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THE CHEMICAL CONTROL 
AND THE 

UTILIZATION OF ANACHARIS DENSA 

INTRODUCTION 

In certain lakes of Southwestern Oregon, an aquatic 

weed has become so well established that it prohibits 

boating, swimming, angling, and the moving of log rafts. 

This plant is Anacharis derisa (Planchon) Victorin. 

The generic name of Elodea has become increasingly 

more popular with the taxonomists as the oper name for 

this plant. (, p.94) However, because this plant is 

comiionly called Anacharis throughout this area of Oregon, 

it will be referred to as such throughout this Jiscussion. 

Anacharis was introduced into this country from South 

America many years ago. The plant that was introduced had 

staminate flowers only; therefore, the spread of this plant 

has been by vegetative methods only. It was brouht from 

the eastern part of the United. States into Oregon, it is 

thought, sometime in the 1930's. The pheomenal spread of 

this plant by vegetative propagation illustrates its vigor. 

At the present time, Tahkenitch, Tenmile, Loon, and Slitcoos 

Lakes are moderately to heavily infested with Anacharis. 

In order to restore some of the original usefulness 

of thee lakes snd to prevent the weed from spreading, a 

study of the plant was initiated. This study represents a 

portion of that program. 
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One phase of the probleni embraced in this study was 

an attempt to find a chemical which would be particularly 

toxic to nachris and thereby aid in its control. The 

second phase is concerned with the utilization of vegetation 

produced by Anacharis. Anacharis does make a very dense 

growth which often covers an extensive area. This phase 

of the problem, in other words, is to find a use for such 

a large amount of useless voetation. It is useless, that 

is, from the standpoint that it hinders ants activities; 

but ecolo;ically speaking, it may be serving a useful 

function in plant succession. 
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REVIEU OF LITERATURE 

The literature reviewed will be presented for the 

che4cals and toxicity first. The review on the util- 

ization of plants and plant wastes will be presented 

last. 

Chemicals and Toxicity: 

As one might expect, there are rio direct references 

to the control of Anacharis densa in the literature. 

There are general recouciendations such as that given by 

achenthum (20, p.1O66) on the use of sodium arsenito to 

control various aquatics but not Anacharis. Consequently, 

the best approach appears to be the development of a 

knowledge of general toxicity. On this basis, one could 

more nearly predict or explain the action of a chemical. 

Trim gives four stages of drug interaction with the 

organism. (33, p.115) These stages are as follows: 

(1) Interaction of the drug with the environ- 
ment. 

(2) Interaction of the drug with the boundary 
between the organism and environment, i.e. 
adsorption phenomena. 

(3) Passage of the drug through this boundary, 
i.e. absorption and dIffusion. 

(4) Intracellular action of the drug. 
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The vital processes which sustain life In any organism 

are largely controlled by enzymes. It has been suggested 

that the enzyme controlling growth in plants is of a suif- 
hydryl nature. (33, p.299) Those compounds which have 

the ability to tie up the suifhydryl group, such as the 

arsenite compounds and the phenylmercuric salts, will 

inhibit growth. Sexton (27, p.42) states that thiol groups 

In apoenzyrne or coenzyrne are ono of the more reactive groups 

in biological syste4lis. Also, oxidizing agents will Inhibit 

thiol dependent reactions by converting the thiol group to 

a disulfide group. (27, p.43) 

Sexton further advances two of the simplest mechanisms 

which operate In competitive inhibition of enzymes. 

(27, p.5°) These rìechanisins are: (1) The foreirn sub- 

stance acts as a rival substrate for a given enzyme reaction 

such as malonic or succinic acid, and (2) The foreign sub- 

stance interferes with the synthesis of the enzyme from its 
precursor as in the example oi sulfonamides substituting 

for p-amino benzoic acid. The entirnetabolite aminopterin 

was found to interfere with mitosis. (16, p.25) Overboek 

states that the growth hormone, heteroauxin, catalyzes a 

respiratory process involving the four carbon acids. 

(24, p.642) However, Slade, Templerrian, and Sexton show 

that at higher concentrations; the growth hormones are 

toxic. (31, p.492) 



Thus far, the discussion 

degree of specificity of erìzy 

there are species differences 

of a chemical, for instance, 

400 times more susceptible to 

germ. (3, p.646) 

Adsorption phenomena are 

5 

has hinged around the high 

natic reactions. In addition, 

in reg rd to the toxic action 

lipase from castor bean is 

2,4-D than lipase from wheat 

controlled by surface activity. 

They are also affected by several factors. The pH affects 

the charge on any biological surface in contact with an 

aqueous phase. The charge also alters the degree of dis- 

association of ionizable drugs. (33, p.117) Most bio- 

logical surfaces are negatively charged; therefore, drugs 

giving an organic anion should. he more effective in the 

unionized form. (33, p.125) One exception exists in the 

case of the acridine compounds in which ionization is 

essential for toxicity. (1, p.84) Furthermore, the addi- 

tion of soap to a phenol solution will reduce the inter- 

facial tension to a minimum. At this minimum, biological 

activity will be the highest. 

Blackman (3, p.642) and Crafts (6, p.6) shed some 

light on the absorption and diffusion of herbicides. 

They st,ate that non-polar substances almost always enter 

by simple solution or diffusion through the lipoidal 

component of the cuticle and epidermal cell ealls. atr 

soluble or polar compounds probably enter by the way of 



the pectinacious and allied hydrophylic substances which 

have been shown to f oria a continuous path through the 

cuticle and epidermal cell walls of apple leaves. 

Sugars added to spray solutions apparently aid in the 

translocation of chemicals out of the leaf. Starved 

plants do not translocate chemicals readily. (3, p.644) 

Furthermore, the chemical nature of a compound influences 

the passage of the chemical through the surface of a leaf. 

The formation of quaternary compounds from the 2-phenoxy 

ethyl amines markedly increases the activity of these 

compounds against oats. (lL, p.149) 

Jones et al (17, p.114) state that the biological 

activity of a compound depends upon having the correct 

degree of chemical reactivity of the toxiphore group bal- 

anced with physical properties which insure maximum ease 

of penetration to the site of action. For instance, the 

toxicity of a compound and its toxiphore can be influenced 

greatly by the nature of secondary substituent groups. The 

substitutions on a nitrogen atom of a compound, which give 

rise to quaternary salts, produce surface active compounds 

often showing toxicity. (17, p.110) 

sexton advances two postulates as to the effects of 

structural variation on the toxicity of organic chemicals. 

(28, p.2) 



"The biological activity of a substance is due to its 
combination with sorne substance or substances in the 
organism, and this combination is either responsible 
for maintaining the normal balance of the dynamic 
chemical processes of the organism, or in the case of 
drugs, results in upsetting these processes." 
"The combination of a biologically active molecule 
with a cell constituent may be modified to varying 
degrees by the variation of the physico-chemical 
properties of the active molecule. Structural alter- 
nation of an active molecule can alter the chemical 
reactivity or its capacity to react '.'ith specific 
substituents, and alternations can prevent or facili- 
tate access of the molecule to the cell constituents." 

1?erguson points out that the toxic concentration in 

a homologous series exhibits the same type of relationship 

as do the physical constants in the series. (27, p.57) 

and (1, p.29) These constants express distribution between 

heterogeneous phases. Therefore, the values of the toxic 

concentrations result from an equilibrium distribution 

betwen phases. These measured concentrations are not the 

concentrations at the site of action but in the surrounding 

medium. Ferguson's principle of structural non-specificity 

states that substances which are present at the same pro- 

portional saturation in a given medium have the same degree 

of biological activity. In line with this theory, one often 

finds a peak of biological activity as a homologous series 

is ascended. (17, p.111) 

It cuust be remembered, however, that the line of 

demarcation between a physical interaction and a chemical 

reaction is not always easily drawn. (27, p.61) Neverthe- 

less, the physical properties of a compound are most often 



dependent on the chemical structure of that compound. 

(1, p.25) Also, a chemical may or may not show biological 

activity purely on a stereochexuical basis. The alkaloids, 

sugars, and amino acids Illustrate this fact in the differ- 
ences of activity of d and i forms. Similarly, the cis- 

trans configuration affects the biological activity. 
The inherent toxicity of a substance which does not 

disassociate in solution is but little affected. by pH. pH 

may greatly influence ionizable substances. (30, p.253) 

The effectiveness of penetration of compounds through cell 
membranes is influenced by pH. Cell membranes are considered 

to consist of two nionolayers of ilpoids surrounded on either 
side by a iaonolayer of protein. (1, p.75) pH affects the 

charge on both the cell xieiabrane and the compound. in ion 

will, therefore, have a charge which is either similar to 

the portion of the protein surface which it approaches 

resulting in repulsion, or it is opposite resulting in fix- 
ation by adsorptiona Thus, it follows that at a certain 

concentration of unionized molecules, optimum biological 

activity will result. A general principle has evolved from 

this fact through the use of the ph value. (29, p.343) and 

(30, p.253) For substances with an acidic group, p1-I has no 

effect on the toxicity of a compound when the pH is two or 

more pli units below the ph value. bove the ph value the 

total concentration has to be raised to obtain the saine 



derree of response from the organism. For weak bases the 

reverse of the above relationship holds true. This applies 

principally to organisms in a solution or inedia. 

Albert has discussed extensively the use of chelation 

in the selection of toxic agents. Ïetali1c ions may be 

used to affect the balance of' the trace elements in an 

organism through competition with chelating agents. Con- 

versely, the use of strong chelating agents can be used to 

remove essential trace elements. (1, p.121) 

In general, one may expect certain compounds to exhibit 

toxicity. The phenols act as protein precipitants. Also, 

the chlorates are not toxic per se, but their reduction 

products, chlorite arid hypochiorite, produced by the nitrate 

reduction mechanism are toxic. (3, p.649) As has been 

pointed out previously, copper, arsenic, and organic riiercur- 

ials are generally toxic if they are available to react 

within the cell. (34, p.299) Veldstra cites many examples 

in which the unsaturated lactones have toxic and inhibitory 

effects. (35, p.379) The dicuinarol known as Iarfarin is 

an unsaturated lactone. 

It ha been suggested that the 3 and 4 positions in 

the coumarin derivatives aro responsible for most of the 

biological activity. (10, p.224) Veldstra sugests that 

the activity of the unsaturated lactones is due to a 

particular equilibrium between lypophylic and hydrophylic 

phases of the cell membrane. 
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Another similar group of chemicals hving a ulde, 

general biological activity are the quinones and quinoid 

derivatives. The broad classes of quinones consist of the 

benzoquinones, naphthoquinones, and the anthraquinones. 

(27, p.l9) The heterocyclic nitrogen compounds also 

exhibit toxicity in many instances. This group consists 

of pyridine, quinoline, and acridine. By the inclusion of 

another nitrogen in the ring as in the case of acridine, 

the azine compounds are formed. Phenosafranine is an azine 

compound which exhibits t°;<icity. (27, p.205) 

Utilization of Plant aterials: 

There are mans examples of utilizing plants and plant 

wastes. The extraction of bromine and iodine from seaweed 

is a classic example. Allison (2, pp.l-l) has discussed 

extensively the use of sawhust for ulches. Nelson has 

discussed the possiilities of using Anacharis canadensis 

as a fodder ¿nd a fertilizer. (21, pp.27-31) In as much 

as this problem on the utilization of Anacharis densa will 

be restricted primarily to mulches znd fertilizers, the 

following discussion will deal priracrily with the same. 

Hutchinson (12, pp.414-415) and LJchery (26, p.169) 

give the following charocteristics and values that a sub- 

stance should have if it is to oe of value as a mulch. 
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(1) 1ulches tend to save labor from watering and 
weeding. 

(2) Iiu1ches absorb and check run-off of water froni 
rain and sprinkling. 

(3) Ìuiches protect the soil against puddling 
(4) They ameliorate fluctuating soil temperatures. 
(5) 1u1ches tend to improve soil structure and 

increase aggregation. 
(6) They may improve the nutrition of the crop. 

One of the main values obtained from a mulch Is Its 

residual effects, (12, p.415) 

Johnson (1, p.2) has found that there is no signif- 

icant difference in ph after an area has been mulched for 

a long time, They did not report on peat moss which is 
usuaily considered to be an acid mulch. Boiler and Stephen- 

son report that some mulches may produce both acidic and 

toxic substances. (4, p.27) 

Nelson brings forth the idea that the utilization of 

fresh-water aquatic plants uould he a method of reclaiming 

lost natural resources. Wind, run-off water, and wave 

action remove the richest of the surrounding land and 

deposit It in streaus and lakes. (21, p.29) 

There is an increasing tendency to investigate aquatic 

vegetation for sources of food and raw material. Rose has 

investigated five seaweeds common to Canadian seashores and 

has found them to be good sources of alginates. (25, pp.1-2) 

In the British Isles there has developed a new industry from 

the utilization of the coastal seaweeds. i1ginic acid is 
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extracted from these algae which is used in medicine, 

research, cosmetics, and flavorings and thickenings. 

(22, pp.l4-l5) 

Evidently the natural waters of the world have 

the capacity to produce abundantly. Jackson states that 

20 tons per acre may be harvested from the sub-littoral 

seaweed areas. (14, p.348) 
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EXPERThIENTJJJ I'iETHODS 

The chemical screening tests were started January of 

1951, and they were conducted in the laboratory building 

of the fur farm operated by the Fish and Game Department. 

The utilization experiments were conducted in the weed 

greenhouse of the Farm Crops Department. 

Chemical creening Tests: 

All of the chemical screening tests were conducted 

according to one procedure which is discussed below. The 

only differences between the different tests are that the 

concentration of the chemical and the time of taking the 

data were varied. 

Five gallon jars were calibrated to the 15 liter 

mark. These jars were set on a picnic table in the labor- 

atory. Thirty six jars were usually set up at each time 

of treatment. A battery of fluorescent lights was placed 

along each side and over the top of the table. These lights 

were operated on a twelve hour day by a time clock. During 

the winter of 1951-52, an oil stove was kept burning to 

maintain the temperature around 550F . The method of treat- 

ment consisted of filling the jars with water, adding the 

Anacharis, and then adding the chemicals which were well 

mixed with the water. The quantity of Anacharis used would 
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easily fill a 600 milliliter beaker though it is doubtful 

if the quantity ever exceeded this amount. If the chemical 

or its salt was not soluble In water, acetone was used as 

the solvent. The chemicals were prepared by making solu- 

tions of them. One gram of chemical was added to fifty 

milliliters of solvent except where the solubility was too 

low. Then, the amount of solvent was increased accordingly. 

Each treatment was run in duplicate. it the end of the 

specified number of days, the data were taken. The data 

consisted of a rating given to each chemical according to 

the following scale. 

l---- complete kill 
2----All original plants nearly dead but new 

buds forming 
3----Plants slightly softened or chiorotic 

but will not die 
4----No noticeable affect 

Qualitative 1creenirig Tests: The purpose of this test 

was to eliminate those chemicals which did not exhibit 

marked toxicity toward nacharis. The chemicals were 

applied at the rate of 25 parts per million based on the 

15 liters of water in the jars. jt the end of ten days 

from the time of treatment, the data were taken according 

to the scale set up above. Those chemicals which ranked 1 

or 2 in this test were marked for further experimentation. 
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Quantitative $crecning Tests: This test was designed 

to bring forth those chemicals which were toxic at low con- 

centrations. Only those chemicals which were rated as i or 

2 in the qualitative tests were used in this test. They 

were applied in a series of concentrations consisting of 

two, four, eight, and sixteen parts per million. At the 

end of seven days, the data were taken and each concen- 

tratiori of the chemical was given a rating. 

The reason that the chemicals which ranked as number 

2 were chosen was to determine if their toxicity decreased 

precipitously or gradually as the concentration was de- 

creased. By limiting the length of the tests to seven days, 

the chemicals were limited in the tizne that they could exert 

their influence on the Anacharis. Under actual conditions, 

a chemical would also have a limited time to act upon 

Anacharis because of the shifting of currents and dilution 

of the effective concentration. 

Combination of Chemicals Test: From the quantitative 

tests were chosen those chemicals which received the rating 

of i at the four parts per million concentration. The pur- 

pose of this test was to arrange these chemicals according 

to their toxicity, that is, what chemical is the most toxic. 

Each chemical was applied at one part per million with every 

other chemical. The resulting concentration in each of the 

treatments was then two parts per million. At the end of 
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seven days the data were taken and each combination of 

chemicals were given a rating. Each coibination was 

conducted In duplicate. To facilitate the making of finer 

distinctions in te rating of a chemical, the ranking system 

previously described was modified to include values to one 

half. For instance, a rating of 2.5 would be half way be- 

tween 2 and 3. 

Utilization Experiments: 

ill of the experiments on utilization were conducted 

in the greenhouse except the water holding test which was 

conducted in the chemistry laboratory. Due to unforeseen 

difficulties, sufficient quantities of Anacharis could not 

be obtained to conduct properly designed field tests. Some 

of the Anacharis was ground in a hammer mill, but the more 

coarsely ground material was processed by hand through a 

small grain grinder. The stems in the coarsely ground 

material measured from 3/ to 1/2 inch in length. 

To preserve the continuity of the material presented, 

the details of each experiment are given with the data in 

the next section. 
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EXPERThENTAL RESULTS 

First, the data from the chemical screening tests 
will be presented. The data from the utilization experi- 

znents will be presented last. 

Chemical Screening Tests: 

The data from the screening tests are presented in 

tabular form. The chemicals and their individua], ratings 

are given with the most toxic chemicals in each type of 

test being placed first in the tables. 

Çualitative Tests: Table I shows that acetone was 

suitable as a solvent for most of the chemicals, as it was 

non-toxic at 100 parts per million which is in excess of 

the concentrations used, Furthermore, this table shows that 

the wide array of chemicals used on land weeds are relatively 

non-toxic to Anacharis. Only after a prolonged treatment 

of twenty days did 2,4,5-T eventually kill the plant. 

Early in the process of screening two of the acridines 

were tried. It was noted that 9-amino acridine was toxic 

whereas acridine was not. Concomitantly, safranine O was 

also tried. The safranine O, an azine compound, was also 

toxic. The structural similarity between the 9-amino 

acridine and the azine nucleus of safranine dye suggested 



that the azine nucleus might have marked toxicity for 

Anacharis. The safranine compounds are often dyes; there- 

fore, a number of dyestuffs were tried along with all of 

the available safranine compounds. Those compounds marked 

with an asterisk in Table I are dyes. However, lt should 

be noted that only the safranine compounds proved to be 

toxic. These compounds are safranine O, phenosafron, 

safranin cone, and safranine crystals. 

iìethylene green was also found to be toxic. The 

nucleus of this compound is called the thiazine nucleus 

which differs from the azine nucleus by having a sulfur 

atom in place of one of the nitrogen atoms. Another type 

of compound which is structurally similar to the azine 

compounds is the oxazine compounds. Here one of the 

nitrogen atoms of the ring is replaced by an oxygen atom. 

n example of this type of compound is gallocyanine which 

proved to be non-toxic. 

The presence of the nitrogen in the azine and thiazine 

compounds suggests that it may play a part in disturbing 

the oxidation-reduction mechanisms of Anacharis. These 

nuclei are similar to the nucleus of thiamine which plays 

an importEnt role in the process of dehydrogenation in 

biological systems. 

On the basis of the data presented, there appears to 

be an inherent toxicity in the azine and thiazine nuclei 

for the Anacharis plant. 
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TABLE I 

A Tabulation of the Chemicals and Their Affect 
on Anacharis at 25 Parts Per Nillion. The 
Rating of 1 signifies a Completo Kill; 

A Ratind of 4 Signifies No Affect 

Chemical Rating Remarks 

p-iitrobenzoic acid 1 Bleached and softened 

Pentachiorophenoxy acetic 
acid 

Nercuric bromide 

a-naphthalene acetamide 1 

2,4-dinitrophenyl hydrazine 1 

p-aininodimethyl aniline i 

4,4'-dibromo diphenyl 1 

Jietoqulone 1 

Severely bleached 

Plants dyed black and 
softened 

Çuick1y toxic 

Heptachioropropane i Apparently toxic to 
bud s 

2,6-dichioro-4-nitrophenol i Plants very soft; 
slowly toxic 

3,4-dichioro benzene 1 

2,4-dichiaro quinone i 

Copper diphenyl acetate 1 

5-benzol rhodarnine i Plants soft and green 

p-thiocresoi 1 Ç.uickly toxic 

p-hydroxy diphen1 1 

2, 4-dibromophenol 1 

p-bromophenacyl bromide i 

Dibromo barbituric acid 1 

p-benzyiphenol 1 



LI3LE I (continued) 

Chemical iating Remarks 

o-benzylphenol i 

¿odium pentachiorophenate i Çuickly toxic 

1,3-diphenyl guanidine i 

2-ai;ino-5-diethyl amino 1 
toluene mono HC1 

p-amino dimethyl aniline i 
hydrochloride 

Azoxybenzene i 

2,4,5-T (20 day treatlilent) i 

Allyl-F3.-naphthyl carbaruate i 

i-2-(t-dodecyl mercapto) i Very toxic to buds 

ethyl pyridinium chloride 

Dinitro-oisoprop:j]. phenol 3. 

Fumaronitrile i 

9-amino acridine i 

4-chioro-3-methyi-2-nitro 
phenol 

Dimethyichioro funiarate 

Nitroso beta naphtol i çuickly toxic 

Dinitro-o-isopropyl phenol i 

Iienadione i 

(Alkylbenzyl) trirnethyl i 
ammonium chloride 

2 ,4,6-trichlorophenol i 

2 ,4-dichlorophenotole i 

Rhodamine B* i 
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TABLE I (continued) 

Chemical dating Remarks 

Diphenyl sulfone-2,Lf- 1 Buds appear very soft 
dinitrophenyihydrazone 

Beta methylumbelliferone i 

Fungicide p-162 1 
(Julius Hyrnan & Co.) 

Safrnine O i 

Methylene green* 1 

Phenosafron4 1 Dye penetrated tissues 

3afranin cone4 i Dye penetrated tissues 

Safranine crystals4 i Dye penetrated tissues 
plant crisp 

dhodainin* i 

Olisopropyl dixanthogen i 

2,4,6-triamino benzoic acid i 
trihydrochioride 

Sodium dihydrobenzoyl 2 

acetate 
Beta berizoyl acrylic acid 2 

a_naphthalene acetic acid 2 

p-hydroxy benzophenone 2 

Pheriyl-B-naphthainine 2 

a-naphthyi amine 2 

3 , 5-dinitro-o-cresylate 2 

( Na) 
4,4' ,4"-hexarnethyl tri- 2 

amino triphenyl xiethane 
2,4-dinitrochioro benzene 2 

2 ,6-dibromo-4-nitrophenol 2 

Dibrono flourescin 2 

Çuickiy toxic to older 
growth 

Soft & breaking; new 
buds forming 

Older growth dead; 
new buds forning 

Plants softened and 
breaking 

Plants soft &. breaking 

Older growth tough 

(uickly toxic 

Very little regrowth 
of buds 

Plants chiorotic; new 
growth non-vigorous 



22 

TABLE I (continued) 

Chemical Rating Remarks 

1,4-diphenyl seLAcerbazide 2 Buds stopped growing 

Isopropyl-N-phenyl 2 Internodes not growing; 
carbamate buds form a ball 

Diethylaruiaonium diethylthio 2 
carbamate 

5-diphenyl urea 2 Plants apparently 
not rowing 

Latex 620 2 

Butyl-2 ,k.-dichlorophenoxy 2 
acetate 

l-auinoanthraquinone 2 

p-aminodinaethyl aniline 2 

p-amino phenol 2 

Mucochioric acid 2 

4-amino antipyrine 2 

2,4-dichiorophenol 2 Buds are softened 

Mixed ethyl & dirnethyl 2 Plants soft; few new 
mercptothiazoles buds 

a-chloro-B-naphthol acetic 2 
acid 

Acetone semicarbazone 2 

Acroleiri 2 

Indole-3-acetìc acid 2 

Ihodaine 3* 2 

Phenolphthalein (Na salt) 2 
---------------- ------- ----------------------------- 

iethyl-o-nitrobenzoate 3 

2,4.-dinitrobonzoic acid 3 
(17 ppm) 

2 ,1+-dichloro-1-naphthoxy 3 
acetic acid 

Older ortions chiorotic 



TABLE I (continued) 

Chemical Rating Remarks 

Lead chromate 3 Plants very crisp 
and turgid 

Bismuth subnitrte 3 Plants slimy & softened 
new buds forming 

Cadmunium nitrate 3 Plants chiorotic but 
new buds forming 

onoethyl homophthalate 3 

p-c.lorophenoxy acetic acid 3 New buds tending to 
abcise easily 

2,4dinitrophenyl acetic 3 
acid 

p-nitrophenyl acetic acid 3 

Beta riaphthalene acetic 3 
acid 

2-xnethyl-4-chlorophenyl 3 Poor vigor 
thioglycolic acid 

Hexamethylene tetraainine 3 

p-dimethylariino azophenyl 3 Buds vi:orously 
arsenic acid growing 

Tetraethyl diamino benzo- 3 
phe no ne 

Phenylbenzothioazole 3 Leaves have some 
burning 

4-dimethylamino benzenie-i- 3 New growth forming with 
azo-l-naphthalene good root growth 

p-aminoazobenzene hydro- 3 Slow growth 
chi ori de 

l,3-diìethyl indole 3 

N,N'-diethyl-N,N'-diphenyl 3 urea 
p-dimethylamino azobonzene 3 Insoluble 

Beta hydroxy ethyl-o- 3 New rowth non-vigorous 
toluidine 

2, 5-dichioroquinone 3 

Indophenol 3 

l,5-dihydroxy naphthalene 3 
diacetate 



24 

T1\E31.L I (continued) 

Che;iica1 liatinF Remarks 

2,4...dinitro benzene 3 
sulfonic acid 

Diphenyl-o-.chlorophenyl 3 S1iht bleaching 
phosphate 

2,4-dinitro ±enetole 3 Slow growth 

p-chlororhenetole 3 Non-vigorous 

Ethylene thiocyanate 3 

Flourene 3 Plants slightly 
bleached 

2hydroxv-4-iethy1 3 
quinoline 

Çuinalizarin 3 hew growth non-vigorous 

Geraniol 3 

Eugenol 3 

Isoanyl broLAide 3 Plants tough 

Di-o-cresyl carbonate 3 

Ethyl-N-n-butyl carbaruate 3 

3-chloro-IPC 3 Plant. s nor-vigorous 

Ethylene dicetate 3 Older rowth necrotic 

p-fiouroanisole 3 Older leaves bleached 

2-arninoanthracuinone 3 

l4aleic hydrazide 3 Plants crisp & healthy 
but not rowing - 

2 ,3dichloroproprlidine 3 
dihutyrate(herbicide 1700) 

Benzal-iso-thiourea 3 Older growth bleached; 
new growth normal 

p-iodo aniline 3 J4uch bacterial growth 
in culture 

Aniline hydrochloride 3 

Emulsifyer i-4O0 3 Buds becoming large 



TABLE I (continued) 

Chemical Ratinp Rernerks 

3 ,3'-icA;1ir10-4,4'-c1ihydroxy 3 
diphenyl sulfone 

2-pyriJiniuìi IPC 3 

6-ciuJ.oro-2-arrjjxiotoluene 3 

p-benzylamirio phenol 3 

p-a;nino dimethyl aniline 3 sulfate 
Thianthrene 3 

Di-ch1or--sulphanine 3 
benzoate of soda 

Triphenylci..oro methane 3 

Acridine 3 

Di-n-heptyl acetic acid 3 

p-chloro ethyl-2,4,5-tri 3 
chiorophenyl ether 

2-aniino-4-phenlpl:enol 3 

p-aiiinoacetophenone-2 4- 3 
dinitrophenyl hydrazone 

o-iodoanisole 3 

i{eniatoxylixi' 3 

Orange * 3 

dizarin Red $ 3 

Erytlirosin ii' 3 

Carrnine 3 

Fast .reen FCF 3 

Neutral violet* 3 

Diaiiine gel 3 

Diauine fast brown 3 

25 

Buds necrotic, bleached 
and elonî,ated 
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ThLL I (continued) 
J_- 

I- 

Chemical Rating Remarks 

Diamine black* 3 

Diamine rose 3 

Diamine red 3 

Crysaiine G* 3 
----------- - 0 

Methy1-o-bronobenzoate 4 

Acetone (100 ppm) 4 

Triethanolamine 4 

p-hydrazino benzoic acid 4 
(17 ppm) 

p-flourobenzoic acid 4 
(17 ppm) 

3 , 5-dinitro-2-rnethyl 4. 

benzoic acid (17 ppm) 
Sodium-o-benzoic sulfimide 4 

Glycerol tribenzoate 4. 

iethy1-p-nitrobcnzoate 4 

2,5-dinitrobenzoic acid 4 

Ethyl-p-aLinobenzoate 4 

2-broiio-3-nitro benzoic 4. 

acid 
2,4,5-tri chiorophenoxy 4 

acetic acid 
2 ,4,6-trichlorophonoxy 4 

acetic acid 
2-(4'-chlorophunyl) phenoxy 4 

acetic acid 
2-chloro-4-t-butyl phenoxy 4 

acetic acid 
2.-(2'-chlorophenyl)phenoxy 4 

acetic acid 
tannous chloride 4 



TABLE I (continued) 

Chemical Rating Remarks 

Chromium sulfate 4 

Barium nitrate 4 

Ethyl benzoate 

p-naphthyl benzoate 

Potassium hydrogen-rn- 
suif abenzoate 

T et rahydrofurfuryl 
benzoate 

L-propyl carbanilate 

Ethyl benzoyl acetate 

Potassium antimonate 

2 , 4-dinitro-l-naphthol-7- 
sulfonic acid 

L)lphenyl-p- j '-di suif onic 
acid 

-hydroxy quinoline-5- 
sulfonic acid 

2, 3-dichiorodioxane 

Diphenyl sulfoxide 

2 ,4-dichlorophenyl-4- 
toluene sulfate 

2 ,4-dinitro anisole 

2 , 5-dichioro benzene 

2-ethyl mercapto benzo- 
azote 

1-benzoyl-.2-thiohydantoin 

2,4-dinitro toluene 

gallo cyan me 

Ethyl acetanilide 

Dicyandiaide sulfate 

4 

4 

4 

4 

4 

1 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

Few buds growing 
vigorously 

Very good growth 

27 
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TABLE I (continued) 

Ghei3ica1 Rating Rerinirks 

Djthiooxaiijde 4 

Betine hydrochloride 4 

Hydatoin 4 

Phenoxyacetamide 4 

p-iodoacet&nhiide 4 

Ethyl-.S-ethylxanthate 4 

Diphenyl thiocarba'i.ide ¡4. 

p-chlorophenyl diiiiethyl 4 ure a 
3odiur-2-naphtho1--7- 14. 

suif onate 
L-propyl carbanilate 4. 

Ethyl benzoyl acetate 4. 

Potassium antimonate 4 

Lithium nitrate 4 

o-phenylene diacetonitrile 4 

2,4-dichioro phenoxyethyl 4 Plants growing vigorously alcohol 
o-phenylene acetic acid 4 

Di-o-cresyi carbonate 4 

p-methoxy benzophenone 4 

cetophenone 4 

J3enzil 4 

2,3-diriiethoxy berizaldchyde 4 

p-hydroxy phenyl arsonic 4. 

acid 
Anisaldehyde 4 
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TABLE I (continued) 

Chemical Rating Remarks 

Chioranil 4 

n-heptaldoxime 4 

Tert-amyl urea (mono) 4 

Dephenylnitroso amine 4 

Dimethyl-p-toluidine 4 

2,4-dichioro aniline 4 

3-diphenyl thlourea 4 

2,4-dinitro resorcinol (Na) 4 

9,10-dibromo anthracene 4 Insoluble 

Diphenyl sulfone 4 

Ethylene diforrnate 4 

l,-d1hydroxy disulybenzene 4 

Diphenyl formamidine 4 

Salicylacetic acid 1 

Phenyichioroacetate 4 

t-butyl urea 4. 

2-hydroxy-4-methyl 4. 
quino i ïne 

4h,3-dimethyl 4. 

benzene 
4-hydroxy-1 , 2-diiaethyl 4 

b e ri z ene 
5-hydroxy-1 ,3-dimiiethyl 4. 

benzene 
2,4-dichioro bcnzoic acid 4 

6-chloro-2-toloxy acetic 4 
acid 

3,4-dichioro benzoic acid 4 
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TABLE I (continued) 

Cheica1 1ating Remarks 

p-bromo aniline 4. 

Ui-p-carbonate 4 

Di-p-cresyl carbonate 4 

a,B-dibromo butyric acid 4 

Beta dithiodigJ.ycol 4. 

p-chloroaniline 4. 

2-chioro-5-hydroxy toluene 1+ 

o-bromophenol 4. 

o-hydroxy benzyl alcohol 4. 

Phenylthio urea 4 

Disodiuia endoxohexahydro- 4. 

phthalate ( endothal) 
7-iodo--hydroxy quinoline 4 

sulfonic acid 
Nethyl-p-iodo benzoate 4 

4.-4'-dihydroxy diphenyl 
sulfone 

Dihydroxy diphenyl sulfone 4. 

2,4-dihydroxy diphenyl 4 
sulfone 

4-4'-dichloro--3-3 '-dinitro 4. 

diphenyl sulfone 
4-4' -diauinodiphenyl 4. 

sulfone 
3-arninophthal hydrazide 4. 

2-amino benzo thiazolo 4 

.&cetyl-a-naphthalamine 4. 

4-wuino-1 ,3-dirdethyl 4. 
benzene 
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TABLE I (continued) 

Chemical Rating Remarks 

Tetraraethyl diamino 4 
benzophenone 

p-amino acetanilide 4. 

Thioacetanilide 4 

2-chloroethyl--2-nitro 4 
carbanilate 

p,p'-diamino diphenyl 4 
methane 

o-isopropyl-\-2 ,4-dichloro 4 
phnyl carbarnate 

a-naphthyl isopropyl 4. 

e arb amate 
o-isopropyl-N-bromophenyl 4. 

carbamate 
2-ch1oro-L-N-diethyl- 4. 

ethylarnine hydrochloride 
o-isopropylaniline 4. 

carbazaate 

Furfuryl carbanilate 4 

Benzoyl acrylic acid 4 

Axrmonoim rhodanilate 4 

2-methoxyethyl carbanilate 4. 

-aniino-6-methoxyquinoline 4 

2-aminopyridlne 4 

3-axuinopyridine 4 

Sodium tetrabrome 4 
flurescein 

Orcinol 4 

B-naphthol isocyanate 4 

Ethyl-2 ,4-dichlorophenyl 14. 

format e 
p-aminobcetophenone 4 
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TÀBL I (continued) 

Chemical Rating iiernarks 

m-phenetidine 4. 

Hydrazine sulfate 4 

Phenyl ethyl acetic acid 4 

Ethylene thiourea 4 

3,t-demethyl phenoxy acetic 4 
acid 

2 ,4-dichloro-o-phenyl-gamrna-4 
chioro propyl ether 

2,4.-dichiorophenoxy ethyl 4 
alcohol 

$odium-2,1,3-benzo triazyl 4 
a ce t at e 

odiurn-1,2,3-benzo triazyl 4 
acetate 

Jodiuiii-2 , 3 , 5-trllodo 4 
benzoate 

Furfural 2,4-dinitro 4 
phenyl hydrazone 

Furfural semicarbazone 4 

itcetone-2,4-dinitro 4. 

phenyl hydrazone 
Ìiethyl isobutyl ketone 4 

seruicarbazone 
Acetophenone 2,4-dinitro ¡4. 

phenyl hydrazone 
flicotinic acid 4 

2-amino anthraquinone ¡4. Insoluble 

Pyridoxine 4 

Sodium aconitate 4 

Azelaic acid (Na salt) 4 

Sodium fumarate 4 

p-amino acetophenozie 4. 

semi carbaz one 
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TABLE I (continued) 

Chernic.i1 Rating Remarks 

Diphenyl sulfone 4. 

semicarbazone 
Anthraflilic acid 4 

Alloxan 4. Plants very turgid 

n-heptaldoxine 2,4- 4 
dinitro phenyihydrazone 

Abietic acid 4. 

Hercolyn 4 Sorne of chemical 
adhered to leaves 

2-arriino-4- (p-dipheriyl) 4 
th i az oie 

Phenamine blue It 4 

Triamine blue 4. 

Azomauve B* 4 

Azofuchsin2 4 

Diphenyl black* 4 

2-amino-1 , 4-dimethyl 4. 

benzene hydrochloride 
Diainine dark blue* 4 

Dianiine orange J* 4 

Cochineal red* 4 

Violaniine* 4 

Ceraslne* 4. 

Nitrosarnine rod' 4. 

Chiorophenine orange R* 4 

Naptamine blue 4 

2-amino-p-cyiuene 4 
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TABLE I (continued) 

Cherxiical Rating Remarks 

3odium N-l-naphyhyl 4. 
phthalainate 

N-2-chlorophenyl phthalamic 4. 

acid (lo ppm) 
Sulfapyridine 4. 

Julfamerizine 4. 

Suif aguanidine 

Suif 1diaz me 

2-hydroxy-1 ,4-dixnethyl 
benzene 
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uarìtitative Tests: The data from the quantitative 
tests are arranged in Table II. The more toxic of the 

chemic&ls appear first in the list. Fiore the safranine 

compounds and quaternary ammonium compounds stnd out as 

the types of compounds that are the most toxic. This test 

again points out that the azine nucleus has marked toxicity 

toward Anacharis, Also, it should be noted that nitro:;en 

appears in the ring of all of these compounds except the 

(alkylbenzyl) triniethyl ammonium chloride. 

Tne fun»icide p-162 is a compound having a hL.h 

chlorine content. The structure and name of the compound 

is confidential. It is a volatile soil fungicide still in 

the experimental stages. 

On the basis of solubility, the following chemicals 

could be grouped as water soluble: Safranine cone, 

$aIranine crystals, Phenosafron, l2-(t-dodecylmercapto) 

ethyl pyridinium chloride, Rhodamine 13, Ithodamine 3, 

(alkylbenzyl) trimethyl ammonium chloride, and p-amino- 

dimethyl a.1line hydrochloride. It should be noted that 

this group is largély situated at the beginning of the 

table among the most toxic chemicals. 

Combination o! Chemicals Test: This experiment was 

designed tO :jV@ the order of to:icity of the most toxic 

CICilCLi5 thus far. Those chemicals which were ranked J. 

at the four parts per million concentration in the 
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TABLE II 

The Ratings of Cheznicais as Determined at Various 
Concentrations. Rating i Signifies a Complete 

Kill and 4 Signifies o Affect 

Concentration in ppm 

Safranine cone i i i i 

Funic1de p-i62 I i i i 

(Julius Hyman Co.) 
2-niethyl--naphthoquinone i i 1 2 

( wenadione) 
$afranine crystals i i i 2 

1-'henosafron i i i 2 

pj-bromo phenacylbroniide i i i 2 

l-2-(t-dodecylriercapto)ethyl i 1 1 3 

pyridiniun chloride 
(alkylbenzyl) trimethyl i 1 1 4 

aiamonium chloride 
Heptachloro propane i I 2 3 

Sodium dehydrobenzoyl acetate 1 1 2 4 

5-benzal rhodanine 1 1 2 4 

p-thiocresol 1 1 2 4. 

2,6-dichloro-4-nitrophenol 1 1 3 4 

Rhodamine B 1 1 3 4. 

p-naphthylamine 2 2 3 4. 

dxed ethyl and dirnethyl 2 2 4. 4 
mercapto thiazoles 

4-chloro-3-methyl-2-nitro 1 3 4 4 
phenol 

3,4-dichloro nitrobenzene 1 3 4 4 

3,5-dinitro-o-cresol 2 3 4 1. 

Rhodatuine S 2 3 4 4 

Beta-methyl umbelliferone 2 3 4. 4 



TABLE II (continued) 

Chemical 16 

p-aininodixaethyl aniline 2 

hydrochloride 
2-amnino-5-diethylaminotoluene 2 

Nitroso beta naphtol 2 

5-arrino-1,3-dimethy1 benzene 3 

2,4-dichioro phenetole 2 

phydroxy diphenyl 2 

izoxybenzene 2 

o-naphthylamine 2 

a-naphthalene acetic acid 3 

Beta benzoyl acrylic acid 3 

o-benzyl phenol 3 

2 ,4,6-trichlorophenol 3 

p-amino acetophenone 4 

pentachioro phenoxy acetic 4 
acid 

1-amino anthraquinone 4 

Acetone 2,4-dinitro phenyl 4 
hydrazone 

4,4',4."-hexarnethyl triamino 4 
triphenyl methane 

tert-butyl urea 4 

o-hydroxy diphenyl 4 

4,4'-dibromo diphenyl 4. 

o-nitrobenzoic acid 4 

1,3-diphenyl guanidine 4 

2,4,6-triamino benzoic acid 4 

ti 

3 4 4 

3 4 4 

3 4. 4 

3 4. 4. 

4 4 4 

4 4 1 

4 4+ 4 

4 4 1+ 

4 4 4 

4 4 4 

1 4 4 

II. 4 4 

4 4 4 

4 4. 4. 

4. 4 4. 

1 4 4 

4 4 4. 

4 4 4. 

4. 4 4 

4 4 4 

4 4 4 

4. 4 4 

4 1f 4 
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quantitative tests were chosen for this test. The data 

froíii this experiment are presented in Table III. Due to 

the difficulty of including the long names of the cheri1cals 

in the table, they are designated by a number. Table IV 

is a list of the chemicals and their corresponding numbers 

from Table III. These chemicals are arranged according to 

the mean of their rank. The mean of each chexnicsl is based 

on the grand total. The grand totl is the sum of the 

totals obtained from adding down the table and from adding 

across the table for each chemical. 

In Table IV it should be noted that the safranine 
compounds are the most toxic. This tends to support the 

suggestion that the azine nucleus might have certain 
properties that cause it to be particularly toxic to 

itnacharis. 
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Tid3LE III 

Data on the Interactions 01' Chemicals Applied at 
25 PPh. The Values are Ratings on a Scale 

of i to 4. in which i is the Îost Toxic 

Chemicals: 1 2 3 4. 5 6 7 : Totals 

1 4.O 4.0 

2 
: 

2.0 2.5 : 4.5 

3 : 3.0 2.5 2.0 : 7.5 

4. ¡ 2.5 2.5 3.5 2.0 : 10.5 

5 : 2.0 1.5 2.5 2.0 2.0 : 10.0 

6 : 2.5 3.0 2.5 3.0 2.5 2.5 ¡ 16.0 

7 : 4.0 3.0 3.0 3.0 2.5 4.0 4.0 : 23.5 

4.0 2.5 4.0 3.0 2.0 14.0 4.0 4.0 : 27.5 

Totals 2b.0 22.0 24.0 23.5 19.0 26.5 31.5 31.5 

Averzes 3.1 2.4 2.6 2.6 2.1 2.9 3.5 3.5 
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TABLE IV 

Chemicals which ¡ire the Most Toxic to Anacharis 
Arranged iccording to Their Toxicity. The 

Numbers are Those Used in Table III. 

Number : Chemical Average Rank 

5 : Safranine cone 2.1 

2 : Phenosafron 2.4 

4 : 3afranine crystals 2.6 

3 : 2-methyl naphthoquinone 2.6 

6 : Fungicide p-162 2.9 

i : i-2(t-dodecylmercapto) 3.1 

: ethy1 pyridinium chloride 

(alkylbenzyl) trimethyl 3.5 
ammonium chloride 

7 : p-bromophenacyl bromide 3.5 

iLesults on the Utilization of Anacharis: 

Before any material can be used for biological 

experiments, a chemical analysis should be made of the 

material. Therefore, a list of the comparative chemical 
analyses of Anacharis densa, Anacharis canadensis, and 

alfalfa is given in Table V. The data for Anacharis densa 

was determined in the Agricultural Chemistry Department at 

Oregon State College, and the data for Anacharis canadensis 

and alfalfa was obtained frorí Nelson. (21, p.27) 
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TABLE V 

A Comparison of the Nutritive Value of Anacharis 
densa, Anacharis cnadensis, and Alfalfa. 
Values are Expressed as Percentages 

of Dry eight of Plant 

Materials A. densa . cana. ¡afalfa 

Dry matter 8.25 7.52 29.39 

Ash 20.00 21.80 7.72 

Crude protein 20.00 26.80 17.20 

Ether extract 1.21 3.53 1.88 

Crude fiber 15.42 15.39 35.60 

N-free extract 30.00 32.40 37.40 

Calcium 1.22 2.80 1.44 

Silicon dioxide 8.77 6.28 0.10 

Phosphorus 0.39 0.57 0.15 

kanganese (ppm) 3360.00 3310.00 47.00 

Cobalt (ppm) 10.00 

From the above table, one may see that Anacharis 

densa compares favorably with alfalfa as a forage from a 

chemical analysis standpoint. The table also shows that 

Anacharis will add nutrients to the soil if it is used as 

a fertilizer or a mulch. 



42 

bi1ity of nacharis to Absorb and Hold ater: As 

one of the functions of a mulch is to conserve moisture, 

this experiment was conducted to determine the relative 

ability of Anacharis to absorb and hold water. 

Twenty grams of coarsely ground Anacharis, peat moss, 

and alfalfa were put into individual beakers. To each was 

added about 300 milliliters of water, and they were then 

allowed to set for 24 hours. hfter this time the beakers 

were inverted over burner screens fastened to ring stands. 

after 30 minutes the materials had stopped dripping, and 

the first weighings were made. These weighings were 

continued, for four days at four hour intervals. 

The data were plotted as grams of water lost. This 

graph appears in the following Plate I. It was noticed 

that Anacharis would swell up to two and one half times 

its dry volume when sufficient water was added to it. The 

other materials did little or no swelling. Although peat 

moss is known to have the ability to absorb much water, 

Anacharis appears to be equally efficient or better. 

Plant Aesponse Test: Now that the picture of the 

nutrient value nd the water holding capacity of Anacharis 

has been presented, the question arises as to the plant 

reaction to th material. Accordingly, an experiment was 

conducted to determine the fertilizing value of Anacharis 

in relation to the length of time required for decomposition. 
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For this experiment, nurber 10, gallon-size cans 

were used as containers and were filled with Newburg silty 
clay loam. In six of the cans, finely ground Anacharis 

was mixed with the soil at the rate of 500 pounds per acre 
and to another six at the rate of 1000 pounds per acre. 
These were carried on in duçlicate tith comion rye grass 
used as the indicator plant. Plantings were made in these 
cans at weekly intervals from zero to five weeks after the 
aduition of the Anacharis. At each planting tibie, two 

untreated cans were also planted for controls. About one 

month after each planting time, the grass was harvested 
and the data recorded as grams of green weight. 

Each of the two rates and the controls were averaged 

and the difference between the treatment and the control 
was divided by the control. These values were then 
plotted on a graph shown in Plate II. The data shows the 

percentage increase of weight of grass over the controls 
for each time of planting. It can be seen that in the 

Anacharis treated soil there is a great decrea;e in the 

rate of growth at the three week stage of decomposition 

Corirarison of Anacharis with Organic }itroen 
Fertilizers: On the basis of the preceding experiment, the 

question now arises as to how Anacharis will compare with 

other riaterials often used as organic nitrogen fertilizers. 
To arser this question, an experirrient was conducted in the 
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greenhouse usin plastic flower pots as the containers. 

AstorIa beritgrass was used as the indicator plant. ill 

materials were well mixed with the surface two inches of 

the soil, and they were applied at the rate of 30 pounds 

of nitrogen per acre. All the materials were finely 

ground. Unfortunately, using the finely ground Anacharis 

was not the best manner in which to compare Anacharis with 

the other fertilizers for reasons which will be pointed 
out later. 

The experimental design was a split plot with three 
replications and three times of harvest. The data were 

taken as grams of green weight. The materials used and 

the nitrogen percentage of each are listed below. 

Anacharis. . 1 1.1.1.3.0 
Fish meal...... . .., .11.5 
Cotton seed rneal,..,.6. 
Digester tankage....11.1 
Linseed rneal......,,.5.6 
Soybean meal.........6.4 

The data are recorded in Table VI. Table VII is an 

analysis of variance of this experiment. It should be 

noticed that in Table VI the Anacharis is the lowest 
yielding treatment of any. By applying the L.S.D. of 

0.30 grains, the Anacharis is shown to be significantly 

lower than the control. Dut, when the totals for the 

individual times of harvest are compared; it can be seen 

that this low yield of the Anacharis treat:aent can be 



TABLE VI 

The Yield in Grams of Green Leight from Various Fertilizer 
iateria1s taken on Three Consecutive Dates 

Time of Harvest 

: Replications : : Replications: : Replications: 
Materials : i 2 3 :total: i 2 3 :total: 1 2 3 :total:hve. 

nacharis 
. 

4.5 3.9 4. 
. 

;13,2 
. 

l.4 1.6 

. 

1.5; 
. 

;3.6 2.2 

. 

2.0; 7. 

e 

2.3 

Controls 

. 

: 

: 

e 

6.9 

e 

: :l.7 
. 

: 

:3.3 
. 

2.0 
: 

: 

1,1: 
.. 

6.4 
: 

:1.4. 
. 

1.4 
e 

: 

1.6: 
: 

J4 : 

: 3.27 
e 

: 

e 

: : 

. e 

: : 

Cotton . : : :. : 

seed m. . s.2 

: 

8.2+ 8.5 :26.1 
: 

:2.4 
: 

1.7 1.4: 
: 

5.5 :1.0 2.3 1.6. 4,9 : 4.05 

'l'ankage 
: 

9 9. :27. :1.1 1.9 1.7: ¿.7 :1.6 1.9 l.a. 5.3 : 4.20 

Fish ItkCdl 7.3 9.5 1O. :27.6 :2.3 2.2 1.3: 5. :2.0 2.0 l.a. 5. : ¿-.35 

Linseed xii. .11.3 10.2 .7 :30.2 :1.4 1.4 2.0: 4. :1. 2.1 1.7. 5.6 : 4.51 

oybean ni. ELi 10.4. 11.0 :2v.) :2.9 1.7 1.6: 6.2 :2.2 1.9 2.0. 6.1 : 4.64 

L.J.). equals 0.39 at (.05) level 



accounted for in the first time of harvest. The subse- 

quent times of harvest show that hnacharis compares 

favorably with the other materials. This experinient shows 

that it is .:uring the early stages of decomposition of 

Anacharis that the growth of grass is inhibited. The 

data indicates that Anacharis will compare favorably with 

the other organic nitrogen ferti1iers if it is given 

sufficient time to decompose past the toxic stage. 

T1ELE VII 

The hnalysis of Variance of the Yield of Various 
Fertilizer Iviaterials from a Greenhouse Experthent. 

Variation : Sum of :Degrees: ¡ean 
Due to: : Squares : of : Square : F 

: :Freedom: 
. . . 0 

Replications : 1.01 : 2 : .505 : 1.05 

Iaterials 
: 

: 24.34 
: 

: 6 
: 

: 4.09 : 

iteps X Later.(error a) 5.79 : 12 : .4 
+ -------- + -------- 

Tiizie :571.83 : 2 :25.91 .277.5* 
: : 

Time X iiater. : 59.49 : 12 : 4.95 : 

Time eps : 7.63 : l.4 : l.7 

Time X Mater. X : 24.3 : 24 : 1.03 
Reps(error b) : : 

Total :694.5 
. 

: 

O 

62 : 

t O 

*Significant at the (.05) level 



1.7 

Determination of Toxic 3ubstances in Anacharis: 

The purpose of tuis experiiaent is to deterdne definitely 

if there is a substance in Anacharis that is toxic to 

grass. ot knowing what type of substance might be 

present, both ether and water were used as solvents. 

To each ten grams of finely ground Anacharis in a 

beaker was added 75 milliliters of ether. This was stirred 

occasionally and let stand for two hours. The solution 

was then filtered throu a buchner funnel and the residue 

washed with an additional 25 milliliters of ether. The 

residue of Anacharis was dried and saved for future use. 

The filtrate was evaporated by putting it in a vacuum 

desicator. The residue left behind after the evaporation 

was a viscous, amber liquid having acrimonious properties. 

This extract was then mixed with a pyrophylite dust in 

such proportions that one gram of dust contained the 

extract from 2.5 grams of Anacharis. 

For the water extract about 150 milliliters of water 

had to be added to each ten grams of finely ground 

Anacharis. The Anacharis has a marked tendency to swell 

when wetted. The mixture wa let stand for two hours and 

filtered through a buchner funnel. The residue was washed 

with an additional 50 milliliters of water, and then the 

residue was dried and saved for future use. The filtrate 

was evaporated from a large clock glass under a red heat 



lamp. The residue left from this evaporation was mixed 

with sufficient 80 per-cent ethanol to facilitate making 

a pyrophylite dust. The proportions of the dust were such 

that one gram of the dust contained the extract from 1.25 

grams of Anacharis. 

To determine if these extracts were toxic, the dusts 

were mixed into the surface of soil. The containers for 

this soil were plastic flower pots. The amount of dust 

added to each pot was equivalent to 110 pounds of Anacharis 

per 1000 square feet of area. Astoria bentgrass was used 

as the test plant. The treatments were conducted in 

duplicate and consisted of the following: 

1. Control (only pyrophylite added) 
2. itnacharis extracted with water 
3. Water extract from Anacharis 
4. Anacharis extracted with ether 
5. Ether extract of Anacharis 
6. Untreated, finely ground Anacharis 

Quantitative data were not taken on this experiment. 

The water extract from Anacharis and the Anacharis minus 

its water extract allowed the grass to grow as well as 

the untreated Anacharis. There was a striking difference 

in regard to the ether extract of Anacharis, however. 

Figure I shows the relative differences caused by extract- 

ing the ether soluble substances from Anacharis. On pot C 

the ether extract was applied which caused an almost 

corítplete inhibition of growth. The Anacharis from which 
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Figure 1. The toxicity of the ether extract 
of Anacharis. The extract was applied to 
pot C. The Anacharis from which the extract 
was taken was applied to pot A. Fot D has 
unaltered JLnacharis applied to lt and pot B 
is the control with pyrophylite added. 
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this extract wa taken was applied to pot A. Notice the 

large increase of growth in pot A over pot D which had 

untreated Anacharis. The pot B is the control with only 

pyrophylite added. 

Test of Coarsely Ground Anacharis: In the previous 

utilization tests, the Anacharis was finely ground. ilso, 

the toxicity test indicates strongly that a toxic sbstance 

is present. It was thought that if the Anacharis was 

applied to the soil in a coarsely ground condition, this 

toxicity might not be as readily available and consequently 

not inhibit growth to an aprreciable extent. To have 

comparable results, an experiment was set up in the exact 

manner as the plant response test mentioned earlier. Only 

one rate of hnacharis was used and that was 500 pounds per 

acre of coarsely ground Anacharis. The data were plotted 

as the percentage of increase of weight over the controls. 

This graph appears in Plato III following this page. Notice 

that at the three week stage of decomposition, the percent- 

age increase over the check is the converse of the results 

obtained in the plant response test. However, instead of 

continuing to rise as in the plant response test, the 

percentage Increase dropped. This might have been caused 

by delayed release of the toxic material by bacterial 

decomposition because of the Anacharis being coarser. It 

might also have been caused by the environmental conditions. 



50a 

Yee1c1y Stage of Dec000ttton when Planted 
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Comparison of Peat ioss arid Anacharis as a ìulch: 

The final test for the deternination of the agronomic use 

of nacharis is to determine its value as a mulch, It 

was decided to compare Anacharis with peat moss which 

is good mulch commonly used. Because mulches are often 

used in establishing new laris, Astoria bentgrass was 
used as the test plant. 

Greenhouse flats having one and one half square feet 

were used as the soil containers. These flats were divided 

into halves which provided for two treatments. The grass 

was grown in a sandy loam from a river bank. After plant- 

ing, the materials were applied as a mulch. The amount of 

water needed by the plants was judged by the controls. 

hen the controls needed water, an equivalent amount of 

water was given to each of the mulch treatments. This 

experiment was designed as a randomized block with seven 

treatments and two replications. The treatments and the 

data, which are grams of green weight, are given in Table 

VIII. The rates are expressed as fractions, i.e. 100/1000. 

This means 100 pounds of material per 1000 square feet of 

area. In Table IX Is an analysis of variance of the 

experiment. The treatments were significantly different 

at the one per-cent level, 

It can be seen from the data that Anacharis was far 

superior to peat moss for mulching purposes in this 

experiment. Jthough there is considerable variation 
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between the different rates, even the lightest rates of 

Anacharis fostered a good growth of the grass. Figures 2 

and 3 graphically portray the differences between the 

treatments. 

TABLE VIII 

Green 'Veight in Grains of Astoria Bentgrass 
ì&ulched with Anacharis and Peat iioss 

1- - S 

Material & kate Rep i : Rep 2 Total : 
Average 

Anacharis 100/1000 ; 23.50 21.57 : 45.07 : 22.53 

100/1300 9.10 : 20.0 : 29.90 : 14.95 
: 

100/1600 : 16.60 : 32.92 : 49,52 : 24.76 

Peat moss 100/1000 : 3.30 : 3.90 
¡ 

: 7.20 : 3.60 

100/1300 : 3.7 : 3.52 : 7.39 : 3.69 

100/1600 : 14.40 : L76 : 23.16 : 11.5 

Controls : 3.72 : 3.45 : 7.17 : 3.5e 

L.S.0. equals .47 at (.01) level 

TABLE IX. Analysis of Variance of the Yield from 
nacharis and Peat O88 iu1ches. 

Variation : Suis of Squares :Degrees Nean 
Due to: : : f Square F 

:preedor 

Replications : 29.1 : 1 : 29.1 1.75 
Materials 973.95 6 162.32 9.57* 

Error l0la1 : 6 16.96 
Total i 205.57 13 

Si;nihcant at (.01) level 
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FIgure 2. The use o1 Anacharis densa as a 
mulch. The control is on the left and the 
Anacharis mulch Is on the right. Astoria 
bentgrass Is the indicator plant, 



Figure 3. A comparison of Anacharis and
peat moss as a mulch for establishing
grass seedings. The Anacharis mulch is on
the left. Both materials were applied
at the rate of 100 pounds per 1300
square feet of area.

54
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DISCUSSION 

The 25 parts per million concentration used in 
screening the chemicals was an arbItrary amount. It 

appears lo.;ical to began testing at a low concentration, 

however. tLssume that it is desirable to treat a lake, one 

mile on a side and ten feet deep, with a chemical at four 

parts per million. Furthermore, assume that this cheriical 
costs ten cents a pound--a very cheap chemical. We have, 
then, 6,400 acre feet of water, and each cre foot weihs 
very nearly 2.7 ¡illion pounds. Thus, at four parts per 

illion, it would recuire lO. pounds to treat an acre 

foot; and it would require 64,000 pounds of chemical to 

treat the lake. At ten cents a pound, this would mean an 

expenditure of 6,400 dollars to treat this lake. In this 

case the lake is fairly small; the chemicals are cheap, 

and the concentration of cheuiical used is low. The reader 

can now irnaine the expense of actually treating a real 

lake. This brings forcibly to mind the necessity of 

findin a chemical that is very toxic at low concentrations 
as well as being cheap. ilth the practicd control of 

Anacharis by chemicals in mind, one would logically start 

screening at; low concentrations. 

If the chemical was ;ot soluble in water, there would 

be the added expense of the other solvent and an eiulsifier. 
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Also, the concentration of the chemical would probably 

have to Le hi1ier than that indic-»ed by experiments in the 

labortory. The chemicals used in the laboratory were used 

under more nearly optimum conditions than would be found in 

the field. Furthermore, the shifting of currents would 

affect the time of contact of the chemical with the weed es 

well as the concentration. 

The question arises as to how the chemicals would 

affect the fish. This could only he determined by specific 
tests on fish with the chemical in question. However, the 

important thing to remember is that if a large volume of 

aquatic weeds were killed by a chemical, the added load of 

decomposing organic matter in the water would take most of 

the oxygen out of the water. It is likely, therefore, that 

many fish would die from the lack of oxygen even if the 

chemical were non-toxic to them. 

f:ven though it anpears that chemical control of 

Anacharis is impractical on a lake basis, the screening of 

chemicals on Anacharis could have much practical value. 

For hih value waterways such as in irrigation systems and 

small ponds; the chemical control of Anacharis may be 

economicelly feasible. Also, it is reasonable to assume 

that these chemicals would be toxic to many other sub- 

merged aquatics which often are troublesome. 



57 

These chemicds may also have a value in the field of 

weed control on the land. The fungicide p-l62 is reported 

to have been used as a pre-ernerent at the rate of 40 

pounds per acre. 

This work on the screening of chemicals has brought 

out the importance of the physical properties of chemicals 

in relation to their use as a herbicide. Most of the 

chemicals toxic to Anacharis were water soluble. This 

signifies that the chemicals were polar compounds. This 

may indicate that the more polar compounds have greater 

ability to penetrate the plant. 

It was found that the vapor pressure of a compound 

affects its properties as a herbicide. The first tests 

with the volatile soil fungicide showed that this compound 

was very toxic. This was during the winter month of 

January. hen later tests were conducted during the warmer 

months, the compound did not appear as toxic. The odor of 

the compound was riot nearly as noticeable during the warmer 

months. The higher temperatures caused the fungicide to 

dissipate and lower the effective concentration. 

It was brought out in the review of literature that 

the quaternary salts are surface active compounds often 

showing toxicity. (17, p.110) The pyridinium and ammonium 

chlorides found to be toxic in this study are examples of 

this type of compound. The safranine dyes were also found 



to be particularly toxic to ¡nachiris. It may be that the 

azine nucleus of the safrartine compounds is specifically 

toxic to hnacharis. The field of selective toxicity is 

based on slit physical or physiological differences 

betwe6rl species. That is, the undesirable species is more 

susceptible to a drug than the desireble species. In the 

case of Ànacharis, we are looking for susceptible spot in 

its chaixi of biological processes. The above mentioned 

compounds may fit into this susceptible spot in Anacharis. 

It is suggested that these compounds may well serve as a 

basis for future studies in t e search for chemicals toxic 

to Anacharis. 

The data accumulated in this study are not sufficient 

to formulate a theory as to why these chemicals are toxic. 

however, there are indicative points tht should be brought 

out. The surface active ouaternary compounds may act 

through adsorption on the cell membranes, or they may have 

marked ability to penetrate the cell membranes. The 

nitrogen in the azine nuclei of the safranine compounds may 

take part in oxidation-reduction processes. The safranine 

compounds are fairly easy to oxidize and reduce. Depending 

on the constituents on the azine nucleus, it would be 

possible that safranine compounds could also act through 

chelation and thereby tie up SOIIÌC of the essential minerals 

in the plant. 
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Judging from the low concentrations of two and four 

parts per million at which these chemicals were used, they 

appear to function as antimatabolities. That is, they may 

interfere directly with some enzymatic function in the 

plant. Notice that the 2-methyl-naphthoquinone is one of 

the K vitamins, but it has a high toxicity toward Anacharis. 

Although vitamin K does not have a known function in plants 

at this time, this compound may interfere with a function 

in the plant requiring one of the K vitamins. 

The exact structure or name of the safranine dyes 

used in this study is not known exactly. The names used 

are those which were on the containers from which they 

were obtained. It is thou.ht that the phenosafron used 

in this study is Diamino-phenyl-diphenazonium chloride. 

Phenosafranine is reported by Sexton (27, p.205) to exhibit 

toxicity. This is probably the same compound as the pheno- 

safron reported in this study. 

One of the difficulties in studying biological 

material is the obtaining of quantitative data. The screen- 

ing of chemicals offers the same difficulty. Gustaf son 

analysed 17 compounds by seven different tests. Each of 

the 17 compounds reacted differently in the seven tests. 

(il, p.653) No one test is sufficient to classify a 

compound. The test should be chosen in accordance with 

the information desired. Offord describes a method of 
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estiìíiating the phytocidal action of chemicals. (23, p.475) 

However, this method utilized visual characteristics each 

of which were given a rating. In this study, the writer 

found that the indical ions and reactions given by the 

plant itself was the most practic.l basis on which to 

take data. 

The finding of a toxic substance in Anacharis when it 

15 used as a nitrogen fertilizer may limit the use of it 

in the early stages of its decomposition. This toxicity 

does not appear when the plant is used as a mulch, however. 

On this basis, one might assuxrie that the toxicity is mani- 

fested only when the material is under conditions which 

favor r.pid bacterial action as is found in the soil. 

Decomposition can take place more rapidly if the material 

is finely ground which will result in a sudden release of 

the toxic substance. Thus, the iiore coarsely ground sub- 

stance should exhibit less toxicity towards grass. 

Another factor that appears to affect the release of 

toxicity, besides the stage of decomposition, is the rate 

of application of Anachaiis. Plate II shows that the 

1000 pound rate of application did not suppress the growth 

of grass as much as the 500 pound rate. It is not known 

whether this is within tie limits of experimental error or 

is a. real difference caused by other factors. It is sug- 

gested that a more complete experiment be conducted with 
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nacharis usin it in various staes of mechanic1 sub- 

division and various rates. 

It is realized that Anacharis could not be used 

extensively as a nitro-)en fc.rtilizer as it is quite low 

in nitrogen. But, when it Is used as a mulch; ïts nitro en 

content cannot be overlooked. At the rate of lOO pounds 

of Anacharis per 1600 square feet, close to O pounds of 

nitrogen per acre is added. On the basis of the water- 

holding capacity of Anacharis and the results of the 

mulching experIment, Anacharis compares favorably with 

peat moss as a mulch. Thus, lt would be economical to 

pay a slL;htly higher price per unit of Anacharis than 

a unit of peat moss. A new lawn seeding could be mulched 

and fertilized at the same time. 

As has been stated previously, Anacharis swells when 

it is wetted. hen the nacharis is too finely broken into 

smaller particles, it tends to cake nd crust over. It is 

believed that this wetting and swelling of the Anacharis 

in a finely ground condition aggravates the tendency. 

Under actual practice, however, this would not be a factor 

of any consequence. The more nearly the Anacharis could 

be left in a whole condition, the easier it would be to 

package the material. 

Because of the present apparent impracticality of 

controlling Anacharis by chemicals, utilization of this 



material appears to be the best method of' 

con;estion in the infested 1Lkes. Instead 

iture which would be a total outgo as in a 

treatment, utilization would at least help 

expense. 

As Nelson has pointed out, (21, p.29) 
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relieving the 

of an expend- 

herbi cidal 

pay its own 

the utilization 

of aquatic vegetation in lakes is a method of reclaiming 

those resources that sre lost from the land by erosion. 

Also, becuse of more uniform environmental conditions, 

water has a tremenduous capacity to produce. because of 

the constant yearly source of run-off water, lakes prob- 

ably maintain their fertility more readily than a compar- 

able acreage of land. 

It is regrettable that results from properly designed 

field trials are not available to include in this study. 

There was not ufficïent material with which to conduct a 

good field trial. Before definite recommendations can be 

made, field trials 'hou1d be ccnducterì to determine how 

Anacharis will react under actual conditions. 

There was, however, a limited application of Anacharis 
on a new lawn seeding under conditions which permitted a 

comparison with peat moss. It was not possible to obtain 

quantitative data, out it was possible to make some obser- 

vations. These observations tended to confirr the results 

obtained in the greenhouse. 
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Before the practicality of using Anachari is fully 

established, the possibilities of having an adequate 

supply of the plant should be investigated. The outlook 

for this aspect of the problem also appears favorable. 

At the present time, another thesis is being prepared on 

the aspect of the economic and engineering problems of 

harvesting Itnacharis from the lakes. This phase of the 

problem is being conducted under the Agricultural 

Engineering Department at Oregon State College. The pre- 

liminary results from this study indicate that Anacharis 

can be cheaply harvested. 

There appears to be an adequate supply of Anacharis 
in the lakes to make harvesting practical. It has been 

estimated by persons closely associated with the problem 

that an average of 14 tons of cured ïnacharis could be 

obtained from an acre of water ten feet deep. Due to the 

vigor of the plant, a second harvesting could easily be 

made during the same season. 
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SU1'41ARY AND CONCLUSIONS 

Anacharis densa, a submerged aquatic weed in South- 

western Oregon, has become so well established in certain 

lakes that it prohiLits swirmïiing, boating, angling, and 

the movinT of log rafts. A study ws conducted on the 

chemical control and agronoznic utilization of thls plant. 

The purpose in mind was to relieve the con;ested condition 

in these lakes and at least partially restore them to the 

condition in which they could be useable to man. Through 

chemicals, one might be able to control this weed and to 

eradicLte it if it should spread to new locations. There 

is also the possibility of utilizin: this existing heavy 

infestation to good advantae for agronomie pur oses. 

There were approximately 345 chemicals tested at 25 

parts per million on Anacharis to determine their toiicity. 

From this group vere chosen the most toxic chemicals, and 

they were further screened to determine their lowest 

effective concentration. 

Various experiments were conducted to determine the 

value of Anacharis s an organic nitrogen fertilizer and 

also as a iu1ch for new lawn seedings. 

The following conclusions and recommendations are 

given from the results of this study: 
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(1) The most toxic chemicals found In this study 

are safranine cone, phenosafron, uafranlne 

crystals, 1-2(t-dodecy1niercapto)ethy1 

pyridiniurn chloride, 2-methyl naphthoquinone, 

fungicide p-162 (Julius Hyrnan & Co.), p-brome- 

phenacyl bromide, and (alkylbenzyl) trimethyl 

ammonium chloride. 

(2) It has been shown that the treatment of an 

ordinary lake with chemicals would be very 

expensive. 

(3) It is recommended that the above named chemicals 

serve as a basis for the study and develop- 

ment of chemicals having a higher toxicity 

which would subsequently lower treatment costs. 

(4) Anacharis does not perform well when mixed into 

the soil as an organic fertilizer. There 

apparently is a toxic substance present. 

(5) An ether-soluble toxic substance can be extracted 

from Anacharis which inhibits the growth of 

grass. 

(6) On the basis of the data obtained, it appears 

that further experiments should be conducted 

to determine the relationship of bacterial 

decomposition of Anacharis to the release of 

this toxic substance. 



(7) Anacharis appears to absorb and hold water 

equally as well or better than peat moss. 

() Anacharis appears to equal peat moss in value 

for use as a mulch for establishing lawns. 

(9) Anacharis would be worth slightly more, 

economically, than peat moss because of the 

large amount of nitrogen it contains when 

used as a mulch. 

(10) There are indications that the supply of 

i.nacharis is plentiful and that it can be 

harvested at a reasonable cost. 
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