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IN~ODUOTION 

Leeuwenhoek was one of the first men to record observations 

upon the peculiar grot1th ha.bi ts of members of the family Lemnaceae. 

Taxonomists and 11),orphologists have long argued about the proper classi­

fication and anatomical interpretation of these, most modified of 

higher plants, while p~siologists from the time of Sachs have seen in 

Lemna and Spirodela a type of plant peculiarly suited for experimental 

investigations in the field of nutrition. Th.is has been because of 

their small size and aquatic habit which make them ideal for culture -

in nutrient solution. 

In recent times there has been considerable controversy over 

the question as to whether organic manures, humus, peat, and soil SUP!­

pl7 small amounts of org~ic materials which promote the growth of 

green plants. Are the beneficial effects often observed upon treatment 

with these substances simply the result of correcting recognized or 

unrecognized inorganic deficiencies, or are they the result of accessory 

growth f actoret 

In undertaking to answer this question, Spirodela polmhiza 

(L.) Schleid. was chosen as the test plant since careful control of 

its growth environment is readily achieved. The possibility of free­

ing the plants of microorganisms -and employing sterile culture technique 

make its use particularly desirable in a study concerned with the 

effects of organic materials. 

The primary aim in the investigation was to demonstrate that 
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organic additions to a medium of inorganic salts beJ.anced for optimal 

growth can produce a significant increase in growth. Also, that manures, 

bwnus, peat, and soil are sources of these growth promoting substances, 

and to find out as much about their nature as possible. Growing out 

ot this line of study was a broader one, namely, an attempt to gain 

some insight into the mechanism of the action and interaction of the 

~ different factors, such as light, carbon dioxide, carb~drate 

supply, etc., which are mown to affect the growth of §pirodela. Finally, 

unsuccessful attempts were made to induce flowering of Spirodela, which 

occurs only rarely in nature and has never been induced experimentall.7• 



CHAPTER I 

METHOD 

Material' for Sterile Culture 

Several plants of Spirodela polmhiza. EL.) Schleid. obtained 

from a ' .greenhouse aquarium were used in initial experiments to find a 

means of freeing them from microorganisms and culture them in sterile 

solution. Several attempts were made to accomplish this by the use of 

oligodynamic carbon and kata.dyn:lzed sand,1 particular means of using 

silver ions for their oligodynamic action. The details of these unsuc-

cessful trials are not necessa?'1'• Suffice it to sq, the silver-ion con-

centrat:lon needed to kill the microorganisms killed the plants of 

Spirodela in every instance. 
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When it became apparent that no success was to be achieved with 

the use of oligodynamic silver, the use of alcohol and bichloride of 

mercury was resorted to and thereby two or three viable cultures, free 

.from microorganisms were obtained. The successful technique consisted 

of taking a plant of only one or two fronds, gently held by means of 

forceps, submerging it for for.~y~five seconds in O.l per cent HgC12• 

following this with a quick rinse in sterile water, then transferring 

it to 50 per cent ethyl alcohol, there submerging it for thirty seconds. 

The plant was then passed through two rinses of sterile water (or sterile 

nutrient solution) and thence into a culture tube of sterile nutrient, 

and set aside to grow. Two of the four plants giTen this rigorous 

treatment survived and were free of contaminating organisms. Severe 

1 Obtained through the courtesy of Dr • .A'lexander Goetz of the department 
of physics. 



necrosie of the edges of the fronds soon appeared. These necrotic 

fronds in turn gave rise to unusually small fronds, but after three 

weekly subcultures normal size and vigor were regained. Whether the 

cultures were freed from microorganisms by the treatment was tested 

by transferring plants to medium containing sucrose .and noting that no 

growth of fungus or bacterium occurred. From one Qf the original plants 

so-treated. the "strain" of Spirodela polyrrhiza used in all subsequent 

experiments was derived. Through innumerable subcultures over a period 

of 2 1/2 years, in media with and without sucrose or other organic 

additions, these plants have been carried, with only an occasional chance 

contamination. 

The sterilizing technique outlined above. when tried at a 

subsequent date with Azolla sp. and Lemna minor L. again yielded micro­

organism-free cultures that were carried without contamination for a 

year or longer. At the same time, the use of 8-hydroxyquinoline sulfate 

was tested. Although it was employed in conjunction with alcohol as 

well as by itself, using different time intervals of treatment, all 

cultures showed contaminants after 3 to 5 days. 

Cu.lture Conditions 

For ease in making sterile transfers, Pyrex culture tubes 

175 mm. long, 20 mm. in diameter were used. A 25 ml. aliquot of 

nutrient medium was pipetted into each tube. After sterilization, each 

tube of medium was inoculated with Spirodela plants sufficient to give 

a total of 30 fronds. This number was determined by noting the subsequent 

growth in one week under the prevailing environmental conditions. About 
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seventy additional fronds were normally produced in this time, the 

total of 100 fronds nicely covering the surface of the nutrient in the 

culture tube, held in a special rack beneath the light source at an 

angle of 60° from the pex:pendicular (Fig.l). 

Tube racks containing inoculated cultures were placed in the 

inclined position upon shelves, adjustable for height. Above each 

pair of such inclined racks was suspended a 4o-watt "White" fluorescent 

lamp. :Sy raising or lowering the shelves upon which the cultures 

5 

rested, variations in light intensity were made possible. Two sets of 

aluminum-painted shelves with lamps were located in a windowless room, 

temperature-controlled at 25 .f. io C. The we.lls of the room were aluminum­

painted for light diffusion. The sets of shelves were located at 

equidistance from the reflecting walls and from one another. On each 

set of shelves hung three lamps, from top to bottom. All six lamps 

were operated continuously, even though some had no cultures under them 

at times, so that the diffuse light falling on the culture tubes as a 

result of reflection from the walls remained relatively constant through­

out the experiments. The aluminum-painted bottom of the shelf from 

which a lamp unit was suspended served as the reflector for the lamp. 

The intensity of light falling on the surface of cultures 

located in an inclined rack beneath one of these lamps was not uniform 

from one end to the other. Using a Weston Photronic cell and galvanometer, 

readings were obtained (Table 1) which demonstrate this fact. Not onl7 

was there variation from one end of a culture rack to the other, but . 

there was variation in the intensity produced by the different lamps as 
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Figure 1. Inclined culture rack beneath fluorescent l ampo 



Table 1 

Variations in intensity of illumination benea th different 
lamps as determined with a Weston Photronic cell and galvanometer. 

Observation Distance of 
made nnder culture surfaces Along 36 11 cult:qre rMk 

lamp from lamp galvanometer readin~s made at 
011 18 11 32." 

16" - -I 30 32 29 
II 16 11 30 32 29 

III 16 11 31 32 31 
IV 16 11 30 34 33 

III 28 11 16 19 16 
v 411 80 83 80 

7 
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well. The general practice was therefore adopted of shifting the position 

of tubes in the racks once a. day. Should a test be so le.rge as to be 

employing more than one laJDp, the racks were shifted about under the 

different lamps at the same time. This shifting was done in such a 

fashion that each culture, over a period of one week, received approxi­

mately the same amount of total light energy. Rather small differences 

in the amount of light energy Spirodela plants receive make big differences 

in the rate at which they grow. Practice of this daily shifting procedure 

caused a substantial decrease in the variability between replicates. 

From a typical experiment where a treatment was replicated 10 

times the average value for increase in frond number was 223 ( <f• 10.7), 

fresh weight 176 mg. ( cf = 14.9 mg.), and dry weight 22.3 mg. ( o= 1.4 mg.). 

Growth measurements 

As criteria of growth, measurements of the increase in frond 

number, total frond area, total fresh weight, and total dry weight 

were made. Cultures were grown for one week, then subcultured and growth · 

measurements made on the material of the subculture, usually one week's 

growth also. The remaining plants after the inoculation of the subcul­

tures were often used to estimate the area, weight, etc. of the inocula 

for the subcultures. At the conclusion of a test, fronds were first 

counted and the hydrogen-ion concentration of the test solutions checked. 

Immediately thereafter, photographs were taken for area determinations. 

The fresh weight of the plants was then determined, and after twenty-

f our hours in a dryer, circulating air at 4o° C., the dry weight measure­

ments were made. 
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Counts--Fronds could frequently be counted without removal 

.from the culture tube. Where conditions of crowding made this impossible, 

the contents of each tube were removed to a glass plate, separated and 

counted, then returned to the tube so that they would not dry out 

before area measurements could be initiated. 

~-The principle employed in making determinations of area 

was to obtain by photography' silhouettes of the plants in each culture 

as well as of a series of discs (or standards) of known area. By means 

of a photo-electric photometer these silhouettes were compared with the 

standards and the total area of the fronds in each culture expressed in 

terms of square millimeters. 

The photographic apparatus consisted of a modified 35-mm. 

camera with a focal length .adjusted by means of an extension tube to 8 

inches. This was so constructed that it could travel at fixed focus 

above a polished brass container, 28 inches long, . 1 3/8 inc..~es wide, 

l 1/2 inches deep, having a bottom of opaJ. glass. The dimensions of 

this container, separated into twelve equal compartments, were such 

that the focussed. image of a single eempartment occupied the length of 

one frame. The width, however, had to be considerably less than that 

of a frame since the resulting pictures could be no wider than the 

width of the oblong photo-electric cell of the photometer. The com­

partmenting separations only extended to within one quarter inch of the 

opal glass bottom, so that when the container was filled to the brim 

with water. the concave meniscus in each chamber was at the s.ame dis­

tance from the camera lens. Attached to the carriage which supported 



the camera, and moving with it, but beneath the bottom of the brass 

container, was an illuminating box containing a 7-watt pilot light 

and a 250-watt photoflood ls.mp. 

When the apparatus was to be used, the inner walls of the 

compartments were polished for high reflection. The container wes 

then filled with water to the brim. With a camel's-hair brush, the 

contents of a culture tube were transferred to a single compartment 

(where growth was extraordinary, two or sometimes three compartments 

were used). When all twelve compartments were filled, two or more 

always being reserved for varying numbers of standard discs, a check 

was ma.de to see that no fronds over-lapped one another. With only 

the light from the illuminating box, the travelling camera was then 

used to record silhouettes of the contents of each compartment. This 

finished, the plants were transferred to a large covered pan with 

layers of saturated blotting paper inside, and there reserved for 

weight determinations. 

At the beginning of each film of 36 exposures an identifi­

cation picture wa.s taken of a glass slide laid across one of the com­

partments. Written on this in black grease pencil, was information 

concerning the experiment number, film sequence, cultures photographed• 

s.nd the date when photographed. At the same time careful note was 

kept, frame by frame, film by film, of what was photographed and what 

mistakes, if any, were made in the process. This obviated the chance 

of there being confusion as to what culture a particular photograph 

referred to. 

Inexpensive positive or sound-recording film of Weston speed 
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rating of about 1.0 was found very satisfactory, as it could be 

developed to a suitable degree of high contrast. Exposure at £/4.5, 

for l/200th seconds, followed by tank development for 2.5 minutes 

using Eastman developer, formula D-8, at is0 c., gave contrast such 

that the image of the plants was transparent, with no details. The 

background was black and almost completely opaque. 

11 

The photo-electric photometer was one built for the particular 

purpose. The film guide was ma.de adjustable in order to accomodate 

occasional frames whose sides were not parallel to the eµges of the 

film so that they could be properly oriented over the photo-cell. 

Slight variations in frame length and width could be corrected for by 

means of an adjustable mask over one end and ·side of the oblong 

photo-cell. For any' one film this mask was . left at a particular 

adjustment. Illumination of the photo-cell W~$ provided by a 6-watt, 

0.25-ampere lamp operated on a storage battery at 0.25 amperes, 

carefully controlled by means of variable resistances. This lamp 

ws.s located on a bra.cket directly above the photo-cell at a distance 

of 2 inches. It was housed in su.ch a way that by means of a lens, 

light was concentrated evenly over the surface of the photo-cell. 

The deflection of a sensitive galvanometer attached to the 

photo-cell was ,. used for determining current, and thus area variation, 

in most of the experiments. :By measuring these current variations 

potentiometrically, as was done later, the limitations imposed by 

the range of the galvanometer scale were overcome, and the precision 

of the measurements somewhat improved. With increasing transparent 

area over the photo-cell, galva.nometer deflection increased essentially 



linearly while the increasing e.m.f. actually generated by the photo-

cell, when plotted against increasing area, yielded a decided curve. 

For comparison, the area determinations of a particular experiment 
(Fig. 2) 

were made by both methods. The values so-obtained showed that the 
/\ 

d~screpaney between the two methods was of not enough significance 
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to necessitate discarding data obtained with the use of the galvanometer. 

Previously mentioned was the fact that at the same time 

silhouettes of the plants were being photogr8~hed, silhouettes of 

vs..rying numbers of floating discs of known area were also pictured. 

On each film, at regular intervals, were pictures of 2, 4, 6, 8, 10, 

12, 14, 16, 18, and 20 discs. Upon photometry, the values obtained 

for these known areas provided the means for construction of curves 

for converting galvanometer or potentiometer readings into terms of 

square millimeters. The curves obtained from two films developed 

simultaneously in the s2.me tank did not always coincide. Films 

developed separately showed even wider differences in total density. 

However, since a complete set of reference standards was alw~s in-

eluded on each film, these variations were of no importance. 

In order to test how precise a particular area determination 

actually was, successive photographs were taken of the same number 

of floating standards, rearranging them and moving them from one com-

partment to another. Twelve determinations of area were made in this 

WfiJ' for 5, 10, and 20 standard discs. Five discs with an area of 

135 sq. mm., had a standard deviation of 4.5 sq. mm. Ten discs, with 

an area of 270 sq. mm. had a standard deviation of 3.2 sq. mm., 

while 20 discs, with an area of 54o sq. mm. had a standard deviation 



k 
(l) ....,. 
(1) 

s 
0 

@ 
I> 
~ 
qi: 

!>., 
,0 -• 
§ . 
o' 
[IJ 

........ 
m 
-0) 

J.4 
~ 

13 

800 

700 

600 x 
x 

x 
x 

500 

400 / 

x 

300 

200 
x>< 

)( 

100 x 

0 100 200 300 4oo 500 600 ·700 goo 
Area (sq. mm.) by vctentiometer 

Figure 2. Comparison o:f the area determinations of a particular 
experiment mad.8 with the use of a. galvanometer or with the use of a 
potentiometer.. Line represents idea.1 a.greement o 



of 4.2 sq. mm. Since by far the greatest number of determinations 

were in the range of four to five hundred square millimeters, most 

of the measurements were quite precise. 

Weight--.Atter the area photographs had been taken. the 

plants saved on moist blotting paper in a covered pan were removed, 

culture by culture, blotted to remove surface moisture and r8pidly 

weighed to the nearest milligram on a balance of the chain-c-matic 

type. A glass microscope slide counterpoised with another slide of 

tilll similar weight was found more satisfacto1')" than any other type 

of container for rapid weighing. A:tter recording the fresh weight, 

the plants of each culture were either discarded or else placed in 

small folded-paper pockets to be dried at 40° C. for 24 hours in a 

forced-air drying chamber. The dried plants were then weighed, this 

time, hoWe"Ver, to the nearest tenth of a milligra.m. 
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CHAPTER II 

PRELIMINARY EXPERIMENTS 

Quite a number of experiments were done in the early stages 

of the investigation, testing different humus extracts to see if any 

effect they might have on the growth .of Spirodela could be attributed 

to some influence on iron nutrition (Olson, 1930). The results of 

one experiment clearly indicated that humus extract could stimulate 

growth, no matter whether iron were supplied to Hoagland's medium2 

in the form of an organic or inorganic salt, although in line with 

Olson's view, no stimulation should have resulted when humus extract 

was added to a medium containing iron as ferric tartrate. An attempt 

to establish the optimal huma.te ., cDooentration in the presena&- of 

ferric tartrate gave such inconclusive and inconsistent results that 

it was judged expedient to devote some time to investigating the major 

element nutrition, hydrogen-ion concentration, and effects of light 

intensity. This was to make possible a more intelligent control of 

environmental factors so that demonstration of growth promoting 

activity would not be confused with corrected inorganic nutrient 

deficiencies or suboptimal ~drogen-ion concentrations. 

In some respects these initial experiments differed from 

later ·On ea, which followed the pro.cedure already outlined with but 

few exceptions. In particu.lar, the best number of fronds to use for 

15 

2 Concentration in grams per liter glass distilled water: Ca(:N0~)2.4B2o 
l.lSO; MgS"4 0.493; IO~O~ 0.506; KH~04 0.136; ferric tartrate 
0.005. Minor elements 1A milligrams per liter: R~1303 2.86; 
MnC12.4H20 1.81; ZnS04.7H20 0.22; Mo03 0.07; Cu.S04.5H20 0.08. 



inoculation had not been decided upon. ~e use of rather small 

numbers made replicate variation higher than would otherwhe have 

been the case. The best time for subculturing. and whether subcul­

ture inocula should be of the same number of fronds or of half the 

number in each parent culture were details which were standardized 

as experimental work proceeded. However, the conclusions to be drawn 

from these preliminary experiments were little affected by these 

variations in technique. These were discarded in favor of others 

found more satisfactory from the standpoint of saving in time and 

effort. 

After only a few experiments had been concluded, it was 

noticed that certain plants in somewhat poorly growing cultures 

16 

became very abnormal in appearance and ultimately failed to reproduce 

at the normal rate. These plants appeared saturated with water, and 

as more and more of the frond surface became affected, rendering it 

almost transparent, these plants would slowly submerge and finally 

sink: to the bottom of the culture tube. Any appreciable numbers of 

these 11water-soaked 11 plants in a pe.rtieular culture a.ff ected not only 

its over-all growth rate, but by their transparency, made photographic 

area measurements subject to additional error. A little observation 

and work soon made it seem probable that the cause was nutritional 

and not disease. This could mean either a deficiency of some particular 

substance or substances, or else a condition of nutrient unbalance 

was responsible. 

To test whether lloagland 1s nutrient was not properly balanced 

or had too high a salt content for the best growth of ~irodela, a 
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series of dilutions of the major elements was prepared. minor elements 

being maintained at the normal concentration in all cases. The question 

as to whether inorganic magnetite (Fe3o4) was as useful a source of 

iron as ferric tartrate was tested by having half the tubes of the 

dilution series SUf>plied with 1 p.p.m. iron as tartrate, while the 

.other half had approximately 1 gm. of only slightly soluble magnetite 

added to each tube. 

In f~ble 2 are given the frond counts for the growth period 

following subeul ture, when half the total fronds in each parent cul­

ture was used for inoculum. The ferric tartrate and magnetite series 

show no significant differences. Only the two lowest dilutions tested. 

0.05 and 0.10, showed markedly inferior growth. Increasing dilutions 

also caused the hydrogen-ion concentration to shift over an ever widen­

ing range throughout the growth period. 

Table 3 shows the effect of dilution upon the per cent of 

fronds showing "water-sGaking" symptoms. It is interesting to note 

that the dilutions supporting the poorest growth had the greatest 

number of 11water-soaked" fronds, suggesting that nutrient deficiency 

is the underlying cause. 

A repetition of this experiment at different light intensities 1 

thus different growth rates. showed that "water-soaking" was more 

apparent in fast-growing cultures than in slow-growing ones (Table 4). 

This is in accord with .the notion that a deficiency is responsible. 

As before, magnetite proved every bit as satisfactory en iron source 

as ferric tartrate. Where the reaction of the medium changed from 

acid to alkaline during the long growth period. so that pronounced iron 
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Table 2 

Effect of dilution of major elements on frond mul tipli-
cation. Figures represent mean of four replicates. Cultures 16 11 

from light source. 

Ferric Ta.rtrate 

Init. Final 
Dilution 0 1 :2 2 7 9 da~s EH EH 

Lo 17 19 28 33 42 53 4.8 6.o 
0.75 18 18 27 32 45 54 4.8 6.2 
0.50 1$ 19 29 34 42 54 ll-.8 6.4 
0.25 18 19 29 34 4o _52 4.9 6.8 
0.10 14 16 23 27 32 39 4.9 7.0 
0.05 13 14 19 23 27 32 5.1 7.0 

Magnetite 

1.0 16 17 25 29 39 49 4.6 6.o 
0.75 17 18 30 34 45 56 4.6 6.2 
0.50 17 19 29 35 l~ 55 4.6 6.4 
0.25 17 18 26 32 3.8 51 4.7 6.7 
0.10 16 16 26 32 36 li.3 4.6 6.9 
0.05 14 15 21 25 30 36 4.8 7.0 



Table 3 

Per cent of fronds affected by 11 \lfater-soaldng 11 at 
conclusion of 9-day 1 s growth. 

Dilution 
1.0 0.1'2 0.20 0.22 0.10 

Ferric tart rate 23.1 22.9 29.7 40.1 58.0 

Magnetite 16.B 15.1 30.4 36.9 76. 7 

19 

0.92 

67. 7 

65.0 



deficiency could be expected, there was still no apparent advantage 

in the use of one iron salt in preference to the other. No vecy 

noticeable iron deficiency developed in any case. 

At both light intensities, Hoagland 1s nutrient at full 

strength appeared less suitable for growth than when it was diluted 

to approximately one half. However, 11water-soaking 11 was least pro­

nounced with full strength, so a triangulation experiment was set 

20 

up to determine what concentrations of the major salts produced a 

medium that was optimal as far as the growth of f!pirodela was conceimed. 

Concentrations of magnesium sulfate, monopotassium phos­

phate, and calcium nitrate were varied simultaneously, in one series 

with no added potassium nitrate, in another series with potassium 

nitrate added at a concentration of 0.005 M, as in Hoagland 1s medium. 

Each series was tested, using two replicates for each treatment, at 

16 11 distance from the light source. The whole test was run in dupli­

cate to compare the effect of growth under 40-watt "D9¥1ight 11 fluores­

cents with that under 40-watt 11White 11 fluorescent lamps. A comparison 

of the characteristics of these two lamps is given in Table 5. 

Growth under the 11Wb.ite 11 fluorescents was generally better 

than that under the "Daylight"' fluorescents, in approximately the 

same proportion that the luminous output of' the "White" fluorescent 

exceeds that of the "Daylight. 11 The per cent 11water-soaked11 fron~s 

was also somewhat higher under the 11White 11 than under the "Daylight" 

fluorescents, a fact that seemed to be correlated with better growth 

as a result of more luminous energy supplied rather than the spectral 

differences of the t wo light sources. 



Table 4 

Effect of dilution of major elements on frond multipli­
cation and fresh weight at two light intensities . Ten-frond per 
tube inoculum. · Figures are increas es during 19-day growth period 
and represent means of four replicates. Initial pH = l.~.8 in all 
cases. 

Cultures J.6 11 from 
light source 1.0 0.75 

Dilution 
0.50 0.25 0.10 0.02_ 

Frond No. 
Fresh we ight 

63 66 68 74 62 49 

fb 11we,ter-soaked 11 

Fine.1 pH 

Cultures 28 11 from 
light source 

Frond No. 
Fresh weight 
% 11water-soalced 11 

Final pH 

47 
7 
6.2 

44 
29 
7 
5.9 

52 
11 
6.4 

48 
35 
7 
6.o 

57 
12 
6.8 

44 
33 
9 
6.3 

64 
27 
7.1 

43 
35 
11 
6.5 

51 
49 
7.3 

39 
33 
33 
6.9 

44 
58 
7.3 

37 
28 
30 
6.6 

21 
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Table 5 

Comparison o:f c!i...ara:cteristics of 48 11 40-watt General 
Electric Fluorescent Mazda Lamps.* 

Lamp 

Region of 
maximum energy 

output 
Average rated 

life Lumen output** 

Daylight Blue, red 2500 hours 1800 

11 Whi te 11 Red 2500 hours 2100 

* 
** 

Mazda Lc:mps. General Electric Company. Nela Park Engineering 
Department. 1940. pages 1.~2, 56 
Me2.sured at end of 100 hours operation. Efficiency at 70 per cent 
of rated life is about 85 per cent of initial rating. 
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For the sake of brevity only the data from the series under 

"White" lights is given (Tables 6, 7) since, with the exception of the 

differences noted above, the plants under "Daylight" lamps behaved in 

very similar fashion. 

In all ca.ses best growth occurred when XH2P04 w~s supplied 

at a concentration of 0.001 M. Increase in the concentration of MgS04 

from 0.001 M to 0.006 M caused a slight improvement in growth, whereas 

increase in the concentration of Ca(N03)2 over the same range caused 

growth to decrease. When KN03 was present (0.005 M ) growth was generally 

decreased, but the number of "water-soaked" fronds was greatly reduced. 

The widest range in pH change during the 8-day growth period was 4.S to 

6.5. Thie range occurred where growth was best, and was the same in 

both the series with and the series without added KN03. In view of this 

reduction in number of "wa.ter-soaked11 fronds, it was decided to retain 

KNo3 in the nutrient formula. Hoagland 1 s formula was retained as a 

basis for further experiments since it differed only slightly from the 

better one indicated by the triangulation experiment. 

~efore the suitability of Hoagland's medium was finally 

decided upon, several additional experiments were performed, mostly to 

ascertain the causes of the "water-soek1ng 11 phenomenon, and also to find 

out what effect other environmental factora have on the growth of 

Spirodela. In the preceding experiment best growth was obtained in 

those salt combinations where the lowest concentration (0.001 M ) 

XR~04 was present. A test was then made to see if a similar series 

with only 0.0005 M XH2P04 would produce even better growth. At the 

same· time, the effect of pH of the initial medium, of light intensity, 
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Table 6 

$-day increase in frond number <>.nd fres h weight wi t·n v;:i.rying 
concentrations of salts of ma,jor elements. 30-frond inoculum. Figures 
represent means of duplica tes. (Concentrations in millimoles.) 

Increase in frond number· 

N'o K.N03 KN03 (0.005 M ) 

Ca(M03)2 

6 1 6 

5 2 

4 3 4 

3 47 4 3 42 4 

2 5 2 5 

l 48 60 60 58 6 1 39 46 4g 6 
KH2P04 6 5 ~t 2 1 MgS04 KH2Po4 6 5 3 2 1 MgS04 

Increase in fresh weight (mgo ) 

)2 

6 1 6 1 

5 2 5 

4 3 4 3 

3 4 3 31 4 

2 5 2 r:.: 
./ 

1 32 3g iu 41 45 46 6 1 22 23 28 31 33 35 6 

KH2P04 6 ~ 4 3 2 1 I>.'igS04 KH~04 6 5 4 3 2 l MgS04 ../ 

i!i Eoagl :md' s i'ormulE 
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Table 7 

Per cent fronds 11t-1ater-.soakedu a t conclusion of 8-dCl.y' growth 
p eriod. Figures r ep resent means of du:p lice.tes. 

Ca.(N03)2 

6 l r 1 0 

2 5 2 

4 6 3 4 l 6 3 

3 2 6 l~ 3 1 5 4 

2 l 8 7 5 2 1 1 1 5 

1 0 0 10 i2 6 l 0 0 0 l 2 2 6 
KR2P04 6 5 3 2 l MgSO>+ KH2P04 6 5 4 3 2 l r.1gSOJ+ 

• Hoagland 1s 
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and of photoperiod were studied for their effects upon growth and upon 

11water-soaldngn. To achieve a 16-hour day• one of the sets of shelves 

in the culture room was covered with a heavy black cloth and the lamps 

were controlled by a timeclock. Unfortunately. heat dissipation from 

the continuously enshrouded lamps was poor. and only towards the end of 

the experiment was the temperature inside measured e.nd found to be 33-

3500., instead of the 24-25°c. of the culture room. Undoubtedly this 

contributed considerably to a reduction in the amount of growth ob­

served when light was given only 16 hours per day. As in subsequent 

experiments. cultures were grown for 7 to 10 days. then subcultured, 

using 30 fronds :for each inoculum. The growth measurements were made 

on the subcultured material. it being considered more representative of 

the type and amount of growth the various media were capable of su;pport-

ing. 

In table 8 the data are given for increase in frond number. 

Total area and fresh weight measurements were made but since they only 

reflected changes in frond number, they have been ommtted. Varying the 

concentrations of Ca(N03)2• MgS04, and Kll2P04 made little difference in 

the resulting amount of growth which took place. even when this was tried 

using different light intensities (and photoperiode) and adjusting the 

media to different initial hydrogen-ion concentrations; factors which 

have a significant effect upon grollth. The growth conditions causing 

the greatest Change in pH (Table 9) proved to be the best. The conditions 

were a high light intensity, with a medium whose Ca(N03)2 and MgS~ 

content was respectively 0.003 - 0.005 M end 0.002 - 0.004 M. XH2P04 

was best supplied at 0.001 M concentration. with the reaction of the 
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Te.ble 10 

Per cen t 11 w?.ter-s oa..l.ced 11 p l ants af ter 11-day g r o'.!th p o; riod 
in medie. of va rying salt and hyd.rogen-ion concentra tions, under con­
tinuous illumina tion, 16 11 from light source. Figure s a re means of 
dup lica tes. 

KHzPO~.( O.OOlM) KHc!Oi+ ( 0 .0005M) 

Ca ( N03)2 ( millimoles) 6 5 4 3 2 1 6 5 4 3 2 
MgS04 ( millimoles) i' 2 3 4 5 6 1 2 3 4 5 

Initial pR 
approx. 5.0 6 3 2 0 1 2 6 10 5 4 3 

Ini ti a.l nH 

1 
6 

3 

approx. 600 4 3 2 4 2 2 5* 4* 28 24 13 11 

* Cont f'.m in2.ted 
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medium adjusted to approximately 5.0, for "water-soaking" became more 

apparent with decreased phosphate Slld hydrogen-ion concentrations (Table 

10). Decreasing the tota1 amount of light energy given to the plants 

by decreasing the intensity and also the length of day caused the 11water­

soakitlg8 phenomenon to virtually disappear (thu.s these data were omitted 

from Table 10), but growth was too slow for satisfactory experimental 

purposes (Table S). 

The possibility remained that "water-soaking" might be diminished 

b.y aeration of the solution. Four comb.inatiOBsof salt concentration which 

had produced the greatest numbers of 11water-soaked11 plants in the triangu­

lation experiment were employed. Magnetite was used as. the source of 

iron and all cultures had the usual complement of minor elements added. 

As previously mentioned, the addition o~ 0.005 M XN03 had. 

sharply reduced "water-soaking" in the triangulation experiment. This 

time a series of 0.01 M KN03 was set up to determine the effect of in­

creased concentration both with and without aeration. Measurements W.ere 

made of the increawe in fresh weight, frond number, and area for an ll­

d81' growth period of the first subcultures from 30-frond inocula. Cultures 

were grotm under a special fluorescent lamp (Cooper-Hewitt) such that 

the intensity was approximately three times as great as the intensity 

when cultures are placed 16 11 from a 40-watt "White" fluorescent lamp. 

The tubes receiving aeration were sterilized with rubber stop­

pers through which passed a capillary inlet extending to the bottom of 

the medium. An outlet tube was also passed through the stopper (Fig. 3) 

so that a number of tubes could be connected together and air bubbled 

through at a slow rate. 



cotton 

Figure 3,. Details of aerated culture tube. 
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Some of the capillaries snapped above the level of the solution 

when being replaced after subculture, so the incoming air just wafted 

across the surface of the Culture. This appeared to be every bit as ef­

fective as bubbling the air through the solution. 

As may be seen in Table 11, growth of the cultures under 

relatively high light intensity varied considerably in response to different 

combinations of concentrations of XH~°4• Ca(N03)2, and MgS04. Respective 

concentrations of 1, 1, and 6 millimoles gave the best results in every 

case (Tables 11 to 13), while "water-soaking" was at a minimum, also. 

'l'he effect was not solely confined to increased nro.l.tiplication rate. 

Frond size also increased, although the fresh weight of a single frond 

was little affected (Table 13). 

The addition of 0.01 M KN03 to the medium caused a decrease ~n 

the rate of frond production (reflected in tota1 frond area and fresh 

weight) of the order of 10 per cent (Tables 11, 12). Frond size and fresh 

weight per frond were scarcely affected by the addition of the potassium 

nitrate, but it produced a reduction in the number of 11water-soaked11 

fronds (Table 11). 

Aeration of the media, or just circulation of fresh air over 

the surf ace of the media, was attended by an approximate 10 per cent 

increase in frond size and fresh weight per frond, while the number of 

"water-soaked" fronds increased only slightly (Tables 11, 12). 'l'he 

most striking effect produced by aeration, however, was the 30 per cent 

increase in frond number. 

The beneficial effects of aeration could be attributed primarily 

to an improved carbon dioxide supply in the environment above the plants 
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Table 12 

Sum of the means (Table 11) for comparison of t he effect 
of aere,tion and the effect of KU0

3 
addition. 

Non-aerated 

Inc. in . fr. no . 1ni+ 

Inc. tot. area 2967 sq_. mm. 

Inc. fresh wt. 688 mg. 

Frond size 3.7 sq_. mm. 

Fresh wt./fr. 0.85 mg. 

Inc. in fr. no. 973 

Inc. tot. area 

Inc. fresh wt . 

Frond size 

Fresh wt./fr. 

3718 sq_. mm. 

386 mg. 

3.8 sq . mm. 

0.91 mg. 

Aerated ~ increase 

1059 30 

4271 sq_. mm. 44 

996 mg. 44 

4.o sq. mm. 8 

0.94 mg. 10 

IG.'\l'O 3 
ob I decrease 

900 7 

3520 sq. mm. 5 

799 mg. 10 

3.9 sq. mm. -3 

0.89 mg. 2 
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Table 13 

Sum of t he means (Tcii) le 11) for comp~ri s on of the effect 
of different concentra tion com-oinations of IaI2P04, Ca( No

3
)
2 

and · MgSOi.~· 

Ial:tOJ+(millimoles) 1 1 1 1 
Ca lif03)2 11 6 5 4 1 
M~SOll 1 2 2 6 

Inc. in frond no. 422 447 470 534 

Inc. in tot. area 1429 1638 1933 2238 
(s q . mm.) 

Inc. in· fresh wt . 391 391 421 482 

]frond size (s q . mm.) 3.4 3.7 4.1 4.2 

Fresh wt./fr. 0.93 0.88 0.90 0.90 



rather than to better salt accUimllation by the roots, since it was 

not necessal'y' that the air bubble through the medium. This was not 

clearly demonstrated, however, since the volume of solution was small, 

(onl7 25 ml.) and the plant roots very near the surfaee, so that in 

the cases where air only wafted. across the surface of the medium, 

the Q:gygen tension near the surface of the solution was quite probabl7 

maintained at as high a level as in the cases where the air actuall7 

bubbled through. 

Whether or not aeration improved growth by maintaining either 

the carbon dioxide content above the plants or the oxygen content of 

the solution at a more suitable level was not clear, but in all sub-

sequent experiments the tightl7 packed cotton plugs used up to that 

time were replaced by lightly rolled loose-fitting plugs, so that 

gaseous exchange might be less hindered than. it conceivably had. been. 

From the foregoing preliminary experiments, the following 

conclusions were reached: 

l. Growth is best if KHc!°4 is kept at a concentration of 

0.001 M, MgS04 at approximately- 0.006 M and Ca.(No3)2 at approximatel)" 

0.001 M (Table 13), using high light intensities. Decreasing the con-

centration of KH2f04 to 0.0005 M has no effect, but a change of the 

initial pH of the mediwn from ca.5.0 to ca.6.0 greatly decreases 

growth (Table 8), irrespective of differing light intensities. Co­

incident changes of Ca(No
3

)
2 

and Mgso4 concentrations over the range 

of 0.001 - 0.006 M affect growth but the opti·m:al combination varies 

somewhat depending upon the light intensity at which the plants are 

grown (Tables 6, 8, 11, 13). Increasing the concentration of KH2f04 
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from 0.001 to 0.005 or 0.006 M is attended by a reduction in growth. 

In media having 0.005 M KN0
3 

additional, there is a general decrease 

in growth. particularly in cultures already' having a high XH
2
Po

4 
con­

centration (Table 6). This decrease seems to be correlated with in-

creasing concentration of potassium ion, for increased nitrate ion 

· (supplied as calcium nitrate) does not have this effect. 

Variations in light intensities and day length, or in other 

words. variations in total luminous energy supplied affect the growth 

rate profoundly. Finally, aeration of the medium or constant circula.-

tion of fresh air above it greatly accelerates growth. A better sup-

ply of carbon dioxide m81' be the reason that growth increases. 

2. The per cent "water-soaked" fronds increases with dilution 

of Hoagland 1s medium, but is decreased by lowered light intensity (Table 

4). Increasing MgSO~ and KH~04 concentrations tends to decrease the 

number of "water-soaked" fronds as does decreasing the concentration of 

Ca(No3)2 (Tables 7, s. 11). 

Addition of 0.005 M Imo
3 

greatly reduces the per cent 11water­

soaked11 fronds (Table 7), while 0.010 moles xuo3 reduces the percentage 

still further (Table 11). A medium, initially too alkaline, will pro-

duce more 1water-soa.ked" fronds, even though the final pH m~ be the 

same as that of other media iAitially more acid (Tables 9, 10). Aeration 

of media tends to increase the incidence of "water-soaked" :fronds some-

what. 

It seems most logical to attribute 11wa.ter-soaking" primarily 

to a deficiency of potassium ion (since it can be largel;r corrected by 



additional potassium). A deficiency of Mgso4 coupled with an excess 

of Ca(N03)2 also results in a greater number of 11water-soaked 11 fronds. 

Unfortunately no attempts were made to correct these conditions and 

observe the effect upon the per cent 11water-soaked 11 fronds, but the 

indications suggest that addition of XN03 and the use of even higher 

. concentrations of MgSO~ with possibly an even lower concentration of 

Ca.(N03)2 would make the occurrence of "water-soaked" fronds very in­

frequent indeed. 

Not wishing to pursue the study of the inorganic nutrition of 

Spirodela further, experiments of this sort were discontinued. At the 

time, what now seeIDs a reasonable explanation of the Pwater-soaking 11 

phenomenon was not grasped. It was apparent that a. medium such as 

Hoagland 1s with 0.005 M KN03 produced. fewer "water-soaked" fronds than 

one which lacked KN03• In all subsequent experiments Hoagland's 

formula was employed rather than adopt a new variation of it. At the 

low light intensities used and the general short duration of the ex­

periments. the slightly suboptimal growth and small number of "water­

soaked.11 fronds produced were not so significant as to seriously affect 

the outcome of later tests. 

38 
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CHAPTER III 

LIGHT, CARBON DIOXIDE, CARBOHYDRATE 

The fact observed in one of the preliminary experiments 

(Table 8) that growth, as measured by increase in frond nwnber, tota1 

·frond area, or total fresh weight, is proportional to the amount of 

light energy received, was described by Clark (1925) and by Ashby 

(1929a). The latter further observed that the average area and dry 

weight of an individual Lemna frond increased with increasing light 

intensity. He also noted that fronds then tended to stay attached and 

at supraoptimal light intensities they became a tangled mass of connected, 

very-much-thickened fronds, lacking the usua1 amount of chlorophyll. 

At low intensities, frond size and w~ht were unaffected by the duration 

of light, only rate of multiplication being affected. 

These observations were confirmed for :;pirodela by the follow­

ing experiment. A rectangu.lar box divided into seven equal compart­

ments was fitted with a sliding lidi above which were suspended three 

4o-watt "White" fluorescent lamps mounted side by side on a white 

board which served as a reflector. By means of a time clock an elec­

tric motor periodically rotated a dru.m. Tb.is periodic rotation was 

sufficient ea.ch time to winQ the cables attached to the sliding lid 

just enough so that it w~ drawn back the distance of one of the com­

partments. The lights were hung at one side of the box so that there 

was substantially decreased light intensity on the opposite side of 

each compartment. :Sy means of the time clock the daily duration of 

illumination of the seven compartments was respectively 7, 10, 13, 



4o 

16, 19, 22, and 24 hours. The sliding cover had to be manually returned 

to the starting position once ea.ch day. 

Three tubes of sterile Hoagland's mediwn, inoculated with 

30 fronds apiece, were placed in each compartment. One was inclin·ed 

directly beneath the lights, the other two were inclined parallel to 

the side of the compartment a.way from the lamps (Fig. 4). The ratio 

of intensities thus supplied was 4 : 1.2 : 1. This apparatus (designed 

for other purposes) was located in an air-conditioned darkroom main­

tained at night at 190 c. and in the day at 26° C. The circulation 

of air in the room was rapid and no heating effects from the lamps 

altered the temperature within the compartments. 

In Figure 5 the increase in frond nwnber (Table 14) is 

plotted against the relative amount of luminous energy daily received 

by each culture (Table 15). Particularly at the lower intensities, as 

with Lemna, the rate of frond production is largely controlled by the 

amount of luminous energy supplied. The two cultures receiving the 

greatest amount of illumination had fronds whose size and weight were 

significantly increased (Table 14). Just as noted by Ashby (1929a.), .. 

these fronds generally failed to separate completely. Clusters of 

new fronds were interconnected by very apparent filamentous internodes 

to form c.':lains. All cultures under intensity 11 a 11 had roots about five 

times as long as those under .intensities "b 11 and 11 c." 

This increase in frond size and weight was thought perhaps 

to be the result of additional carbohydrate, in excess of that needed 

for new fron~ formation, which was being used for increasing frond 

size. As previously noted, aeration of the cultures at high light in-
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Table 14 

The effect of three light intensities, a, b, and c in the 
ratio of 4 : 1.2 : l for durations of 7 to 24 hours per day upon in-
crease in frond number, frond size and fresh weight. 30-frond inoculum, 
cultured 7 days. Initial pH 4.8. 

Hrs. Increase in Frond Size Fresh wt. 
Frond Number (So. mm.) per Frond (mg.) Final pH. 

a b c a b: c a b c a b c 

24 123 27 22 5.8 5.4 4.9 .82 .67 .67 6.8 6.o 5.5 

22 90 26 19 5.3 5.0 5.0 .75 .64 .67 6.8 5.9 5.3 

19 80 19 15 4.8 4.2 4.5 .67 .69 .58 6.5 5.5 5.2 

16 67 16 10 4.9 ~-.2 4.4 .66 .61 .58 6.4 5.2 5.2 

13 60 18 8 5.0 5.0 5.2 .66 .60 .58 6.2 5.1 4.9 

10 52 17 8 4.9 5.0 4.9 .57 .57 .63 5.8 5.1 l.~.8 

7 28 3 2 4.2 5.0 5.2 .57 .64 .59 5.5 4.8 4.7 
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Table 15 

Relative amounts of luminous energy received by cultures 
under different intensities for different lengths of time each day. 

Intensities 

Hours (4.o) (1.2) (1.0) 
Per Da~ a, b c 

2l.~ 4.o 1.2 1.0 

22 3.7 1.1 0.9 

19 3.2 1.0 o.8 

16 2.7 ,o.8 0.7 

13 2.2 0.7 0.5 

10 1.7 0.5 o.4 

7 1.2 o.4 0.3 
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tensity occasioned a 10 per cent increase in unit frond size and fresh 

weight. It was suggested that a better carbon dioxide supply, made 

possible by aeration, perhaps induced more carbolzy'drate formation, 

some of which was available for increasiDg frond dimensions. Steinberg 

(1941) studyiDg the nutrition of Lemna, reported that glucose (0.5 

per cent) added to an otherwise satisfactory inorganic medium greatly 

promoted growth (frond multiplication). It was observed from his data 

that the glucose also increased the size of the individual fronds. 

Glucose and sucrose were both tested, therefore, and found 

to have a pronounced effect upon growth of Spirodela. Both sugars 
o.:l\.<ll. o.~- per c.e.-nt: 

were tried at 1 per cent~concentrations. The higher concentration 

was in each case more effective for promoting growth. Sucrose also 

seemed to be somewhat more effective than dextrose. To check the point 

as to whether the plants were not growing optimally because of a car-

bon dioxide deficiency and also to determine the optimal sugar concen­

tration under the usual light intensity (16 11 from 4o-watt "White" 

fluorescent), and one three times as great (Cooper-Hewitt), the follow-

'·ng experiment was performed. 

Eight sets of tubes of sterile Hoagland 1s containing varying 

amounts of sugar, 0, 1, 2.5, 4. 5, and 6 per cent. were prepared. Four 

of these sets had provisions for aeration (Figure 3, page 31). Three 

sets were placed under the Cooper-Hewitt lamp, one set being the un-

aerated control, the second set having 5 per cent carbon dioxide in 

air bubbled slowly through it, while the third set had 0.5 per cent 

carbon dioxide in air.bubbled slowly through it. Under the lower 
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intensity 11Whitell :fluorescents was placed a similar set-up, with the 

following addition, however. The streams of 5 per cent and 0.5 per 

cent carbon dioxide were conducted to the tops of respective bell-jars, 

each of which enclosed a set of cotton-stoppered tubes containing 

media with the various sucrose concentrations. No effort was made to 

·Seal the rim of each bell jar. They just rested on one of the shelves 

beneath a 4o-watt 11White" fluorescent, and the carbon dioxide-air 

mixtures were permitted to leak out about the rims. The culture 

tubes. .were inclined upon a support inside, but the light intensity 

reaching the culture surfaces was undoubtedly diminished somewhat by 

the interposed glass of the bell jar which was not too clear. All 

cultures were inoculated with 30 fronds apiece and allowed to grow for 

7 days. Measurements of the increase in frond number, total area, 

and total fresh -weight were then made. 

The experiment was repeated in a somewhat different fashion. 

All cultures were duplicated. Only a 4 per cent carbon dioxide-air 

mixture was available. Sucrose was used in concentrations of O, 0.5, 

1, 2.5, 4, and 5 per cent since growth had been found abnormal in 6 

per cent sucrose. 

From the two experiments it may be seen that the optimal 

sugar concentration for frond increase lies between 1 and 2.5 per 

cent (Tables 16, 19). If one compares the growth of the controls 

under the 11Whitell lamp with the growth under the Cooper-Hewitt lamp 

in the first experiment (Table 16) and also in the second (Table 19 

and Fig. 6), one observes that the effect of increased light is general 

over the whole range of sugar concentrations. Despite the plentiful 



Table 16 

The effect upon the 7-day increase in total frond nu.~ber 
of 0.5% and 5% carbon dioxide-air mixtures supplied to media containing 
varying concentrations of sucrose. The gas mixtures were supplied 
by bubbling through the solution and also by placing the cultures in 
an atmosphe:i.~e of the particlular carbon dioxide contento 

"White" 
Percent Sucrose 

0 l 2.5 4 5 6) 

Control 38 139 137 122 58 28 
5% co2 bubbled 35 102 122 86 6 9 
0.5% co2 bubbled 43 130 121 93 72 32 
5% 002 atm. 57 127 125 132 92 69 
0.5% C02 atm. 51 102 117 122 99 82 

Cooper-Hewitt 
Per cent Sucrose 

0 l 2.2 4 2 6 

Control 68 193 158 149 81 41 
5% 002 bubbled 84 170 216 130 3 29 
0.5~6 co2 bubbled 106 160 191 115 119 37 
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Table 18 

Fina.I hydrogen-ion concentra tion a fter 7-day growth of 
Sp irodela. upon med.ia cont a ining va.rying sucrose concentra tions, supplied 
~J ith additional ca rbon dioxide. Initial pH = 4.8. 

11Whi te 11 

Percent sucrose 

0 l 2.5 4 2 6 

Control 5.1 6.7 7.0 6.7 6.~. 6.o 
5% €0 bubbled 5.4 6.o 6.1 5.9 ~- .5 4.9 
0.5% 602 bubbled. 5 .~. 6 .l-J. 6.6 6.3 6.2 5.8 
5% cob atm. 6.1 6.6 6.7 6.6 6.6 6.5 
0.5% o2 a. tm. 6.1 6.5 6.8 6 . 8 6.7 6.5 

Cooper-Hewitt 
Per cent sucrose 

0 1 2.2 4 2 6 

Control 6.3 6.5 6.9 6.9 6.5 6.1 
5% CO bubbled 6.o 6.2 6.4 6.2 4 . o 5.3 
o.5rb bo

2 
bubbled 6.5 6.8 6.8 6.6 6.6 5.9 

49 
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Table 19 

The effect of different sucrose concentrations upon S-da.y 
increase in frond number, grown under two light intensities in an 
atmosphere of 4 % carbon dioxide-air or with 4 % carbon dioxide-air 
bubbled through the solution. Inoculum 30 fronds. Initial pH 4.s. 
Fig11res a.re means of duplicates. 

11White 11 

Per cent sucrose 
0 0.2 1.0 2.2 4.o 2.0 

Frond Number 
Control 45 131 147 143 148 131 
4 % 002 bubbled 56 --- 149 154 152 127 
4 % 002 atm. 54 144 151 153 156 130 

Frond size (s~. mm.) 
Control 4.6 5.5 4.9 4.5 4.3 ~·9 
4 % 002 bubbled 5.5 6.7 5.6 5.3 .5 
l.!. % 002 atm. 4.5 5.2 5.3 4.6 4.5 3.9 

Final pH 
Control 5.8 6.7 6.8 6.9 6.9 6.9 
4 % 002 bubbled 5.8 6.4 6.4 6.4 6.4 
4 % 002 atm. 6.o 6.6 6.8 6.9 7.0 7.0 

Cooper-Hewitt 

Frond Number 
Control 77 181 189 198 171 165 
4 % C02 bubbled 141 221 239 236 247 226 

Frond size (so. mm.) 
Control 4.7 4.8 5.2 4.9 4.3 ~-6 
4 % 002 bubbled 5.5 5.6 6.o 5.5 5.0 .8 

Final pli 
Control 6.4 6.8 6.s 6.8 6.9 7.0 
4 % 002 bubbled 6.6 6.8 6.6 6.6 6.6 6.6 
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supply of carbohydrate alreacey available to the plants, :further in­

ereasiDg the light intensity increased the amount of growth, the 

optimal sugar concentration being about the same at both intensities. 

When one considers the effect upon increase in frond number 

ot supplying carbon dioxide in different amounts considerably in ex­

cess of the normal content of air one observes (Tables 16, 19) that 

in non-sucrose medium growth can be promoted by as much as twenty-five 

to fifty per cent. In the first experiment (Table 16) using 0.5 

and 5 per cent carbon dioxide-air mixtures, the effect upon growth in 

media of various sucrose concentrations was not favorable. Rather, 
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there was a general though not too consistent decrease in growth as a 

result of treatment with additional carbon dioxide. This was particular­

ly the case if 5 per cent carbon dioxide-air was bubbled through the 

different media. At the low light intensity, cultures in an atmos-

phere of 5 per cent carbon dioxide-air grew almost es well as the controls, 

even doing somewhat better when the sucrose concentration was supra­

optimal. Under high light intensity carbon dioxide-treated cultures 

grew little bet·ter than the sucrose controls. 

In the second eJi;periment using 4 per cent carbon dioxide in 

air all treatments were duplicated. The agreement between duplicates 

was very close, so that the data are more reliable. Here one observes 

(Table 19 and Fig. 6) that the slight effect of carbon dioxide treat­

ment of cultures having sucrose is of no significance at low light 

intensity, while at a higher light intensity the carbon dioxide-treated 

cultures grew 20 to 25 per cent more than did the controls. Here one 

may also observe that the effect of increasing the sugar concentration 



in the medium from 1 to 4 per cent only slightly affected the rate of 

growth. Beyond 4 per cent the osmotic concentration was high enough 

to adversely a.ff ect gro~th. 

The final pH of media through which gas was bubbled was 

generally lower than the pH of control media or media maintained in 
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a carbon dioxide atmosphere (Tables 18, 19). Frond size, almost without 

exception~ was greatest in a 1 per cent sucrose medium, becoming smaller 

with increasing concentration (Tables 17, 19). Particularly in the 

second eXperiment, carbon dioxide treatment produced still further 

increases in frond size in the presence of 1 per cent sucrose. Fresh 

weight per frond varied with the frond size. A concentration of' sucrose 

greater than 5 per cent ca.used weight to increase e"t'en though the fronds 

became smaller (Table 17). 

From the foregoing experiments one can draw the following 

conclusions concerning the light and carbohydrate relations of Spirodela. 

Under a moderate light intensity plants are not able to produce all 

the carbohydrate they can utilize for growth. A supplement of sucrose 

i·n the medium can correct this "deficiency, 11 and growth is thereby 

accelerated • . Probably there is a limit to the amount of sucrose that 

can be assimilated, for growth changes but little over a range of con­

centration from 1 to 4 per cent. Concentrations ot 5 and 6 per cent 

sucrose then begin to decrease growth, osmotic concentration of the 

medium being too high. 

The f'avora.ble effect of aeration upon growth at high light 

intensity was thought attributable to the provision of a. better carbon 

dioxide supply, so that photosynthesis of carbohydrate was increased. 



Treatment with carbon dioxide increases the growth rate to a marked 

degree. A sugar analysis of aerated and of carbon-dioxide-treated 

plants showed them to contain very nearly the same amounts which were 

100 per cent higher than the sugar content of the controls. Since 

cultures in a carbon dioxide-enriched atmosphere grow every bit as 
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well as those which have ca.rbon dioxide-air bubbled through the solution, 

it is apparent that the carbon dioxide supplied by aeration is responsible 

for the additional growth and not the oxygen bubbled through the solution 

about the roots. 

Increasing the light intensity is accompanied by a proportional 

increase in growth rate. What was not e:xpected, however, was that 

plants upon medium containing sucrose in the optimal concentration 

range would grow still more rapidly when placed under a higher light 

intensity. Such, howe~er, proved to be the case. From evidence deduced 

from these tests and from experiments conducted in the absence of light 

it is concluded that growth is controlled not only by the sugar supply 

available, but is further limited by an ullknown factor (or factors) 

whose formation requires light. If light of high enough intensity is 

supplied, carbon dioxide treatment of cultures growing on sucrose 

medium produces a further increase in growth. The products of photo-

syn thesi e are distinguishably different from the sucrose coming from 

the medium; since their effects upon growth are essentially additive. 
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CHAPTER IV 

COCOWT MILK, PEA DIFl!'USATE 

One of the chief problems of this investigation with 

Spirodela~rhiza was to show that there are substances, both in a 

crude and in a pure state, which when added to sterile inorganic medium 

balanced f cr optimal growth will cause the plants to grow at an in­

creased rate. 

In a preliminary experiment nicotinic acid and yeast extract 

were tested for growth promoting activity in concentrations of 15, 75, 

and 150 mg. per liter. The two highest concentrations of nicotinic 

acid decreased growth. The fronds were very abnormal in appearance for 

they were small, dark green, with a satiny gloas to the upper surface. 

At- 150 mg. per liter growth was much arrested, and the fronds instead 

of separating grew in a clump, one on top of the other. Many fronds 

died. At the lowest concentration growth was only slightly diminished. 

Decreasing growth and smaller fronds were associated with 

increasing yeast extract concentration, also. The symptomatic appearance 

wa.s similar, tholJ&h less pronounced, then was the case with nicotinic 

acid. This points to the nicotinic acid content of the yeast extract 

as being partly if not wholly responsible. In all yeast extradt con­

centrations root length was 12 mm. With nicotinic aeid reot length 

diminished with increasing concentration from 12 to 7 to 4 mm. T'.a.e 

contr~ls had roots 5 to 6 mm. long. Root growth was stimulated by a 

suitable concentration of nicotinie acid, while frond growth, both in 

size and multiplication rate, was adversely affected. 



In the cultivation of very young embryos of Datura, van 

Overbeek, Conklin, and Blakeslee (1942) reported that non-autoclaved 
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coconut milk promoted growth when added to an agar containing inorganic 

salts plus dextrose. If, besides the non-autoclaved coconut milk, there 

was a supplement of growth fe.ctors3 (concentrations fixed arbitrarily) 

in the medium, growth was promoted even more. 

Coconut milk was tested for its effect on· the growth of 

~irodela in the following manner. Hoagland 1s medium at five-thirds 

normal strength was tubed and sterilized, 15 ml. per tube. Sterilized 

separately was a concentrated mixture of the growth factors, made up 

in such a way that 0.5 ml. in 25 ml. of final culture solution gave 

the proper concentrations. Fresh coconut milk was drawn sterilely from 

a carefully opened nut and added ( 10 ml. per · 25 ml. culture) to the 

concentrated Hoagland's plus growth supplement. For comparison, old 

coconut milk rendered sterile by Seitz filtration was also tested, along 

with a control having only the growth supplement, and a control without 

any additions. Six replicates of each treatment were inoculated with 

30 fronds apiece, allowed to grow one week, then 30 fronds apiece sub-

cultured upon freshly prepared media. At the time of subculturing, all 

plants which had received the filter-sterilized coconut -milk were dead, 

although a few new fronds were formed before death. One culture receiv-

ing fresh coconut milk was also dead. These cultures were discontinued. 

Measurements were therefore made on the 7-day growth of five cultures 

haTing fresh coconut milk plus supplement, six cultures having the 

3 Concentrations in mg. per liter: glycine 3.0, thiamin 0.15, ascorbic 
acid 20.0, nicotinic acid 1.0, vita.min B6 0.2, adenine 0.2, succinic 
acid 25.0, pa.ntothenic acid 0.5. 
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supplement only, and six controls. Cultures were grown at 1611 distance 

from the 40-watt "White" fluorescent. 

Although the supplement of growth factors caused a very slight 

increase in number of fronds (Table 20) their size and weight were 

diminished. The addition of coconut milk increased the frond number by 

more tha.ri 20 per cent and fresh weight to an even greater degree, but 

frond size was diminished. Those plants treated only with the supple-

ment of mixed growth factors were distinctly different in appearance 

from the controls. The satiny gloss of the upper surface, coUpled with 

the diminished size, strongly suggested the effect produced by too much 

nicotinic acid. The amount present was only 1.0 mg. per liter and 

previously this effect had been observed with 15.0 mg. per liter nico-

tinie acid, so that some other component of the mixture of growth 
. 

factors may have been jointly or solely responsible. 

Through the courtesy of Dr. van Overbeek several different 

concentrates and purified extracts of coconut milk which had shown 

activity when tested with Datura embryos were obtained. In many instances 

only a few milliliters were available so . that testing in replicate was 

not possible. The test was conducted using 1 per cent sucrose Roagland's 

as basal medium, so that the sugars known to be in coconut milk could 

not be credited with all the activity. The extracts tested, together 

with the description furnished with them and the amounts used are 

S'U!DDlari;ed in Table 21. 

Thirty-frond inoculum was used. Subcultures were made after 

one week and measurements made '. on the subsequent week's growth. Cultures 

with I, II, III, and VII developed bacterial growth in this time so have 
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Table 20 

Effect of a mixture of growth substances, with and without 
t he adctition of coconut milk ( 10 ml. /25 ml.) upon 7-day g rowth of 
SDirodela. Initial pH 4.o. Figures r ep resent means of 5 or 6 
re~licates. 

Increase in Increase in 
Increase in total area tota.l fresh Final 
frond number (s q_ . TiL'Yl. ) weight (mg .) EH 

Fresh coconut milk 
plus growth supplement 68 266 50.2 5.6 

Growth supplement 56 225 28.4 4.5 

Control 52 298 30.7 6.o 



Ta.ble 21 

Different coconut milk preparations, together with the 
descriptions furnished, the amounts added to each 25 ml. culture, and 
their relative eq_uivalence in terms of milliliters of fresh coconut milk. 

59 

Ml. used :Eq,ui VRlence in 
per 25 ml. ml. fresh coco-

Code Description culture nut milk 

I #8 1.0 1.0 
II Fuller's earth treated(5 x cone.) 1.5 7.5 

III #7 1.0 1.0 
IV( a) #3 filtrate 50° 1 hr. 1.0 1.0 

(b) II If If If 2.0 2.0 
( c) If II II II 5.0 5.0 

v Combined #7 and #8 2.0 2.0 
VI Combined #7 and #8 (5 x cone.) 0.75 3.75 

VII #6 (5 x cone.) 1.0 5.0 
VIII Charcoal, fuller's earth treated 1.5 1.5 

IX Combined #4 and #5 activated charcoal 
5 hrs. 1.5 1.5 
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not been included in Table 22. Cultures with I and II grew very little. 

while with III growth was almost exactly the .same as the 1 per cent suc­

rose control. With VII growth was 50 per cent better than this control, 

and despite bacterial contamination, was about on a par with the culture 

having VI (Table 22). Preparations IV, V, VI, VIII, and IX possessed 

the ability to stimulate growth in excess of that in the 1 per cent 

sucrose control, the activity being proportional to the concentration. 

Although frond size increased 10 per cent in cultures V and VI (com­

bined #7 and #8; 5 x concentrate of same combination) there was little 

significant change in other cultures. The most striking effect was 

the great increase in frond weight which exceeded that of the l per 

cent sucrose control by as much as 30 to 50 per cent. All treated 

plants had some anthocya.nin pigmentation on the widerside indicating 

excess carbohydrate. 

The two preparations VIII and IX which had undergone a 

charcoal adsorption supported the greatest amount of growth, even 

though used at comparatively low concentrations (1.5 ml. for both). 

Either these preparations were more active to begin with or treatment 

with charcoal removed inhibitory material from them. 

From analyses that have been made upon milk from ripe 

coconuts. it is known that it contains about 4.5 per cent sugar 

(almost entirely sucrose). In this experiment. then, the cultures 

treated with coconut milk had added to the 1 per cent sucrose in the 

basal medium an. additional O.lg to 0.90 per cent sugar, composed 

largely of non-reducing sugar but with a certain small amount of 

reducing sugar. If one looks back (Table 19, page 50) to the experi-
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ment on the effect of sugar concentration under the "White" lamp upon 

increase in frond number, one sees tba.t the additional increment caused 

by coconut milk is far greater than the increment that would occur if 

only sugar concentration were increased from l to 2 or even 2.5 per 

cent. 

Although it did not seem very likely tba.t the beneficial 

effects of coconut milk were to be ascribed solely to its sugar content. 

the possibility was tested by analyzing a coconut milk preparation for 

reducing and non-reducing sugars; then simultaneously testing this 

coconut milk and a preparation of sucrose and dextrose having the same 

concentration of sugars, using the same dilutions. For the Datura 

embryo effect the coconut milk must not be autoclaved. In this experi­

ment a series using autoclaved coconut milk was compared .with a series 

using filter-sterilized coconut milk as well as a series of the sucrose­

dextrose combination. It was thought that if part of the activity was 

not caused by the sugars and was destroyed by heat, then the activity 

of the sugars as they really are in coconut milk could be plainly 

assessed. 

A 4.3 times concentrated coconut milk preparation upon 

analysis revealed 21.1 per cent non-reducing sugar and 5.6 per cent 

reducing sugar. In terms of unconcentrated coconut milk that equalled 

4.9 per cent non-reducing, 1.3 per cent reducing sugar. Twenty-five 

milliliters of 21.1 per cent sucrose, 5.6 per cent dextrose were 

prepared. Expressing concentrations as milliliters unconcentrated 

coconut milk per 25 ml. culture~ four strengths were tested in each 

of the three series. Measurements were made after seven days had been 



given the subcultures to grow from 30-frond inocula. Duri:pg that 

period the 11White 11 la.mp burned out and was replaced only after twenty­

four hours or more, so that the plants actually received six d~s or 

less of full illumination. Thus the figures in Table 23 are all 

lower than normally would have been the case. 

Contrary- to expectation only the lowest concentration of 

coconut milk, which had been autoclaved, produced a significant increase 

in growth. None of the cultures which had filter-sterilized coconut 

milk grew as well as the sugar controls, although frond weight practically 

doubled. This increase in frond weight was even more pronounced in 

cultures with autoclaved coconut milk. Frond size was greatly increased 

with the two lowest concentrations of autoclaved coconut milk. 

This test gave every indication that the factor or factors 

in coconut milk responsible for accelerated growth were not only heat­

stable, but in this particular preparation at least, were associated 

with inhibitors partially destroyed by autoclaving. It may be argued 

that this was a more active preparation than used hitherto, so that the 

range of concentrations was supraoptimal. With autoclaving, the activity 

was partially destroyed so that the lowest concentration tested more 

nearly approached the optimum. However, the inhibitor interpretation 

seems more reasonable in the light of the evidence to follow. In the 

previous test (Table 22, page 61) growth was not the same when similar 

concentrations of different filter-sterilized preparations were used, 

indicating that activities do differ. This ma;r be explained on the 

basis of different amounts of active substance or of inhibitor being 

present. More probably it represents different ratios of active 
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Table 23 

The effect of different concentrations of Seitz-filtered or 
autocliwed coconut milk when compared vith similar concentrations of 
a sucrose-dextrose mixture of the same per cent composition ~s the 
sugars in the coconut milk. Measurements made after 7 Cl.ay 1s growth 
of su1)cultures from 30-frond inocula. Figures represent means of 
closely A~reeing dunlicates. (Values small because burned-out lemp 
not replaced for 24-hours or more.) 

Increase in frond. number 
Sucrose-dextrose 
Filter-sterilized 
Auto cla.ved 

Frond size ( s a • mm. ) 
Sucrose-dextrose 
Filter-sterilized 
Autoclaved 

Fresh weight uer frond (mg.) 
Sucrose-dextrose 
Filter-sterilized 
Autocle.ved 

Ml. unconcen trnted. r1 rep. L25 ml. 
Control 2.5 5.0 7.5 10.p 

23 90 97 ' lb4 101 
72 60 9 10 

137 88 12 7 

4.o 5.0 5.4 4.9 4.5 
5.2 4.2 3.4 3.3 
6.1 6.5 3.6 3.0 

0.79 0.84 0.76 0.72 
1 li ..... 1.4 1.2 1.0 
1.5 2.1 1.4 1.0 



substance to inhibitor since van Overbeek (1942) has found that certain 

trea.tments of coconut milk preparations may release inhibitory sub-

stances which mask the Da.tura embryo factor activity. He particularly 

showed how ether extraction and to a lesser degree, autoclaving, cause 

a release of active auxin. He concluded that auxin is responsible for 

the root inhibition of the embryo cultures • . Spirodela plants which 

were markedly inhibited by treatment with coconut milk showed pronounced 

epinasty, just as Lemna plan.ts show with high concentrations of indole-

acetic acid (Gorham, 1941). 
e 

There is a strong li~lihood that supra.optimal 

auxin concentration is at least one of the inhibiting factors fur 

6pirodela as well. 

Although the active principle in coconut milk may not be the 

same for 6pirodela as for Datura embryo, since autoclaved coconut milk 

is active as regards the former, the difference in response is probably 

a reflection of the different behavior of $pirodela and Datura embryo 

towards the concentrations and types of masking inhibitors, of which 

there appears to be more than one. 

Through the courtesy of Dr. D. M. :Bonner a sample of pea 

diffusate (70 mg. per ml. ) was obtained. Bonner, Haagen-Smit, and 

Went (1939) and Bonner (1940) have reported pea diffusate to be a 

rich source of lea£ growth factors. More recently Went and Bonner 

(1943), by meana of a special test with tomatoes, have shown that pea 

diffusate, along with coconut milk, possesses caulocaline as well 

as leaf growth activity. There was good reason, therefore, to suppose 

pea diffusate would promote growth of Spirodela. 

A test was made using four concentrations, 0, 0.05, 0.5, and 
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5.0 mg. per ml. in four sucrose concentrations, 0, 0.01, 0.1, and 1.0 

per cent. The pea diffusate was toxic at 5.0 mg. per ml. and inhibitory 

at 0.5 and 0.05 mg. per ml. in all sucrose concentra.tions. Unfavorable 

hydrogen-ion concentration was not responsible for the inhibitory and 

toxic effects for pH was checked at the beginning and end of the ex-

periment. It is not unlikely that some inhibitor completely masked any 

growth promoting activity the pea diffusate may have had, but no solvent 

extractions were made to test this possibility. 

In summary, therefore, it can be said that nicotinic acid 

and yea.st extract both diminish growth over a range of concentration 

from 15 to 150 mg. per liter. Pea diffusate likewise decreases growth 

at concentrations ranging from 0.05 to 5.0 mg. per ml. Coconut milk 

possesses growth promoting activity, partly the result of sugars, 

partly attributable to unknown materials. Too high concentrations of 

coconut milk a.re inhibitory, autoclaving removing the inhibitory effects 

somewhat. Autoclave temperatures do not destroy, or only partially 

destroy growth promoting activity. The factors promoting growth of 

Datura embryos may be similar to those which promote growth of Spiro-

dela, the presence of inhibitors accounting for differences in response. 



CHAPTER V 

HUMUS, SPHAGNUM, AND DUNG EXTBACTS 

Bottomley (1914, 1917a) was one of the earlier workers who 

investigated the role of organic growth promoters as they affect higher 

plants. He first r.eported work with wheat seedlings grown in poth sand 

and solution cu.l.ture. A 20 to 25 per cent increase in growth (in terms 

of dry weight) resulted when these seedlings were treated with an 

ethanolic extract of peat in which certain soil microorganisms had been 

growing (bacterized peat) or fractions separated by phosphotungstic 

acid or silver nitrate. 

He used Detmer's formula,4 which has a very high total salt 

content, as the basis for his solution culture experiments. Neither 

wheat seedlings nor Lemna minor would long maintain growth in a medium 

having only inorganic constituents. The presence of soluble organic 

matter appeared essential for their normal growth. With Lemna minor, 

increase in number and size of fronds was proportional to an increase 

in the amount of growth promoting subste.nce ( 11a.uximone, 11 as he called 

it) added to the culture solution. He suggested that some of the or-

genie material acted directly as a.n organic nutrient, while the remainder 

might be in the nature of accessory food substances. 

Because bacterized peat ha.d been observed to affect nuclear 

development, Bottomley (1917b) undertook to analyze this material to 

see if it contained nucleic acids. He found no nucleic acid as such, 

ij Concentrations in grams ~er liter: KN03 2.33, XH2P04 0.5, MgS04.7H20 
0.5, NaCl 0.5, CaS04.~0 1.67, Fec13 trace. 
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but all the constituents which were present he concluded to have been 

broken down by bacteria1 activity. Derivatives from nucleic acid which 

had undergone decomposition in decaying peat were tested (1919) and 

found to promote the growth of Lemna minor in Detmer 1s solution. An 

autoclaved suspension of Azo.tobacter chroococcum (previously grown 14 

days on ma.nnite-agar) also promoted growth to about the same extent. 

An enormously increased growth resulted when the nucleic acid derivatives 

were combined with the Azotobacter preparation. This large increase 

was equivalent to that obta,ined by the use of bacterized peat. Neither 

the ash from the nucleic acid derivatives nor that from the Azotobacter 

preparation had any activity. 

The preparation of nucleic acid derivatives was made by 

extracting peat with 1 per cent sodium bicarbonate until no longer 

colored. The combined extracts were neutralized with hydrochloric 

acid and concentrated. An "adenine-uracil dinucleotide 11 was separated 

from this which also showed activity. An autoclaved preparation of 

Bacillus ~cicola grown on maltose-agar likewise showed activity. 

Bottomley noted that dry weight increased 30 per cent if growth were 

promoted. but decreased 20 to 30 per cent in the controls or the ash 

treatments during a growing period of 7 weeks. 

In subsequent experiments (1920a, 1920b) Bottomley made a 

comparison of the growth of Lemna minor and Lemna m~o~ (Spirodela 

polyrrhiza) in Detmer 1s solution. Knop's solution,5 and pond water. 

with and without added bacterized peat, to see if its promotive 

5 Concentrations in grams per liter: KN03 0.167, KH~°4 0.167, 
Mgs04.7H20 0.167, Ca.(N03)2.4H2o 0.5, Fec13 few drops. 



effect were only demonstrable in the presence of an unsuitable com­

bination of inorganic materials. Neither species grew normally for 

a.ny length of time on either Detmer 1s or Knop's solutions. L. minor 

produced fewer fronds but was normal in appearance when grown on 
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pond water. Increased growth and healthy appearance occurred in cul­

tures of either. Detmer 's or Knop 's to which bacterized peat was added. 

Extracts from an autoclaved growth of Azotobacter chroococcum, 

crude nucleic acid derivatives from raw peat (bicarbonate extraction), 

and a water extract of bacterized peat promoted growth of Lemna major, 

Salvinia natans, and Azolla filiculoides. 

Bottomley 1s methods were used by Mockeridge (1920) to show 

that aqueous extracts of fresh and well-rotted stable manure, manured 

soil, and leaf-mold all promoted growth of Lemna major upon Knop's 

medium. Plants without additions diminished in weight and became unheal­

thy. All these extracts were found upon analysis to contain varying 

amounts of nucleic acid derivatives. The greater the effect shown, 

the greater was the proportion of purine and pyrimidine bases. From 

Azotobacter chroococcum Mockeridge (1924a) also obtained the essential 

constituents of nucleic acid: carbohydrate. phosphoric acid. purine 

and pyrimidine bases. She found(l924b) that with varying concentrations 

of crude nucleic acid derivatives from peat, growth of Lemna minor was 

approximately proportional. With a preparation derived from !!_otobacter 

growth was promoted but the increase was not proportional to concen­

tration. An autoclaved preparation of Saccharomyces promoted growth 

to a greater extent than an autolysed (35°0. for 72 hours) preparation. 

This she attributed to the greater decomposition of nucleic acid which 
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would occur at autoclave temperatures (12000. for 1 hour), for both 

Mockerid.ge and Bottomley came to the conclusion that the growth pro­

moting effects of their different preparations were somehow connected 

with the observed occurrence therein of purine and pyrimidine bases, 

since both cell and nuclear si~e increased upon their addition. 

The results obtained by Bottomley and Mockerid.ge and the 

conclusions they drew from them were at once disputed. Criticism 

centered about the use of Detmer 1s solution upon which Lemna failed 

to grow normally. This had led Bottomley erroneously to believe 

organic supplements essential for the maintenance of active, vigorous 

growth. This subnormal growth of the controls made the increases re­

sulting from treatment with organic materials appear questionable. 

Could not a suitable inorganic medium be devised in which these organic 

additions would have no effect? A further criticism was levelled at 

their work, namely, that they had used frond number as a criterion of 

growth. As this increases exponentially with time, the differences 

between treated and untreated cultures after a long growth period 

(7 to 10 weeks) became greatly e~gerated. From their data it was 

observed that treated and control cultures sometimes did not differ 

for several weeks, then as the controls began to fail, the treated 

cultures appeared to be stimulated to increased multiplication. 

It was not long before Clark (1924) showed that Lemna majo~ 

could be grown for a period of 5 months without the addition of any 

organic materials. Throughout this period normal vigor _was maintained. 

He therefore concluded that Bottomley's 11 auximones" cannot be considered 

as essentials for the growth of green plants in the sense that vitamins 
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are necessary for the growth of animals. Their function must be 

accessory in nature. 

Using what was essentially Bottomley•s technique Saeger 

(1925) found that neither Detmer 1s nor Knop 1s solution was suitable 

for growth of Spirodela polyrrhiza, but in Knop's solution, diluted 

one part to ten, he successfully grew s. polyrrhiza and Lemna valdiviana 

Phillipi for nearly half a year. An. extract of autolyzed yeast and a 

preparation of "crude nucleic acid derivatives 11 from peat by l per 

cent sodium bicarbonate extraction (as outlined by Bottomley) stimulated 

growth of §:eirodela polyrrhiza both in 1/10 Knop's solution and in pond 

water. The greatest effect was caused by their addition to the 1/10 

Knop 1s solution. Like Clark, Saeger concluded that the necessity for 

organic foods could not be accepted as an established fact. 

Because Ashby (1929b) considered the experimental error so 

great as to seriously discredit the results obtained by Bottomley 

and Mockeridge, he undertook a careful investigation of the effect 

of aqueous extracts of both fresh and well-ro;ted horse dung upon 

the growth of Lemna minor. He endeavored to keep bacterial contamina-

tion at a minimum by frequent changes of solution, which was sterilized 

before organic materials were added. The pH was adjusted to 4.8 

with sulfuric acid. The cultures were grown, under controlled eon-

ditions of light and temperature for only 11 or 12 days using Clark's 

f ormula6 as a basal medium. 

G Concentrations in grams per liter: CaRP04.2H20 0.07, KN03 0.80, 
MgS04.7H2o 0.25, FeC13.6H20 0.0027. 
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Unlike Mackridge, he found no difference in the activity 

of extracts from fresh and from well-rotted manure. Both caused a 

pronoµnced growth increase. The ash of these extracts had no appreciable 

activity, but the active materials withstood autoclaving. Frond weight 

was unaffected by the extracts, butfrond size increased with increasing 

concentration. From a determination of the solid matter content of 

the extracts he was able to determine tha.t activity wa.s maximal a.t 

a. concentration of approximately 2 parts per million organic material 

added. Increase in concentration up to 20 parts per million had no 

further e.ffect. At high concentrations (2,000 p.p.m.) Ashby noted 

some growth inhibition. He observed an increase in cell size and 

chloroplast number in plants whose growth rate was stimulated so he 

attributed the increased growth rate to increased photosynthesis. 

Olsen (1930) tested a watery extract of baeterized peat 

(prepared according to Bottomley's Danish patent No. 18966) upon 

Helianthus annuus growing in solution culture7 but found that growth 

was not a:ffected. He repeated the test using Lemna polyrrhiza (Spiro­

~ polyrrhiza) ,grown in Knop 1 s solution with pH adjusted to a.bout 

6.o. Throughout subsequent growth the pH was never permitted to ex-

ceed 7.7. Solutions were changed once a week, the experiment being 

continued for about a month. Olsen compared the effect of iron 

supplied as chloride (50 to 100 mg. of iron per liter) and as citrate 

7 Concentrations in grams per liter: (NH4) 2soh 0.26, Ca(No3)2.4H20 
0.80, Kl~03 0.25, Mgso4.7H2o 0.25, KE'.~04 0.25. (~oiled and filtered 
tap water. Iron as ferric citrate). , 
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(5 mg. of iron per liter), both with and without addition of bacterized 

peat extract (15 mg. of dry matter per 5 ml. of extract added per 

liter). Pronounced stimulation occurred when peat extract was added 

to solutions having iron as ferric chloride, for the plants without 

this addition soon became chlorotic and multiplied feebly. Treated 

plants were twice as large and multiplied rapidly. Treated plants 

upon ferric citrate medi'WD were the same as treated plants on ferric 

chloride medium, but so also were those untreated plants on ferric 

citrate medium. Olsen, therefore, concluded that since the effect 

of ferric citrate was quite similar to that of humus extract, the 

effect of the latter is to make iron more readily available to the 

plants. 

Finally, Clark (1930), and Clark and Roller (1931) tested 

extracts from soil, alfalfa, and manure upon Lemna. major in both 

sterile and non-sterile culture, using Clark's formula for their 

basal medium, and growing the plants in cotton-stoppered Erlenmeyer 

flasks in sunlight. In sterile culture, the addition of organic 

substa.nces had no effect or else a. depressing effect upon the rate 

of reproduction, when optimal concentrations (1 to 60 p.p.m., effective 

range in non-sterile culture) were tested. If non-microorganism-free 

plants were introduced into sterilized medium having organic additions, 

a stimulation in growth rate occurred. Upon inorganic medium the 

growth of cultures free from microorganisms was faster than those 

not so freed. Pure cultures of bacteria sometimes increased, at 

other times did not increase, and sometimes decreased growth when 

added to sterile !not-genie cultures. DecrP-ased growth was not so pro-
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nounced if organic matter was present. They further tested a number 

of recognized orge.nic compounds such as urea and creatinine and found 

no stimulation in either sterile or non-sterile cultures. 

With so much conflicting evidence concerning the growth­

promoting properties of extracts from peat, soil, and manure, there 

was clear need for a reinvestigation of the problem. First of all, 

en attempt was made to decide to what extent Olsen's hypothesis was 

correct. It was noticed from his data that when the cultures received 

iron as ferric chloride the concentration was so high as to prove 

toxic, and indeed, such cultures grew poorly. However, the pH range 

at which they were grown was also so high as to have precipitated the 

iron as hydroxide, thereby rendering it virtually unavailable to the 

plants. Poor growth and chlorotic condition was thus caused, perhaps, 

by an almost complete lack of iron, which condition could be corrected 

by adding extract of bacterized peat or using a medium with iron 

supplied as the citrate. 

Olsen used Knop's formula for his basal medium, adjusting 

the pH to 7.7. With an adequate supply of iron, such as was furnished 

by ferric citrate, an extract of bacterized peat produced no growth 

stimulation. Several other investigators have found a pH of 4.8, as 

used by Ashby and Clark, to be about optimal for the growth of Lemna. 

Possibly Olsen's failure was occasioned by his use of such a sub­

optimal hydrogen-ion concentration. 

In preliminary eA'"fleriments, previously mentioned, a humus 

extract was found to stimulate growth of §pirodela polyrrhiza in sterile 

culture under constant illumination of moderately high intensity. Iron 



was supplied as the tartrate and as four inorganic salts. At a pH 

of about 5.0 growth was the same in all five types of cultures. A 

20 per cent increase in growth attended the addition of humus extract 

to all five types of cultures. Repetition of the experiment to 

try and establish the optimal concentration of humus extract was not 

successful. The problem was therefore dropped while the inorganic 

nutrition was being studied, to be picked up when it and the effect 
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of other environmental factors upon the growth of $pirodela were better 

understood. 

Two extracts of humus, composed largely of rotting leaves of 

scrub oak ( Quercus dumosa), were prepared by repeated aqueous extra.c-

t ion of 250-gra.m samples until no more color remained. One extract 

was ma.de by daily replacing the colored solution with distilled water 

adjusted to pH 8.5 with ammonium hydroxide. The other extract was pre­

pEtred under aJ.kaline conditions achieved by the use of 5 per cent 

sodium bicarbonate solution. The daily aliquots of extract were 

collected over a period of nearly 3 weeks. Each day's aliquot 

was centrifuged then added to those of previous days, and kept at 

3° c. to hinder growth of microorganisms. After collection ceased, 

the two extracts were concentrated to a volume of 250 ml. under 

vacuum at a temperature which did not exceed 60° C. 

The ammonium extract was tested over a wide range of 

concentrations (extract from 0.001 to 20 gms. humus per liter). 

Both autoclaving and Seitz filtration were employed in sterilizing 

the extract. In either case, growth of 5pirodela was completely 



unaffected by any concentration tested. 

The sodium bicarbonate extract was similarly tested over a 

range of concentrations (extract from 0.001 to 16 gms • . of humus per 

liter). The test with autoclaved extract was a failure because of 

neglect to neutralize its alkalinity. This was done before the test 

was repeated using filter-sterilized extract. With sulfuric acid 

the pH of the concentrated extract was adjusted to approximately 7.0. 

The following concentrations were used: extract from .O, 0.001, 0.01, 

0.1, 1.0, and 10.0 grams humus per liter, tested in two series, one 

in which no sucrose was added to Hoagland 1s medium, the other in 

which there was the addition of 0.5 per cent sucrose. The growth 

made in the subcultures, inoculated with 25 fronds apiece, at 16 11 

from the 11White 11 fluorescent lamp was measured after 7 days. 
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With no addition of sucrose to the medium, the lowest con­

centrations of oak humus extract promoted an increase in frond number 

(Table 24). Frond size was somewhat increased, while frond weight was 

affected but little. The highest concentration was inhibitory. In 

0.5 per cent sucrose medium the beneficial effect of the extract upon 

increase in frond number was no longer apparent. At concentrations 

of 0.1 and 1.0 gm. per liter frond size was considerably greater, but 

the extract had little or no effect upon the fresh weight per frond. 

Hydrogen-ion concentration changed over a greater range where the 

greater amount of growth had taken place, namely, in the 0.5 per cent 

sucrose series . This experiment showed, therefore, that humus ex­

tracts can promote growth in the presence of ferric tartrate provided 

the pH is not too high. It also indicated a relationship between 
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Table 24 

The effect of different concentrRtions of filter-sterilized 
oak humus extrct with and without the add.i ti on of 0.5% sucrose. Growth 
of subcultures measured after 7 d8ys. 25- frond inoculum. Figures 
represent means of 4 re_p licates. 

Inc. in fr. no. 

Frond size(s ~ . mm.) 

Fresh wt ./fr.(mg.) 

Initial pH. 
Final pH. 

Inc. in fr. no~ 

Fr. size (sq. mm.) 

Fresh 1vt . /fr. (mg.) 

Initial pH. 
Final ph. 

Ho sucrose 

Extract from the folloi·;ing 
8JnOU.".lts of humus (gm./1.) 

0 0.001 0.01 0.1 1.0 

38 47 48 47 43 

4.6 4.8 5.4 5.1 5.1 

0.58 0.63 0.56 0.53 0.60 

5.2 5.0 5.1 5.5 6.o 
5.6 5.7 5 . 8 5.9 6 . 3 

0.5% sucrose 

133 124 13l~ 131 87 

5.9 6.1 5.8 6.5 7.2 

0.87 0.87 0.86 0.93 0.91 

4.8 4.9 5.0 5 . 4 5.9 
6.s 6. 8 6.8 6.9 6.9 

10.0 

27 

4.2 

0.62 

6.3 
7.6 

69 

5.7 

0.91 

6.4 
7.7 



carbohydrate supply and the type of growth which would occur. 

Five differing soil s~.mples from locations in Maine, New 

Hampshire, and Vermont were extracted with water by autoclaving, 

centrifuging, and making up to standard volume (extract from 50 gms. 

soil per 100 ml.). Eighty-seven grams of sphagnum peat were -dried, 

extracted with water at pH 8.5 in a Waring blender, centrifuged, the 

clear liquid concentrated, neutralized with hydrochloric acid, and 

made up to 250 ml. Samples of fresh horse and cow dungs were dried, 

100 gra.ms of each autoclaved in 500 ml. of distilled water, centri-

fuged, and made up to 500 ml. volume. 

These extract~ were tested for activity by adding 2.5 ml. 

per 25 ml. culture to medium containing l per cent sucrose. The 

tests were made using three concentrations of iron, 1, 10, and 100 

parts per million, supplied in one series as the tartrate, in another 

as the chloride. 

Several cultures became contaminated with molds, but from 

the incomplete data gathered the following observations could be made. 

1. Under the experimental conditions employed, no extract 
promoted growth significantly. 

2. Several extracts inhibited growth to a certain extent. 

3. Ferric tartrate and ferric chloride serve about equally 
well as iron sources provided the concentration is not 
too great. 

4. An iron concentration of somewhat more than 1 part per 
million may benefit growth slightly. 

5. One hundred parts per million0of iron as chloride was 
immediately toxic because the hydrogen-ion concentration 
was too high. The same concentration of iron as ta.rtrate 



produced nearly complete inhibition, although hyd.rogen­
ion concentration was not seriously a:ff ected. 
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6. In 100 parts per million of iron as tartrate the growth 
inhibition was overcome to quite a degree in the presence 
of all extracts. 

7. In point of increase in frond number, and frond weight, 
though not completely with respect to frond area, 
additional iron overcame the growth inhibition caused by 
sphagnum peat extract. 

s. Frond size and weight were significantly increased in 
the presence of extracts of horse and cow dungs. 

It was r~alized. that in the foregoing experiment the more 

or less arbitrarily chosen concentrations of extract might be too 

high or too low for growth promotion to be apparent. There was also 

the possibility that the preparation of the extracts by autoclaving 

was destroying substances which might have had activity. Since, as 

noted, extracts of sphagnum peat, horse dung, and cow dung produced 

the most unusual response, the same extracts of these materials were 

next tested over a range of concentrations of O, 0.01, 0.1, 0.5, 

1.0, 2.5, and 5.0 ml. extract per 25 ml. culture. That additions of 

sugar via the extracts might not become a complicating factor in the 

analysis of any growth promotion which might occur, the test was 

conducted using 2.5 per cent sucrose Hoagland 1s. An actual control 

test was carried out simultaneously, using 1.0 ml. of each extract 

per culture in o, 1, 2.5, 4, and 5 per cent sucrose media. Were an 

effect caused by sugar added via the extract, then at high sugar con-

centra.tions the inhibition caused by supraoptimal amounts of sugar 

in the controls should be less than in the treated cultures. 
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The test followed the usual pattern. Growth of the sub­

cultures from inocula of 30 fronds wa.s measured after a period of 7 

days. The effect of two light intensities was compared, one series 

being placed under the Cooper-Hewitt lamp, which provided approximately 

three times the intensity of the 11White 11 fluorescent at a distance of 

16 inches • 

.An examins.tion of the data in Tables 25 and 26 reveals the 

fact that a particular extract promotes an increase in frond number 

if a) the concentration is within the proper range, b) there i.s sucrose 

in the medium at a suitable @llcentration, and c) the illumination is 

of sufficiently high intensity. It further shows that different 

factors in different proportions control increase in frond number and 

increase in frond size, for one can have increased frond number with 

decreased size, or vice versa, as in the case of the sphagnum and 

horse dung treatments re~ectively. Sometimes, as in the case of the 

cow dung treatments, increased frond size accompanies increased frond 

number. 

The effects of extracts from cow dung and horse dung were 

very similar, both differing from the effects produced by sphagnum 

extract. While the medium remained essentially physiologically 

alkaline with additions of extracts from cow or horse dung, over a 

certain range of sphagnum extract concentrations it became physiologi­

cally acid (Tables 27, 28). 

New extracts of the dried cow dung, horse dung, and sphag­

num peat were prepared by grinding 50 grams of each in a Waring blender 

for 20 minutes. The aqueous mixtures were allowed to stand in the 



Table 25 

The effect of different concentrations of sphagnum, cow dung, 
and horse dung extracts upon the growth of $pirodela in 2.5 per cent 
sucrose Hoagland's under two light intensities. Measurements on 7-day 
growth of subcultures from 30-frond inocula. 

11White 11 

Ml. extract per 22 ml. culture 
Control 0.01 0.1 0.2 1.0 2.2 ~.o 

Sphag?lum 
Inc. in fr. no. 137 141 178 189 175 126 107 
Fr. size (sq. mm.) 4.2 3.9 3.3 2.9 2.6 2.8 2.8 
Fresh wt./fr. (mg.) 0.70 0.63 0.55 o.47 o.49 0.54 0.62 

Cow 
Inc. in fr. no • . 137 130 128 118 112 74 62 
Fr. size (sq. mm.) 4.2 4.2 4.5 4.5 3.9 4.7 4.4 
Fresh wt./fr. (mg.) 0.70 o.66 0.75 0.73 0.72 l.04 1.04 

Horse 
Inc. in fr. no. 137 138 144 102 134 124 57 
Fr. size (sq. mm.) 4.2 4.2 4.3 4.5 4.5 4.7 5.5 
Fresh wt./fr. (mg.) 0.70 0.62 0.61 0.63 o.68 0.75 1.26 

Cooper-Hewitt 

Sphagnum 
Inc. in fr. no. 158 213 242 258 227 137 113 
Fr. size (sq. mm.) 4.1 4.5 4 7 3.3 2.4 2.7 2.7 . ..) 

Fresh wt./fr. (mg.) 0.76 0.39 0.69 0.59 0.55 0.59 0.62 

Cow 
Inc. in fr. no. 158 187 190 191 181 126 90 
Fr. size (sq. mm.) 4.1 4.~. 4.7 4.g 4.4 4.8 5.5 
Fresh wt./fr. (mg.) 0.76 0.77 0.90 0.87 0.86 1.01 1.23 

Horse 
Inc. in fr. no. 158 197 168 191 205 206 118 
Fr. size (sq_. mm.) 4.1 4.5 4.9 4.8 5.1 5.0 5.3 
Fresh wt./fr. (mg.) 0.76 0.75 0.88 0.80 0.84 0.85 1.09 
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Table 26 

Effect of four sucrose concentrations upon growth of 
Spirodela in Hoagland's medium to which 1.0 ml. per 25 ml. culture 
of sphagnum peat, cow dung, or horse dung extract has been added. 
Measurements on 7-day growth under two light intensities of subcul· 
tures from 30-frond inocula. 

11White 11 

Per cent sucrose 
0 1.0 2.5 4.o 5.0 

Sphagnum ( 1 ml. l 2fj_ ml. ) 
Inc. in fr. no. 32 150 175 128 82 
Fr. size (sq. mm.) 3.1 3.0 2.6 2.7 2.5 
Fresh wt./fr. (mg.) 0.58 0.52 o.49 o.49 0.58 

Cow (1 m1.L22 ml.) 
'Irie. in fr. no. 33 110 112 112 110 
Fr. size (sq. mm.) 4.o 4.7 3.9 3.4 2.7 
Fresh wt./fr. (mg.) 0.62 o. 75 0.73 0.70 0.61 

Horse (1 ml.l22 ml.) 
Inc. in fr. no. 29 107 134 143 141 
Fr. size (sq. mm.) 4.8 5.0 4.5 3.3 3.1 
Frgeh wt./fr. (mg.) 0.81 0.76 o.6s 0.54 0.58 

CONTROL 
Inc. in fr. no. 38 139 137 122 58 
Fr. size (sq. mm.) 4.3 4.8 4.2 3.5 3.9 
Fresh wt./fr. (mg.) 0.65 0.76 0.70 0.63 0.65 

Cooper-Hewitt 

S:eh~um (1 ml.L22 ml.) 
Inc. in fr. no. 67 200 227 158 100 
Fr. size (Sq. mm.) 3.9 2.9 2.4 2.9 2.8 
Fresh wt./fr. (mg.) 0.60 0.51 0.55 0.54 0.62 

Cow (1 ml.[22 ml.) 
Inc. in fr. no. 55 168 181 155 158 
Fr. size (sq. mm.) 5.1 5.1 4.4 4.1 3.5 
Fresh wt./fr. (mg.) 0.82 0.80 0.86 0.71 0.70 

Horse (1 ml.[22 ml.) 
Inc. in fr. no. 71 157 205 222 186 
Fr. size (so. mm.) 5.5 4.9 . 5.1 3.8 3.3 
Fresh wt./f;. (mg.) 0.82 0.83 0.84 0.61 0.56 

CONTROL 
Inc. in fr. no. 68 194 158 149 81 
Fr. size (sq. mm.) 4.2 .6 4.1 3.5 3.6 
Fresh wt./fr. (mg.) o.6s 0.87 0.76 o.6s o.6s 
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Table 27 

Initial and final pH of 2.5 per cent sucrose media used for 
JWth of Spirodela in different concentrations of sphagnum, cow 
ig' or horse clung extracts. 

11White 11 

Ml. extract per 25 ml. culture 
0 0.01 0.1 0.2 1.0 2.2 2.0 

SPHAGNUM 
Initial 4.3 4.3 4.7 4.2 l.~. 8 5.0 5.0 
Final 7.0 6.9 6.4 3.3 3.1 3.2 3.8 

COW 
Initial 4.3 4.5 5.0 5.5 5.4 5.7 6.5 
Find 7.0 6.8 6.6 6.6 6.5 6.o 6.6 

HORSE 
Initial 4.8 4.4 4.4 5.0 5.2 5.5 5.6 
Final 7.0 7.0 7.1 6.3 5.8 5.3 5.3 

Cooper-Hewitt 

SPHAGNUM 
Initial 4.3 4.3 4.7 l{ .• 2 4.8 5.0 5.0 
Final 6.9 6.4 6.l.~ 3.6 3.0 3.2 3.7 

cow 
Initid 4.8 4.5 5.0 5.5 5.4 5.7 6.5 
Final 6.9 6.5 6.4 6.1 5.3 5.3 5.3 

HORSE 
Initial 4.8 4.4 4.l.~ 5.0 5.2 5.5 5.6 
Final 6.9 6.5 6.6 6.4 6.3 6.2 6.o 
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Table 28 

Initial and final pH of meclia used for g rowth of Spirodela 
in d ifferent sucrose concentrc:, t ions \'.' i th an.cl. \·Ji thout adcU tion of 
1.0 ml. per 25 ml. culture of extrEi.cts from sphagnum, cow dung, or 
horse dung. 

SPHAGNUM (1 ml. /25 ml.) 
Ini t iE>J. 
F inal 

COW ( 1 ml. / 25 ml. ) 
Initial 
Final 

HORSE (lml. /25 ml.) 
Initi al 
Final 

C01'TTROL 
Initial 
Final 

SPBAG~"UM ( 1 ml • / 25 ml. ) 
Initial 
Final 

COW ( 1 ml./ 25 ml.) 
Initial 
Final 

HORSE (1 ml./25 ml.) 
Initial 
Final 

CONTROL 
Initial 
Final 

11 Whi te 11 

0 

4.8 
4.7 

5.3 
6.2 

4.8 
5.1 

Per cent sucrose 
l.o 2.5 4.o 

5.3 
5.3 

5.0 
6.4 

4.8 
6.7 

~-.8 
3.1 

4.8 
7.0 

~-.6 
3.1 

µ .• 8 
6.7 

Coop er-Hewitt 

4.8 
3.s 

5.4 
6.6 

5.3 
6.2 

5.3 
5.6 

4.6 
3.1 

5.2 
5.3 

5.0 
6.2 

4.8 
6.9 

4.6 
3.2 

4.8 
6.4 

5.2 
5.5 



laboratory for 12 to 18 hours before centrifuging. The cow dung and 

horse dung extracts were made up to 1.5 liters, while the sphagnum ex­

tract was ma.de up to 1.0 liter. These three extracts were then tested 

over a range of concentrations in 2.5 per cent sucrose Hoagland's and 

in Hoa.gland's having no sucrose added(2 instead of l p.p.m. iron used 

in Hoagland 1 s henceforth), to see whether plants allowed to grow long 

enough at high light intensity, manufacturing their own carbohydrate, 

would respond favorably to the presence of the extracts. 

Each extract was tested in concentrations of O, 0.001, 0.01, 

0.1, 1.0, and 5.0 ml. per 25 ml. culture. (5 ml. per 25 ml. culture 

is equivalent to the extract from 0.167 grams dried cow or horse 

dung, or from 0.25 grams dried sphagnum per liter of nutrient solution.} 

Sterilization was by means of autoclaving. 

The subcultures in the sucrose series from 30-frond inocula 

were grown for 10 days beneath a "White" fluorescent lamp at a. dis­

tance of 4 inches (giving very nearly the same light intensity as 

was previously obtained with the Cooper-Hewitt lrunp). Under the same 

conditions the non-sucrose series required 14 days before the number 

of fronds in the control cultures equalled the number attained by 

the sucrose controls in 10 days. 

The peculiar ability of sphagnum extract to promote an 

increase in frond number at the expense of frond size and weight was 

equally apparent in both the sucrose and non~sucrose series (Table 29). 

In the latter this condition was somewhat accentuated. The horse dung 

extract did not affect increase in frond number except, perhaps, to 

inhibit it slightly. Apparent in the sucrose series, however, was 
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Table 29 

Effect of different concentro,tions of sphagnum, cow dung, or 
horse a_ung extracts upon the growth of Spirodela in Hoagland' s mediu.m 
with or without the ad.di tion of 2.5 per cent sucrose. Measurements 
on g rowth of subcultures from 30-fronc inocula und.er 11 Whi te 11 fluores­
cent lamp at a distance of 411 • Figures represent means of duplicates, 
except controls which are means of 6 replicates. 

SPHAG1'1UM 
Inc . in fr. no. 
Fr. size(sq. mm.) 
Fresh u t./fr.(mg.) 
Dry \vt. /100 fr. (mg.) 

cow 
Inc. in fr. no. 
Fr. size(sq. mm.) 
Fresh wt./fr.(mg.) 
Dry wt./100 fr.(mg.) 

HORSE 
Inc. in fr. no. 
FF. size(sq. mm.) 
Fresh wt./fr.(mg .) 
Dry wt./100 fr.(mg.) 

SPEAG1'1UM 
Inc. in ·fr. no. 
~ . ( ) ... r. size so. mm. 
Fresh wt. / ir. (mg .) 
Dry wt./100 fr. (mg .) 

cow 
Inc. in fr. no. 
Fr. size (s o . Tl1l:l.) 
Fresh wt ./f;.(mg. ) 
Dry 'tTt. /100 fr. (mg .) 

HORSE 
Inc. in fr. no. 
Fr • s i z e ( sq . mm . ) 

Fresh wt./fr.(mg. ) 
Dr~r \·rt./100 fr.(mg .) 

No sucrose 
(14-day growth) 

Ml. extra.ct per 25 ml. culture 
Control 0.001 0.01 0.1 1.0 

267 
4.4 
0.67 
4.5 

267 
4.l.!. 
0.67 
l.~. 5 

263 
3.9 
0.65 
4.6 

263 
4.L~ 

0.67 
4.6 

272 
4.3 
0.63 
4.8 

264 
4.2 
0.70 
4.9 

261 
3.9 
0.63 
4.6 

2. 5 per cent sucrose 
- (lO-c1.2,y g rovJ th) 

298 
L~ . 5 
0.89 

n.4 

298 
4.5 
0.89 

11.).+ 

298 
4.5 
0.89 

11. l-!. 

262 
4.5 
0.90 

12.6 

274 
l.~. 6 
0.96 

11. 7 

291 
l.~. 6 
0.92 

12.0 

251.~ 
4.5 
0.92 

12.2 

288 
4.4 
0.96 

11.8 

310 
4.7 
0.95 

11.9 

255 
~-. 7 
o. 72 
5.1 

236 
4.4 
0.72 
5.5 

255 
4.1.~ 
0.91 

12.5 

308 
4.6 
0.87 

10.7 

294 
5.0 
0.92 

11.9 

307 
4 . 1 
0.58' 
4.2 

277 
4.3 
o.64 
4.3 

335 
4.4 
0.84 

10.l 

36l.~ 
5.1 
0.92 
9.9 

270 
5.3 
0.96 

11.l 

329 
3.1 
o.44 
3.7 

241-~ 
l.~. 6 
0.70 
5.3 

491 
5.0 
0.89 
8.6 

330 
5.2 
0.88 
8.5 
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an increase in frond size and weight which was a function of the con­

centration. The cow dung extract showed no significant growth pro­

moting effects in the absence of sucrose. but in its presence, a con­

siderable increase in frond number. frond size, and to a lesser degree 

frond weight occurred. 

To ascertain what part the inorganic constituents of these 

three extracts played in the effects produced on Spirodela, 100 ml. 

of each was evaporated to dryness and the residue ashed. A few drops 

of concentrated hydrochloric acid were used to dissolve the ash, 

then water was added to make up to 25 ml. in each case. The following 

amounts of each ash solution were added to each 25 ml. culture of 

2.5 per cent sucrose Roagland's: O, O.l, 1.0, and 5.0 ml. (5 ml. 

being equivalent to the ash of the extract from 0.67 grams dried cow 

or horse dung, or from 1.0 gram dried sphagnum). With a few drops of 

dilute sodium hydroxide the pH of the prepared media was adjusted to 

5.2-5.5. After sterilization by autoclaving, each culture was inoc­

ulated with 30 fronds, then placed for 7 days at 411 distance from a 

11White 11 fluorescent lamp. 

A feature which had been noted in previous experiments was 

very apparent in this test, namely, the deepened green, glossy fronds 

which were always associated with the presence of one of these organic 

ext~acts in proper concentration. In the 5.0 and 1.0 ml. treatments, 

and to a somewhat lesser extent in the 0.1 ml. treatment, the plants 

were a beautiful uniform green, the upper surfaces being somewhat 

glossy. Root length (10-12 mm.) was unaffected by the ash treatments. 

Increase in frond number was not significantly affected by 
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treatment with ashed extracts of cow or horse dung (Table 30). The 

ashed extract of sphagnum, at the lowest concentration, produced an 

increase in the rate of frond multiplication which may have significance. 

The inhibition produced by the highest concentration of sphagnum ash 

and of cow dung ash must have been caused by something quite toxic for 

the plants so-treated looked decidedly abnormal. 

Since the ash from the extract of cow dung showed no appreciable 

growth promoting activity, solvent extraction of dried cow dung was 

undertaken, to find out whether the material responsible could be 

separated. For a period of 40 hours dried cow dung was extracted in 

Soxh.lets. Fifteen grams were extracted with peroxide-free ether, 

another 15 grams with methanol, and another 20 grams with acetone. 

After storage in the cold room for severa1 days, the solvents were dis­

tilled off under vacuum and the residues dissolved as much as possible 

in water. Insoluble material was centrifuged off, and each of the 

three extracts made up to 250 ml. 

Meanwhile, the residues from the solvent extractions were 

extracted with water in a Waring blender for 15-minute periods. Each 

mixture of about 250 ml. then was placed in the cold room for a week. 

As a control, 20 grams of dried cow dung were water-extracted in the 

same way. All four mixtures were centrifuged and the extracts made 

up to 500 ml. volume. 

The three solvent extracts, the three residue extracts, 

plus the control were each tested immediately in concentrations of 



Ta,ble 30 

Effect of different concentrations of ash from extracts of 
sphagnum, cow dung, 2.nd horse dung upon growth of Spirodela for 7 
days in 2.5 per cent sucrose Hoag l ax1d 1 s, 4 11 from 111.'lhite" fluorescent 
lamp. 30-frond inocula. Initial pH approx. 5.2. Figures r epresent 
means of duplicates, exce1lt control which is mean of 6 replicates. 

Ml. ash solution 
per 25 ml. culture 

Control 0.1 1.0 2.0 
SPHAGllUM 
Inc. in fr. no. 160 191 162 134 
Fresh vt./fr .( mg .) 0.69 0.67 o.64 0.60 
Dry ,.,t. /100 1 :fr. {mg.) 7.9 7.6 7.5 8.6 

cow 
Inc. in fr. no. 160 175 176 107 
Fresh vt ./fr.(mg .) 0.69 0.65 0.69 0.58 
Dry wt ./100 fr.(mg .) 7.9 7.0 7.3 8.4 

HORSE 
Inc. in fr. no. 160 155 181 166 
Fresh wt ./fr .( m~; .) 0.69 o. 73 0.70 o.66 
Dry \·Jt./100 fr.(mg .) 7.9 8.4 7.6 7.2 

Final pH 
Sphagnum 6. 9 7.1 7.0 6.9 
Cow 6.9 7. 0 7.0 6.3 
Horse 6.9 7 . 0 6.9 6.l-~ 
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O, 0.1, 1.0, 5.0, and 10.0 ml.8 per 25 ml. of 2.5 per cent sucrose 

Hoagland 1s. Growth measurements were made upon the subcultured material 

from 30-frond inocula after a period of g days a.t 411 distance from the 

11White" fluorescent. The solvent extracts proved to be quite acid, so 

the pH of the media having the highest concentrations had to be adjusted 

to 5.3-5.5 with dilute sodium hydroxide. 

The data in Table 31 reveal the fact that dried cow dung con-

ta.ins not only material which promotes growth, but also material which 

ca.uses pronounced inhibition. The data further indicate that by solvent 

extraction these substances having opposite effects can be separated 

from one another. In Figure 7 the values for increase in frond number 

have been plotted against the amount of dried cow dung (or residue 

after solvent extraction) which must be extracted by each method to 

produce the indicated effect. From this graph it can readily be seen 

that acetone and methanol (solid lines) remove mostly inhibitor, while 

ethyl ether removes both. The residues from the acetone and ether 

extractions (broken lines) contain the promoter substance. The residue 

from the acetone extraction in particular, appears to be largely freed 

of inhibitor and to have lost only a small amount of promoter substance 

by the extraction. A feasible method, therefore, for obtaining the 

growth promoting material from dried cow dung for its isolation and 

g Ten milliliters of extract is e~uivalent 
following amounts of dried cow dung: 

Acetone 
Ether 
Methanol 

Water 

Solvent extracts 
0.8 grams 
0. 6 II 

o.6 " 

o.4 II 

to the extract from the 

Residue extracts 
o.4 grruns 
0.3 " 
0.3 II 
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T3.ble 31 

Assay of the ability of ethyl ether, methanol, and acetone 
to serve as solvents for the growth-promoting princi:!)le in. dried cow 
dung. Aqueous extracts of the residues after solvent extraction, 
and of clrieo_ cow dung also tested. as controls. Basal medi um 2.5 per 
cent sucrose Hoagla.~d's. Initie1 pH 5.0-5.5. Measurements upon 8-
d.ay' growth of subcultures at 411 distance from 11 Whi te 11 fluorescent le.mp . 
Figures represent means of dup licate s , except control which is mean 
of 10 r ep licates . 

ACETONE 
Inc. in fr. no. 
Fresh wt./fr.(mg.) 
Dry wt./100 fr.(mg.) 

ETHER 
Inc. in fr. no. 
Fresh wt ./fr.(mg.) 
Dry wt. /100 fr. (mg .) 

MET.tLl\.NOL 
Inc. in fr. no. 
Fresh wt ./fr.(mg. ) 
Dry wt./100 fr.(mg.) 

WATER CONTROL 
Inc. in fr. no. 
Fresh wt ./fr.(mg .) 
Dry wt./100 fr.( m~ .) 

ACETONE 
Inc. in fr. no. 
Fresh wt ./fr.(mg .) 
Dry wt./100 fr .(mg .) 

ETHER 
Inc. in fr. no. 
Fresh wt ./fr.(mg .) 
Dry wt./100 fr.( mg .) 

METHANOL 
Inc. in fr. no. 
Fresh wt./fr.(mg.) 
Dr y wt ./J.00 fr .(mg. ) 

Solvent extracted 

Ml. aq_ueous 
Cont rol 0.1 

223 262 
0.79 0.76 

10.0 9.6 

223 270 
0.79 o. 77 

10.0 9.5 

223 206 
0.79 0.89 

10.0 11.S 

223 210 
0.79 0.81 

10.0 9.8 

Residue 

223 248 
0.79 0 .77 

10. 0 9.3 

223 232 
0.79 0.78 

10.0 9.7 

223 219 
0 .79 0.80 

10.0 10.l 

soln./25 ml. cul tu.re 
1.0 2.0 10.0 

264 197 152 
0.78 o. T:f- 0.72 
9.8 14.2 12.5 

253 313 279 
0.81 0.75 0.75 

10.2 10.l l0.5 

209 157 0 
0.81 0.77 0 

12.0 14.5 0 

275 316 237 
0 .79 0.82 0.82 
9~2 8.6 9.3 

2L1.7 293 320 
0.85 0.72 0.78 
9.s 7.9 8.2 

23 L!. 248 273 
0.79 0 .75 0. 78 
9 .2 8.6 9.3 

228 265 261 
0.81 0.79 0.71 
8.6 7.9 7.3 
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dried cow dung as they affect frond nu.~ber. Dotted line at 223 is 
mean of 2o ·untreated replicates. 



93 

study would be first to extract with acetone to remove the inhibitor, 

then follow with an ether extraction. 

Before growth measurements were me.de in this experiment some 

observations on the appearance of the treated plants were taken. With 

a fairly high concentration of aqueous extract of cow dung it had long 

been observed that the plants were very dark green in color and if the 

concentration was high enough to be inhibitory to the rate of multi-

plication the tips and edges of the fronds curled_ up, making an angle 

of as much as 30 degrees with the plane of the solution surface. This 

ability to induce the formation of more chlorophyll has been mentioned 

as a property of the ash. This was further confirmed by solvent ex-

traction, for in every case only the residue tests showed this phenomenon, 

while plants treated with the fractions removed by the solvents had the 

same rather yellowish-green color of the plants which remained untreated. 

The curling phenomenon, on the other hand, appears to be 
i.n 

caused by some ether"il6oluble substance, for at no concentration tested 

did the ether-soluble fraction cause the plants to display the curling 

symptom. On the other hand the ether residue caused the plants to curl 

as much as 30 degrees in the highest concentration tested. The material 

responsible for upturned edges is almost completely removed upon ex-

traction with methanol. and partially removed with acetone, so it is 

concluded that it is organic in nature. 

In a 2.5 per cent sucrose culture a chance contamination (that 

appeared to be a short rod type upon microscopic examination) was dis-

covered which produced a 4o per cent increase in frond number, a 10 per 

cent increase in frond size, but a 6 per cent decrease in fresh weight 



per frond and a 27 per cent decrease in dry weight per frond. The 

plants were larger, greener, and less sturdy-looking than the controls. 

This contaminant has been saved and cultured in the hope of investigat­

ing it further at some later date. 

Asparagine (2.5 mg. per 25 ml.), when tested in conjunction 

with a series of concentrations of sphagnum, horse dung, and cow dung 

extracts, affected growth by increasing frond number an additional 10 

to 20 per cent. However, the replicate variation was unusually large 

so that until asparagine can be test'ed over a range of concentrations 

its growth promoting ability remains uncertain. That asparagine should 

affect the rate of frond multiplication is not surprising since it is 

very active in so-doing when Spirodela is grown in the dark. 

The present investigation has shown that there are substances 

in sphagnum peat, dried cow dung, and dried horse dung which are thermo­

stable and promote the growth of Spirodela pol;rrrhiza in sterile culture 

provided conditions of illumination and carbohydrate supply are suit­

able. The substances in cow dung responsible for this effect have been 

shown to be organic in nature. Ash from an extract of horse dung has 

little or no activity so the substances in horse dung are presumed to 

be organic compounds similar to those in cow dung. The active materials 

present in sphagnum appear to be different from those in dung. An 

aqueous extract of oak humus showed a certain measure of growth pro­

moting activity of a distinctive nature. The type and/or amount of 

growth inhibitors present in crude extracts of these materials may play 

a large part in determining differences of expression. A bacterial 

contaminant induced an increase in growth of a type very different from 
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that produced by the dungs, sphagnum, or oak humus. 

With this information, an attempt can be made to explain Clark's 

inability to demonstrate growth promotion with soil and dung extracts 

when tested in sterile culture. Perhaps the illumination the cultures 

received was not adequate, and since no additional caxbohydrate was 

furnished, the extra.ct in sterile culture produced no effect or only 

one of inhibition. The growth promotion he observed upon contaminating 

an unresponsive sterile culture, or when sterile medium was inoculated 

with plants not freed from microorganisms, might have been caused by 

something tota1ly different from the potential growth promoting sub­

stances supplied in the extracts. As observed here, and noted by 

Clark, the presence of certain bacteria can cause a stimulation of growth 

to occur. There is the possibility, therefore, that in non-sterile 

culture, either the microorganisms excreted some growth substance into 

the medium or else broke down some of the extract constituents to a 

more read.ily utilizable form, or even a combination of both a1ternatives. 

Something of this sort, incidentally, is what Bottomley and Mockeridge 

believed to ta.~e place. 

Ashby, on the other hand, demonstrated growth promotion by an 

extract from manure, using Clark's medium without the addition of carbo­

hydrate. His culture conditions were aseptic, the complete medium beipg 

sterile before plants not freed from microorganisms were introduced. 

Cu.lture solutions were changed so frequently that over the short period 

of an experiment contamination presumably was not even apparent. Since 

the cultures were not completely sterile, perhaps some such explanation 

as that advanced for Clark's case is also applicable to Ashby's. However, 



he found that growth promotion was a function of the concentration of 

the extract present. At the very much higher light intensities em­

ployed by Ashby for the growth of his cultures it is quite possible that 

growth promotion of the type observed in this investigation was demon­

strable in the absence of additional carbohydrate. This did not appear 

to be the case in the one experiment designed to check this point which 

was made during the course of the work. However, a different outcome 

might have attended the use of more intense illumination. The additioa­

a1 chlorophyll noted by Ashby in treated plants was doubtless caused 

by some of the inorganic constituents of the extracts which do not 

significantly promote growth. His idea that the extract promoted growth 

by increasing photosynthesis is incorrect inasmuch as increased growth 

was dependent on more photosynthesis as a result of there being more 

chlorophyll. 



CH.APTER VI 

DARX CtTL'fURE EXPERIMENTS 

Attem-pts to analyze the factors which determine the growth 

of green plants are beset wit~ complications. One of the most im­

portant factors that complicates such analyses is light, whose role 

~7 

in determining growth is little understood. The influence of light upon 

the photosynthesis of carbohydrates and upon phototropic and photo­

periodic effects has received considerable investigation. That light 

influences other reactions as well is clear from the different type 

of growth one observes if, say, a potato tuber sprout or a pea seedling 

grows in d.3.rlmess or in light. The c..liaracteristic growth in length 

which occurs in darkness is much diminished by illumination. On the 

other hand a mature tomato plant when placed in darkness and fed addi­

tional carbohydrate by special means soon stops growing. Very little 

is known concerning these aspects of the influence of light upon 

growth. 

If it were possible to culture plants successfully in the 

dark, a more rigidly controlled environment would be furnished for 

evaluating the effects of other growth factors. Since indefinite growth 

of higher plants in darkness has not been achieved by simply supplying 

carbohydrate, investigation has first to reveal what other necessary 

growth materials besides carbohydrate are produced by light, before other 

factors influencing growth can be studied. 

With the discovery that in light, plants of Spirodela are able 

to assimilate and utilize carbohydrate supplied in the medium, a test 



was made to find out what they would do in darkness, both in the presence 

and absence of sucrose or dextrose. It was not expected that growth 

would occur at the same rate as in light, or that the plants would make 

any appreciable growth at all. A supplement of growth factors (cf. page 

56), therefore, was tested in conjunction with the carbohydrate to find 

out if any of its components might improve growth in the dark. 

Test cultures were inoculated with 30 fronds each, taken from 

stock cultures maintained on sucrose mediwn at 16tt distance from a 

"White 11 fluorescent la.mp. They were placed in a darkroom used for 

Avena testing for a period of 7 days, then transferred to fresh media. 

After 7 more days, and again after 18 days, a count of the increase in 

frond number in these subcultures was made. The dextrose subcultures 

were contaminated so only the counts for the sucrose series were record­

ed. From the growth of the cultures during the first 7 days, however, 

sucrose appeared to be somewhat superior as a carbohydrate source. 

The presence of ad.equate amounts of sucrose proved to be 

essential since the controls made no gro\ith at all (TaP.le 32). Further­

more, the supplement of growth factors was far from beneficial in its 

effects. Besides reducing the number of fronds produced, the size of 

the new fronds was much smaller than normal. Fronds produced in the 

dark lacked chlorophyll, but the chlorophyll in fronds of the original 

inoculum appeared unchanged. The plants not treated with sugar were 

still capable of growth when placed on sucrose medium, and did not 

seem harmed in any way by three or more weeks of comparative dormancy. 

At the time of the final frond count, all cultures were trans­

ferred to 2.5 per cent sucrose Hoa.gland's. After another 18 days the 



Ta,ble 32 

Increas e in frond number after 7 days e,nd after 18' days in 
darkness upon sucrose Hoaglend. 1 s with and. wi thout a sup1Jlement of 
growth fe,ctors. 

99 

Control 
1 2 

o.15ssucro se i.o;~ sucrose 
o.17bsucrose 

& supp lement 
l.O%sucrose 

& supp lement 

7 days 0 0 

18 days 0 0 

1 2 

19 

35 

13 

32 

1 2 

37 

133 123 

1 2 

7 

25 

5 

24 

1 2 

28 29 

121 120 
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fronds which had previously had growth supplement were still multiply­

ing, while those which had had no growth supplement had virtually 

ceased. At the time this was interpreted as an indication that some 

~omponent of the growth supplement was useful after all, so other 

substances were tested in an endeavor to ascertain the requirements for 

indefinite growth in darkness. A parallel objective was to duplicate 

or surpass in darkness the growth rate which ca.~ be attained in light. 

In this initial experiment, observation and transfers were 

made under the red safelight used for work with etiolated Avena seed­

lings. It was soon observed, however, that red light of such low 

intensity was able to stimulate growth during the relatively short periods 

of time (10 to 20 minutes) necessary for such operations. A light, 

which would have to be used as little as possible, of such low intensity 

and restricted transmission as to render its stimulation effect neg­

ligible was therefore sought. 

Cu.ltures of etiolated plants were placed in a light-tight box 

with windows on top, and glass filters transmitting bands of different 

wavelength were inserted in the window frames. Over the row of filter­

windows was_ hung a 40-watt "White" fluorescent lamp. The cultures were 

allowed to grow for 14 days, then they were removed and the number of 

fronds counted. The filters were of different thicknesses so that the 

light intensities differed. 

From the results obtained (Table 33) the violet filter was 

indicated as best for use in the safelight. However. the necessity of 

having enough light to carry out operations made even the signal blue 

filter un.satisfactory. In all subsequent work, therefore, a sextant 
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Table 33 

Increase in frond number over a period of 14 a.ays in different 
sucrose concentrations, beneath filters transmitting different we.ve­
lengths. 30- frond inocula of etiola,ted plants. Figures represent means 
of duplicates. 

Per cent sucrose 
Filter Transmission(AO) 0 0 . 2 1.0 2.2 

Dark red > 6100 68 236 275 270 
Sextant green >4600 < 6000 56 165 186 142 
Signal blue < 5800 ta 134 16L!. 141 
Sextant green & 

a_ark blue g reen >4600 < 5700 40 ui.1. 147 127 
Violet < 4700 41 124 114 124 
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green filter was used in a safelight employing only a 40-watt Mazda lamp. 

Operations were carried out at least 3 feet distant from the saf elight 

to one side of the direct rays, while cultures awaiting transfer were 

placed 6 feet allay. In this way the best possible compromise was 

arrived at. 

The first test wa.s of a number of pure substances and crude 

extracts which -are known from other work to have growth promoting pro­

perties. The concentration of each, most likely to be effective. was 

determined by analogy with the amounts found necessary under other 

circumstances. In addition, dilutions of one tenth and one hundredth 

were tested. Hoagland's medium containing 2.5 per cent sucrose was 

used as the basal medium. Each tube was inoculated with ten fronds 

whic.'1-i had been in the dark on a sucrose medium for more than a month. 

Cultures were allowed to grow for 53 days, while periodic counts of 

frond number were ma.de. 

In the concentrs,tions tested, glycine, vitamin :86• vitamin 

B1, pantothenic acid, and adenine proved to be the most effective materials 

tried (Table 34). The controls were accidentally disposed of before 

the conclusion of the experiment, but comparison with the extrapolated 

value and the 19-day count shows that growth was considerably better in 

the presence of the materials just listed. These substances do not 

appear to be too specific in their effect, but seem to function only 

as sources of organic nitrogen. Of the other materials tested, some had 

little or no effect, while others might have produced more of an effect 

had different concentrations been employed. 

Cultures removed from the light and placed in darkness appear 
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Period ic frond counts of cultures contoining diffe r en t g rowth 
su1)S t ences , ;:iainkdned in a_a.rlmes s . Inocula of 10 f rond.s from cul ti..i_re s 
in d~rkness fo r more th2,n A month. 

Amount pe r DaYS ·--Substa nce 22 ml. 3 12 i g 2.2 
Vitamin :s1 250 'Y 3)~. 43 54 201 

25 26 36 ~-2 189 
2 ...... 22 ti~ 44 121 

Vitamin ]6 250 'Y 30 l L~6 212 
25 27 35 39 102 
2.5 29 :24 411. i~-I 

Nicotinic a cid 250 'Y 18 20 22 53 
25 20 24 30 105 
2. 5 l~ :2:2 aa 1,22 

Pantothenic gcicl 250 "' 28 39 135 r 

25 32 41-~ 49 201 
2.2 28 ~6 4j 162 .:: 

Indoleacetic a cid 250 'Y 18 28' 41 100 
25 19 35 47 148 
2.2 27 36 ~-6 162 

Ad.enine 250 'Y 30 33 48* 200 
25 31 37 39 194 
2.2 21 26 ,22 14L!-

Glycine 2500 'Y 25 35 50* 282 
258 31 37 40 123 

22 27 31 2.2 116 
Yeast extra.ct 1.0 ml. 30 t~1 58 18'3 
(from 10 gm./1.) 0.1 26 31 38 136 

0.01 22 26 41 112 
Coconut milk 1.0 ml. 18 cont. 
(lOxconcentra ted) 0.1 36 * * 188' 

0.01 21 21 56 122 
Sphc-.gnum extract 1.0 ml. 39 50 b3 176 
(fror.i 348 gm . /1•) 0.1 28 36 40 74 

0.01 25 32 cont. 
Co\'' dung extract 1.0 ml. 25 25 2b 64 
( fro~n 200 gm . /1.) 0.1 26 30 31 78 

0.01 ig 19 12 ~t Horse dung extract 1.0 ml. 21 23 25 
(from 200 grn./1.) 0.1 30 32 35 91 

0.01 32 40 ~-6 207 
(llli4)2S04 264 mg. 11 12 12 13 

132 13 14 14 19 
66 1r:; 12 15 20 

_/ 

CONTROLS (a) 25 32 4o 
(b) 25 31 34 
( c) 29 32 33 120 ** 
(d) 25 30 32 
(e) ,21 31~ 37 

cont. == contamina ted 
* ?ronds so clu.mpecl togethe r as to m2.ke a ccura te count i mp ossible 

while plants r emainea_ in culture tu-De . 
** Es tima ted by extrc>,2.Jol ation of g ro1.'l t h curve. 
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to possess enough reserve materials essential for growth to grow very 

slowly for quite some time as long as they are supplied with carbohyd­

rate. Plants on sucrose medium tend to clump, i.e., they fail to 

absciss from one another. Subculturing, where a definite number of 

fronds has to be introduced into each tube, is next to impossible under 

conditions of dim green light if the fronds are clumped. For this 

reason the following change in procedure was adopted. Plants ta...~en 

from the light were placed, 30 fronds per tube, on sucrose medium in 

the dark for a period of two weeks in order to deplete their reserves 

of growth materials. During this time some growth occurred. All the 

fronds (not just 30) in each tube were then transferred to tubes con­

taining test media and allowed to grow for 2 to 3 weeks, after which 

measurements were made. 

Using this method, the effect of a number of growth substances 

in different combinations was investigated. The concentrations used in 

milligrams per liter were: vitamin B1 0.1, vitamin B2 O.l, vitamin B6 

O.l, p-aminobenzoic acid 0.1, calcium pa.ntothenate 0.1, adenine 0.1, 

inositol 10.0, ~sparagine 100.0, glycine 3.0, biotin 0.0004. The increase 

in frond number and in dry weight was measured after three weeks on the 

test media. Table 35, in the form of a checkerboard, gives the data 

for increase in frond number. 

All cultures containing asparagine had nearly twice as many 

fronds as had the controls. Total dry weight was likewise doubled. 

All cultures containing p-aminobenzoic acid (except those with asparagine) 

grew less well than the controls. Cultures containing biotin, inositol, 

glycine, or adenine averaged about the same as the controls, while those 
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Table 35 

Five week's (2 without treatment) increa.se in frond number, 
as a result of treatment with ten growth substances in various com-
binations. Control (mean of 5 replicates) = 79. (Means exclude those 
with asparagine or p-mninobenzoic acid.) 

E;!. B2 B6 Pab. Inos. Pa..-1t .Eio. Asn. Glyc.Aclen. MEAW 

B1B2 93 70 105 100 109 156 72 92 95 
B2B6 93 58 90 84 64 146 84 73 81 

B6Pab. 41 58 57 64 52 164 60 80 
Pab. Inos. 67 73 57 73 38 149 70 74 

I nos .Pant. 85 68 102 73 72 163 83 79 82 
Pant .Bio. 96 87 85 59 72 158 83 98 86 

Bio.Asp. 216 140 152 169 150 158 169 166 
Asp.Blye. lSl 180 170 162 175 195 169 137 

Glyc.Aa_en. 75 126 88 66 72 108 73 137 90 
Aden.Bi 92 100 45 77 86 95 183 75 88 

MEAN 87 93 ql.~ .,, 83 94 83 79 85 



having vitamins B2 , B6, or pantothenic acid showed small effects of 

growth promotion of possible significance. 

Although it looked as though one master reaction, such as 
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the response to asparagine, could largely obscure others, interaction 

effects were tested further with asparagine, pantothenic acid, the 

vitamin -~ complex (B1, B2, B6), indoleacetic acid, and biotin. Two 

concentrations of each substance were used and all possible combinations 

of concentrations of the five materials tested. Without presenttng the 

actual data the outcome was as follows: 

1. Pantothenic acid (1.0, 4.o mg. per 1.), the B complex 

(l.O, 4.o mg. per 1. each constituent), and indoleacetic acid (0.2, 2.0 

mg. per 1.) showed no promotive or inhibitory effects at the concen-

trations tested. 

2. Biotin at 0.0004 mg. per liter was slightly inhibitory, 

while at 0.002 mg. per liter inhibition was pronounced, largely over-

coming the effects of aspaxagine. 

3. Aspar~.gine at 100, 400, and 1000 mg. per liter produced 

a stimulation of frond production which was proportional to concentration 

(Table 36). 

Aspartic and succinic acids were also tested to see if they 

would replace asparagine. Nitrogen metabolism in plants is believed 

by many to follow the course indicated in the accompanying scheme~ in 

which aspartic acid occupies a key position, and asparagine serves as 

a storage compound. 

9 Simplified from scheme presented by P. W. Wilson in~ Biochemist!'1[ 
E!_ Sl111biotic Nitrogen Fixation. Madison: The University of Wisconsin 
Press. 19li0. p. 167. 
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Table 36 

The effect of different concentrations of asparagine, aspartic 
acid, or suecinic acid upon frond multiplication. Inoculation with approxi­
mately 75 fronds. Test period 14 days. (Number of replicates in parentheses.) 

Asparegine(mg./l.) Aspartic(mg./1.) Succinic(mg./1.) 
Control ioo 4oo iooo 100 4ob 100 4oo 

(3) (3) (3) (2) (1) (1) . (1) ( 1) 

Final fr. no. 97 201 367 444 73 11,J.5 72 77 

Fresh wt./fr. 
(mg.) 

0.74 0.85 0.74 0.80 o.6s 0.52 0.60 0.71 

Dry wt./100 19.6 18.1 13.4 15.6 22.6 13.1 21.6 23.4 
fronds (mg.) 
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Protein 

l i 
Amino acids 

1 l 
Aspare.gine < Asparti c acid 

+ 
Nitrate reduction~NH4 

! T 
+ Organic acids~ Carbohydrate or other 

(Succinic) respirable substrate 
(Fumaric ) 

(Ma.lie, etc.) 

Both concentrations of succinic and the lower concentration 

of aspartic inhibited growth completely (Table 36), while the higher 

concentration of aspartic acid produced a significant increase in 

number of fronds which were, however, abnormal in appearance. It 

would be of interest to test aspartic acid in lower concentrations 

which the plant would be more likely to tolerate. It should then be 

possible to duplicate the asparagine effect if the proposed mechanism 

is essentially correct. 

With the higher concentrations of asparagine the fronds most 

recently formed tended to become successively smaller and less vigorous 

in appearance. In Table 36, the figures showing a general decrease 

in dry weight give some indication of this as they are averages 

of the dry weights of the many normal and increasing numbers of sub-

normal fronds. In comparison with the greatest rate of growth ever 

achieved when the plants were grown in the light upon sucrose medium 

with accessory growth promoters, the rate attained with 1000 mg. per 

liter asparagine is about one half to two thirds as great. A search 

for still other tactors influencing growth in darkness, particularly 
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frond growth, was therefore carried on. 

Another test was made in an endea,vor to find out if any 

other amino acid might replace asparagine. Concentrations of 10, 

100, and 1000 mg. per liter were used in testing 16 amino acids in 

groups rather than individually. To gain some idea of the size of 

inocula being transferred to test media two stock cultures were saved 

and measurements made upon them. 

Al though several of the combinations of amino acid.s slightly 

promoted the rate of frond multiplication at the lower concentrations, 

they were either toxic, inhibitory, or without effect at the highest 

concentration tested (Table 37). In no case did they behave as sub­

stitutes for a.sparagine. The series of dilutions of cystine-methio­

nine looked the most promising inasmuch as the lowest concentration 

produced the greatest increase in frond number. Lower concentrations 

cf· 'either or both of the consituents ma;v- prove more effective. Combined 

with asparagine still greater increases in frond number ~ result. 

Glutamic acid and glutaric acid are not substitutes for 

asparagine, either, which suggests that Spirodela is an 11 asparagine 

plant" like the legumes, grasses, and asparagus. The death of the 

plants at the highest concentration of glutamic acid was partly the 

result of hyperacidity because of failure to properly adjust the initial 

pH. 

:Because thus fa.r it appeared that asparagine was a specific 

requirement for increase in frond number, a test was begun to determine 

how long cultures could be maintained with successive transfers on 
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Table 37 

Final frond. count s Rnd pH measurements (parentheses ) of cul­
tures grown for 17 da.ys on sucrose medium to which various g rou:r,is of 
amino acids have been added. Initial inoculum app roximately 205 fronds . 
Initial pH approximately 5.0. 

Amounts of each acid p resent( mg ./l.) 
Amino 13.cid 10 100 1000 ------------·---- -·---

Cystine 
Methionine 

Serine 
Phenyla lanine 
Tyrosine 
Histidine 
'11rypto:phane 

Valine 
Leucine 
iso-Leucine 
Mr-Leucine 

Ornithine 
Lysine 

Pro line 
Hydroxyp r oline 

Glutamic acid 

Glutaric a.ci d. 

Asparagine 1500 mg . /1. 
n 500 II 

II 20 II 

II 10 II 

~-88 
(6.6) 

370 
(7 .o) 

311 
(7.0) 

383 
(6.8) 

438 
(6. 8) 

401 
(6.6) 

642 
(5.9) 
561 
(6.5) 
413 
(6.6) 
406 
(6. 7) 

376 
(3.5) 

349 
(6.6) 

387 
(5.9) 

411 
(6.6) 

t~45 
(6.6) 

403 
(6.1) 

288 
(5.6) 

CONTROL : 

* Of t h is 

373 
(6. 8) 

nu.rnber 
dead, thus t he 
is low. 

280 
( 4.3) 

210 
(5.0 

256 
(5.2) 

379 
(5.3) 

261 
( 6.1) 

200 ( a.eaa. ) 
( 2. 9) 

324* 
(6.7) 

37 were 
count 
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medium having only sucrose and asparagine added to it. Not being con­

vinced as to just what was the optimal asparagine concentra.tion. a 

series containing o. o.4, 1.0, 2.0, and 3.0 grams per liter was prepared. 

A comparable series with controls contained vitamin B1 (1 mg.fl.). 

The anthocyanin observed in aspa.ragine-treated plants clearly indicated 

that carbohydrate was being accumulated, perhaps because of a lack of 

vitamin B1 for its utilization. 

Plants were taken from non-sucrose medium in the light, 1 inoc­

ulated directly into the test media and placed in darkness. This was 

because such plants are less clumped together than are those growing 

on sucrose medium. Since weekly subcultures, entailing the counting 

of an exact number of fronds, had to be made in dim green light, it 

was desired to have the initial inocula contain as few clumped fronds 

as pos sible. 

The cultures were examined after one week, but :practically 

no growth had occurred, so they were put back and not subcultured 

until the end of the following week. At that time the growth made 

in two weeks was measured. The subsequent week's growth of the sub­

cultures was also measured, then the test was discontinued. 

Instead of producing many times the number of fronds formed 

in the control cultures (Table 38), both asparagine series (the presence 

of vitamin Bi made no difference) made one or two ·normal fronds, 

followed by very tiny fronds which separated from the parent plant and 

rapidly became necrotic. :Both controls appeared normal, growing slowly, 

so that t he behavior wa.s not traceable to some error made in the prep­

aration of the basal medium. 
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Table 38 

Increase in frond number in the presence and absence of 
asparagine and. vi tarnin J31 • Initial inoculurn 30 fronds from the 
light where they had been on Hoa.gland's medium without sucrose. 
JJ°'igures represent means of c1uplicates. 

Control 
As1Jar2.g ine( gm.jl.) 

o.4 1.0 2.0 3.0 
After 2 weeks 

No J31 
B1 (lmg./1.) 

After 1 weeks 
growth of su1)cul ture 

l~o J31 
E1 (l mg . /1.) 

30 
31 

14 
13 

39 
50 

16 
6 

52 
38 

6 
1 

18 
12 

1 
4 

6 
3 

1 
0 
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The experiment differed from preceding ones in that the 

inoculum wa.s derived from illuminated cultures having no sucrose. It 

also differed in having the inoculum come directly from the light to 

darkness, where it was placed immediately upon asparagine-sucrose 

medium without first growing for some time in darkness on just a 

sucrose medium. The asparagine with which all these tests were con­

ducted was known to have impurities. By way of eomparison a sample 

of much higher purity was tested (l.O gm.fl.) in this last experiment. 

However, it too produced exactly the same results. 

This experiment provides convincing proof that more than 

asparagine is needed for growth in darkness on a sucrose medium if 

growth is to be maintained for an indefinite period of time. The 

effect of asparagine is to accelerate meristematic activity and thus 

the rate of frond multiplication. If, as in this experiment, the fronds 

lack the necessary materials for growth in size, successively smaller 

fronds are produced which are so lacking in vigor that necrosis soon 

sets in. 

In view of the fact that frond size increases considerably 

when plants are transferred to sucrose medium in the light, one must 

conclude that such plants possess quite a reserve of frond growth 

materials which is gradually used up in the dark. Depletion is hastened 

by asparagine treatment (note reduction in dry weight, Table 36, and 

the mention that fronds tended to become smaller and less vigorous in 

appearance). Only when there is a very low reserve, as in plants 

without previous sucrose treatment in the light, do the plants multiply 
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themselves to death in a very short space of time. 

The fact that the controls are able to grow slowly, but 

normally, irrespective of whether or not they have a previous history 

of sucrose treatment suggests that frond growth materials can be made 

by the plants in darkness. Such plants, however, may well have suf­

ficient reserves accumulated while in the light with which they con­

tinue to grow. Since they multiply so slowly, a critical shortage would 

not become apparent except over a longer period of culture than has 

thus far been observed. 

Barker (1935, 1936) has studied the metabolism of the color­

less alga Prototheca ZoPfii Kriiger. This organism, unlike Spirodela 

grown in darkness, was unable to develop in the absence of complex 

organic materials such as are present in yeast autolysate. Although 

glucose and other monosaccharides, as well as fatty acids and certain 

alcohols could be utilized, sucrose, or other di- and polysaccharides 

could not serve as a source of carbon. Neither were any of the keto-, 

hydroxy-, or dibasic acids tested assimilable. He concluded that the 

assimilation of these compauna.s proceeds in two experimentally dis­

tinct stages. The primary process is the oxidative conversion of the 

substrate into a c~rbohydrate which is stored in the cell as glycogen. 

The formation of this carbohydrate is rapid compared to its sub­

sequent decomposition in the process of cell synthesis, which consti­

tutes the second stage of assimilation. He tested a number of nitro­

genous compounds, including asparagine, which were without effect. 

Experimental culture of Spirodela in darkness has not been 
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extensive, but there are clear indications tha.t its metabolism differs 

from that of the colorless alga, Prototheca. The only parallel lies 

in the ability of the two organisms to store reserves which are slowly 

used up in the process of cell formation. Further experiments may 

be able to reveal the nature of these reserves in the case of Spiro-

~· 



CH.APTER VI I 

FLOWER INDUCTION 

Flowering in the family Lemnaceae is very rare, and the 
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factors which influence the vegetative form to undergo sexual reproduction 

are little investigated and very imperfectly understood. For a long 

time it was believed that only three of the four genera comprising the 

family still retained the capacity for flower production, species of 

the genus Wolffiella never having been known to flower. However, Mason 

(193g) reported the flowering of Wolffiella lingulata (Hegelm.) Hegelm. 

found at Roberts Island in the delta. of the San Joaquin River, Cali­

fornia. In June, 1937, he discovered flowering plants in the marshes. 

In January, 1938, he brought some of the plants that were not then flower­

ing into the laboratory and put them into an aquarium. These flowered 

after three weeks and continued doing so for six weeks. In June, 1938, 

the plants at Roberts Island flowered again and produced germinable 

seeds. Since that time no flowers have been observed at that place, 

nor has the aquarium material flowered in subsequent years. This case 

history is typical of others reported when Lemna, §pirodela, or ,,fol:f'fia 

have been found flowering. 

Hicks (1930, 1932) has investigated the question of flowering 

in the Lemnaceae most thoroughly to date, actually succeeding in ex­

perimentally inducing some of the species to flower. Saeger (1929) 

found that Lemna minor growing in dilute Knop 1 s solution sometimes 

produced flowers while other specias of Lemna never did so. Hicks, 

however, was the first to undertake the problem of flower induction 
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experimentally. He conducted several surveys of duck1.1eed populations 

throughout the state of Ohio in the summers of 1928-1931. With the 

exception of 1930, the annual surveys revealed only a few scattered 

instances of flowering, and then the number of plants which did so 

was small. During the months of May to September, 1930, an unusual 

drouth occurred and many small bodies of water supporting duckweed 

populations were greatly decreased in size or dried up completely. 

All a~iatic vegetation was subjected to most unusual growth conditions. 

In many cases duckweeds were left stranded with a steady but limited 

water supply upon mud flats or draped about stems of other aquatic plants. 

Lemna minor and L. trisulca were found in abundant flower in numerous ---
localities during this unusual season. 

Following are statements made by Hicks describing his obser-

vat ions: 

"Flowering plants, without exception, were never found in 
shaded areas, even though abundant flowering material might be 
found in better illuminated areas a few feet distant. In most 
cases, flowers were most abundant in areas most exposed to sun­
light. Correlated with this was the observation that flowering 
plants were invariably found abundantly only in water areas of 
unusually high temperatures ancl were absent in colder portions. 
In addition, since Lemna minor flowered in only a.bout 81{i of all 
of the localities visited, and since the visible environmental 
characteristics of many localities appeared to be almost the 
same, it was suggested that the chemical nature or mineral 
content of the water medium might inhibit or be an important 
factor in promoting flower production. 11 

Hicks succeeded in experimentally inducing flowering in four 

species and one variety of t he genus Lemna and in Wolffia· col"t!nbiana. 

He outlines the following conditions as being necessary for flower 

production: 

11Realthy mature plants making good vegetative growth and with 
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an accumulation of a food reserve. 
Some environmental influence which will rather suddenly 

check normal vegetative growth with the possible diversion of the 
accumulated reserve to flower production. 

In some species, such as Lemna trisulca,which undergo a 
marked transformation of the vegetative form at the time of bloom­
ing, plants should ·be selected for treatment which are as near as 
possible in appearance to the flowering form as such transfor­
mations do not come about rapidly. Not all growth forms are 
equally responsive to experimental treatments. 11 

No success attended Hicks' experiments to induce flowering 

by means of various nutrient salt combinations or deficiencies. Different 

photoperiods or different light intensities likewise were ineffective. 

Ap,rox~nately 60 common chemical substances were added to the media in 

varying quantities. Only with dilute sodium hydroxide were flowers of 

Lemna minor and Lemna trisulca produced in abundance. None of the other 

species studied flowered under such treatment, and these species often 

failed to produce flowers when the experiment was repeated. Dilute 

sodium hydroxide was added only until signs of injury were noted, then 

treatment was stopped and the cultures allowed to grow. The medium be-

came gradually less alkaline, and at the time of flowering the pH was 

between 7.2 and 7.4. With this treatment from 10 to 30 per cent of the 

plants flowered. The controls never flowered. 

By the use of ultraviolet rays from a 110-volt quartz mercury 

vapor la.mp at 30-inch distance, for varying lengths of time, four species 

of Le~ were made to flower. S,pirodela polyrrhiza, Wolffia columbiana, 

Wolffia punctata, and Wolffiella floridana failed to flower, although 

vegetative growth was checked. .§;!irodela was severely burned by the 

rays and gradually died after production of normal vigorous fronds whic..~ 

carried on. The time of treatment which would cause the greatest number 
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of plants to flower varied with the different Lemna species. He was 

able to make up to 55 per cent of the plants of responsive species 

flower, while the controls remained vegetative. A repetition of the 

experiment using the ultraviolet lamp at 38-centimeter distance so that 

the plants received 105 ergs per second per square millimeter, was not 

quite so successful from the standpoint of numbers of plants induced 

to flower. Destructive effects were more apparent than in the previous 

experiment. Hicks was still unsuccessful in inducing §J;?irodela 

polyrrhiza, Wolffia nunctata, and Wolffiella floridana to flower, but 

did make four Lemna species flower, as well as two plants of Wolffia 

columbia.na which received the treatment for 15 minutes. 

With the co-operation of Dr. G. F. Smith and Dr. H. Kersten 

of the departments of botany and physics, University of Cincinnati, a 

further attempt to induce Spirodela ;eolyrrhiza to flower was made along 

the lines suggested by Hicks' investigations. 

Single plants of 4 fronds, selected for uniformity, were placed 

upon agar slants beneath the specially constructed window of cellophane 

in the wall of small culture tubes (Fig. 8). The inoculated tubes were 

packed and mailed by air to the University of Cincinnati for ra:y treat­

ment. Three days later, rayingcompleted, the cultures were returned, 

but were delayed in transit for several days for plant inspection. As 

a result the plants were under adverse conditions for a week. At the 

time of receipt the plants were immediately removed from the already 

drying agar and placed upon sterile Hoa.gland's medium under the "White" 

fluorescent at a distance of 16 inches. 

This test was intended as a preliminary one to ascertain 



Figure 8. Single plant of four fronds upon agar slant. rayed 
through cellophane window of modified culture tu0e. 
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whether soft X ray (30-k.v., 10-m.a., 5 cm.) or ultraviolet ray (110-v., 

20 cm.) would induce flowering and, if so, the approximate dosage 

necessary. Treatment with ultraviolet was given for l, 2, 3, 4, 5, 6, 

7, 8, 9, 10, 11, 12, 13, 14, 15, 32, 45, 60, 70, 92, 100, 107, 120, 

150, and 175 minutes. Treatment with X ray was given for 1, 2, 3, 5, 

6, 7, 9, 10, 13, 15, 20, 25, 30, 35, 40, 45, 60, and 180 minutes. 

There were five untreated controls. 

After three weeks the controls were growing normally, those 

treated with ultraviolet up to 32 minutes grew less well, while those 

treated longer failed to survive. X-rayed plants receiving up to 10 

to 15 minutes exposure grew a small amount, while those having longer 

treatments did not survive. In no case was flowering observed at this 

time or 6 to 8 weeks later. 

Because of the small ~~ount of material receiving each ray 

treatment one might not have obtained any plant which flowered, even 

though some of the trea.tments might have been effective in inducing 

flowering in a sma11 percentage of plants. Also, the plants' food 

reserves were doubtless lowered while being shipped in darkness to 

Cincinnati. It does not appear that ultraviolet and soft X-ray treat­

ments offer too much promise as agents for inducing Spirodela to flower, 

but this one experiment with its attendant adversities is insufficient 

evidence for complete condemnation. 

The conditions which Ricks has described as correlated with 

occurrence of flowering plants of Lemna sp. suggested the following 

experiment, namely, to try the combined effects of very high light 

intensity, high temperature, varying a.~ounts of additional carbohydrate, 
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and hydrogen-ion concentrations of pH 5, 6, and 7. Two sets of cultures 

of 12 tubes each were suspended in a waterbath about a 1000-watt Mazda 

lamp, controlled by a timeclock to provide illumination 16 hours per 

day. The water in the bath was heated by the lamp and the rate of 

flow through the bath controlled so that with the light on the tempera­

ture was approximately 32°0. and with it off from 15 to 20°c. Sucrose 

was supplied in concentrations of 0, 3, 6, and 8 per cent. Hoa.gland's 

medium with a pE of 4.8 was adjusted by addition of dilute sodium hyd­

roxide to about pH 5 and pH 6. However, ~on sterilization the pH 

range instead of being ~proximately 5, 6, and 7, was 4.8, 5.2, and 

5.4, so that hydrogen-ion concentration was scarcely a variable at all. 

Each set of 12 tubes consisted of the four sugar concentrations 

at the three pH's. Each tube was inoculated with 20 fronds. The inocula 

for one set of cultures was derived from the X-rayed material from the 

preceding experiment, while the inocula for the other set came from 

normal stock cultures. 

The cultures were observed over a period of more than 8 weeks 

but no flowering was induced. The tubes became completely choked with 

small, light-green fronds with purple margins and undersides (antho­

cyanin) which had long roots. The test was then discontinued. Apparent­

ly the combination of environmental conditions provided, which might 

have induced flowering of Lemna, had only the effect upon' Spir.6dela 

of changing its morphology somewhat. Snirodela plants are known to 

flower naturally upon occasion, but what environmental changes induce 

this response still remains undisclosed. 
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CONCLUSIONS AND SUMl\1ARY 
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The foregoing chapters have considered a number of factors 

which influence the growth of §?irodela polyrrhiza (L.) Schleid. Many 

of these factors undoubtedly influence the growth of other more typical 

higher plants in much the same manner, although their relative im­

portance and degree of influence probably differs from plant to plant. 

Conclusions drawn concerning the growth of Spirodela are only to be taken 

as indications, therefore, of what one might expect when dealing with 

other higher plants. Particular attention is called to the important 

role that the supply of carbohydrate plays in the expression of the 

effects of most other factors influencing growth. 

Spirodela plants upon an inorganic med.ium balanced for optimal 

growth, when receiving moderate light intensity, are limited in their 

growth by carbohydrate supply. When this 11 deficiency 11 is corrected by 

the addition of sucrose, some other product of photosynthesis than 

sucrose then limits the growth. Aeration, by making a better supply of 

carbon dioxide available, causes an increase in growth rate9 A carbon 

dioxide concentration of no more than 5 per cent is effective in promoting 

growth. This it can do even when growth is presumably no longer limited 

by the amount of carbohydrate available. Just how the additional carbon 

dioxide is utilized is not clear, except that the process is dependent 

on light. 

When grown in the dark, Spirodela plants are able to multiply 

slowly if only they are supplied with carbohydrate. Supplements of 
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asparagine greatly increase the rate of frond multiplication but the 

new fronds produced soon become necrotic, indicating that factors pro­

duced in the light (in seemingly greater amount if additional carbo­

hydrate has been supplied) which are necessary for normal frond develop­

ment become depleted. Dark culture experiments offer a promising means 

for the study of these factors. 

When plants are grown at a particular light intensity and 

are no longer limited by a,vaila.ble carbohydrate, the addition of pre­

parations from coconut milk stimu.lates growth. Inhibition attends the 

use of too much coconut milk. The presence of growth inhibitors is 

suspected, but perhBJ;>S the active material which is wholly or at least 

partially heat stable, becomes inhibitory at high concentrations. Nico­

tinic acid and yea.st extract both cause roots to become elongated in 

concentrations which are inhibitory to frond growth. 

Crude aqueous extracts from humus, sphagnum, cow dung, and 

horse dung can be shown to promote growth if light intensity and 

carbohydrate supply are suitably adjusted. Extracts from cow dung and 

horse dung demonstra.te their greatest effect when carbohydrate supply 

is not a limiting factor. By solvent extraction of cow dung the 

presence of organic growth inhibitors as well as growth promoters can 

be clearly demonstrated. Because the ash of the extracts from cow 

dung and horse dung has no growth promoting activity and the two ex­

tracts produce similar effects, it is presumed that the active growth 

promoting substance in horse dung is quite similar to that in cow dung. 

Observation of the effect of crude extracts of humus or sphagnum suggest1 

that different substances are responsible for their growth promoting 
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activity. A rod-shaped bacterial contaminant has been discovered which 

produces still another distinct type of growth promotion. 

Finally, the inability to induce ~irodela to flower experi­

mentally is probably the result of ineffective treatments, although the 

manner in which they were applied may be partially responsible. 

SUMMARY 

Growth of S~irodela polyrrhiza (L.) Schleid. upon inorganic 

medium balanced for optimal growth is limited at moderate light inten­

sities by carbohydrate supply. A supplement of sucrose in the medium 

helps to correct this deficiency. 

Some product of photosynthesis other than sucrose limits 

growth when sucrose is supplied in the optimal range of 1 to 4 per cent. 

Aeration promotes increased growth, as does an additional 

supply of carbon dioxide. Carbon dioxide treatment even promotes 

increased growth of cultures treated with 1 to 4 per cent sucrose pro­

vided the light intensity is sufficiently high. 

Slow growth for quite long periods can take place in darkness 

if carbohydrate is supplied in the medium, but no growth occurs without 

it. 

Asparagine greatly accelerates frond multiplication in dark­

ness, but rapid depletion of reserves of frond growth materials formed 

in the light then occurs. 

With adequate carbohydrate supply growth is stimulated by some 

rele,tively heat stable substance present in coconut milk. 



Aqueous extracts of humus, sphagnum, horse dung, and cow 

dung promote growth under suitable conditions of light intensity and 

carbohydrate supply. 

Extracts of cow dung and horse dung are similar in their 

effects, whiCh differ from those produced by extracts from humus or 

sphagnum, or by a rod-shaped bacterium. 
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The active material in horse dung is presumed to be similar 

to that in cow dung, shown by solvent extraction to be organic in 

nature. An organic growth inhibitor substance also occurs in cow dung 

which can be removed by solvent extraction. 

Means of experimentally inducing Spirodela to flower ha~e 

yet to be discovered. 
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