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The possibility of the presence in the soil of growth-promoting accessory
substances is still an open question. The nutrition of the green plant has
generally been regarded as satisfied by a supply of inorganic food materials,
consisting of mineral matter, carbon dioxide and water, from which organic
material is produced and the complete plant structure built up. Recently,
however, this conception has been questioned by Bottomley (1-6) and Mocke-
ridge (15) who have stated that the addition of minimal quantities of certain
organic substances to the inorganic nutrients is absolutely essential if the
plants are to grow healthily and normally for any length of time.

To these organic substances Bottomley gave the name auximones, and it was suggested that
they were similar in function to the growth-promoting accessory factors termed vitamines,
necessary for the growth of animals, “TIt is now established that plants, in their turn, require
growth-promoting substances, or auximones; which, in the case of the lower plants, are
apparently manufactured by themselves, but which in the case of green plants, must be sup-
plied from without. Since these necessary accessory substances are essentially organic in
nature, their only possible source in the case of ordinary green plants is to be found in the
organic matter of the soil in which they are growing.”

Several patents were secured by Bottomley for the manufacture of these growth-promoting
substances from bacteria-treated peats, and an effort was made to use the guximones on a
commercial scale in both greenhouse and market garden practise. A popular account is
given by G. D. Knox in Thke Spirit of the Soil and marked success is reported in many cases.

In order to avoid introducing the auximone in the seed, Bottomley worked in the laboratory
principally with Lemna minor and Lemna major which reproduce by budding, using Detmer-
Moor’s and Knop’s solutions (6). With these solutions he failed to get good growth and after
a few weeks both the appearance and weight of the Lemna indicated that the plants were not
receiving all that they required to maintain their normal health. Mockeridge (15) had the
same experience with Lemna major. In both cases the addition of small quantities of organic
matter, extracted from soil or from the specially treated peat, greatly increased the rate of
reproduction and the health of the plants.

Mockeridge has quoted the work of Williams (20) who arrived at the conclusion that a
substance identical with the water-soluble vitamine B was necessary for the growth of yeast.
The cexperience of one of the writers with Saccharomyces cerevisiae (7) and recent work in these
laboratories by Fulmer (9) and Nelson (16) as well as reports by McCollum and his co-workers
(13) have shown that the accessory substance for yeast, the Bios of Wildiers (19), is of the
nature of an accelerator rather than an essential for reproduction and cannot be compared
with animal vitamines without which reproduction and growth cannot take place. Robertson

1 Contribution from the Department of Chemistry, Iowa State College, Ames, Iowa.
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104 NORMAN A. CLARK AND EMERY M. ROLLER

(17) has suggested that this may be the same substance X which he finds accelerates the repro-
duction of infusoria.

Tt seemed possible therefore, that the function of organic matter in the nutrition of green
plants might be to increase the speed of reproduction and growth, rather than serve as an
essential constituent, and that the reason for poor growth in Knop’s and Detmer’s solutions
might be the unsuitability of the media used. Bottomley (6) recognized this when using
Detmer’s solution alone: he therefore tested Knop’s and found that it checked his results with
Detmer’s, but he does not seem to have tried others. Mendiola (14) in a genetic study of
Lemna minor, reported successful growth and even increased size of plants with a modified
Pfeffer’s medium which contained no organic matter.

EXPERIMENTAL

After preliminary experiments Lemna major was chosen and the three
salts, monocalcium phosphate, potassium nitrate and magnesium sulfate,
were used as a basis of the medium. These salts were first tested by Living-
ston and Tottingham (12) for wheat. Iron was added to the solutions as
ferric phosphate and was made up as described in the Plan for Cooperative
Research of the National Research Council (11); approximately 0.38 mgm.
of FePO, were added to 250 cc. of the solutions.

The calcium and magnesium salts were made up in 0.05 M solutions at
20°C. and the potassium nitrate 0.20 M. A modified Shive’s apparatus (18)
was used for filling and the plants were grown in Pyrex beakers which were
wrapped to the level of the liquid with paper, black inside and white outside,
and covered with a watch glass to prevent the entrance of dust. Each beaker
contained 250 cc. of solution and this was changed twice a week as with
Bottomley and Mockeridge: no trouble was caused by algae or mold under
these conditions. The beakers were weighed and water lost was replaced
each morning; specially redistilled conductivity water was used in all cases—
the laboratory distilled water had a decidedly toxic effect on the plants.
The stock cultures were grown in soil solutions, 25 gm. of a Carrington loam
soil to 200 cc. water, and renewed weekly. All cultures received direct sun-
shine in the afternoon only.

One hundred and twenty-five solutions were made up, being all combina-
tions of the three salts in the following proportions:

Ca(H:POy)2 EXNO; . MgSO«

moles per liter moles per liter moles per liter
0.0004 : 0.0016 0.004
0.001 0.004 0.001
0.002 0.008 0.002
0.003 0.012 0.003
0.004 0.016 0.004

B




“AUXIMONES” AND THE GROWTH OF THE GREEN PLANT 195

RESULTS

Within a week all plants in solutions containing 0.002 mole of monocalcium
phosphate had turned brown and were dying or dead. This was not due to
excess of calcium or phosphate for when the ions were rearranged, greater
amounts were not harmful. On the other band, 0.008 mole of KH.PO, per
liter proved toxic in several combinations. The effect of hydrogen ions is
being further studied.

At the end of two weeks, twenty-two cultures which showed the best de-
velopment with regard to size, color and number were selected for tests on
their rate of reproduction. All were healthy and varied Little in size from the
controls in soil solution~a condition still shown after four months growth
in the mineral solutions. The ratio of calclum to magnesium varied from
2.5 to 0.25.

Given good conditions, the rate of increase at any time should be propor-
tional to the number of plants present, whence

N
log ¥ = E@—1¢)

If the logarithm of the number of plants is plotted on time, the result is a
straight line with slope 2. The variation in temperature and sunlight, and
possibly the time of the growing season, would be expected to make the curve
somewhat irregular, but remarkably uniform results were obtained. Two
typical curves are shown in figures 1 and 2, solutions 435 and 486. At the
points marked with the arrows the beakers became crowded and the number
of plants was reduced to ten or twelve. As will be seen, this did not alter
the slope of the curve. Figure 3 shows the soil control, which contained
25 gm. soil and 200 cc. water, changed twice a week as with the mineral solu-
tions. The % for this is 0.058, indicating that a plant reproduced itselfi—the
“generation time”’—in 3 days, compared to 5} to 533 for the mineral solutions.

In figures 4 and 5 are plotted of Bottomley’s curves for Detmer’s solution
alone and Detmer’s plus peat extract (6). In both cases the plants started to
reproduce during the first week at a rapid rate and a generation consisted of
four to five days. This rate, however, was not kept up but fell to about
twenty days for the mineral selution alone and to'11 days for the medium
including the peat extract. Upon adding the extract the rate of reproduction

was doubled but it did not approach that of the first seven days. Curves .

for Knop’s solutions plotted from both Bottomley and Mockeridge show the
same shape but the time is even longer.

No such drop is shown in figures 1 and 2, where the rate of growth con-
tinued at twice the speed shown after the first week in Bottomley’s medium
containing minerals and peat extract. The rate of reproduction shown in
figure 1—after growing with sunshine during the afternoon only—was rather
smaller than for the plants grown in Bottomley’s greenhouse during the first

o R R
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Fics. 1-3. REPRODUCTION OF Lemna TN THREE SALT AND SorL SOLUTIONS
Fi6. 1. Solution no. 435. Ca(H:PO,). = 0.0004 moles per liter; KNO; = 0.0004 moles per
liter; MgSQ; = 0.0004 moles per liter. % = 0.051. Generation time = 59 days.
Fic. 2. Solution no. 486. Ca(H:POy). = 0.001 moles per liter; KNO; = 0.004 moles per
liter; MgSO; = 0.002 moles per liter. % = 0.053. Generation time = 5.6 days.
Fi6. 3. Soil 25 gm.; water 200 cc. % = 0.057. Generation time = 5.2 days.
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F1cs. 4-5. REPRODUCTION OF Lemna in DETMER’S SOLUTION
Fi16. 4. Detmer’s solution plotted from Bottomley’s tables. Generation time for first
week = 4.7 days; after first week = 20 days.
F16. 5. Detmer’s solution plus peat extract, plotted from Bottomley’s tables. Generation
time for first week = 4.3 days; aiter first week = 11 days.
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week in the peat solution, but this rate was almost maintained in the mineral
solutions, whereas Bottomley’s, even with organic matter present, dropped off
rapidly.

It seems therefore, that better growth can be obtained by using a mineral
solution suited to the plant than by adding organic matter to one in which
the plant has difficulty in developing. For four months, representing over
twenty generations, the Lemne without auximones reproduced at the same
rate and the size and health of the plants showed no falling off. The sug-
gestion that guximones act as essential constituents for growth of plants,
in the same way as the vitamines for animals, must therefore be negatived.
The question whether organic matter will function as an accelerator when
the solution is adapted for the plant’s needs is receiving further study in this

. laboratory:

STUMMARY

1. The growth of Lemna major in mineral solutions depends upon suitable

~ concentrations of salts; organic matter is not necessary.

2. Reproduction, in varying concentrations of Ca(H:PO;):, KNO; and
MgSQ;, with iron supplied as ferric phosphate, attained almost the speed
for plants grown in solutions containing soil, and for four months the Lemna

showed no signs of decrease in size.
3. The number of plants present follow closely the logarithmic equation

logio = = k(t — t,). The time for one generation to produce another under

No
the couditions given, for solutions containing soil was five days; for 2 number
of different concentrations of the salts used a generation time of under six
days was obtained.

4. Auximones are not essential for the growth and reproduction of green
plants and cannot be classed with vitamines which are necessary for animal
growth.
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ORGANIC EATTER s#ND THE GRCWIH OF LE#NA
INTRODOCTICON AXD HISTORICAL

For about seventeen years it has been known that all ani-
mals reguire in their diet minute quantities of organic sub-
stances of unknown composition called vitamins, in order to
grow and live normally. These accessory substsnces have not
as yeﬁ been shown to be non-essential to the life of animals,
but seem to be necessary for their proper nutrition.

wildiers (45) advocated the necessity of some organic
substance for the normzl growth and reproduction of yeast.,

He named this accessory yeast facter, “bios™. Some investiga-
tors supported his view, but many believed that jeast counld
grow quite well in a medium containing no “bios™. There was,
however; little progress made toward settling this guestion
until recently, when Fulmer (23), Nelson and EcCollum and his
co-workers (27), showed that this “bics™ of Wildiers, is an
accelerator rather than an essential, and can not be compared
to animal vitamins. This substance, then, which was considered
by many investigators in the field of nutrition to be essential
to satisfsctory yeast growth, and w:ich has recently been shown
to be non-essentisl, is s yeast accelerator.

The possibility of the presenceAin the soil of growth-
promoting accessory materials was advocated by Bottomley

(6, 7, 8, 10, 11) and by Mockeridge (30, 31, 33). Tkey stated




that the green plant can not grow and reproduce normslly if
minute gquantities of certain organic substances were not
present. These organic materials which were believed to be

analogous in function to vitamins in animal nutrition were

called by Bottomley, “auximones™. "It is now established that

plants, in their turn, require growth-promocting substances,
or guxinmones, whick in the case of the lower plants, are ap-
parently manufactured by themselves, but which in the case
of green plants must be supplied from without. Since thkese
necessary accessory substances are essentially orgsnic in
nature, their only possible sowrce in the case of ordinary
green plants is to be found ir tke organic matter in which
they are growing™.

Bottemley employed Lemma major and Lemna minor, both of
which reproduce by budding, and whose use avoids introducing
the auximone in the seed. These plants were incculated into
Détmer—Moor‘s and Enop's Solutions, and after three weeks
it was noticed that their welght and appearance were appreci-

ably below normal. Vvhen small quantities of organic meiter,

extracted from soil and “bacterized”™ peat, were added to these

inorgenic szlt solutions, the rate of reproductior and heslth

of the plants scon begen to increase. Mockeridge obtained
similer results with Lemna major using Tetmer's and Xnop's
Solutions.

Bottomley, then, after feiling tc obtain satisfectory

growth with Lemna in these inorganic solutions, seems to have
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tried no other, but concluded that the green plant could not
grow and reproduce satisfactorily withcuﬁ the presence of
auximones., While Breazeale, (12) Chittenden (14) and Rosen-
heim (35) did not make an exhaustive study of this guestion,
they were lead to believe that vitamin-like substances were
necessary for the good growth and hezlthy appearance of green
plants. Mendiola {28), however, in a genetic study of Lemna
me jor, revorted good growth, and éven an increased size of
plants with a modified Pfeffer's Solution which contained no
organic matter. Similar reéults were obtained by Wolfe (47)
in 1927 while working with Lemna minor. He employed several
three-salt solutions advocated by the Naticnal Research Council,
and with some of these he secured good growth over a period
of thirty-six days, but failed to get any increase in repro-
duction by the addition of small amounts of various pure or-
ganic substances.

Lumiere (26), efter working with various fungl and Lemna
minor in inorganic and organic media, concluded that doth
lower and higher plant life could grow normally in mediz
containing no organic metter, and that accessory substances
were not essentizl. He noted, however, that when organic
matter stimulated plant reproduction, this stimulation was
due to products formed either from vitsmins, or from modified
vitamins present in the organic substance and was not caused
by the direct. action of any accessory material.

Tn 1924, Clark and the writer (18), while working under

Bipis part of the thesis was published jointly with Dr. Normen
A. Clark, and a reprint is inserted for convenience.

.
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the direction of the former, used the three salts-monocslcium
phosphate, potassium nitrate, and magnesiwn sulfate, with iron
supplled as ferric phosphate, as the basis for medla in vhich
to grow Lemna major. Varicus concentrations of these three
salts were ma2de up, and those in whick the plants grew and
reproduced norxally were determined. One solution was finally
chosen as satisfactory for Lemmna and was employed for later
work. In this inorganic medium the plants have grown sztis-
fectorily for several years. Some slight changes, however,
have been made in the composition of the solution, and the
plants rave continued to reproduce and to appear as healthy

as those grown under naturél conditions.

‘Since these green.plants have maintained their health
and reproduction rzte while growing in a solution made from
recrystallized salts and three-time distilled water contain-
ing no organic matter, asuxinones can not be regarded as es-
sentials for the growth of Lemna in the same way as vitamins
are essentisls for the growth of animels. Their funeticon,
therefore, 1s that of sn accelerator, jist as is bios in con-
nection with the growth of yeast;

Saeger (37) confirmed the results of Clark and Roller
by growing Lemna mzjor in a diluted Xnop's Solution without
adding orgznic matter, but he suggested that auximones might
have been added as impurities in the szlts he used or possibly
supplied by microdrganisms present in kis solutions.

The results of Clark and Roller were again confirmed by
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Ashby (3) in 1928 at the University of London. He grew Lema
minor in their solution for six months without the addition

of organic matter and during that time it remained healthy and
reproduced norzally. For this work Ashby (1 =nd 2) used a

growth chamber with light, temperature, nucrition and aeration

keld constant. Be does not state, however, whether or not he

crystallized nis salts used.

Since the possibility that green plants need organic sub-
stances as essentials has been removed, the question of stimu-
lution of growth and reproduction Dy organic matter constitutes

& problem which will be considered later in this thesis.

———— e o .
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METHODE AKD TECEEIC

In this work Splrodelsa polyrhizz (L.) Schleiden, or
Lemna major, was used. 4According to Britton (13), this plant
belongs to the Lemnzceae or greater duckweed family and re-
produces by budding. Its thalli or frords, ranging from 2 to
10 m.m. in length, are thick flat and dark green above, but
slightly convex and purple beneath, and are palmately nerved,
bearing a central cluster of from 4 to 16 elongated roots
which ccntain root-caps. Several Lemna were odbtained from the
reserve stock maintained by Clark and Roller in their inorganic
nutrient medium. These plants had been growing in tzis so-
lution for several years and were looking healthy. The so-
lution employed in this investigation is the one described
by Glark and Roller (18)'in their paper on “auximones and
the Growth of the Green Plsnt™, with the exception of the
source of ironrn.

Perric chloride was used instead of ferric phosphate.
The solution used at this point of the investigation has tke

followi ng composition:




TABLE I. SOLUTION NO. 1
Composition Composition of
of nutrient so~
Stock Solution lution
T06. Or 3 : : : TGrans of ::Molg oft:
tatock :Crys-: H ¢t Mols per ‘eloment ::element:
isan used s tals H H : tper cc. ¢:per li-:
Salts :per 260:lza- :Gms,.in: : : H t:terxr ¢Grams of
: icc.nutritions:2 li~ iGma. in:Liter: co. : HH telement
ssoln, iters  :1 cc. ¢ $ : 13 tper liter
. ) : t $ : $ K :
CaH,(POy)g.HO: 2 ¢ 2 :126.22 10,0126 :0.06 :0,00006:0,002 ::0.0004 :0.016
, : ¢ H : : : : $: H
KNOg4 : 5 t 3 :180.888:10,0404 :0,04 :0.00004:0,0166 ::0.008 :0,312
. : : H : H : H ! H
MgS04.TH,O ¢ 6 : 3 124,649:0,0123 :0,05 :0.000065:0.001l2 ::0.001 :0.024
e H H H H H - 3 ¥ :
FeClgs .6HR0 3 6 $ 2 $10.3000:0,000161 == ! «- $10,00003Ls: == :+0,0000862
N : 3 : : 3 ]

$

: :

]
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All of the four stock solutions whose compositions-are
given in Table I were kept in the modifijed Shive's apparatus
(44) of pyrex shown in Figwre 1. In the last columm of the
teble are listed the nuzber of cubic centimeters tc be measured
out for esch 250 c.c. of the nutrient medium, the volume used
for growing Lemna. The water employed had been distilled three
times~-the second distillaticn being mede with alkaline potas-
sium permanganate and the last one through pyrex glass. This
still is shown in Figure 2. The water used, therefore, for
nutrient solution work contained only those metals present in
pyrex glass. ¢ was stored in the large uniform cerboys
shown in Figure 1. Ve considered it advisable, however, to
allow this water to stand in these carboys not longer than two
weeks for fear that it would dissolve some of the glass, or
gases from the alr, elther one of which might offer a source
of injury to the'plants.

The technic followed in this nutrient solution work is
comparatively simple. 250 c.c. of the nutrient solution were
then made up according to Table I and poured into 250 cc.
pyrex beakers, and covered with petri dish 1lids in order to

keep dust out.
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Ten plants were vsuzlly employed for inoculztion. These
were changed to fresh solutions tiice 2 week snd when they hed
Incressed to sixty they were cut down to about twenty-five,
care being taken to leave the best each time, All plants
were grows at a temperature of 25°C. in s thermostat which was
placed in a scuth window in order.to receive the greatest
amount of sunshine. (See Figuré 3 for illustration)

Clark (15) ir his paper entitled, “The Rate of Repro-
duction of Lemna Hajor as a Function of Intensity and Duration
of Light™ reports the rate of reproduction as being directly
proportionsl tc the time of illumination., He usec Mazda lamps
with averasge intensities of 400 and 900 foot candles at the
surface of the solution, and et both intensities he graduzlly
increasec the length of exposures from 12 hours to 24 hours.
it both intensities the greater the exposure the grezter the
rate of reproduction. The 900 foot candle, however, 2t any
length of expcsure gave & greater rave than the 400. It seems,
therefcre. that light is an important factor in the growth of
this plant, and to msintzin cmstant growth and reprocuction
the supply of this factor must be cornstant. In an attempt. to
furniskh a constant supply of light, rather than a maximum
amount a south window‘was chosen. & double layer of chéese
cloth was utilized to cover the window on clear days in order
to avoid excessive heat from the direect sunshine. Otberwiée
the temperature would rise sbove 25°. and this would neces-

sitate too much cooling of the thermostat.
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Tsually a count of the plants wus taken every tiree dazs,
at which time Observsticns were made on length of roois, size
and ciclor of fronds, and general appegr.ice. Given favorable
conditicns, the rate of increcase at any time should be directly
proportlonai tc the numver of plants present, whence,

1) % e

Introducinz const:unt & {1) tecomes

2} 8o =
{Tﬁ:k”

or {5)%‘:}:&1:

Integrating between limits {3) becomce

{4} 43 t
dn = kjét
12
o 2
n K
or (5} (2on} =x (%)
a, ts
or {€) Inz - In ny, = k {t-t;5)
or (7) 102 =k (t-t,)
dg

As a resuld of these computations eq;zation %6. 7 is that used
to determine the slope of the growth rate curve. Tiis curve
with s8lope & is cbtaingd by plotting the logarithm of the nume
ber of plents ageinst tizme., The varistion in temperature and
sunlizght, and posaibly the time of the growing season would
be expecied to zmake the cwrve somesksat irregular.

For copvenlienes: it is Iwriher shown hos the muber of

gencrations and the geoneration time of Leuna can be derived.
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Let n = final number of plants at time (t).
Let ng = initial number of plants at time (to).
Let x = generation time for one frond.

Let g = number of generations for time (T).

The final number of plants which skould follow the organie
rete law are equal to the initial number multiplied by two
which has been raised to a power egqual to the number of gener-~
ations less one, whence

(1) n = ng (28~1)

(2) 2871 =2

(3) (g-1) ln;. in 8

o
In B
Do

(4) 1n28 -in2
(s) 1n §8= in

Bis

(6) _2_g= n

2 g

(7) 28 = 22

ng :
_ 2n
(8)g1n2-1n5;

(9) 0.301g = 1:;2;-2

2n .
(10) g = ™0 = number of generations
0.501

Since % = x, or generation time, (10) becomes

2n
(11) 1n v

5 x-:&‘-: = x, or generation time

Using"' this modified solution of Clark and Roller ({18} and

with the methods and technic jJust given, we attempted to grow
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Lerma, but with very little success. After some preliminary
experiments with the addition of hydrochloric acid end potas-
sium hydroxide, the difficulty was found to be in the reaction
of the nutrient medium, for when a small quantity of a 0.05
normal solution of EOH was added, the plants soon began to
look better snd to grow faster. This suggested, then, the
work which was later done on the optimum pE of nutrient media.

Clark (16) showed that the best growth was obtained for
Lemne major when the plant was grown inp solution 1, whose pH
had been adjusted to 4.8. The writer using the same nutrient
medium checked the results of Clark. Ashdy (3) later confirmed
our optimum pH value of sclution 1.

The LalMotte apparatus was at first employed in this in-
vestigation in order to determine the hydrogen ion concentra-
tion of the various solutions, and to adjust solutions to
definite pEH values. Later, however, a2 poctentiometric set-up
in which the guinhydrone electrode as described by Collins
(19) was employed instead of the hydrogen electrode.

More satisfactory results were obtained with the appar-
atus when certain precautions were taken. Before using, we
allowed s few drops of the saturated KC1l solution to run out
of the electrode, then sealed the top with parafrfin. Not a
singie drop of saturated KCl should flow into the solution
whose pH is to be determined. Before using, the piatinum
electrode should be cleaned at least three times by heating

it in an alcochol flame, dipping into freshly prepared cleaning

(PO,
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solution and then washing clean with distilled water. ¥hile
not in use, the‘two electrodes should be immersed in a satur-
ated solution of XCl. ¥hen determining the pH of é solution,
neither electrode should touch the side of the container, nor
should the glass of the platinum electrcde extend into the so-
lution. The electrodesmust not be agitated at any time.

A guantity of solution 1 was prepared and divided into
three parts. Bach portion was given to separate individusls,
who determined the pH wvalues by using simmltaneously their
gquinhydrone electrode and.set up at the same temperature.

The difference between the extreme values which these individ-
uals obtained was not greater than a pH of 0.1, a result which
checks the Lalotte spparatus very closely. The accuraecy of

the quinhydrone electrode in 2 like manner has been checked
several times subsequently. Each time before using, its accur-
acy was tested against a standard solution of gb.potassinm acid
phthalate whose pH is 3.97.

The following table and graphs attempt to show the ef-
fects of change in the concentration of a nuitrient medium on
the optimmm pH, and the relative growth rates of Lemma in the

various solutions 2% their optimum hydrogen-ion concentration.
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TABLE II. CONCENTRATION IN MILLIGRAMS PER LITER OF SEVERAL NUTRIENT SOLUTIONS,

+
*

Solution 1l

3

sSolution =

Solution 3¢ Solutlon 4

k at Opt. pH

:0Llark's 1st modl- :Clark's 2nd modl- iBottomley's :Saeger's modl-
sfication of Clark :fication of Clark imodifilcation :fication of
tand Roller's Solu-iand Roller's Solu-:of Knop's So-iBottomley's So-
itlons stions slution tlutlon
H s : :

K H 318 H 19 s 112,.4 : 112.4
H I I $

Mg : 24 ) 7e ¢ 16.5 $ 16.5
: : H :

Ca 3 16 : 40 i 28.2 3 28.2
H : 3 H

Te ! 0,6 : 0.6 sfew drops of 8.,3(0.66 remains
: : tI'oCly s0oln. ¢ in solution
: : : H

pH : 4,3 3 4.7 : 4.7 : 3.6
s : : :

Opto pH : 4.8 3 4'9 : 5.6 . 409
H . : 3 H

k at pH H 0.0863 H 0.0858 : 0.040 : plants dile
3 0.086 s 0.062 : 0.063 H 0.078

—ga-




A more detailled composition of the solutions mentloned in Table II 1s given below;

Solution 1:

A detailed composition is given in Table I,

A detalled composition is given in Table III.

'Solution 23

Composition

Composition

S e Of -

Nutrient Solution

Mols per

.stock sok.s ta 1»:2 liters' 1 cc.
tused per
1250 c.c.of‘ons

s(nis, of:iMols of :Grams of
telement: teloement::olemaent
spor c.ctipey li-ipor li«

eclee s 9o
esfoe o0 e oo

esjoe se we

O
e,
Y
~3
ool

:O ooo2

e

>o

.o

Ca (NOg) 34H9 123,616 :0,0118: :o oooos:o 002

MgSO0, 7HL0 : 16 124,649 $0.0123 .o ooooa 10,0012

e we

ORI I

FOCIG,GHBO b

e o8 b om se 8% ¢¢ o8 Svies

. O oo

:0.00016 10,0006

«003 10,072

:10.00062
t.

.0.000(13

t
!

H 1:ter ttor
H 3 H |
: s : ra
30 008 ::0,00048:0,019 <
s , s
1:0.001 :0.040
: t
$:0
1;

% 88 o4 e S0 os e

Solution

KNOGO..h‘.‘o&otl'.'lco.b.ao 1l gram
KH PO weovessvssessavesvers L gram
MGSO ¢7H2000000000000O-0-00 1l gram
Ca‘NOE)LQ4HQOQ|iQtOotobo.oo S grams
Few drops of FeCls solution
DiSbilled Waberiesesesvases 6 liters
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Solution 4

moao.o-oo.-'o-...-...--co. lgram

KHgPOQ.-....Q-............. lgl"am
higSO*oméOooocacoo.oO-Oooo._ 1g1‘am
Caf{lil;)2e4B0ceeevccsccaeses O grams

Fecla.eﬁgo.¢qo..o.oo.o-o-vc 0¢24 gra-ms
Distilled watereceveceee... 6 liters

The results listed in Table II show that the optirum pH
for the growth of Lemna in solutions 1, 2 and 3 are signifi-
cantly different, while in sclution 4 it 1is the same as the
optimum in sclution 2. One notes ﬁhat the growth rete con-
stents at the optimum pH of each solution differ, but this
may be due io the fuact that these constants were obtained at
different times when the light intensiiies were probably not
the same. The ccmpositions of the various solutions in Table

T and the fact that Lemna grew well in each solution at its
optimum pH seem to indicate that the calcium-mesgnesium ratio
is less important than the hydrogen-ion concentrstion, that
tke concentraticn may be varied over a moderate range as
long as the hydrogen-ion concentration is masintzined at the
optirmm for each change in concentratiocn, that the concen-
tration of potassium mey be varied within wide limits, and
that the calcium-magpesiun ratio may be reversed, as it is
in solutions 1 and 4, as long as the pH is held at the op-
timum in each case, and good growth can be obtained,

Saeger (37) attémpted to grow Lemna in his modification
of Bottomley's {11} Solution without satisfactory results,

but he cbtained fair growth when this solution was diluted

iy TR A
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1:10 and 1:50. He states that the reascn for this is unknown.
Using only ore dilntion, 1:50, we confirmed Saseger's results.
From Table II, it is seen that the pH of Saeger's solution is
3.6 which i1s appreciably below the optimum, 4.9. Then this
solution was diluted 1:50 the pH was changed to 5.1 which is
only slightly above its cptirum. Ii seeus, therefore, that
the Teason for the plant not grewing the undiluted solution,
though growing in the diluted, car be atiributed to the hydro-
gen~-ion concentration of the two media. It is probable that
Bottomley and Mockeridge could have grown Lemna more success-
fully in Enop's and Detmer's Solutions had they adjusted the
pH of these to their optimum. olfe (47) considers that there
is now sufficient evidence tc show that the failure cf Bottom-
ley to grow plants suweessfully in purely inorganic sclutions
was due to the lack of physiologically bzlunced mediz. This
failure may be caused by an unfavorable pH and not by un-
belanced nutrients.

HEC1l and XOH were used t0 adjust the pE of the various
sclutions. It was found that the chloride and poctassium ions
added in the atove compounds had no significant effect on the
growth-rate of fhe plants. Similar results were obtained with
the nitrate ion.

In the summer of 1328, it was noticed that manganese in

the form of ¥nCl., when added to solution 1 in the concentra-
tion of 1:1000000 stimulszsted the formation of chlorophyl i,

and increased the size of the plant. M¥r. Fly, while working

later in this laborastory, found the optimum concentration of

B o T
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this element for solution 1 to be about 1:10,000,000 for the
growth of Lemna mejor. The manganese used by him was from
recrystallized MnCl,., This stimulant was used then as a part
of solution 1 for later work.

Solution 1, whose composition is found in Tgble I, served
guite sstisfactorily as a medium for the growth of Lemna when
the pH was adjusted to 4.8, and 1:10,000,000 of mangarese was
added. This medium, then, with the pH and manganese modi-
fications will be used for nearly all nutrient solution work
described later in this thesis, and will be designated as

modified solution 1.
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A
EXPERINENRTAL

Since the possibility that auxinones present in organic

-

stter are essential for the satisfactory growth and repro-
duction of green nlants had been removed by the work of Clark
and Roller (18) we attempted to show what effects organic
matter had on the green plant, using the metrnods and technic
already gziven. This work was sccomplished in part with so-
lution 1 without the pH or mang.nese modificaticns, and with
one and poth adjustmendts. The results of these experiments
will be given later in this theslis.

In July, 1925, while growlng Lezna in solution 1 to vhich
ked been zdded scuecus exsracts of yeast, carrots, alfelfa,
barley, soil and marmre, we ncticed & heavy growth on the
plant roots in 211 solutions exceptwnc the incrganic nutrient
medium ard those containing soll and manure cxtrects. This
growth appeared to be & fungus contamiration which was so
firmly attacked to the roots that any attempt to waskh it en-
tirely free was unsuccessful. In July, 19286, a similar ob-
servation was made while growing Lemra in sclution 1, with
pH modification, containing uresz and asperagin; in July, 1928,
with alfalfa agueous extract; and again in September, 1928,
with four fracticns of alfalfa agueous extract, made accord-
ing to Fulmer, Duecker and Nelson.(zz).

4 microscopie examination of the growth on some of the

roots revealed the presence of large numbers of fungi, algae,

bacteria and protozoa. The same claszes of micro-orgenisms

e
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were also found on and in the roots and on and in the frond

of the green plant which had beer growirg in the inorganic
medium, but not in such aburndance. %e see, then, that all the
variocous organic substances tried, except soil and manure
aqueous eXtracts, stimulated the growth of these organisms
and consequently offered difficulties in making sccurate ob-
servations on plants grown in solutions containing such or-
ganic materials. “

Mockeridge (33) in 1924 reported in 2 paper “The Forma-
tion of Plant Growth-Promoting Substances by Micro-Organisms™,
that nueleic acid derivétives increase the growth of Lemna
minor, as do autolyzad yeast, & crude extrzct of peat and
sterilized cultures of Azotobacter. In fact, according to
her, all organic substences which have been found to stimulate
the growth of the green plant in minute guantities contain
these purine and pyrimidine bases or nucleic acid derivat-
ives; so it would seem that auximones or plant growth-pro-
moting substances can be furnished the'groﬁing plent in a
strictly inorganic mediumfby‘Azotobacter and yeast inssmuch
as she showed them to contain these derivatives. Txre sug-~
gestion was made that some of the auximones may be direct
products of bacterial metabolism. This suggestion.was also
made by Saeger (37) after successfully growing Spirodels
polyrhiza in & diluted Knop's Solution containing no organic
matter.

Since the technic used by Clark and Roller {(18) in the




purification of salts,the distillation of water, the czare of
glass ware and the changing of plants was followed in our

work, the most likely possibility for any organic substance

of getting into the nubrient med um is the micro-organisms
already present in the solutions. Then, in order to show that
the green plant dces not depend upon micro-organisms to furnish
organic substances, it will be necessary, first, to sterilize

the plant and then to grow it in e sterile inorgesnic solution.

ATTEMPTS T0 STERILIZE LEKKA

The object, therefore, of freeing Lemna majof of all
micro-organisms is three-fold, namely: to eliminste =21l
micro-organic growth which contaminates the roots and conseg-
uently offers great difficulties in masking sccurate observa—‘
tions on the plants grown in some organic solutions; to show
that Lemna does not depend upon bacterie to furnish orgaric
meterials for its proper nutrition; and to show what effects
sterile organic substences have upon the growing sterile plent.

Examinetion of the literature reveals that Hansteen (25)
in 1899 attempted to sterilize Lemna minor by repestedly wash-
ing it with sterile watér. After this operstion it was trans-
ferred to a flask containing sterilized egg albumen, and in-
cubated for several days. Hansteen's criterion of éterility
was the development of a turbidity in the solution and the
subsequent evolution of ammonis, otherwise the flasks and

their contents were considered-stérile. No mention is made
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in his paper sbout the length of time necessery tc wash the
plant free of microorganisms, nor are there any details of
his technic given.

This work was repeated by the writer. Twenty single
fronds of Lemne major were washed with sterile water for cone
hour and transferred to separate flasks containing sterile
egg albumen. 4fter these solutions had been incubated for
several days, there was Observed a turbidity ir some but none
in others, and in some of the turbid solutions the odor of
ammonia was in evidence. £ small portion from each flask was
then transferred by means of sterilized pipettes to bscto-
nutrient mecium, and after severzl days bacterial grewth was
noticed on all the tubes containing the ager medium. This
shows thsat ncne of the twenty original fronds had been steri-
lized by Haasteen's method.

An sttempt wazs now made tc free Lemna of microorganisams
by meens of ultraviolet light. For this purpése a Hanovia
mercuric vapor lamp, described by Ellis and Wells (21) was
used; Ymen agar plates. which bzd been exposed to the air
in the laboratory for five minutes,'wgre held five inches from
this lamp all micro-organisms were destroyed in thirty seconds.

Single frornds were washed well with modified solution 1,
were transferred to a transparent quartz Erlenmeyer flask of
50 c.c. capacity containing encugh of the above solutior fo
float the plants, and were exposed equélly or top and bottom

five inches from the gquurtz mercwy vepor lamp. To prevent
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tbhe flask peconing too warn, it was not held directly over the ,
top bul to cne side of the lamp., Uping this technie, we ox-
posed plants to ultraviolet light for lengths of tine, vary-
ing from cre-=hulf minuie to onc howr, cnd tben transferred

them to sterile bacto-nutrient zzer. after seversl deys in-

cvoation there was noticed bacterial growth on 2ll plates.

1

b
3

Several piants were exposed agzain

a like manner, zné trons-
forred to = sterile nmutrient medivm whose composition was
solution 1 with wangurese and 1 grsw of solid bacio-nutricnt
ggar per Liter of medium., Bacteriul growth developed in gll
flagxs after o few duys. Planis whcse exposure had beea
ionger thap 2ix minvtes died. Cthers thut hed been sudbjected
{0 lesc than £ix oinutes were harmed but iived. Thile the
light killed many micro-orgenisms, it 4id not k11l 5811 of
then. &alternate shoking und exposure to the lomp not longer
tharn sizx minutes ¢i¢ ncb kill all bacteris, but it helped to
G0 s0e. It was further shown that cingle fronde, when exposed
to ultraviolet light frdm orne to five minutez on three suc-
cessive ftimes, and when kept ir sterilie nutrient solution 1
vetzeen the succescive exposures were not sterilized, Suf-
ficient iime passed during these cxzposurcs f£for tho second and
third generation buds to form. The buds even produced bac-
terial growih on dacto~-nuirient agar. {all zolutlons were
sterilized Dy sutocleving under 20 pounds pressure for 18

minutes while scil and cther suspensiocns were subjected to twe
speh treetments. Lhrec days were allowed for the development

bt
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of spores before the final autoclaving. In all cases tested,
this treatment was sufficient for complete sterilization.)
Several plants and roots which were examined with the
oil immersicn cbjective revealed the presence of bacteria in
the interior of the root and frond. In meny cases tkis
seemed to be verified by the fact that when some fronds were
exposed to ultraviclet light and dragged on both sides over
the surface of the bacto-nutrient agar, bacterial growth de-
veloped only around tke plant. |
& centrifuge operated at 4500 r.p.m. with the plant sus-
pended in sterile solution 1 on a gauze had scarcely more
sterllizing effect tharn ultraviolet light, even after one hour
of centrifuging. -One minute exposure to the lamp and centri-
fuging for ten minutes alternately for two successive times,
allowing three days to intervene between each treatment did
not produce sterile Lemna; nor did frcezing the plant in
solution 1 and expesing it to ultraviolet for four minutes
produce the desired result. 4Again some plants were put into
a nutrient medium and were kept at 0°C. for several days but
were changed to fresh solutions twicé a week curing this
pericd. After this they were exposed to ulitraviolet light for
four minutes, and then centrifuged for 5 minutes. This process
was continued for several weeks, and after each exposure to
the light, one single plant was plated out, but the number
of micro-organisms diéd not seem to decrease with each opera-~

tion.
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Winter buds were produced from Lemna by adding a few
drops of a scturated solutior of Ca(CH), to the nutrient medium
in which they were growing, by adding & drop or two of dilute
ENCz, or by transferring the plants to distilled water and ad-
ding Ca(0E), 2s before. These may be produced in fact by
growing the plants under zbnormal solution condltions. Finter
buds were obteined and subjected to the action of uitraviolet
light for varying lengtks of time without gny more success than
was sectred with the normal plant. Some of these buds &s well
as normel fronds were exposed in an evacuated transparent
guartz tube to the lamp, but without success.

Several organic and inorgenic substances with germi-
cidal properties were next triecd out, By following the report
of Wilson (48) they were separately dissolved in nutrient
soluticn 1 in varying amounts, and single fronds in the above
solutions were exposed to ultreviolet for nect longer than

three minutes. The tabulated results are given below.

Note.--With all subsequent work on sterilization of Lemna, the
technic already given is changed in'only one detail, namely,
the plant is inverted with top’in.gerﬁicidal solution. In
this way the solution comes in contact with both top and
roots, as does the light from the lamp. The piant is washed
thoroughly with sterile distilled water before and after ex-

posure to the light in the germicidal solution.
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: sGrowth of @
:Exposure to :plant in :
Germicldes tultraviolet :gsterile so-:Sterility
:light slution 1 A:
1-200 Acri~ in Sol., 1 :3 min. 1 frond: Died :Non-sterile
flzavine : : :
1-80 EC1l - - : - <o - s - -
1-100 Chlioro-— 3 - <o - s -
amine-T : : :
Chlorosacch- : : :
arin Sat. - 3 - <o Grew : - -
1-80 XO0E - 3 <o Died :Sterile
1-200 © - 3 7 <o - : -
1-500 ~ - 3 - - Grew :Non-sterile
1-1000 - - 37 B - - -
1-2000™ - 3 - - os - : - -

A Solution edjusted to pE of 4.8, ard 1:10000000 manganese
added.
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tExposure to :Growth OI:

sultraviolet *plant in :Sterility
Germicide H :S01l. 1 AD:
1-2 Hg0p in Sol. 1:3 min. :  Died :Sterile
1-5 E,0, - " t3 T 1 frond: <o -
1-10 ~ - T 3 i ~ :Non-sterile
1-20 ~ - " 3 - <o I -
1-40 ~ - 3 - =3 - o - -
l1-80 ~ - 3 - =3 Gréw : ~ -
1-160 = - < 3 -3 - -
1-500 IClg - 3 - I Died :Sterile
1-1000 ~ - 3T - - =
1-5000 ~ - 3 7 = Grew :Non-sterile
1-10000" S - I R -
Furfural, Sat. = 7 : - : - X -
- 1-1 - 3 7 <o Died :Sterile
- l-2 =~ 3 - -z -
- 1.4 ~ - 3 - =3 = -
- 1.8 =~ ~© 3T - ~ 3X¥on-sterile
- l1-16 = 7~ 3 T — Grew ¢ ~ "
- 1-32 = 7 3 -os o - -
1-5000 P2Tolyl = 3 =2 Died :Sterile
EgXOy : : :
1-10000 ~ - - 3T <ol o -
1-15000 T - 3T s R -
1-20000 ~ - 3 - < oe Grew :Non-sterile
. 1=30000 T - T 3 7 o .o = -
1-50000," - 3 - ] D -
1-5000 phenyl ~ < 3 = ~ :  Died :Sterile
HgNOg4 : : :
1-10000 - =~ —* T~ 3 - - - : -
l-15000 ~* = = T 3 = o - : -
1-20000 = =~ = ~ 3 - =3 Grew :Non-sterile
1-30000 =~ = -~ ~ 3 7 - I e -
l1-60000, =~ =~ ~ 7 HC T <o - -
1-20000%Ethyl =~ =  :3 - = :  Died :Sterile
HglOg : 2 :
1-30000 ~ - 3 7 -3 - 0 -
1-60000 ~ - - 7 <o “ :Non~sterile
1-100000g " - T 3 T *oe Grew 3 ~ -
1-15000 Kethyl = ~ :3 - <o Died :Sterile
HgNO5 : : :
1-20000 =~ T T T 33~ i ok R
1-30000 " " T T 3 - ~: - -
1-60000 s - 3 = Grew i¥Non-sterile
1-10000C =~ — T © 3 - <o - " -
1-100 K HgT, - - 3 7 I Died :Sterile
1-1000 - - T 3T <o = -
1-5000 -t 3T i S S
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:Growth O
'Exposure toiplant in
Germicide sultraviolet: Sol. 14

07 "‘“

Sterility

1-10000 K2Hg14 in Sol 1: 3 rwin. lfrond. Grew
1-20000 3T ”
1-40000 ~ -T 3 T
€a0Cl, Saturated @ © 35 sec.
20 7
30 T
45 ”
60 T
290 7
21207
1507
:180~

Sterile
Non-sterlle

- o
»e -~

- o

Sterile

L A T T A
68 Q0 80 9% % 20 g9 60 as et b a2

s 40 80 Sf 00 00 B0 0% 00 B2
s o

LI T N S 2 A A I A A

1 10
o))
LI S T A |

oy o9
.8

5Containing 1 gram of soiid bacto-nutrient agar per liter of
solution.

ABacto-nutrient agar is used here instead of Solution 1 in
order to avoid sterilizing two fronds. Growth and steril-
ity are ascertained with one plant. pH not adjusted.

mCompounds secured through courtesy of I.B. Johns, Depart-
ment of Plant Chemistry.

xHz0, is 30%.

A g et S e o o Ak 24 e T
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From the tabulated results, it may be seen that none of
the germicidel agents used steriliged Lemﬁa, without killing
it, excepting in the case of the compounds, Kzﬁgze and Ca0Cl,.
While sevcral of the compounds were sufficiently germicidal
to kill all micro-organisms in dilute solutions, they also
killed the plant. Some of these substances which were the
most effective germ kiliers and the least harmful to Lemna,
and especieally the last two llsted, were further investiga-
ted. The concentrations of these materiels were used which,
as shown in the above list, were least harmful to the plant
ané the most eflicient as germicides. In these solutions
single fronds were exposed to ultraviolet light as before.

Below are the tabulated results.




slixposure to tGrowth ol plant:

Goermicide tUltraviolet light :in sterils so~ :
tand pgormiclde tlution 1 A i Sterillity _
20% CeHgOH in solution 1 16 fronds for 3 min.:Those that groew:Non-sterile
20% [ s e ‘5 W buds [ Y . %] (X} :: . ' Y]
1-100 neuno ™ . ¢6 rronus 7 R " T *
1-100 * " " 15 webuds " R T a T -
1-60000 HgCly v t6 fronds " oo * U *
1*50000 Ve * 1) :5 w. buds (3 (13 TR o . [ .
1-40000 sgNOg * 16 fronds o . N B '
1-40000 * for ‘6 w. buds " ooy * . " *
1~10000 AuClg = ¢5 fronds R B " N "
l~loooo o (1] e s5 VI. buds 1] " ! e .0 } (1) L 1]
1-10000 KgHgI, ™ 15 fronds " :52 grew out: (2 sterile
1-10000 * ¢ , 16 w.buds * (I w.buas grow/: {1 -
1-300 KOH in solution 1 $6 fronds " THose that grewilon-aterlle
1-300 * " 15 w.buds o h I o
1-3000 IClg™ " {6 fronds oo " N I **
1-3000 * ™ * +t5 w.buds * oy v ' ooy "
1-4 Sat.furfural in sol. 1 i6 fronds o 9 tooe N
1‘4 . [ 1] . 35 W.buds e . 3 . [Y] o : Y] "
1-16000 p~tolyl HgNO, in sol.l:b fronds * o * o "
1_15000 1 e *n (1) =5 \‘J. buds . [Y] i e .o LA : (1) ..
1-16000 phenyl HgNO,; 15 fronds R I ° N .
1‘15000 (1] .. . e :6 V(. budB [ (1) : ” X oo P 1] .,
1-60000 ethyl HgNOg v t6 fronds oo * U -
1“60000 e (1] (1] (13 : 5 V’ .buds e .. : o0 ' .°” : an .
1~60000 methyl HgNOg o i6 fronds o . Yo " .

1-60000 *o" 35 wsbuds " v - " :
Note. I'ronds are used lnstead of winter buds for sterilization since they are more
’ easlly handled. ‘

AContaining 1 gr. solid bacto~-nut. agar per llter of solution,




t0rowth ol plant:

Gormicide Exposure tin sterile so=~ Sterility
to germicide tlution 1 A

¢

*s se e oo o

20%4 CoHgOH in sol, 1

1l frond for 156 secs . Dled
20% 13 1} e

Non~-aterile
50 L] : (L] LX)

3
H
} H
20% ) [1} o0 o (1) 60 o ) d- s e e
20% P o 1) ve Y 120 & T. : . e
20% . . e se v se 180 ae 13 : ve e
6% ucgo <" " *o1 Grow g -
5 (1] *n . .e (X3 50 L1} *n : .o °
5% Y . Y . . 60 . . : Sterile
56 (L) (1) ”8 (1] o 120 " Died z *n
5% 1) [ 5 e 'Y 180 o i ; 'Y .
1-5000 HgClg in™ " * o1 Grow tNon-gterile N
1“5000 . esod .. o 30 .n ve : 0 . :h
1"5000 an [IX Y] s riee 60 be e : (13 '
lFEOOO e 088 " ¢ 120 " e t .9 e
1-56000 * v * to180 " Died . ‘3terile
1-5000 AgNOg ™" * N - Grew :Non-sterile

ne e :50 .o
s (1] 60 .

1*50'00 XY

1-5000 N e * s Sterile

PHEPRERRPRMEERHEP R RP R R R R R R

@ 40 9C Ae IF P 4 - 00 S8 Ak 24 46 88 OF €0 o4 S5 94 BE 4T gu s S8 Se 40 S e go O

BP WO U ST B BE 4D OF §0 4P B 94 00 VS 00 08 g0 44 45 09 ¢ S5 0 UG ee WS 8B O oo

1-5000 ™ e - " lk0 * {Non~sterile
1-5000 " e ' * 180 Dled t3terile
1-1000 K HgI, " * DR X - T Grew : .

1“1000 o [ LR Y] .0 e 30 (1} (X ) : e

1-1000 (1] s 00 (1] . 60 .. (2] z e

1-1000 - o * "o l2o0 v Died H ™

1-1000 (1) (XX 1) .o ae 180 .0 (1) z LX)

1-1000 AuClyg =" - *o1s v Grow iNon-sterile
1-1000 (1] [T 2] fo e :50 (1) (1] : .. (1]
1-1000 " e * * 60 ™ * iStorile
l~1000 (1) sete (1] *e 120 se L) 3 a0

l-looo L1} (S X1 *0 *" 180 \1] Died : L1)
Acontalning 1 gram solld bacto-nutrient agar per liter of solution.




: tGrowth of plant:

Germiclde :  Exposure to tin sterile so~- : Sterility
: germiclde slution 1 A 3
: : :

Sat, furfural in sol, 1l:1l frond for 15 sec,.: Died tNon-sterille
(1] (1] (1] e : l .o L7 ] 30 (X ) : (1] : (1] 4
e (1] e (3] :l e L1} 60 (1] : e : (1] .
(X} " e . :l (1] e 120 (1] : . : (X) .
(X)) . o o8 =1 *n . 180 ‘e : “°” : LL) LY}

1-5000 p-tolyl HgNOy in: H H

sol, 1 ! - A 1 - R | * : Sterile

1-5000 " * e $ b

sol. 1 sl ' 30 " s " 3 *

1-5000 * " " H :

801 . 1 z 1 " as 60 1] z X} : .

1-5000 ' " R $ H

sol, 1 11 * 120 T s * : "

1-6000 * * e : H

sol, 1 ¢l " o180 " *” : *

1-5000 phenyl HgNOg 1n ¢ 5 :

sol, 1 , sl * * 16 o * : '

1-5000 * * s : $

80 1 . 1 : l . 1 1] 50 " : * : ')

1-5000 * * X S H :

80 1 . l V : 1 (1] (1] 60 .0 : L4 : (1]

1-6000 “ " Yoo : H H

sol. 1 tl * * 120 * : *

1-6000 * * *o T8 :

sol., 1 1l . * 180 s o : .

' 1-B000 ethyl HgNO, ™ H 3

sol. 1 ¢l * " 15 g " ¢ "

1-5000 * * . § , $ :

801 . l :1 .. o 30 .. = " : v

1-5000 (1) " .. : : :

gol, 1 sl " 60 s ¢ : .

1-5000 - * o : H

sol., 1 3 . 120 " ' 3 "

1-5000 " - "o ' : :

sol, 1 i1 ' * 180 o - H *




' t tGrowth of plant
Germi clde : Exposuwre to tin sterile so-~ ‘Sterility
3 ¢cermicide ‘lution 1 3
¢ ;
1-5000 methyl HgNOO 1n sol, l:l frond for 16 8ec.:D10d :tSterile
l 6000 (1] 1 30 (1] : 0 : LX)
1 5000 L 1) (13 (1] . 31 (1) (1) 60 (1] : 1Ll : (1]
1~5000 '1‘ [ 1] (1] (1] zl e (1] 120 " : [1] : *”
1‘5000 " . .. " :1 "o . 180 e z (1] z L1}
S8at.hexyl resorcinol ™ e B 1wty tNon-sterile
LX) e . [ 1] (1) zl o a 50 (1] : o : o8 . .
(12 1 ] " .0 e :l *e e GO e 8 *n : [ 7] *.
- e .. he . : 1 (1) .o 120 . : e : LX) .
(1] (1] " (1) (L] zl (14 4 180 9 : (1) : (1] .4
6% HCHO in sol. 1 t10 " * 60  iThose that grew wxe: * *
l 6000 I{gcld 1n Sol . l :lo LX) L 1] 60 (X} : L1 . (1] (1] : e .0
1 sooo AgNO5 .. (14 :lo on (1] 60 (1] : e L1} (1] " : (1] (1]
1-1000 KgHgI, ™ " 110 * 60 T o " Yo" 312 Sterile
1-1000 AuCly " 110 " * 60 T ¢ 0" * * " iNon-sterile
1 10000 p‘tolyl IigNoo 1n m]. l.lo (1] L1 60 ‘s : (1] L 1] (1) (1] ; (1) e
1-10000 phenyl HgNOs 1in s0l.1:10 * * 60 " ¢ " * AR B *
l 10000 ethyl zlo (1] " GO (1] : L1 L 1) (Y ) ' ’ (1) e
1~10000 meth}rl (1] v : 10 (1] e 60 .0 : o0 .y .0 (2] : e e
Sat. Cal0Clg In sol, 1 $100 ** *10-60 * 13 grew and were t3Sterile

H
A Containing I gram solild bacto~nutrient agar

per liter of solution.
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£11 fronds and winter buds which have thus far been ob-
tained sterile and have grown,finally turned yellow in tke
above liguid bacto-nubtrient mediwm andé Sied. <they developed
chlorophyll et first, but subseguent generaticns developed
without green color. There seemed, then, & relation vetween
chlorcophyll formation in green plarts and micro-organisms.
This was soon shown to be incorrect, for non-sterile Iemna in
the zbove medium, produced yellow daughter duds z2nd soon
died as did the sterile plants. The pH cf the above solution
which is 6.6, was adjusted to 4.8, 2nd non-sterile plants
added to it. After a2 few days growth, all buds that formed
were green., It was later shown thst steriie Lemnza would grow,
reproduce and continue green in sterile solution 1 conbain-
ing 1 gram of sclid bacto-nutrient agér per liter of soluticn,
providing the pE was adjusted to 4.8.

Some of the frondé which had not produced bacterisl growth
in the gsbove mecdiun, dut wrich hed died uecause of the high
pH, were macerated and trénsferred_to a solid bacto-nutrient
medium, and after several deys, many pin point colonles were
observed. IThese particular plants were sterile then on the
outside and non-sterile on the interior.

The sclution used to grow these fronds sfter treating
them with & germicidal agent was prepared as follows:

1 liter sclution 1 containing 1:10000000 parts of
mangane se.

1 gram Bacto-nutrient ager {dehydrated)
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The above mixture is brought to a boil, pH adjusted to 4.8,
and is sterilized at 20 pounds pressure for 15 minutes. For
solid agar plates and tubes, 23 grams of the bacto-nutrient
agar are dissolved in one liter of distilled water, brought to

a boil, and sterilized as usual.

STERILIZ,ATION CF LEMNA

& non~sterile Lemna frond which had been growing in modi-
fied solution 1 was washed well with sterile distilled water,
contaired in a2 unit similar to those shewn in Figx_zre 1. The
water in a two liter Erlenmeyér flask, and the rest of the
unit were ster_ilized separately, carefully assembled after-
wards, stoppers paraffined, and cotton plugs inserted in the
burette and flask vents in order to avold centemination. The
frond was washed by allowing 20 drops of tl‘ﬁs water tc fall on
to it from the bwrette of the unit. The plant was then trans-
ferred by means of a sterile platirum wire to & smell Erlen-
mever flask containing s saturated solution of CalOCl, wkich
had been freshly prepared. The instrument used in hoiding the

Lemna while washing it and in transferring it, is illustrated

W)

Plgtinum Wire Fork

below:

Cork Handle
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The small Erlenmeyer fissk contained just enough saturated
solution of CalOCl, to keep the bottom cf the plant Irom
touching the flask, By careful manipulation the frond was
riaced in this sclution in an inverted position alter having
washed it with sterile water., By tkhis operation, the entire
surfsce of the plant came in contact with the solution.

.fter asvout & seconds it was removed from the fiask by means
of the above sterlle instrument, washed agein with sbout 20
drops of sterile water, and transferred immedietely to a
cotton stoppered flask containing steﬁlﬁe mnodified seclut.ion 1
with 1 gram of bacto-nutrient agar. The technic usuzlly
emplcyed in the bacteriological laboratory wes observed in
mzizing these iransfers, 400 plants were treated according to
the abcve procedure, except that X hgl, was used for about ‘
200 instead of & saturated solution of CalCl,. ZThese two com=
-pounds were the only germicidal agents previously used suc-
cessfully, and while the former compound groved to be the
better germicide, it was the more toxic to the plants.

sfter the plants were treated as described above, they

were incubated at 25°C. for five or six deys away from direct
sunlight, then later in the sunlight, until it was certain
which plants were living and sterile. These were then care-
fully transferred to fresh medium, Green buds soon developed
from the mother plant which had beer almost completely killed
by the germicide, Fpom the 400 single plants ftreated trere

were only 30 which lived snd were sterile, the others were
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non-sterile and dead. Those that were sterile and grew, died
soon after developing green buds. The originzl frond was
killed by the germicide but the green bud which duringz treat-
ment was irn the interior cf the plant or ﬁearly g0, later grew
out. The bud before emerging is probably sterile, so when all
the frond is sterilized except the bud, the latter is:not
seriously harmed by the treatment. Thus, it lalter emerges

and is sterile.

The plants belicved sterile were kept in several differ-
ent flasks, so that if one container becaxe contaminzated,
cthers micht be spared. Tpansfers to fresh sterile ligquid
bacto-nubtrient medium in sm21ll containers were made twice a
week, untll there were several hundred plants =zt vhich time
&-2 liter Erlenmeyer flusks were substituted.

For the transfer work at this point and during the rest
of tris work a small room 8'xz5'x8' made of compcesition board
was erployed. It contsined a door, a window, & gas burner,
an electric lizht, shelves and two small holes in the top
vhich were filled with cotton. The walls, ceiling and floor
of this room balore use were washed with 1:500 EglCl, solution
and its intericr was sprayecd with the same solution which was
allowed tc settle. Before spraying, all 6f'the solutions to
be changed and thoese instruments which do not come in contact
with the nutrient solution during the transfer were placed

- inside. The sterile transfers were then m-de by the writer,
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who had previously undressed and dampened his hand, face and
hair. Since the tempersture of the room was held between
30°C. - 38°C. there was sufficient Tody moisture to prevent
dust. The sterility of this rocm was effected after spraying
with HzClgsolution, and it was found that out of several testis
not mcre then five micro-organisms fell on an agar plate,
which hzd been exposed for one-balf hcur to the room interior.
Tearing a wet laboratory coat, the writer attempted to make
hese sterile transfers in the above room, but sericus con-
teminetion resulted os was shown by the subsequent baeterial
growth on a nutrient agar plate which hzad been exposed to

the room's atmosphere, conseguently, the technic already de-
seribed was used instead.

#nen transferring the plants for the first tinme, from
these 8-2 liter Erlenmeyer flasks to fresh sterile licuig, .
hacto-rutrient medium, some Lemma were talken from each flask
and placed on 2 solid nutrient agar plate. After Incubation,
onlj one plute was perfectly sterile. Thls sterility test
was checked end the results showed, &s before, that tke plants
in only ome flask were sterile. These were then divided
into eight equal parts and transférred to fresh sterile
medium, At the next transfer, a test revealed that the
plants in the eight flésks were sterile. Maceration showed
no bacterial infection.

The sterility of these planis was furﬁhér demonstrated

by inoculsting one from esck flask into the following bacto-
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nutrient media: bacto-nutrient agar, dextrose agar, bacto-
nutrient brotk, bacto-nutrient agar + 5 grams NaCl per liter.
After several days, no bacterial growth was noticed in any of
the above media. Pigure 4 shows these sterile tests compared
to the non-sterile plant. Figure 5 shows tke sterile green
plants in Erlenmeyer flasks, and Fligure € shows the non-sterile

plents in large crystallizing dishes.
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Tesfs in Different Media To Show Sterility of Lernra
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Attempts were made to make Lemma which had been treated
with various germicides grow in sterile inorganic solution 1
as is shown in the first part of the tabulated results, dbut
without success., This was again asttempted by treating 100
single fronds with a saturated Ca0Cl; solution and instead
of transferring the plants to the liquid bacto-nutrient medium,
they were inoculated into sterile modified solution 1. After
five or six days in a dark place, they were exposed to direct
sunlight, until it was definitely kmownr which would grow.

The growing plants were then transferred to fresk sterile
solutions, and after several such transfers they were chunged
to the liquid bacto-nutrient medium 2lreasdy mentioned in corder
to test for the presence of pacteria. Some' were sterile and
grewv. This experiment was repeated with similar results,
hence it proves thsat lLemna canbe sterilized and grown in
sterile solution 1 instead of the bacterizl medium. The
sterile plants which had been growing in the liquid bacto-
nutrient medium were then transferred to sterile modified
soluticon 1. In this inox;ganic medium sterile Lemma has
pasced through about 75 generations and continues to look
healthy and to reprcduce without the addition of organic
matter. Tests made from time to time have shown them to be
free from micro-organisuse.

Tt has already been proved by Clark and Roller (18}, and
confirmed by others {3.20,37,47) that the green plant will.




grow and reproduce quite satisfactorily without the addition
of minute quantities of organic substances, Or accessory
factors known as auximohes; Now, 1t is evidert that micro-
-organisms are not necessary for the proper nutrition of Lemna
plents if their rate of growith and their healthy appearance
and their sterility after eight months of continuous growth
in g sterile inorganic solution can be used as criteria.

These plants build up their cell constituents of protein,
carbohydrates, fats and salts from only the sterile nutrient
modified solution 1, conteining purified inorgznic salts,
and triple distilled weter and the carbon dioxide from the
air. XKNO; is their chief source of nitrogen from wkich they
syntiiesize proteln. Carbon dioxide from the a2ir, and water from
the solution are the chief sources frem which the plant can
build carbohydrates and fats.

Sterile and non-sterile Lemna are now groﬁh under chke
same conditions, excepting the modified solution 1 in the
first case is sterile,'wﬁile in the second case it is non-
sterile. In the former the plants are designated as sterile
stock, while in the latter théy are designated as non-sterile
stock. The effects of varicus kinds of organic substances
on the plants of these two stockswill e shown later in this
thesis. Ve shall try tc determine whether organic metter

will stimulate or retard their growth.
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THE EFFECTS OF CORG:NMIC MATTER ON THE GROWIH RATE OF NON-STERILE
GREZN PLaRTS.

Early in the nineteenth century, humus was regarded as
the food of green plants, but the work of de Saussure and
Senebier, together with Leibig's address to the British &s-
socistion in 1840, served to kill tke humus theory (36).

In France Grandeau, late in the nineteenth century, suggested
the possibility that organic substances contribute occasion-
ally to the supply of carbon in the plant, but this was not
recognized, however, until modern work showed that orgsnic
materials under certain circumstances could be absoroved oy
the plant and might prove either toxic or bemeficial (36).

At tke present time there is nc doubt that the carbon re-
quirement of the green plant csn be supplied bty the carbon
dicxide of the air.

| ¥any investigators have worked on the relationskip of
organic mastter to the growth of the green plent. Apong those
who have studied this phase of plant nutrition are Schreiner,
Shorey, Skinner, and Reed of the Bureau of Soils (38,39,40,
41, 42). These men have isolated some pure organic bompounds
from the soil, and have found that some were beneficiel, some
toxic end some ineffective to plants grown in a2 nutrient so-
lution. Robbins (34) studled the effects of autolyzed yeast
and peptore on growth of excised corn root tips in the derk,
ené fourd that a 2 per cent solution of glucose in Pfeffer's

medium increased the growth of corn root tips when grown under
P g
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sterile conditions. He also found that peptone and autolyzed
veast acted as stismulants, while creatinine, asraragin and
glycocoll were of no nutritive value. Ckittenden showed that
bacterized peet acted as o stimulant. Breazeale {12) believed
that organic substzaces which come in contact with the soll
decompose and compounds resuit which stimulste plant growth.
Rosenhein (32) sterilized rotted peét and inoculated it with

a mized culture cf nitrogen~-fixing bacteria. This incculated

[

peat increased the growth of plaﬁts grown in pots. BOttbm-
ley (4,5,9) found that sterilied cuitures of Azototacter,
autblyzed yeast, nucleic acid derivatives, humates, and bac-
terized peat stimulated the growth of Lemna when grown in
Detmer's and Xncp's Soluticns, in which the plants would not
grow without the addition of mirute cuantities of orgenic

_matter. Saeger (37) checked Bottomley's results using auto-
lyzed yeast and an equeous extract of pezt,

After Iemna major had been made to grow by Clark and
Roller in a sélution containing only crystallized inorganic
salts and triple distilled water,.wc ncxt desired to deter-
mine the effects of organic substances upon the growth and
reproduction of this plant in sclution 1 with pH held constant
gt 4.8. The materials used were Fleishmen's yeast, ripe
carrots, ripe barley, cured alfslfa, Carringtcon loam soil
and rotted steble manure. In eack case the sample was macer-

ated or ground up, digested with distilled w:ter at 70°C.
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for four hours, with occasional shaking, and filtered free of
any sugpended matter. This extraction was repeated and the
filtrates were collected and concentrated in vacuo at 65°C.
They were then made up to volume and the concentrations of
s0lid matier was determined for cach of the six extracts.

Thwe gsolulicne wevre kept in gn ice box to kecp down bacterial

growch., Trhe technic used iIn this experiment has been de=-

seribed in the “Metheds and Yechnie™ of this thesis. The plan

of the experiment with results and growth rate curves are given

pelow,
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T BLE IV, THE EF £ECTS

OF VARICUS ORG.NIC SUBSTANCLS ON NON-STURILE LEMNA.

:Green :Molisture: : tGenl. ap-:p.D.m. Of:
Extractiweight:weight :Dry ¢ k :pearance :extract :pH of solution
igrams grams sweight : :at end sadded : 1
X :0.0048:0.0491 :0,0002:0.072: & - 2 40 : 4.8
yeast : : : : : :
:0.0566:0,05612 :0.00567:0,099: a : 80 : 4.8
X :0.0088:0.0636 :0.0065:0.,005: a - 3 40 : 4.8
carrots: H : H : : :
:0.0599:0.0645 ::0.0060:0.,084: a - 3 80 : 4,8
x :0,0692:0,0642 :10.0055:0.085: a - 1 40 : 4.8
barley ¢ : : : : : :
:0.075230,0684 :0.0069:0.,101: a + 1 80 : 4.8
X t0.0657:0.0600 :0.0057:0.08%7: a : 40 : 4.8
alf-1fa: : : : : : :
:0.,0641:0.05882 :0.0056:0.105: a + 1 : 80 : 4.8
:0.0620:0.0577 :0.0042:0.080: a H 40 : 4.8
soil : : : : : : :
:0,0740:0.0685 :0.0056:0.,100¢ a + 1 80 : 4.8
10.0725:0.0672 :0.0049:0.,091: a + I 40 : 4.8
manure : : : : : HH :
:0.0878:0,0821 :0.0063:0.102: a + 2 80 : 4.8
control:0.0717:0,0677 :0.0054:0,094: a : none : 4.8

a = appearance of control.
X = a micro-organic growth was attached to
be washed free.
pH of extracts adjusted to 4.8
duration of experiment -- 15 days.

the plant roots which could not

-(29-.
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In order to obtain the above green weights, fifty plants
were taken out of each solution, blotted between filter papers
for three minutes, and weighed immediately in welghing bottles.
For the dry weights, the weighing bottles and contents were
heated in & vacuum oven held at 30 m.m. pressure, and 65°C.
for 12 hours. The loss of moisture represents the moisture
welghts,

The results in Table IV indicate that the constants (k)
for plants grown in solutions containing 40 p.p.m. of the
various orgenic extracts are smaller than that for the con-
trol, while the opposite 1s true for solutions containing
80 p.p.m., excepting in the cuse of carrots where (k) is
smaller for both cuncentrations than for the control. For
this extract, the green weilght, molsture welght and (k) showed
no increcase over those for the control in either concentra-
tion, while the dry welight showed stimulation at 80 p.p.m.
Increase ingreen weight is noticed with both solutions of
manure, and with 80 p.p.m. of soll and barley, while with the
other organic substances there is a decrease for both con-
centraticns., For the dry weight, 80 p.p.m. of all extracts
and even 40 p.p.m. of alfalfa and barley gave an increace,
while the other organic matcrials gave a decrease. From
these results it is noticed that the values for (k) and the
dry weights are reasonably well ccrrelated with each other,
but not so well with the green welghts. Based on the growth

rates, the extracts are arranged in the descending order of
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their value: alfalfa, manure, barley, soll, yeast and car-
rots; based on dry weights: barley, manure, carrots, yeast,

(alfalfa
and (soll ; and based on appearsnce: manure, soill alfalfa,
barley, yeast and carrots.

The fact that small concentratlons of the above organic
extracts depress the growth of plants, while the larger amounts
increase‘growth will perhaps be more fully understood later,
when maximum growth rate curves are deterrined for some of the
organlc substances just mentiloned.

Our next experiment on organic matter and the growth of
Lemma was an attempt to obtaln an optimum concentration of
soll and manure extracts for the green plant, and an attempt
to show the effeccts upon Lemna of some pure organic compounds
when added to an inorganic nutrient solution. The methods
and technic were the same as those used in the experiment just
given, except that Saeger's Solution was used instead of
solution 1. The pH was held constunt at the optimum, i.e.,

4,9 as given in Table II. The following table and graphs show

the plan and results of this experiment.
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T«BLE 5. THE OPTIMUNM CONCENTR.TIONS OF V.RICUS ORG .NIC SUBSTANCLS FOR THL GROWTH OF
NON'-LJT-—J"(ILL LI.'NINA.

tPp.p.M. : sAp~ :
No.,:Stimu-: Dry : Xk :pear- Organic stimulant (The pH of extracts was kept con-
tlant iweight: :ance stant at 4.9)
tadded : tat end:
1 4 :10.0046:0.078% a tAsparagin x
2 & 20 $0.0049:0.064: a-1 : “
3 : 60 10.0060k0,062: a-4 ¢
4 :120 :0.0079:0,060: a=-5 :
5 :200 :0.010630,055:Dying :
1: 4 :0.0046:0,070: a=-1 :Urea x
2 20 :0.0038:0,073: a~1 : 7
3 : 60 :10.0044:0,080°¢ a :
4 :120 :C.0059:0.066: a-4
5 :200 $C.00565:0,065: a=5 = ™
1 : 4 :0.0049:0,075: a :Soil extract
2 20 $0.0048:0.,077: = HE -
3 * 60 :0.0043:0,088: a+l ¢ 7
4 :120 :0.0056:0.079: B8=-1 : -
5 1200 :0.0063:0,076: a-1
1 : 4 :0.0068:0,0569: a=4 : * susp.in dist. Hz0 egquiv. to p.p.m. of soil ext.
2 : 20 :0.0063:0.070% a=1 : - " - E - - £ . pot -
3 ¢+ 60 :10.00692:0,074: a-1 : - " - - * * -
4 :120 :0.0075: 5.081: & T . . o . . v . - v
5 :200 :0.0080: 0. 083: a . . . .- . . . . - .- .
1: 4 :0,0047:0,077: a ‘Manure extrect
2 : 20 :0.0044:0,080: a :
3 : 60 t0.0063: 0,081 a - -
4 :120 :0.0047:0.088: a+l ¢
5 1200 :0.0049:0,091: at2 @ -
1: 4 :0.0064: o 055+ Dying : susp., in dist. Hz;0 equiv, to p.p.m.of manure ext.
> : 20 :0.00743 0 0B5: a-a - o bt g - o et - - "
% 160 :0.0056% (. 0682 a-l . o . - . . . .-
4 :120 :0.0063:(.068: a-1 : .o - -
5 1200 t0.0073: 0,073 a-1 : ~ o ” - ™ " .
1: -~ :0,0066:5 d76: a _ :Control {Saeger's Solution)

X Mjcro-organic growth atvached to roots which could not be washed free.
Duration of experiment 4 weeks.

nsgu
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The preceding table and curves show that the organic sub-
stancesuscd in this experiment stimulated the growth rate of
Lemna. Come cf the waterials, however, were nctlceably better
than others. {fisparagin in the lowest concentration acted as
if it were a stimmlant, but was decldedly toxic in the higher
concentrations Urea, on the c¢ther hand, is toxic when preszcnt
in large or small amounts, 1t acceclerates the growth of Lerna
1t 60 p.p.m., whichi is the optimum asz 1s imiicated on the
curve. fTrese icsults were roughly checked by Wo'fe (47).

The soill extract did not retard the grewtlh in any cof the so-
lutions. Its optimun concentraticon for growth rate was reached
at about 70 p.p.ze One notes that ma ure ext—act is b st of
the stimulunts used, but its optivunm was not reached even at
200 p.p.rt. DBoth the soll and manure suspensions gave results
different frow thosc obtained from their extracts. Though

the extructs werc either stimulunts, or ineffectivec at all
concentrations ussd, the suspensicnas were celther toxic or
gtivulants, and neither suspension recached an optimum, Per-
haps an opbimum would have been reached with each naterial

ted greater amounts been used. None of the concentrations of
the manurc suspension was beneflciasl; with the soll suspension,
however, the 120 and 200 p.p.m. stimulated the growth rate

of the plant, The growth constants and general appearance

of the plants, it is noticed, are closcly correlated, while

the dry weight valucs bear no significant relation to the
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other results. In any event, as the rates of reproduction
change the dry weights do not necessarily change correspond=-
ingly.

We wirhed next to investigate the effects of minute
guantities of soil and manure extracts upon the growth of Lemna
major. The methods and technic used are the same as in the
experiment just deseribed. The followingy table and graphs

show the plaﬁ and results of this experiment.
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THE HFFTCTS OF RIVNUTE QUARTITIE? O &
GROWTH OF NON-STERILE

LIEMNA,

o

%

IL AND MANURL EATRACYS ON TEE

DePole :

No,:stimu~: k :0rganic sti.mlants (The pH of extracts was kept constant
tlant 3 : at 4.9).
tadded :

0.5
0.3
0.8
1.0

-

CWPUNVHOOW

3
*

.0

20
»
o

-,

HOUM MU EHEIOOS RN
66 89 N4 06 S" B8R S8 Gu €0 40 04 00 g5 w2 e

:0. 064
:5.0B8: 7

0,062 7

10,055 : Manure extract

10.058: :

:0.050:Control {(Saeger's Solution)

e

e

23

e

Duratior of experiment 4 weeks,

-bb-
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Both soil and manure extracts in minute quantities stimu-
late the growth rate of the green plant. It is noticed, how-
ever, that two concemtrations of manure extract give growth
constants below that of the control. Thls produces a curve
which apparently has a maxi:um and a minimum point. The
curve indicates also that thls extract is a stimulant in very
minute and in large quantities, but is toxlec somerhere between
these concentrations,

ashby (), using sterllec marure, foud that minute quan-
titiles increased the growth of Lemna minor, but he did not use
larger amounts than 20 p.p.i.

Tne above graph and tuble show that the soll extract acts
as an accelerator in all concentratlons used.

Ve next attempted to determine the optimum for manure
and alfalla extracts and again to check the optimum for soil
extract., The procelure was the same as that in the previous
experiment, except that solution 1 was ussd, and the pH maine
tzined constant at 4.8. The following tavle and graphs show

the plan and the results of this experiment.
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TABLE VII. THE OPTINUM COHNCENTRATICHS O CCIL, MANUrR: AND LIGLE: DXTRL.CTD FOE
Cl HOU-STERILN LEMHA/L. :

®% se sa 0% ¢ 60 0 s s B8 20 S0 a0

e oe

IO QDI WO TOMEWRND M

o

200
2

4

5
21
100
177
270
360
8
16
32
64
1z8
192
320

:0.087
:0.080
:0.08%
:10.080
:0.096
:0.101
:0.100
:0.095
10,092
:0.066
0,070
10,073
:0.077
:0.076
:0.070
*0,.066
:0.071

S® 85 G0 80 40 €0 8¢ go B €4 G s WL B0 24 B0 U 00 26 ee V0 a0

..

se

ae

»e

Control

‘DeDolle? :
sstimu-: k :Organic stimulant (The pH of extracts was kept constant
tlant ¢ : ot 4.8)
‘addeaq :
: 6 0,096 :S801l extract
: 12 :0.008 ” ”
: 24 :0,099 ” "
i 48 :10.096 " ”
72 :0.085 - ”
144 :0.,089 " *

Nanure extract

oo

.o

*i1lfalfa extract

xMicro=-organic growth attached tc roots which could

Duration of experiment weelks.

not be washed
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The data already given in this thesls on the effects of ?
organic matter upon the growith constants of Lemna major show
conclusively that tsny organic substances stirulate the growth
of the green plant. Orly in the cascs of carrots and of
panure suspersion wes there an irndication of no stimulation
at the ccncecentrations uvsed., but tlhese organic substances

were studica only over a li:lted ranpge. +«hile soluticns of

urea and acparagin were tordice to the growth of tiils plunt,
there vas one concenlration for each whichi sligihtly acceleor-
ated the growih. ZEvery organic materisl investigated re-
vealed un optiarws concentrastion. This was fcund for urea
and for aspuaragin compounds and for soll, manure and alfalfa
extract. Jmong these, 501l and mavnurs extract sere found
io be sti.uulents in minute guantities as well as 1n larger
amounts, Note that zlfslfa exbruct depresées the growth |
constants ¢r lemnix in very .idnubte and in very large qu.nti- |
tles, but for cincentraticns between thicse two extremes thiere

ig a decldod gtimulation, So0ll ecxtruct, on the cother hand,
accelerates at all concentreticns studied, vhile manure ex-

tract devresses only at & p.v.m. approximately. The ir-

regulearity ol the optimus grow h rave cuirve for zlfalfa is

perhups due to an crrer 1n counting the plants for the i{ifth
censtunt, or caused oy some foxic substance falling Into the
golution in which the plants were growing. The lact that

manure in the concentraiions from 3 - 8 p.p.u. DProcuces a

depresslon in the growtn rate ol Lenma in one case, while in
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another case such a depression is not evident in the quantities
from 2-360 p.p.m., may be due to the use of differcnt extracts
ir cach instance.

It is now apparent that soil extract, ranging from minute
to large quantities, stimulates the growth of the non-sterile
green plant; that other orgunic substances act as stimulants in
some concentrations and as depressants in others; that atill
other organic materials act as depressants in all concentra-
tions studied; and that nearly all organic substances invest-
igated tended to show an optimum point.

We next desired to investigate the effects of orgunic

matter upcn the growth of sterile Lemna major.
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Eml
n

THE EFFECTS OF ORGANIC MATTER ON 9H® GRCITH RATE OF THE STERILE
GREIN PLANTS.

In determining the effect of organic matter on the growth
rate of sterile Lemna, we followed the same methods and technic
as with the non~sterile plant, except that the soluticns were
sterilized, and the plants, both sterlle and non-sterile,'were
grown in cotton stoppered 250 cc. Erlemmeyer flasks contalning
100 cc, of modified solution 1 which had been sterilized as
heretofore described. All transfers were made in a sterillzed
chamber already mentioned in the part of this thesis entitled
"Metheds and Technic™. The initial pi was made up to the op-
timam as has been done previocusly fer this solution. This
procedure was followed in all subsequent experiments.

Tre accompanying graphs and table show the plan and the

results of this experiment.
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TABLE VIII. OPTINUM CONCENTRATICNS OF VAHICUS ORGANIC EXTR.CTS FOR THE GROWTH OF
STERILE LELKNA

: :Plants : :Appear- :Sterility

Num- Treatment : from : k tancae at : at end
ber istock : : end :

1277 iz * no addition--Sterilized :Non—sterile:0.053g54 : a IN.Se

1l277a:z + 7 " - " HE * :0.0558 : a ‘n.s.

1z78 iz + ¢ ** ~~Not steriiized:Sterile :0.055 : 2 in.s,

1278atz + °° " - . : - :0.054)9° : a tN.B.
1279 1z + * --8terilized : - :0.072 73 : a+l ‘s

1279atz + °° - - . 3 . :0.074 :  atl :s

1280 iz *+ 10p.p.:.wil ext. : :0.030 : a-10% :n.s. A
1281 :z + 20 * * " : - 10.063 : a b

1282 :z * 40 " h " : * :0.,063 : a ‘s '
1285 :z + 80 T v ” : 10,062 : & :s ®
1284 :z *t160 * ) ' : " 10,057 : a n.s. A 3
1285 :z + 10 7 men.ext. : 10,063 : a :s 6
1286 :2 + 20 - * : :0.064 : a 18
1287 1z + 40 - * * : " :0.055 P a-l :s
1288 :2 + 80 - * " : - :0,048 S a=-2 |

1289 :z +1l60 * ” * : i 10,043 : a-l0 s

1290 ¢z + 10 ~ BlosIext.” x : ” :0.057 ¢ a-2 :s

1291 1z + & * - .o : o :10.063 : a Y

1292 ¢z + 40 *~ - oo : " :0.,067 : a ]
1293 1z + 80 T ° T : - :0.063 i a-~-1 is
1294 :z *1& * * " : " :0.061 : a=2 in.s. &

1295 :z2 + 10 7 A 5 SRR '¢ : ” :0.0656 P a-2 :s

296 :z + 20 * o : * :0.062 :  a=2 ‘s

129%7 :z + 40 7 - .o : * :0.056 s a-=1 'y
1298 1z + 80 7 : - 10,052 : a-2 s
1299 :2z *+160 - * : * :0.051 P a=2 sq

1300 :z + 10 oI v : * :0.045 ¢ a-2 ta
1301 :z + 20 - N : ‘ :0.054 : a2 'S

1502 2 + 40 o I Ll : :0.065 i a-1 s

%ggi iz +160 L L Ul : 50282} : a- 'S

pRidrl o onw EEN 5 B I

2 o . . v : oM : - :

igog 2 ¥ 38 - . : : :8.8%2 P ace iS5

1309 :z +160 ° : {0.029 : a-10 8
z = Modified soln. 1 &6 = Contamination., ®R = almost cead, .
X ade according to Fulrmer, Duecker and Nelsgon.

These fractions were n
is held constant at 4

Durstionn of experiient 4 weelks.
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An attempt was muade to obtain optimum growth rate curves
for sterile Lemna grown in solutions containing varying quan-
tities of soll and mamure extracts, and the blos fractions I,
II, III and IV (22). A sterile and a non-sterile check werc
also run along with a sterile check whore solution was non-
sterile.

Using the range from 10-160 p.p.m. of these orgunic ex-
tracts, we obtalned curves which showed optimums, except those
for bios II and IV. It is first noticed thut the maximum vnoints
of these curves while in most cases lying above the lime mre-
presenting the non-sterlle stock 1277 in no case touch the line
representing the sterile stock 1279. Tils imdicates, then. that
+the presence of sterile organlic matter wlhich has been used in
this experimentc depresses the growth rate of Lemna. Tris re-
sult is almost the converse of thet obtained with the nor-
sterile plant. t appears, consequcntly, that organic wm=ttenr.
although an accelerator to the non-sterile plant, 1s toxic to
the sterile cone. VWhy some stimulants do ot effect the two
stock plants 21ike is & question which will b considered to a
greater extent luter in this thesis.

It is aguain ouserved fram the graphs and tablce just pre-
ceding that the growth constants for the two stock plents are
not allke: the onc for the stcrile rplant is si;nificantly
higher than that for the non~sterile plant., It is thereforc

evident th:.t Lemna can grow satisfactorily ncot only free of
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all micro-organisms but also can continuve to live and reproduce
better when in & pure cul ture. In other words, it seems pro-
bable thut micrec-organisms are parasitic 1n thelr relation to
Lemna, since the plant can grow vetter without them. Inasmuch
as bacteria were seen in the plant Ly the aid of the oil iumer~
sion objective oi =« microscope, it seecwms likely that their
presence in thc interior of the frond and root of the plant is
harmful to Lemna. The micro-orgunisms must live on tie plant
since therc is nc¢ other source ¢f organic matter present. By
this theory, if the plant is free of these parasites, 1t should
rcspond by an increase in growth rate.

The table shows further that the growth rate of sterile
Lemna, upon being inoculated into a non-sterile modified solu-
tion 1, and becoming contaminated with acteria, will soon be
the same as thaet for the plant which was non-sterile originully.

It was next desired to determine whut effects bacteris
would produce when inoculated into the sterile solution con-
taining both orgunic matter and the sterile plant. Soil amd
manure extracts were used as a source of orsanic matter. It
was alsoc desired to determine the effects of a dead culture
upon the sterile plant. The following table and graph show the

plan and results of this experiment.
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TABLE IX.

EFFECT: OF MICRO-ORGANISHMS ORX THE GROYIH OF LEMNA.

Num=: : :Appear-: fteri+Plants from

ber 3 Treatment : k tance :lity : stock
H : at ond at end.

1347: Mod %ol 1l + 20p.p.m. soil ext.- °terillzed .O 050353. a : 8 =Sterile

1348: + h - :0.055 :t a ¢ s -

1349: " % + 80 P.p.m.maure * :0, 003) =t & 1 s -

1350: " ¢ + " ++0.063 i a : 8 :

1351: T + 20 p.p.m. soil ext. 1 drop BG:0. 0582 : atl ¢ n.s.:

1352 ¢ + -+ T =7 *Xi0,057)%8: a+l : n.s.:

1353: = " + 80 P.p .. iErure *o-+ 1 "X:0,058 : atl ! n.s.:

1354: * ~ + -+ 1 "X.O 062§60: a+l : n.s.: :

1355: ¢ + 1 cc. Bact. culture :0. 055; :dying: s : 7

1356: % + 1 ce.® ~ :0.034 : : g 3

1357: - + no addition :0. 065?63: +1 : g ¢

1358: ~© T + - :0.062 catl ¢+ g

i359: .o + - * :0. 052g55: &  n.s,snon- sterlle

360: + - :0.054 : a fn.s.t "

1361: + 20 p.p.m. soil ext. :0. O6l§ $atl : n.s.:

1362: + 20 . :0.062Y%%: a+1 : n.s.:

1363: - + 80 p. D.f. moNure ext. :0. 058;r9° atl : n.g.:

1364: + 80 , :0.059 “Z: a+l : n.s.:

x Bacterizl culture made by inoculating bacto-nutrient azar with a non-sterile

plant,
growth.

Duration of experiment 5 wecks.

allowling to incubate, and making an aqueous
The initial pH was not altered by the above additions.
of 1355 and 1356 after 3 days was found to be

suspension of the bacterial
The final pE

5.5. The initial pH was 4.8,

—86-
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From the preceding table and graphs, it 1s observed that the
sterile plants have a higher growth rate than the non-sterile,
which result checks that previcusly cited. It is noted further
that the constants for sterile plants grown in solutions con-
taining organic extracts are amaller than those for the sterlle
check., The addition of bacteria to the soil and marure ex-
tracts increases the growth races of the plants, but the con-
stants do not reach those of plants grown in the sterile check,
As was expected from previous experiments, the addition of
manure and scll extractsto non-sterile Lemna increases the
rate of growth over that shown for the non-sterile check, but
even these non-sterile plants do not grow guite as fastas the

sterile ones In the sterile Inorganic solution. In fact, ac-

cording to the results of thls experiment, the sterile check
exhibited the highest growth constant obtained in this ex-
periment. Higher constants were anticipated, however, for the
solutions containing organic matter which was inoculated from
the non-sterile plants in one case, and from a bacterial cul-
ture in the other, than for the sterile check. Regardless cf
whether the micro-organisms used for inoculation were secured
from a bacterial culture or from non-sterile plants, there

was very little diffsrence shown in the effect on the growth
rates of the plants., The fect that a dead culture of micro-
organlsms was toxic to Lemna may be due to high pH as shown in
Table IX,

Thus far, there is an indication that some sterile or-
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ganic matter depresses the growth of sterile Lemna, and while
this growth constant is increased by the addition of bacteria,
it does not exceed the constant given by the sterile check.
There is an indication that dead bacterlu depress the growth
of t he green plant, and there is further proof that sterile
Lemna grows faster and looks better than the non-sterile.

Some of these debatable points will be further inves-
tigated and the results given later in this manuscript. The
fact that the sterile organic matter was inoculated with bac-
teria from an old culture, and the fact that the organic
matter used was an old extract, might be responsible for the
depression of the growth rate of Lemna. The presence of
sterile organic substances might account for the inabllity of
the plants to equal the rate of these in the sterile stock,
when inoculated with micro-organisms. Consequently, instead
of using the aqueous suspension of bacteria, 1n future ex-
periments. a fresh and virile strain will be used for inocula-
tilon when the plants are changed each time; and & fresh manure
extract will be made and used instead of the old one.

In the ensuing experiment, we attempted to investigate
further some of the questionable points which have arisen
thus far in our work on the sterile plant. Our bacterial
culture was fresh at =1l times and the manure extract used was
freshly made up. We ulso attempted to determine the effects
of pure compounds of urea, acetamide, and creatlnine upon the

sterile plant under sterile and non-sterile conditions, ar-



bitrarily selccting 200 p.p.m. of each as the concentration to
use. The table and graphs to follow will illustrate the plan

and give the results of this experiment.
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TaBLE X. THE EFPFLCTS OF MICRO-ORG. wISHS O 1HE GROVWTH OF LITHUA.

: : Plants: sApp.:Sterili-
Num-: Treatment : from : k¥ : at :ty at
ber : : stock: : end:: end
1445:2z + no addifion Sterilfzéa + no addition :Sterile :0. 058)50: & : 8
1447 :z *+ 7 " : * :0.051) ta 8
1448:z + ° * T + 80 p.p.m. non- : : : :

tsterile manure extract : ” t0.062) :atl ¢ n.s.
14493z + no addition Sterilized + 7 ” ” : : )63 :

:sterile manure extract : - :0.063) :a*l ¢ n.s.
14504z * 80 p.p.m. manure ext. Sterilized + no addﬁ :0.055)54:a+1 :Contanminated
1451z + ” * * * * + * :0.,054) :atl *
14523z + 7 - - " +1dnq>EﬂG " :0.065)ggtatl ¢ n.s.
14533z + 7 " " o - +1 7 : ” 10,066 ta+l : n.s.
lasaiz + v .- . .- 41 . L0067 tat1 ¢ n.s. .
1455%z + no addltlon qterillzed + 1 drop 1476 : " :0.064} __:atl ¢ n.s. ©
14563z + +1 : :0.055)%%:a+1 : n.s. b
1457:z + 7 - - +1 - 1477 : - :0. 054§55.a+1 :{ n.s. 1
1458:z + " * + 1 7 h : - :0.0565 ts+l ¢ n.s.
1459:z + - - + no addition :Non-sterile:0.0éV; ta-1 : n.s.
1460:z + < " - + - ~ :0.048%%%:a.1 ¢ n.s.
14¢1l:z + 80 p.p.m. manure ext. Sterilized + lce.l4B: terile 10,067 )e7:atl ¢ nis.
1462:2z + ” N " + no add; : Non-sterile:0.069;69:a+1 ! n.s.
14633z + no addition Sterilized + 80 p.p.m. non- : : g : :

:sterile manure ext. ) A ” :0.063/63%atl @ n.s.
1464:z + 200 p.p.m. urea + no addition :Sterile - :0.06 ta-€ ¢ 8
1465:z + - . + o - : 30.028§27:a~6 :Contaminated
1466:z + . . h + 1 drop 1476 : - :O.OSZ;O ta=-6 ¥ n.s.
1467:Z + e oo . . + 1 .o .. : . :0.025 “4‘8,-6 : n.s.
14683z *+ ¢ - acetamide Sterilized + no add.: " :0. O49)5l:a+1 P 8
1469iz + - " - S S :0.053)% 041 ¢ s
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TABLE X (cont.)

: Slants @ tApp.:Sterili-

Num-=-: : from : 0 k- tat ity at

her : : Stock 3 :end iend

14703z + 200 p.p.m. acetamide Sterilized + 1 dropl4ESterile =0.055§35:a-6 ! nN.S.

1471z + & ” ” * + 1 7 e * 10.035 :8-6 : n.S.

1472:z + © * creatinine + no add. 3 * =0.055;55:a+1 tContaminated
1473:2 + 7 ” * + T : " :0.055 tatl ¢ s

l4awdaig + 7 * * " + 1 dxop M76: * :O.O45§4 i a : n.s.

1475z + 7 * " - + 1 7o " 10.042 3: 8 ! n.s.

1476 Bouillon 1s inoculated with non-sterile plants and allowed to incubate for 3 days.
1477 Bouillon same as 1476 but sterile.
1478 Solution 1 in which plants have been growing.

The pH of modifled solution 1 1s mot asltered by the above additions.

z = modified solution 1
pH is held const-nt at 4.8.
Duration of experiment 5 weeks,

- vg6 -
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A review of the preceding table shows that the rate of
reproduction of the sterile plant is greater than that of the
non-aterile plant grown in the sterllized medium. This con-
firms the results obtained twice before. The table also
gshows in opposition te the results in the preceding experi-
ments, that when Lemna is grown in the medium containing man-
ure extreet which is inoculated with micro-orgunisms, the rate
of reproduction is increased over thait shown by the sterile
plants in the sterile mediun.

The sources of micro-organisms for the inoculation of the
manure extract used in this experiment arc as follows:

iZiS;MOdified Sol. 1 sterilized + manure - XK = 0,063 =~

From the manure.
1451)
1452)Modified Sol. 1 + mamure sterilized * 1 drop 1476
1453)~K = 0.066 - I'rom non-sterile plants.

1461 Modified Sol. 1 + manure sterilized + 1 cc, 1478~
K = 0.067 - From non-sterile solution.

Sterilizing the manure does not seem to injure its stimu-
lating propertles towurd Lemna.

1462 Modified Sol. 1 + manure cxtract sterilized + non-
sterile plants - k¥ = 0.068 -~ From non~sterile plants.

1463 Modified Sol. 1 sterilized + manure extract + non-
sterile plants - k¥ = 2,065 -~ From manure and non-
sterile plants.

Regardless of the source of the inoculation of the organic
matter, then, the rate of reproduction of the plant is grcut-

er than that of the sterile check. It is noticed that the

constants for sterile and non-sterile plants grown in so-
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lutions containing inoculated organic matter are about the
game, ays one would expsct. HNumber 14635 shows an increase in
the rate of reoroduction over that of nonesterile planis grown
in solutions containing non-sterile manure extract, This
checks previous results. In this experiaent, sterile manure
lhius no apparent effecct on the grewth rate of Lemna. NWo effect
on rate of reproduction w 8 noticed for 1 drup of sterile and
non~sterile bouillon. The bouillon was found contaminated at
the end. DBacteric from the non-sterile plants were kept virile
by inoculating a Iresihn tuoc of sterile bouilllon each time the
plants wer: changed to fresh solutions. To inoculate sterile
manure with these micro-orgardsms was added 1 drop of the bou-
illor. which had becn previously inoculated with a non-sterile
plant and incuwated 3 days. Since 1t was desired teo ascertain
whether the boulllon or the bucterial products would effect
the growth of Lemna, two soluticns of sterile and two of non-
sterile boulllon were employed., It was found that inocula-
ting the solutions contzining the pure corganic compounds in-
jured the plants, the sterile ones dolng better thun the non-
sterile.

The experiment just described was repeated. In so doing,
it wes hoped to guin better technic, and to obtain more
definite and significant results on the effects of organic
mat ter upon the rate of reproduction of the sterile plant.

It was also desired to determine the effects of pure cultures
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of bacteria upon the growth of sterile Lemna in organic so-
lutions. The outline and results of the experiment are found

in the following table and graphs.




g w Aas

o o2

o o} T

0728

T Torm 15




-

in Days”

Tirme

jnos jo 607




© FermBb

)

-

-

o

A

-
3

1!
]

pany

Tirne 12

e Jo. bo7

e




o togiorcount oL s

.mmnﬁnaoum.dozoiu .,: YL Sq pPetRTIgnGg

rm
. w.

Y
[ et

i
P ENEAN S

Lt

20TD -

3§

vy
&4

o

AT B

o
S

Ioj’

.

~

"

it a5

gal

-

o
<L

i
1oy e
B ERS TN Dl

Kax
reds

I

ST




TABLE XI. THE EFFECT OF MICRO-CRG.ANISHS ON THLE GEOYWTH CF LIIMNA
Num~: :Plants : : :2teri-:App.
ber : Treatment : from :Inoculation: k :lity ¢ at

: :Stock : : *at end:end
1510:z + no addiltion Sterllized:S2terile :No addition: O 050351: s P a
1511:z + ™ " - : * : * :0.051 HE ‘a
1512:z + . " : ' T X X :0.047 ¢! n.s. :a-=2
1513z + § : - :No addition:0.037 P08 a-3
1614:z + manure ext. (80 p.p.m.) " : * : t0. 051; P s :a
1515:z + (8o = ) - : - - :0.053¥%%: 5 @ g
1516:z * alfalla ext. (130 p. Dol ) " : * : * :0. 045; P s ta-6
1517:2 + (130 ) y : : - :0.043)%%: g  :ia-6
1518:z + manurse ext.(80 p.p.m.) - : -~ : x x :0. 075;79- n.s. sa+t2
1519 :z + - < (80 p.p.m.) - : ¢ x X :0.071)"7: n.s, 3at2 |
15204z + allulfa ext (130 p.p.m.) " : T X X :O.061g6 ! N.s, satl
16213z + (130 = = ) - : : x x :0.061Y%1: n.s. :atl 5
1522:z + manure ext. (80 p. p.u.) ” :Non-sterile: :0. 068§68: n.s., sa+l @
1523:z T - - (80 ) - N : -O 068 : n.s, +atl 1
1524:z + ) (80 "~ ) ” :Sterile tBact, QOIE' :0.050@v.): n.s. :a-5
1525:z + * * (80 ) * : * ‘Erythro :0.065 P n.s. sa+l

: : tbaclillus po< : :

: : :digiosus(2): : :
1526iz + - - (so = ) - : . :B.subtilis(®:0.067 : n.s. ‘a+l
1587z + * - (80 " ) : * sStaph. : : :

: : .aureusx4) :0.060 ! n.s. tatl
15281y + . . §SO ) - : :Cl.velenii £):0.059 ¢ n.s. :a+l
1529z + ' * 80 " ) * 3 * -Bact aero- : : :

: : icenes (6) 10,087 ! n.s. satl
15303z + - * (80 " ) - - :€T. sporo- : . : : L

: : :genes (7) :0.05 ¢ n.sg. dat
153Liz + * (80 ) " : * .%s fluores-: : :

: : tescens Ligue-: : :

: :facien: (8J) :0,056 i n.,s. *atl
1532:z + * (80 ) - ‘Fo. 6 T'rom : : :

: :Smith (9) :0.055 i n.s. ‘atl
15332z + * - (80 " ) * : * iNo.ll from : : :

: : :Sxith (10) :0.051 ! n.s. tatl
Zz = modilied solution I . PR held constant at 4.8
pH for this solution not(x Bouillon inoculated with organism from ron-sterile plant from

changed for this additi.n(

Duration of experiment - X

soln., 82Z0.

Sterile boulillon - 1 drop used for inoculation.

weeks
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An examination of the resuwlts of Table XI shuows that
sterile manure extract has no significant effect on sterile
Lemna. This clhiccks the results in Table Z. Previous results
with the sterile plant have shown, however, that all the or-
ganic substaneces used including manure cxtract, depressed the
rate of reproduction. In no case thus far have we observed
any significuant stisulztion of sterile Lemna with sterile or-
ganlc matter; instead, in many cases a depression has been
noteu. An increcasec rate of reproduction over that of the
sterile check has been brought about by incculating the organic
solution with wmicro~organisms. It 1s obvicus that while the
results with sterile manwe check in Tables VIII and IX and
again in ¥ and XI, they do not check in all four tavdles. No
atteapt is made to explain this discrepancy except that in
the last twoe experiments, in which sterile manure had no
effect on sterile Lemna, a fresh extract was used. In the
first experincnts, on the other hand, in which the growth rate
of the sterile plant was depressed slightly, an old extract
wvas employed. It seems quite possivlc that from the same
supply of dry manure two samples may be obtained which will
have quite difierent efiects upon sterile Lemna, inasmuch as
each sample used may contain different quantities of toxic
substances. It will be remembered that the four fractions of
the aqueous extract of alfalfa, and other orgunic materlals
were somevhat toxic to the sterlle green plant, and in Table

XTI 1t is noticed that alfalfa extract depresses the rate of
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reproduction of this plant when grown under sterile conditions,
Even though manure extract decreased the rate of growth in two
experiments, the appearence of the plants was equally as gocd
cs that of the sterile check. This was true of manure in 2ll
experiments with sterile Lemna, as well as soll extract and
gome of the alfalfa fractions when thelr optimum concentra-
tions were used. It seems, then, that thils single discrepancy
which is shown in these last four experiments 1s not unduly
significant, but the fact that no sterile organic substance
used Increased the growth constant of sterile Lemna over that
of the sterile check is very significant and decidedly inter-
esting. This would Indicate that the plant can not utilize
the complex organic compound contained in these extracts
unless bacteriz are present to ciunge them into available forms,
if the rate of reprcduction is used ac a criterion for this
utilization. Had we 1investigated, however, a larger number
of extracts and compounds, it is pussible thut scwme organic
substance cculd have been dis covered which would have stimu-
lated the growth of sterile Lemna,

hsceording to Martin and Mason (£8), who investigated the
influence of cane sugar on thie conductivity of KC1, HCLl and
KOH, the conductivity of the lrorganic solution is lowered
when sugar is added to it. The conductivity of a solution
and its ion and molecuwlar activity are dlrectly proportional,
go 1t would seem that the presence ol organic substances in
g solution wihich are not in a state of availability would

decrease the lon and molecular activity of that solution, and
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this, in turn perhaps, would decreasc the availability of the
inorganic nutrients and finall; would decrease the growth rate

and eventusally harms the plant. The plant must struggle harder

to obtain its inorgaric nutrients in a sterile organic solution ;
than in a soluticn in which micro-organisms act on the organic
matter to malic it available.

In Secience, March 7, 1830, Dr. K. a. Clark (17) who is
dlrecting this work, announced this investigation with the
sterile plant. He reported the results of the first two ex-
perizents snd stated that the addition of optimum concentra-
tlonsg of sterilc organic extracts of soil and manure to the
sterile inorgenic medium decreased the rate of growth of the
sterile plants &s compared to those of the sterile check.

We have already mentloned that, though this is true for the

first experiuents, the last results distinctly show that the

sterile manwre extract used later shewed no effects on sterile
Lemna.

Judgling from the results that we have obteirzd thus far,
1t is evicdent that the micro-organlisms present on non-sterile
Lenmne are harmful to the plant. These organlsms are un-
dcubtedly parasitic in tnelr relation to the plant and not
symviotle, and when organic matter i1s added either to the
sterile plant inoculated wilth bacteria or to the non-sterile
plant, it 1s possible that the activity of the parasites is
changed from the less available organic matter of the plant

to the more available orgunlc materizl added. This change in
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gactivity would benefit the plant, as would also the products
formed from the action of the orjanisms on the orgunic mater-
ial added. Mo attempt was made to determiine the effects of
specific organisms on the sterile plant; the problem was
nerely to deteraine the effects of inmoculating the non-sterile
solution with sterile Lemna, in vhich casc we have already sewn
that the growtly cunetant fell back to that of the non-sterile
plant. Thig is shown in Table VIIT, und cXperiment number
1278,

It was observed from the rcsults In Tabls XTI that while
sterile 21falfa extract depresses the growth rate of sterile
Lemna, this rate was increased over thet for the sterlle
checl when this organic solution was inoculated with bacteria
from the non-s3terile plant. Various species cof bacteria when
inoculated intc the sterile inorgenic mediwn conbaining manure

-

and sterile Lemna hrought about an incrcase of the repro-

duction rate of the plant. Baclllus subtilis and Baelllus

prodigiosus guive the greatest increase. No organisms other

than those listed in Table XTI werec studied nor were ther: in-
estigated other reclations between the plant, crgunic matter
and bacterica,.

The eftfects of Carrington loam socil on the growth o non-
sterile Lemns have alrecady been yglvern and described previously
in this thesie. It 1= now desired to determine the effccts of
the srme soil on the sterile plant, uscing the same method

and technic employed with the non-sterile plant, except that
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250 cc. beakers were used for growling and the nom-sterile tech-
nic was used for changing the non-sterile Lemns.

The folloving table and graphs show the effects of aterile
and of non-sterile Carrington loam scil on the reproductlon
rate of the green plant. The resultis show that the sterile
plants grown in the sterile aqueocus suspension of Cgrrington

loam soon become unhealthy and began tc die, while thelr growth

rate was slightly smaller than that for the sterile check. These

results are similar to those obtained for the effects of other
sterile organic substances on the growth of the sterile plant.
It will be remembered, however, that an agueous suspension of
non-sterile Cerrington loam soil in coneentrations of 80 p.p.m.
or more of dissolved matter increased the growth rate of Lemna
over that of the non-sterile check. Another sample of Carring-
ton loam soil, equal in size and treated the same as the above
sterile sample, but inoculated at each change of the plants with
a grain of the non-sterile so0il, greatly increased the growth
rate of sterile Lemna. These results are similar to others
obtained with the effects of non-sterile organic matter on the

growth of the plant.
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TLBLI: XITI, THE EFFSCTS OF WICRO-ORGANISNT ON THR: GRCWTH OF LIMNA,.

Num-: :Piant : : tAppear-:-terli-
ber : Trcatment :from : ko tarnce at:lit: at

: :s3toek : 3 pE ¢ end :: end
1397:10 grs.Carrington loam + 100cc. Con, HgO: : : : :

: sterilized :8teri le :0.063:6,50: a=-b I}
1398:10 grs.Carriagton loam *+ 100cc. Con 0 : : : : :

: sterilized + becteria® : v 10.075:6.36% atl  n,s.
1399:odified solution 1 sterilized : - :0.05b6:14.,80: a HER-
1400: * . " - iNon=sterile :0.,036:4,80: a-2 1.8,

g Bacteria addcd by adding o very small quantity of non-sterile Carrington loam.
(] y ) rlg

Duration of experiment 5 weel s.

TT

. O
P
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THE GROVTH CP STERILE AND NO"-STERILEFLEMNA IN MODIFIED SO-
LUTION 1 NOT CH:-NGED.

It is noticed in the table and graphs following that the non-
sterile plant is injured less and has a better appearance than
the sterlle one when both are grown continuously in the inor-
ganic medlum of identical composition. At the en” of each
experiment, the sterlle plants were all looking bealy and were
showing the effects of continuous contact with the solution
while the opposite was true with the non~sterile plants. XNo
effort was made to keep the pH cmstant during each erxperi-
ment, and perhaps the plants would have looked better and would
have grown longer had this been done. No explanation is of-
fered for the different appearance of the sterile and non-
sterile plant. Though both of these plants should be changed
to fresh solutions twice a week, they will reproduce and look
quite healthy if not changed as often. Their optimum growth
rate and best appearance, however, were obtained when changed
about twice a week.

The results of 1495 in Table XIII confirm those obtained
earlier in 1355 and 1356 in Table IX. These results at first
indicated that a dead culture of organlisms obtained from the
non-sterile plant was toxic to the sterile plant grown in the
sterile inorganic medium. Since the pll cf this medium after
three days was 5.5, we believed that, possibly, the toxic
nature of the solution was due not to the organisms but to

the high pH. The results of 1495 in Tablc XIII show that the
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toxic nature of this medium was undoubtedly caused by the dead
bacteria and not to the high pH, lnasmuch as the plants in

1441 and 1534 of the same table were looking better after 28
days without changing than those in 1495 which had been changed
twice a weck., A4After about 10 days, the plantes grown in a
medium containing a dead culture of organisms exhibited very
serious effects. MNockeridge, on the other hand, found that
dead cultures of certaln species of organisms stimulated the
growth of Lemm.. It might be polnted out again that 0.1 cc.

of the sterile bouillon, the bacterial medium, had no affect

on the plant, when used without dead organisms.
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TABLE XIII. STERILE AND NON-STERILE LEMNa NOT CH.NGED.

Num~: :Plants : ‘DH at : App~- ¢ Steri~: Dura-~
ber : Treatment :from t k tbgin~t tear-ilityition of
: tgtock : :ning ¢ endiance: at iexperi-
: : : : tat  :end :ment in
: : : : iend idavys
1441 :Modified Soln.l Sterilizea~- : : : : : :
:not changed. :Sterile t0.054 :4.,80 :5.35: a~4: 8 :54
1494:Modified Soln,l o -- 3 _ : : : : : :
:not changed. :Non-sterile:0.044 :4.,80 :5.58% a-lin.s :24
1534 :Modlified Soln.l " -2 : : : : : :
:not changed. :Sterile $0.036 §4.80 :5.30: a-4:n.s :28
15353Modified Soln.l - -~ : : : : : :
:not changed. ‘Non~-sterile:0,033 :4.80 :5.40: a-l:n.s :28
1495:Modified Soln.l + Q.1 cc.1476 @ : : : : : :
:Sterilized, changed twice a : : : : : : :
tweek, :Sterile 0,057 24,80 :5.21: a-5: 58 :128

a = appearance of plants in sterile check in Table XII.

1476 is found in Tavble X,

- 41T -
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PH O CETERILE AND RNON-STERILE SOLUTICNS ™ITH AND “ITHOUT LYFERA.

The following graph indicates that a non-sterile solution
does not change in pH uwpon standing, while the pH of a sterile
solution does not remain constant as one would anticipate, its
change over a period of 13 duys is relatively swmall., As is
illustrated in the accompanying graph, both curves for sterlle
and non-aterile solutions with plents indicate that at first
the pH decreases to a minimum after which there is a rapild
increase. In 13 days there is produced a higher pH in the non-

gsterile solution than the sterile.



1

i =L

A 4

Agwen

by
tom b

I

3

0

:
ko i
R

r=

LW

b+

T
i

4

AR
7 e

o

TE
1
ST

gonw
4

3

RS R R

t

i
axn

)
1
i

M ,

f
34
Aiafints it

! :

oy Sww)
s

it
ey

a

En

Dagys

f

lutio

i
=

pae

SIS L
ju Sepe

{80

-t

i

2t as

T

la

B

peeed

f

1% =4

+

ot

 Publizhed 'by The H. Cole Co., Columbus, Ohis, No: »Mn..,




- 120 -
THE EFFECTS OF ViRIOUS ORG.NIC EXTRACT ON YE4ST GROWTH™

The object of this experiment was to determine "he pre-~
gsence of a yeast stimulant in various extracts, and to study
the relation of micro-organisms present on the plant to :he pro- |
duction of a yeast stimulant.

The basal solution used in these experiments for yeast

growth was medium C (23,24) whose composition is as follows:

NH4Cl-mooommmcmmme e 0.188 grs.
KHpPO owommmmmmene -=-=0.,100 7
Cane sugar----------- 10.000 *~
Distilled watepr=~--~--- enough to make

100 cc. of solution.

In order to permit the addition of the organic extract
and of the yeast suspension to Medium C without dilution of
the medium, the above substances were dissolved in only 90 cc.
of distilled water rather than veing dissolved in 100 c¢c. of
goluticn., After the yeast and extract were added, the solution
was then diluted to 100 cc. Each 100 cc. of sclutiocon used
for yeast growth, then, finally had the following composition:

100 ce. of liedium C

1 Organic extract (p.p.m.)
< Yeast cells (count of one)

O HHaClemmmomomcnen e .188 grs.
IGIP«POQ ----------- '""O.loo b
Cane sugar-=------- 10.000

BThrough the courtesy of the Department of Dilochem:istry, and

by the cooperation of Mr. H. Schopmeyer, it was possible for
us to obtain the<¢ results.
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The above scluilon, Medum C, containing varying, guan-
titles of varlous organic extfacﬁs were inoculated with yeast
with a count of one (43). Bach cubic centimeter of the 100 cc.
of the solution after inoculation, then contained 250,000
yeast cells (43). The solutions were incubated at 30°C. for
48 hours and counted (43). As represented by the tables and
graphs, each cubic centimeter of the medium then, contained
the count x11/10x250,006 yeast cells. The yeast used for in-

oculating was Saccharomyces cereviseae, grown by Fulmer for

several years.,
The followling tables and graphs show the results of these

experiments.

i
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TABLE XIV. EFFECTS OF BIOS I ON YEA4AST GROWTH.

123 ~

Num-:Blos I: tMedium:
ber :added :Yeast added :C used: Count after 48 hours
‘DePeilsd : :

1 : 5 :iCount of one:l00 cc:34 x 6/10 x 250,000 per cc,
2: 25 :: *~ " 1100 ":31 x 6/10 x 250,000 " ™
3: 80 & ¢ * " 1100 i35 x 6/10 x 250,000 T~
4 : 100 : " T T :l00 ":36 x 6/10 x 250,000 "~
5 : 150 : * <::1100 T:33 x 6/10 x 250,000

6 : 200 + ~ *" 100 43 x 6/10 x 250,000 "0
7 : 250 : ™ * " 1100 ":43 x 6/10 x 250,000 7
8 : 300 : ™ " 2100 126 x 6/10 x 280,000 ¢
9 : 350 ¢ - " " 3100 36 x 6/10 x 250,000
10 : 400 : * " :100 “i40 x 6/10 x 250,000 O~
11 : 450 : ~ " " :100 ":43 x 6/10 x 250,000 "
12 : 500 : * " :100 ":137 x 6/10 x 250,000 T~
13 : 550 + ¢ " 1100 “:38 x 610 x 250,000 "
14 : 600 : * " 31100 ":35 x 6/10 x 250,000 ¢
15 : 700 ¢ *~ * " 3100 31 x 6/10 x 250,000
x :Check : ™ " T 100 ":19 x 6/10 x 250,000 " 7
x: " 0" * ™ 1100 ":20 x 6/10 x 250,000 T~

Bios I was

1600 grams

cbtained as follows:

of alfalfa were steeped with distilled water

at 70°C. for 4 hours, filtered, and again steeped at 70°C.

The filtrates were then concentrated in vacuo at 40°C. and

350 m.m. pressure and were made 40, by volume with ethyl alco=-

hol.

40% alcohol, and air dried.

The precipitate thus formed was washed repeatedly with

only slightly soluble in water.

This Blos I is cream colored and



(WA cerppsueaiep

LR O

Egtwien
ey

T

1

fRune

H

kDS oA
I

o sooas.

.Colé C&. Columbus.

The H.

 Published by

3404 1STOA U6 II- *S0Td JO S100JIJE




- 125 -

TABLE XV. EFriCTS OF BIOS II ON YIEAST GROWILH.

:Bios 1II: Medium:
Num-: added :Yeast added :C used: Count after 48 hours
ber : p.p.m,: : :
1 : 5 :Count of one:100 cc:1l8 x 11/10 x 250,000 per cc.
2 : 25 ¢+ T T " 1100 cc:24 x 11/10 x 250,000 T
3 ¢ 50 ¢ " " ™ 1100 cc:29 x 11/10 x 250,000 U "
4 100 ¢+ " " " :100 eci35 x 11/10 x 250,000 "
5 :150 ¢+ " " :100 cc:47 x 11/10 x 250,000 ¢
6 200 ¢ T "™ T :100 ce:55 x 11/10 x 250,000 "¢
7 250 ¢ U " " 3100 cc:46 x 11/10 x 250,000
8 $£300 ¢ T " ™ :100 ce:66 x 11/10 x 250,000 <
9 ¢35 : T " " 3100 ccsWl x 11/10 x 250,000
10 400 : T T " 1100 cc:80 x 11/10 x 250,000 ™
11 :450 ¢ " ™ " :100 cci94 x 11/10 x 250,000 T ™
12 : 500 ¢ T " 3100 ceiXW x 11/10 x 250,000
13 5850 : " " " :100 ceill5 x 11/10 x 250,000 ¢ ™
14 :600 : ™ " :100 cedl7 x 11/10 x 250,000 * -
15 %00 : ™ " " :100 cedd7 x 11/10 x 280,000 "
x Cheeck ¢ ™ ™ ™ 1100 cc:l0 x 11/10 x 250,000 = =
x - : " " 1100 cc:l2 x 11/10 x 260,000 Tt ¢

Bios IT was obtained as follows:

The filtrate from Bios I was made 70% by volume with
ethyl alcohol. The brown preclipitate thus formed was repeated-
ly washed with 70/ alecohol, and dried at 65°C. in vacuo. This

fraction is very soluble in water.
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TABLE XVI, RFFLCTS OF BIOS III O YBAST GROWTH

tBics IIl: :Medium:
Num- :added :Yeast added :C used: Count after 48 hours
ber :ip.p.m. ¢ 2 :
1 : 5 :Count of one :100 cci24 x 11/10 x 250,000 per cc.
2 : 25 : ot 100 T:30 x 11/10 x 250,000 U
3 : 50 ¢t 100 55 x 11/10 x 250,000 7
4 * 100 : ™ v 100 “Yi84 x 11/10 x 280,000 "¢
5 : 150 T T " 100 Uiloex 11/10 x 280,000 ¢
6 : 200 : T " " 100 “il46x 11/10 x 250,000 T
7 250 : " " 100 Tils8x 11/10 x 230,000 ¢
8 300 : " " :100 “:ils2x 11/10 x 250,000 U
9 1 350 $ " 1100 T:lslx 11/10 x 250,000 T
10 : 400 : T ™ " ;100 “ilélx 11/10 x 280,000
11 : 450 : " " 1100 ":168x 11/10 x 250,000 "¢
12 ¢ 500 : " " :100 “:lé2x 11/10 x 250,000 <
13 & 530 :t " " 100 Til79x 11/10 x 250,000
14 : 800 : ™ " 100 T:173x 11/10 x 250,000 U
15 : 700 : " T 2100 163z 11/10 x 250,000
x lnreck ¢ T T " 100 :11 x 11/10 x £50,000
x : ” : " 100 fril2 x 11/10 x 250,000

Bios IIT was obtained as follows:

The filtrate from Bios II was made 95, by volume with
absolute alcohol. The brown precipitate formed was washed
repestedly with 95% alcohol, and dried at 65°C. in vacuo.
This fraction is very soluble in hot water and it is very

hydroscopic.
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TABLE “VII,
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<
L

EFFECT! OF BICS IV OR YEAS

T

GrOWTH.

1100 Tk

.

cC.

:Bios IV: sMedium:
Hunm-:tadded :Yeast added :0 used: Count after 48 hours
ber :p.,p.nm. @ : :
1 : 5 :Count of vne:ll0 cec: 34 x 11/10 x 250,000 per
2 1 25 & ™ T 100 T : 45 x 11/10 x 250,000 "~
 : 80 ¢ " ™ 3100 " : Y6 x 11/10 x £50,000 "
4 100 ¢ T " " :100 " : 85 x 11/10 x 250,000 T 7
5 150 ¢ ™ T T 1100 Tt 95 x 11/10 x 250,000 T ¢
6 200 ¢ T " 21100 " :114 x 11/10 x 250,000
7 12850 & Y T 2100 T 1120 x 11/10 x 250,000 T
8 1300 ¢ ™ ™ " 3100 ™ 124 x 11/10 x 250,000  *
9 :35 & " " :100 " :138 x 11/10 x 280,000  ~
10 400 ¢ ™ T T il100 T :140 x 11/10 x 250,000
11 ¢ 450 = T 3100 4133 x 11/10 x 250,000 "~
12 : 500 ¢ ™ " " 100 " :156 x 11/10 x 250,000
13 :58% ¢ " T 1100 " :146 x 11/10 x 250,000 " 7
124 600 ¢ " ™ 100 " :162 x 11/10 x 250,000 O~
15 700 ¢ T 100 ™ o172 x 11/10 x 230,000
x :Cheec. : " " T :100 " ¢ 11 x 11/10 x 250,000 *
x 0" : 12 x 11/10 x 250,000 ~

-
-

65°C. and 20 m.nl.

Bice IV wasg obtained as followss

Tne filtrate from Bilos III was evaporated in vacuo at

Inis fraction iz

tnd is very hydroscopic.

very soluble in water
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TABLE XVIII.

- 131 -

EFFECTS OF SOIL EXTRACT ON YE .ST GRO.TH,

<8011 ex%-

Num-:tract ad :Yeast

»
.

sMedium:
added:C used:Count after 48 hours

ber :ded p.p.m:d

.

1 : 10 :Count of one 100ce: 31 x 11/10 x 250,000 per cc.
2 20 T 1100 T: 48 x 11/10 x 250,000 <
3t 40 P *:$ 100 *: 72 x 11/10 x 250,000 * ~
4 : B0 : T "z 100 “: 83 x 11/10 x 250,000 "
5 : 80 : " " ": 100 T: 70 x 11/10 x 250,000 O *
6 : 120 : " : 100 ":118 x 11/10 x 250,000 O~
7 & 160 $ot T TI100 156 x 11/10 x 250,000 T
8 : 240 : 7™ i 100 Til6l x 11/10 x 250,000
9 : 320 : " Y : 100 "i183 x 11/10 x 250,000
10 : 640 : T " "i100 T:294 x 11/10 x 250,000 "
x *Check : " ": 100 ": 11 x 11/10 x 250,000 "
x & - O “: 100 "¢ 11 x 11/10 x 250,000 * *~
The 801l extract was obtained as previously described in

this thesis,
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TABIE XIX: EFFECT OF MANURE LXTR.CT

- 133 -

OW YEAST GROWTH.

:Manure: :Medium:
Num-textract:Yeast added :C wsed:
ber :added : : :Count after 48 hours
PPN, ¢ s :
1 : 10 :Count of one:100 cc: 23 x 11/10 x 250,000 per cc.
2 ¢ 20: T " " 3100 cc: 29 x 11/10 x 250,000
3 i 40 : - :100 cc: 46 x 11/10 x 250,000 =
4 : 80: * " :100 ce: 48 x 11/10 x 250,000 *
5 : 160 :¢ " " " 3100 cc: 78 x 11/10 x 250,000
6 : 320 T " T :100 cc:l07 x 11/10 x 250,000
7 : 640 : T " " :100 ce:145 x 11/10 x 250,000 "~
8 :1280 ¢ ™ " :100 cc:l60 x 11/10 x 250,000 “ -
x ¢ Cheek: = ~ :100 cet 11 x 11/10 x 250,000 -
x ¢ T :100 ce: 11 x 11/10 x 250,000 *

The manure

in this thesis.

extract was obtained as previously described
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TABLE XX. EFFLCT OF NON-STERILE
ON YEAST GROWTH.

LEMYA EXTRACT

! : Non=sterile: : :

; Num- T.ome ex-:Yeast added :Medium: Count after 48 hours

: ber :tract added: :C used:

; tPeP .My & : H

l 1 : 10 :Count of one: :100 cci25 x 11/10 x 250,000 per cc.

: 2 20 : $100 ™ 320 x 11/10 x 250,000 "

3 3 : 40 : * 31100 " :44 x 11/10 x 250,000 "

| 4: 60 : “ " 3100 ~ :55 x 11/10 x 250,000

; 5 : 80 : " 1100 T 169 x 11/10 x 280,000 < ¢

‘ 6 : 100 s " 3100 T :83 x 11/10 x £50,000 -

! 7 : 120 : - * 31100 T 88 x 11/10 x 250,000 "
8 : 140 ;" T l00 T 98 x 11/10 x 250,000 * °
9 : 160 i v * ™ 1100 T W06 x 11/10 x 250,000 0~
10 : 240 s " " :100 T 218 x 11/10 x 250,000 "
11 : 320 : " * " 3100 424 x 11/10 x 250,000
12 * 480 : v " 3100 T 227 x 11/10 x 250,000 ¢
13 : 640 3 " 41100 T s-~ x 11/10 x 250,000 " "
x :Check : * " 3100 T :11 x 11/10 x 250,000
x: = : * 3100 * :11 x 11/10 x 250,000 .

The non-sterile Lemna extract was

obtained by treating

about 8 gram of the dried plants with dlstilled water at 70°C.

for two hours,

the residue.

filtering and repeating the operations with

These two filtrates were collected, made up to

volume, and used in the above experiment.

xS A T i
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TABLE XXI. EFFLCTS GF STERILE LEMN. B.TRACT ON YLAST GROVTH.
tSterlile: :
Num-:Lemma : :
ber :extract:Yeast added :Medlum Count after 48 hours
radded :C used
‘P.pem._: :
1 : 3 :Count of one.loo cc x 11/10 x 250,000 per cc.
2 : v L T 100 .29 x 11/10 x 250,000 *
3 : 10 : - " 100 T 30 x 11/10 x 250,000 7 :
4 13 : * " :100 T 41 x 11/10 x 250,000 ¢
5 & 20 L " 31100 T 49 x 11/10 x 250,000
6 : 27 : v * 1100 " 50 x 11/10 x 250,000 ¢
7 33 A * 4100 T 55 x 11/10 x 250,000
8 : 40 : t 100 T 62 x 11/10 x 250,000 :
9 47 : ™ 100 " 70 x 11/10 x 280,000 ¢ ¢
10 : 53 : * " 3100 T :86 x 11/10 x 250,000 *
11 : 80 s * " 100 T :90 x 11/10 x 250,000 * °
12 :105 : " 3100 T :82 x 11/10 x 250,000 "
13 :160 " " " 3100 " 81 x 11/10 x 250,000 *
x : * 100 ™ :11 x 11/10 x 250,000 .
X 3 : ¥ 1100 T 11 x 11/10 x 250,000 7
The sterile Lemna extract was obtal=ned by treating about

one-half mram of the drled sterile plants in the same manner

as

This extract was used in the sbove experiment.

he non-sterile Lemna was treated for an agqusous extract.
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The results show that Blos I is not as good a yeast stimu-
lant as the other three fractlons. Bios III and IV are better
than IT. These results roughly check those of Fulmer, Duecker
and Nelgon (22). Tae action of these fractions on the sterile
Iemna 1s almost the reverse of that action shown with yeast.
It is notlced that the activity of the soil extract on yeast
is sliglitly better than that of the wanwe, while neither ex-
tract shows a marked stimulating power over fractions III and
IV. Though the ncn-~sterile pnlant extract does not have the
mzrked effects on ,east growth as do some of the other ex-
tracts, it does, however, increase the growith rate. The
sterile lemna extract shows a decreased power of stirulation
as compared to the non-sterile Lemna, however, the sterile
plant extract does stimulate yeast growth. It would appear,
therefore, that the sterile lemna plant c¢an manufacture this
stimulant, and that mlcro-organisms are not necessary for

its prcduction.
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CONCLUSICHNS

It has been recognized for some time that some organlc
materials will stlmmulate the growth of green plants, and a
few investigators belleved that minute quantities of organic
mtter are essential, The nature of the stimulstion by ore
ganic substances was not thoroughly understood, yet their
presence lnereased the growth rate of the plant. Only recent-
1y, when the Lemna plant has been made to reproduce and grow
healthily in a soluticn of purified inorganlc salts was it
apparent that minute quunticies of orgenic umatter are not es=-
sential for the satisfactory growith of the green plant. ‘his
left unsettled, however, the question of the effects of or-
ganic substances on the green plant. In order to study this
question more thoroughly, we sterilized Lemna, and studicd the
effects of organic matter on the sterils as well as the non-
sterile plant.

VWhen both sterile and non-sterile plants were grown
separately in a sterile inorganic medium cf the same com-
position,.we unexpectealy found that the sterile plant grew
better than the non-sterile. It 1s guite evident, then, from
the results of this work that mlcro-organisms are not only
non-¢3sential for the growth: of Lemna, but that they are
harmful. The next unexcected result was that the sterile
organic matter we used did not stimulate the gpowth of steril:

Lemna over that of the sterile check grown in a sterile in-
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organic medium, but in some cases it actually depressed the
reproduction rate of the Lemna plant. The opposite result was
true of the non-sterile plant, in that nearly all organic sub-
stances used inc-eased its rate of reprcduction. Therefore,
there are indications that, while the sterile plant grows
faster than the non-sterile, when both are grown separately
in a sterile inorgunic medium, organic matter will nct stimu-
lute the growth ol sterile Lemnue unles: micro-organisms are
present; also in some cases thc rate of reproduction is gre.t-
er than either the sterlle or non-sterilc checiks. Upun both
the sterile and the non-sterile plant, regardless of whether
there was stimulaticn or deprescion of the growth rate, nearly
every organic substance exhilbited 2 point of optimuni concen-
tration. The vencficlal effects on the plant of adding micro=-
organisias to sterile organic matter contuining sterile Lemma
may be due to Lhe changing of the activit, of the orgsnisms
from the less avallable organic matter ¢f tue plant to the
more avalloble ferm which was added, or to the action of the
organisms on the added organic matter, making it avellalle to
the plants, or to both ol these facters. Irasmuch as sterile
orgunic mutter was either harmful or ineffective to the sterile
plint, one would expect o dead culture of organisms oblained
from the non-sterile plant to full into one of these classes.
As a matter of fact, such a culture was decidedly tcxic.

It is evident thut micro-orgunisms ar¢ 1ot essernticl to

the plant in its munufacture of a yeast stimulant.
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The optimum pH for Lemna, while not the same for all
solutlons, 1s very important if the plant iz to be grown suc-

cessiully.



SUM T"I l,:. RY

1. An inorgunic solution is described in which Lemna
ma jor has reproduced and has grown healthily through several
hundred generations, without the presence of organic matter.

2, Tour Inorgunic solutions are described 1n which the
green plant has grown satisfactorily.

3. The optimum pli for each of the four inorgsnic solutlons
was determined.

4, The methods and technic used in all nutrient solution -
work are described,

5. The attempts to sterilize Lemna and its subsequent
gterilization and growth are described. The sterile plant
was denmonstrated to have grown in a sterile solution con-
taining purified inorpganic salts for several months, and to
have continued in n healthy state.

6. Aqueous extracts of yeast, barley, alfalfa, scil and
manure at 80 p.p.m. stimulated the growth of Lemna, and de-
presced its growth at 40 p.p.nm., but an agueous extract of
carrots depressed the growth rate of the plant at both 80 and
40 p.p.m.

7. ni Opblaw. councentration for the stimulating action of
manure extract was found to be approximately 80 p.p.m; of soil
extract, 20 and 65 p.p.m., Oof alfalfa extract, 180 p.p.m,, of
urea, 60 p.p.m., and of asparagin, 4 p.p.n. No optimum was
found for soil suspension, while for manure suspension, there

was no stimuiation between 3 -« 200 p.p.m.



8. So0il extract stimulated growth in all concentrations
from 1 - 200 p.p.nm., manure extract shoved an optimum stimuis-
tion at £ p.peii., &« minimum depresczlon at 4 p.p.m., and a sec-
ond optiuwa stlmulation at 80 p.p.m., and alfalfa extract
ghowed a minimw. depression et 8 p.p.m.

9. The sterile plant was not stimulsted by any: sterile
organic substance used, MNanure and soil extracts, Zios I and
IIT showed & poind o1 optimun concentration in the growth of
sterile Lemnhsa, but in no case was the cpti:mum greater than
that of thc sterile inorganic check,

10. ‘'then both sterile and non-sterile plants were grown
in the steriie inorganic medium of the same composition, the
sterile plant grew faster and appeared healthier than the
non-sterile.

11, Wpen a culture of organiams which had been isolated
from the none-sgterile plant were addsd (o sterile Lemna in
sterile modif'icd solution 1 containing orgunic matter, stim-
ulation of growih rate over ithat of sterile check was at once
noticed. This was the case for ali organic extracts uscd,
whether thce non-sterile plant or the orga: ic extract were used
as a source of inoculation.

12, "hen the sterile plants growing in the sterile inor-
ganie sclution are inoculated with organisms from the non-
sterile plant, the growth rate ls decreased untlil 1t reaches
that for non-sterile Lemna,

13. # dead culture of organisms from the non-sterile plant
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is toxic to the sterile Lemw: growing in the sterile inor-
ganic medium.

14, Two hwdred parts per millicn of urea in modified
solution 1 was harmful to Lemna both under sterile and none-
sterile conditlons., The same conecentration of sterile ac-
etamlde snd creatinine had ne effect on the plani, bul these
solutions under ncen-sterile conditione we ¢ harmful.

15. Of the ten pure cultwes of living bacteria used in
inoculating the slterile modified sclution 1 containing manure
extract, ntne decreased the rate of reproduction of sterile

Lemna. In fact, all organisms except Baclerium coli and Nuu-
s

ber 11 increased the growth rate of the sterlile green plant.

16, » water suspension of sterile Carrington loam soil
glightly depresses the growth rate of sterile Lemma, but when
a gimilar suspension wis incculated with a smell particle of
the non~sterile soil, the rate was grcatly incer-ased over th:it
of the sterile inorgnnic checl.

17. The sterile and the non-sterile plants can be grow
continuously for about ten days in separate portions ci so-
lution 1 without scricus efiects, but the non-sterile plant
suifers les: from this treatment.

18. The pE of the non-sterile medium containing no plants
dld not change over a period of time; the sterile medium, on
the other hand, increased slightly. The non-sterile, and
sterile solutions containing plants first decreased to a mini-

mun, then later increased rapidly in pH. The non-sterile so-

PP L.
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lution with plunts developed a higher pH than did the sterile
solution with plante.
19. All organic extracts used stiwulated yeast growth,

i3ics I was 2 poor stirulant.

[P S
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