. Coward (18)
successfully produced fresh water algae under sterile con-
ditions on inorganic medium and in sunlight; these also pro-
duoced vitamin A,

The effeot of organioc matter on the production of
vitanins in higher plants has been shown bj several ex-
periments. Hunt (356) dgiermlned the vitamin B content of
whest grown on plots which had received wvarying treatment
for a number of years. He found no difference in the quantity
of vitamin B in wheat produced under different fertiliser
treatment. On the other hand, McCarrison {49) found th#t
wheat ralesed on solls recelving organic fertilizer in Indie
contained more vitamin A than wheat raised on soils which
recelved mineral fertillzer, and millet from organic fertil-
1zed solls nad a higher vitamin B content than millet proe
duced on mineral fertilized aolils.

Viswa Nath and Suryanarayana (73) demonstrated that the
effect of fertiligers on plants is ocarried on by the seeds pro-
duced. Seeds from plants grown on organic fertilized soll
produced better plants than seedls from plants grown on mineral
fertilized soils and their nutritive value wae inoreased.

8ince the grain from the organic fertilized plote was richer
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in both plant growth stimulants and vitamine, Viewa Nath
msseabad_ that the plant stimulant and vitamin were eilther
the same, or else so relsted that the stimulent would ensble
the plant to form the vitamine,

The synthesis of other vitamins by higher plants has
been shown. Evans and Hosgland (24) grew Canadian fleld peas
in culture solutions under nom-sterile eonditions and demon-
strated the synthesls of vitamin E in the plants. Virtanen,
ven Hausen and Saaetamoinen {72) found thst pes plants, grown
under sterile conditions and in inorganic medium, produced
carotene and vitamin C in practically the same amounts as those
grown under natural oonditions. This was production of vlt#mnu
by higher plante in the abgence of bacteris and organic nutri-
ents.

Lemna major was shown by Clark (156) and Frahm (27) to
synthesige vitamin A, and by Frahm (97) to synthesize vitamin
c.

The role of vitamin B, as a plant growth substance raised
the question of the possible synthesis of the vitanin by Lemna
when grown in inorganic solutions under artifiolal light, in
the abeence of organic matter and mieroorganisms. Lemna were
availaeble whioh had been grown under these conditions through
handreds of generations. If the vitamin is a phytohormone
essentlial to this plant, then healthy sand normel Lemns, grow-
ing in an inorganic medium and in the absence of microorgan-
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iame, ghould syntheslize 1t. _

In the rat feeding experiments rebm;a m.are. to test
the produstion of B,, m gromn miﬁer the conditions
deseribed inorganie media, absence of mioroorganisms and
organic matter, and w!.t;_h‘ electric lig,hS) are referred to as
"sterile Lemna®; plants grown in a soll-water mixture, in the
preténee of mieroorganisms and organio matler and in sunlight,
are termed "soll and non-sterile Lemna'.

Preparation 'of Material.

The sterile Lemna were grown under the conditions de-
goribed in * Methods for Lemna * in the Seotion on Pantothenio
Aeld, wit»h the exceptlon that the plants were suboultured at
weekly intervals. Each culture received a sufficlent number
of plants to fill the flasks in a week. The excess Lemns
were washed with two portions of distilled water, the molst-
ure removed with filter paper, and the plants placed on
gseparste papers in a dark compartment %o dry in alr. vhen
the sterility of the oultures had been checked, the dried
plants were placed in glass stoppered bottlea and stored in
the dark until needed for feeding to the rats.

The sollewater mixture uwsed for the production of 'soll
end non-sterile' Lemns consisted of 5 gm., of air-dry soil with
100 ec. of ordinary laboratory distilled water. The plants

in this medium were grown in 250 oc. erlenmeyer flasks, loose-
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ly stoppered with cotton pluga. The cultures were plzeed in
& water bath at 85°C * 0.87 and given sunlight from a south
window. o

Due to the rapid growth of slgae in these non-sterile
sultures it was negessary to make tranzfers to fresh medis
twice & week., At the time of transfer, the excess plants
framkoaeh flask were combined, washed in three portions ot
distilled water, and the excess moisture removed by plaoing
the plants between filter papers; the prepared plants were
then placed in a dark ocompartment to ary in air. When
completely dry the plants were stored in glass stoppered
bottles.

The preparation of plant material required approximstely
six months and nearly two months elapsed, after collesting
the last lot of Lemna, before the dried plants were fod to
rats; the prepared material varied in age, therefore, from
two to eight months.

Experimental.
First rat feeding experiment.
Preparation of rats.

Young healthy rats from four to five weeks Of age were
selected from the rat colony of the Animal Nutrition Labora-
tory and placed on the basal vitamin B; free diet desorlbed
by Chase and Sherman (10). This ration consisted of the
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following constituents in percent by weight: autoolaved
yeast 15, oaseln (extracted) 18, Osborme and Mendel's salt
mixture 4, cod liver oll 1, butter fat § and starch, 53,

The dlet was used as desoribed, with the exception that
Orisco was substituted for the butter fat in the original
diet given by Chase and sherman. This fat was a mors uniform
product than butter and was less expensive.

The yeast used in the dlet was prepared ascording to
the procefure of Chase and Shermsn (10). Northwestern yeast
wag placed in a steam autoolave and heatesd for 4wo hours at
15 pounds pressure. This treatment was found by Chase and
Sherman to destroy the vitamin Bl in the yea#t.

The casein was sxtracted by the method given by Sherman
and Spohn (64). One liter of 60 percent by weight of aleohol
wae stirred for one half hour with 200 gm. of caaein and then
allowed to stand for five and one half hours. The aleohol
was removed by filtration and the yeast washed on the filter
with 800 oc. of 60 percent aloohol. The Addit.ien of one liter
of 60 peroent aleohol to the yeast was Irepsated with stirring
and the mixture allowed to stand for 18 hourse; after agaln
filtering and washing, the yeast residue was washed finally
with BOO oo. of 90 percent alcohol to fasilitate alir drying.

The basal ration was placed in feeding cups in the cages
and the rats allowed to eat as muoh as they desired. The
supplement to the ration was mixed with autosclaved yeast and
water in proportions that would form a fairly thick suspension.
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This mixture was fed by mouth to each rat in the supplemented
groups by means of & graduatsd hypodermic syringe. The yeast
was inoluded in the mixture in order to seoure a smooth sus-
pension of the supplement 1n' water and to add a substancs,
“well liked by the rats, which would induce them to eat the
test materials. The supplements to the basal dlet inoluded
fry Lemna, the Internmational Standard Preparation of vitamin
By» and nonesutoclaved yeast,

The dry Lemna plants were finely ground in a mortsr and
the powdered material mixed with the vitamin~free yeast and
distilled water in such proportions that six grams of the
mixture contained 8500 mg. of the yeast and 600 mg. of the
dry plant material. This quantity was fed dally to each
rat whose dlet was supplemented with Lemna.

_ The supplement containing the Standard vitamin By was
prepared in thres conoentrations. The International prepara-
tion consiste of the anti-neuritic vitamin (B1) adsorbed
on kaolin. The International Unit, defined by the Department
of Biologleal Standards, Natlonal Institute for Medical
Research, Matmd, London, is the mtz-nauriuo aotivity of
10 mg. of the International Standard Preparation. This amount,
when inoluded with a ration deficlient in vitamin B]. only, will
enable & young rat of 50 to 100 gm. in welght to maintain
normal health and growtt and show 'an average weekly gein in
weight of three grams over an experimental period of not less
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than four, nor more than elght weeks. The standard was fed
at three levels to three separate groups of rats. Eaoh
animal in the groups was given dally 6 gm. of a mixture of
the standard preparation, autoolaved yeast and digtilled
water. The portion fed to each rat contained 800 mg. of the
Yeast plus elther 2.5, 6.0 or 10.0 mg. of the preparation ;
this provided groups maintained at levels of 1/4, 1/2 and 1
International Unit for comparison with the rats whose diet
was supplemented with the dry Lemns.

Non-sutoolaved yeast was added to the basal ration of A
one group of rats toward the end of the depletion period
in order to provids a positive control group during the
suppienenutxen. This supplement oconsisted of a mixture
of the non-autoolaved and autoclaved yeasts and distilled
water. An amount of this mixture contalning 200 mg. of the
non-gutoclaved yeast and 8500 mg. of the autoclaved was fed
4ally ‘tn esch rat of the group.

During the supplementation period the negative control
gmup regeived dslly per rat a volume of a mixture of autoe
claved yeast and distilled water which ocontalned 800 mg. of
the yeast. This group, as well as the others, was allowed
frec access to the basal ration at all times.

Sufricient amounts of each supplement to last for a week
to ten days were prepared and stored in a refrigerator at
329F, These were warmed to body temperature before heing
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plaoed in the syringe and given to the rats. The small
animals, when dspleted of thelr vitamin B, reserve, could not
consume the total volume of supplement at one feeding; this
necesslitated threé or four feedings of each rat throughout
the day.

After a depletion period of epproximately one month the
rats were dlvided into groups, and the various kinds of
sayplament added to the basal diet of the separate groups.
One group of 12 rats continued to recsive only the basal
ration and functloned as the negative control.

The rats selected for the Supplemented groups had
steadlly lost weight during the last half of the depletion
period; they showed a rapld loss in welght in the three or
four days bhefore additions were made to the dlet. The
nunber of rats and the dally supplement of each rat in the
group was as follows: Group 2 (18 rats), group 3 (12 rats)
and group 4 (13 rutu) receiving respectively 2.5, 5.0 and
10.0 mg. of the Standard vitamin B; preparation. Group 6
{1 rat) received 800 mg. of sterile Qgggg,'group 6 (1 rat)
800 mg. oft*soil and non-sterile'Lemna, and group 7 (4 rats)
200 mg. of non-autoolaved yesst. The last group were the
first to rapldly lose weight during the depletion period;
their quick recovery on the supplement of non-autoclaved
yeast, rich in vitamin By, confirmed this vitenia as the
sontrolling factor in thelr return to normsl weight and
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growth,

Pue to the small amounts of each kind of Lemna only one
rat was placed on those supplemented dlets; these single
animals were gonfined in the same cage with the negative
controls in order to provide warmth and company for the young
rats. Animals of the group which showed gigns of weakening
and possible death over-night, were removed to a separate
cage. The emall quantitles of prepared plant material also
atépped'bhe supplementation period after 13 dayse.

The eurves plotied in Figure 8 include for all groups
the actual or the average gain and loss in weight per rat
during the intervals of depletion, supplementation and dis-
continuation of supplementation.

Trends Indloated.

Curve 1 in Plgure 8 shows the average loss in weight of
the negative control group. The highest average weight of
these animals was 84.7 gn. and during the progress of the
experiment this decreased to 61.3 gm. . At the coneclusion of
the supplementation period three of the animals of the
negative group exhibited a Qarked lack of muscular ocordina=
tion, and were separated and placed on a ration supplemented
daily with 60 mg. per rat of the Standard vitamin By prepara-
tion. On this diet the rats recovered normal locomotive
powers and rapidly gained in weight. Ourve la, Figure 8 ,



AVERAGE WEIGHT

1O

lo/e

20

80

TO

<O

50i

ntrol.

30 mg. per rat aaily B

r rat daily B, Standari
1y Bx’Standar

E

18tandard

d.

\\
. \\\:
ENU/
-~ |
i

r rat dpily Bllstandar

d.

DAYS

]
ir rat dally Lemna major (sterile). ?
r rat deily Lemna major (soll |and non~steril i
200 mg. r rat delly non-autocleved yeqst. Posltive ¢ trol J
Sta%t of supplementation. | N { |
Supplementation discontinued, : - 1
15 20 25 30 25 50 55

-STT-



shows the average loss in weight of these rats on the basal
ration and thelr rapid recovery on the supplemented dlet.

The loss in weight of the negative control group with
the development of muscular inooordination by three of the
number, together with the return to normal of these impaired
rats when a concentrate of vitamin By was inoluded in thelr
dlet, left no question regarding the lack of vitamin By 4in
the basal ration.

Cuxrve 7 in Figure 8 represents the average weight of
the rate of the positive control group; these rats were the
firet to develop aymptoms of vitamin By deflolency. As
noted on the graph the basal dlet of this group was supple-
mented early in the depletion period; at that time 200 mg.
of non-autoclaved yeast was added to the diet. The group
was returned to the basal vitamin By free dlet about the
time supplementation was started for the other groups. The
owrve shows the rapld gain in welght of thig group when the
non~autoclaved yesst wag added to the dlet, and the loss in
weight whioh followed the return of the rats to the basal
diet; this cheoks the absenoce of Bl in the diet.shown by
the negative control group. '

Compared with the negative control group the two rats
which received the Lemna supplement ghowed a marked inorease
in weight. Thie was espeoially true for the rat fed dally
600 mg. 4ry sterile Lemns; the ourve for this rat, curve 5
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in Figure 8, shows a rapid galn from s weight of 69 gm. to
108 gm. at the end of the supplementation period. The rat
fed 800 mg. of 4ry Lemna (soil and non~sterile), ourve 8,
Figure 8, did not gain so rapidly; its weight inereaaed
from 68 gm. to 81 gm. during supplementation. |

The gain in welght with a return to normsl aotivity by
both animals when fed Lemna supplement and the loss in |
welght when the eupplement was discontinued, shows the
presence of vitamin By in the Lemna, with the larger quantity
in the sterile plantsa.

Curves 2, I and 4 In Pigure 8, show the average 'nekl.y
gain of the rats on the three levels of vitamin Bi standard.
The rats in group 2, 1/4 unit level, gained an average of
3.2 gu. over the supplementation period. A% this low level
several of the animals becane qulte weak. The rats in group
3, 1/2 unit level, gained an average of 12 gm. per rat over
the perlod, while those of group 4, 1 unit level, galned
24 gm.

A oomparison of these valuss with those obtained for the
rats whose diet was supplemented with Lemna indloates that in
800 mg. of &vy sterile Lemna the quantity of By ia one and one
half times that contained in 10 mg. of the International
Standard preparation, while the amount contained in the 500 mg.
of dry Lesmp {soil and non~sterile) is equivalent %o the By
in 5 mg. of Standard. These values are approximate only
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and merely indloate that By 1s present, as the galns result-

ing from the Lemna supplements are representative of only

two rats, and also beosuse of the short duration of the

supplementation period. _
From the results there was svery reason to believe that

the plants syntheslzed vitamin By under both the different

growth oonditions; the experiment was therefore repeated

with sufficlent materiasl to supplement the dlet of a group

of rats rather than a single animal.

Second Feeding Experiment with Rats.
Preparation of Supplement and Depletion of Rats.

The procedure used in growing and preparing the
aterile and non-sterile Lemna wae ldentical with that de~
soribed under "Preparation of Materiasl' for the first rat
feeding experiment, with the exception that the non-sterile
Lemna were grown in sollewater mixtures in large orystallizing
dishes covered wlth watch glasses instead of 1n erlenmeyer
flasks. The use of the dishes reduced the time required to
transfer the Lemna to fresh ocultures and to collect the
excess xalanﬁu for drying and storege. The prepared materials,
theré:’are, wers comparable %o those used in the first experie
ment aside rrém a difrerence in age due to the unavoldable
delay in feeding the dry plants to the rats. The dry Lemna
used in the second experiment was stored for approximately
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twice as long as the plant supplement for the first rat test.

In the second rat feeding test the basal vitamin B,
free dlet of Chase and Sherman {10) was replaced by a depletion
ration of Evans, Lepkovsky and Murphy (26); this ration was
made up in percent by weight as follows: extracted oaseln 30,
suorose 60, Csborne and Mendel'a salt mixture 4. Sugar was
the only source of energy. Both fat snd staroh were ulaéAaq
energy sources in the bassl vitamin By free dlet of Chase and
Sherman (10} but these substances have since besen found to be
undesirable dlietary fasters for vitamin By agesy tests.
Guerrant, Dutoher and Tomey (30) reported that replacing
starch by sugar in the vitamin By free basal ratlon annulled
the error from ecprophagy in the assay of vitamin By. 8tarch
was found to be incompletely digested by test animals) this
eould‘cause the formation of vitamins 1in the lower part of
the digestive tract of the rat. Evans, Lepkovsky and Murphy
{25, 26) eliminated fat from their basal dlet because of the
sparing aotlon of this substance on vitamin B,.

Casein used in the basal diet was extrascted mocording
to the method of Evane, Lepkovsky and Murphy (26). The sub-
stance was washed twice dally for five days with digtilled
water eontaininé.l oo. of glaoial soetic acid per liter, and
twice datly for two days with distilled water. It was then
thoroughly drsined by suspending in a cloth, and later de-
hydrated with aloohol and ether.

-
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The rats were allowed free acoess to the basal dlet at
&ll times. Each day the first portion of the ration given
all groups was supplemented with 500 mg. of eutoolaved yeast
and 50 mg. of cod liver oll per rat. The yeast was prepared
as outlined for the first rat feeding experiment.

" The vitamin By supplement was inoorporated with the
basal ration during the perlod of supplementation. The
syringe method of feecing the test material individually to
the test animels (first experiment), proved to be a time
consuming process and was not attempted for the second rat
feoding test.

As the supplement was mixed with the basal dlet the
food oconsumption by the rats was ohecked dally; this made
oertain that all the supplement provided was eaten. The
- supplement, oonsisting of the vitamin By test material and
the mixture of non-autoclaved yeast and cod liver oil, was
combined with a portion of the basgal ration which was less
than the amount consumed dslly by the rats; when the dally
amount of supplemented ration was entirely consumed, sddition-
al unsupplemented dlet was plased ih the cages for the remain-
der of that day.

Approximately one month was required, to deplete the
test rats of thelr vitamin By reserves. Depleted animals
whioh had shown a rapid loss in welght following a gradual

loas were selected for the test rats, Litter metes were
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placed in separate groups in ai.l instances.

The grouping, together with the number of rats in the
group and the average dally supplement per rat was as follows:
la~{3 rats), negative control; 2-(6 rate), & msg. B, Standard
or 1/2 unit; 3-(6 rats), 10 mg. By Standard or 1 unit; 4-(5
rats), 20 mg. By Standard or 2 unite; B-{4 rate), 260 mg. dry
sterile m: 6-(1 rat), BOO mg. Ary ‘'soil and nem~sterile’
Lemna: and 7-{3 rats) positive control groﬁp, 1000 mg. non~
autoolaved yeast.

The Standard Vitamin By Preparation used wss ldentical
with that used in the first test; but the levels at whioh it
was fed were changed from 1/4, 1/2 and 1 unit to 1/2, 1 snd
2 unite. |

Results,

The average weekly loss and gain in weight of all
groups of rats during the progress of the experiment is
given by the ourves in Figure 9.

The ourves for mup la, negative control, and group
7, positive oontrol, show the depletion of the vitamin By
resexrve of the test animals. This 18 evident from the rapid
increase in weight of the rats when materlals rich in By
were inaluded with the bassl ration. | Daily supplementation
of the diet of the posit.ife control group with an average of
1000 mg. nom=autoclaved yeast per rat was accompanled by an
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average gain in weight from 63 gn. to 81.7 gm. in the f irst
week. When 20 mg. of the vitanmin By Standard was fed dally
for four days to each rat of the negative conirol group,
following the period of supplementation of the test groups,
these rats also s@mod rapldly in welght; the average weight
of th,a‘ rats inoressed from 87.3 to 66.3 gn. during the fesd-
ing of the standard material.

The avsrage welghts in graus of rats whoge diet wase
supplemented with dry Lemna is shown by ocurves & and 6 in
Figure 9. A oomparison of these curves with ourve la,
negative control group, shows the presence of vitamin By
in the dry sterile Lemne, but very litile if any of the
vitanin in the dry 'soil and non-sterile' Lemna.

The rats i’ea dally an average of 280 nmg. dry sterile
plants inoreased steadily in welght during the supplsmenta-
tion period; when the supplement was diacontinued the rats
immediately started to lose weight {ourve &, Figurse 8).
Both these faots point to the presence of vitamin By in the
dry sterile Lemna supplement.

Curves 2, 3 and 4 in Flgure 9, give ‘t'ha aversge gain
in welght of the groups of rets whose dlet was supplemented
with the Standard vitamin l?.1 Prqparatxon. Curve 2 represents
the group fed B mg. of the Standard or 1/2 unit; for the
period of supplementation of the test groups (Lemns supplement)
these animals gained an average of 3 gm. in welght or an
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average weskly gain of 1.5 gm. The rats in group 3, (ourve 3)
which received 10 mg. or the 1 unit level, showed an average
gain of 18.6 gm. for the same period or an average weekly gain
of 9.3 gnm., while the rats in group 4, 20 ng. of Standard or
2 unit level (ourve 4) gained an average of 29.8 grams or en
average of 14.9 gm. per week.

During the supplementation period the average gain per
rat of the group fed dry sterile Lemna was 13.3 gm. or an
averags weekly gain of 6.7 gm. This gein is superior to the
average weekly inorease of 1.5 gm. in welght of the 1/2
standard unit group, it not quite equal to the average weekly
galn of 9.7 gm. shown by the 1 standard unit group. The cone
parison indicates that 280 mg. of dry sterile Lemng ocontained
an amount of vitamin By greater than ihat in the 1/2 unit of
standard and less than the vitamin in one unit of sﬁanaurd.

Discussion.

The second rat feeding experiment was oarried out in
an attempt to seoure & quantitative measure of the vitamin By
produced in Lemns, but it proved to be impossible with the
equipnment at hand to0 produce sufficient plant materisl to
sarry out a ret feeding experiment, using groups of rate, for
the minimum of four weeks required for standard vitamin By
assay, slthough by reducing the amount of dsily supplement of
dry sterile Lemna it was possible to feed that material to a
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group of rats rather than a alnéle animal. In the case of

dry 'soll and non-sterile! Lemna each experiment was identlcal;
800 nmg. of the materlal was used to supplement the daily
ration of & single rat for & two weeks feeding test.

The response of the rats in tha‘uecand experiment ine-
dicates a smaller amount of vitamin By in both forms of Lemna
supplement. Apparently some decomposition of the substance
took place during the long storage period before the second
assay, or possibly, the higher gdains of the animale recorded
for the first test were due to the individual ocharacteristios
of the single animals. Very little, 1f any vitamin 31 was
indiocated for the ssescond portion of ‘soll and non-sterile!
Lemna, although in the firat experiment a small quantity was
present.

Results of both experiments indlcated th&t & smaller
quantity of vitamin B, vae syntheslzed by Lemna grown under
non=-sterile conditions in the presence of organic matier and
in sunlight than was produced in sterlle Lemns grown under
eleotrioc light in an inorganic medla. The intensity of light
was constant for the sterile plants, while the growth of the
non-sterile plants over the winter months was hindered by
uncertain light because of short days and oloudy weather.
Under these conditions, the non-sterile plants produced a
large number of winter buds, some of which were collected
with the plants and deoreased the amount of green plant
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material in the welghed supplement fed to rats.

The production of vitamin B, by Lemna under varied
growth conditions was the reverse of results on vitamin B
secured by HoCarrison(42) and Viswa Nath (73) with millet
on organic and mineral fertilized soils. But the only
variable in their soll plot experiments was the soll treat~
ment « applications of fresh manure aaainst mineral fertil-
izer - while in the case of the ngggﬂ,‘mloroorganiama and
organioc matter were excluded from the sterile cultures and
the source of light was & variable factor. Under the con-
ditions of the experiments the sterile Lemna certainly cone
tained more vitamin By than the non-sterile, but with the
gmall amounts involved, the conclueion could not be drawn
that this would always be the ocase.

Sumuary and Conclusions on Vitanin Bl.

Lemna major was grown, under varled oonditions, for
the production of plant material in sufiloient quantities to
supplement the bassl ration of vitamin Blndopletod rats in
two feeding experiments.

Under the conditions of the experiments the response
of the test rats showed that vitamin 31 was eynthesizga.by
both sterile end by 'soll and non-sterile' Lamna: a greater
quantity was produced by the Lemna grown in inorganic media
under artificisl 1ight and in the absence of microorgenisms
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and orgsnio matter, than in the plants grown in & solle-water
mixture, in the presence of mieroorganisms and orgenic matter,
and in sunlight; but the growth of the non-sterile plantse

was hindered by ehort and oloudy winter days.

An attempt wase mpde 10 secure a quantitative measurse
of vitamin By synthesized by the plants, by comparing the
average weekly galn in welght of rats fed Lemna supplement
with that of rats fed supplements of the Standard Vitemin By
Preparation at various levels. The quantity of dry Lemna
avallable for either experiment proved inadequate for a st;nnd-
ard asaw'periaﬁ using groups of rats.

However, the somparison of the average gain in welight
of rats on Lemna and Standard By supplement, indicated for
both ezperimanta that 250 mg. of 4ry sterile Lemna oontained
slightly lees of the vitamin than one unit of the Standard
Preparation and for the first experiment that 600 mg. of the
‘eoll and non-sterile' Lemna were equivalent to one half unit
of Standard, while the second experiment 1ndieatad the préa-
ence of still less of the vitamin, This deoremsse may have
been due to decomposition of the vitamin during the long
storage of the material before the second test; a slight
decrease in potency was slso noted for the second lot of
sterile Lemna compared with the results from similar mater-
1al in the first experiment.

Vitanin By has been shown by other investigators to
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be an accessory growth faotor for some plants; its presence
in both sterile and 'eoil and non-sterile' Lemna suggests
that the vitamins might also act as growth-promoters for

Lemna.

General Disoussion.

Both vitamin C (ascorbic acid) and vitamin By, have
been found to stimmlate plant growih and can be classed as
apoessory growth factors, for green plants. Vitamin By
appears to affect specifically the growth of roots; any in-
oreased growth of aerial parts has been considersd an in-
direct result of inoreased root development., Vitamin ¢
sgems Lo stimulate the entire plant, its effect belng cone
fined to no one part. Bonner (4) pointed out that it was
obvious that vitamins were not produced by plants merely
to supply essential oconstituents in the diet of animals,
and that probably the synthesis was for some definite
funotion in the life of the plant. Viswa Nath (73) slso
indicated a possible Adentity of plant stimulants and vitamins,
Under some oconditions it seems evident the plant can make use
of mors of the vitamin than 1t aotually produces..

The results from supplementation of the basal dlet of
vitamin Bl~deplebed rats with dry Lemna, produced under
varied growth conditions, leaves no doubt as to the presence
of the vitamin in the plants. It was pointed out that the
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plants also synthesize vitamin C (Frahm, 27). The synthesis
of the greater quantity of both vitaming has been by sterile
Lemna growing in inorganic medium, under artifieial light

and in the absence of organic matter} also, the plants under
these growth conditions have the faster rate of reproduction.

A similar correlation for vitamin C has been shown for pess
grown under sterile oconditiona by Virtanen (71). This suggests
a connection between the amounts of the vitamins gynthesized
by the plant and its rate of reproduction; 1t also indicates
the possibility that the vitamins are accessory growth factors

for Lemna.
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eoncentrate the extracted growth material from the shoots and
gave irrsgular results with the root extract. A substance or
substances, which inoressed the rate of reproduction of Lemna,
were gontained in both extrects. The stimulation was ascompanied
by an inhibition of rool growth and a deorease in both
-o'klarcphyi’l and size of fronds; a similar effect was noted for
the extraot of beef liver. :

Hany pure compounds related te the auxins have beacn
shown to possess plant growthepromoting properties. Three
of these synthstic growth sudbstances, betasindolyl aaatiz,.
phenylacstic and phenylproplonic acids, in congentrations
from 0.0001 t;i 100 mg. per liter of medis, were tested on

Beta~indolyl acetic acid is identiocal with hetero-
auxin, one of the auxins produced in the coleoptile tips
of A¥ana. This oompound in any oongentration used did not
stimulate the rate of reproduotion of the plants; 0.1 and
1.0 mg. per liter of medla, oaused a marked inhibition of
root growth and a deerease in both shlorophyll and size of
fronds, and 10 mg. or more killed the plants.

The lower concentrations (0.0001 mg. up) of phenyle
aoetio and phenylpropionic aclds gave & very slight inerease
in the rats of reproduotion of Lemna, while 0.1 and 1.0 =ng.
per liter of media deoreased that functlon and inhibited
oot growth but inoreased the frond size. Ten mg. per liter
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of phenylacetio acld, and amounts somewhat higher than 10 mg.
for phenylpropionic aold, were toxio to the plants.

The results obtained from the stimulation of Lemns
by either growth-promoting extraots or pure synthetio growthe
promoters indiocated that any marked effects produced by these
materials were at the expense of some other part or funotion
of the plant. There 18 thus some Justifloation for the view
that such agents appear to be growth inhibiting rather than
growth inducing.

The role of vitamins as accessory growth factors for
green plants was d&aeunued in relation to its pogsible |
connestion with vitamin productlion by Lemns grown under
varied growth conditions.

The synthesis of vitamin By by Lemng was shown by
the recovery of vitamin By~-depleted rats fed a supplement
of the air-dry plante. Lemna grown in inorganic medis under
artifrioial light, and in the absence of mioroorganisms and
organioc matter, produced a greater quantlity of the vitamin
than plants grown in & soil-water mixture, under sunlight,
and in the presence of microorganisms and organio matter.

The greater production of the vitamin Bl in the Lemns was

correlated with an increased rate of reproduction.
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