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ABSTRACT

Progress of various laboratory and field studies concerned witi. submersed
aquatic weed problems are covered. Results sunmarized are considered jre-
liminary and not conclusive and Cenerally require further investigation.
Laboratory culture of filamentous algae and a!laecidal evaluation techniques
are described, including results of evaluation tests on c rrfcunds. Results
of herbicidal evaluation tests of new nerbicidai coopounds and specification
performance tests of aronatic solvent herbicides and emulsifiers are
reported. Repeated applications of aronatic solvent treatets on i.ondweeds
are shown to influence trie growth and production of pondweed vegetative
propagules. Tests on the influence if water quality on the herbicidal
effectiveness of aquatic herbicide acrolein have shown negligible effects
on pondweed response. Pondweeds grown and treated in both flowing and
standing water combinatione were studied from the standpoint of growth and
herbicidal response to aromatic soLvent treatments. Certain plants grown
and treated in flowing water e.ibited reduced injury to ondweeds as
compared to that produced in standing water. E&ulsifying agents cocinonly
used for dispersing aromatic solvent aquatic weed killers produce greater
emulsion stability in hard "rater than in soft water. later temperature
does not affect emu sion stability to any great extent. A pelletized
herbicide rrepared by adding a herbicide to a vinyl resin solution shows
Trr se of having a longer jeriod of effectiveness on sago jondweed than
unpelletized material in an aquatic soil treatment. Tecniques for
on-site samplinC of soil-water in canal soils and subsequent aicrianal2ytical
analyses for oxygen content have been evaluated. Preliminary results -f
soil-water oxygen content were obtained from irrigation canal field study
sites.
DFSCRIPTORS--*algae, *aquatic weeds/ *disersing agents/ *water quality/
*emulsion/ *armatic solvent/ *tewerature/ *herbicides/ soil treatment/
toxicity/ weed control/ cultures/' *ecolg / dissolved oxygen! *limnoloey/
biology/ aquatic life/ vi-yi plartics/ irrigation 094' *cl.enical analysis/'
plant/ growth/ botany
IDENTIFIERS--&IUaecidal and herbicidal evaluation' eirulsion stability/
pelletized herbicides
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INTROUCTI ON

Laboratory and field investigations conducted on biologicaJ problems are
often widely diverse and deal wltL. many types of aquatic organims found
in the aquatic environmental complex of irrigation distribution systeL.
Mazy studies and tests are never carried beyond an exyloratory state
because of lack of potential indicated in .reliminary results. This
report covers annual progress made on various ty-kes of these studies
conducted during 1963 as well as those investigations which are con-
sidered long term and are not sufficiently corolete for conclusive
interpretations.

Aquatic weed control field investigations covered in this report are
conducted cooperatively pith various Bureau regions.

Laboratory studies being reported are: agaecidal culture and evalua-
tion technliques; results of preIminary evaluations of selected
al/aecides and aquatic herbicides; arceatic solvents and emulsifiers
used to disperse these solvent herbicides; effects of contact herbicide
applications on ; -ndweed proja &-ule prodAuctian; certain exploratorl
tests dealing with aquatic weed response to herbicides ailied in
varying conditio ns of water quality; coalarison of londweed herbicidal
injury produced n cotbinations of static and flowin water situations;
influence of water hardness and teuerature on the stabill!, "y of eculslns
produced by erulsifiers commonly used to dislerse aromatic solvent3; and
the evaluation of laboratory prepared aquatic herbicide -ellets fCr
aquatic weed control throug soil treatment.

i/Investigations of the Research Division, Bureau )f Reclaatiln,
U.S. Department of the Interior, in :Lo;eration with the Cros Research
Division, Agricultural Research Service, U.S. Department :f Agriculture,
Denver, Colorado.



Fiele studies reported are those concerned with certain aspects of' the
aquatic' envirOnment. Specificallyr, these concern the laboratory and
field evqluation of' a technique to sample "n determine the oxygen con-
tent of interstitial water found in aquatic soils. Field evaluations
of antif'ouling coatings for prevention of algae attachment to canal
linings were continued during the 1963 'Irrigation season. These data
are being reported in a separate laboratory report.

SM1WRY

A number of' techniques for the laboratory culture of certain species of
filam~entous green algae have been evaluated. These included both altera-
tion of the aquatic nutrient medium and pizysical environment. Culturing
the algae in an inorganic nutr~ent aolUticn under controlled temperature
conditions of 706 F and 150-200 ft-c of cool-white fluoreacent light on
a l6-hour photoperiod was found to bL* iicst r, _cessfuI. These techniques
are being used for the routine l"aboratory culture of' fi.Lazitntous green
algae species known to infest water of' irrigatirm distribution systems.
These algae are used in laboratory studies of algaecidal conpound
evaluations and control measures.

Procedures have been developed for the rouitine evalut3.on of chemical
compounds that may be usef7ul in controlling or suppressin6 growth of
filamentous green algaps species in and on irrigation structures,
Techniques for performing the teats are reported. The results of' pre-
limi-_ry evaluations on 30 compoundis are given, including chemicals
that are knco'n to possess good algaecidal properties as well as new
comupoundis. A few of these newer compounds showm some powential for use
in controllirZ the filamentous green algae speciss tested.

Laboratory teats or the ptysical, chemical, and or biological character
of aromatic solvent apuatic herbicidea and emu.lsifying agents used to
dispee thbese materials in irri-hati=watveer were conducted. The results
of ,he e Cauations of 12 arovatic~ solvent-type aquatic herbicides and
5 mwow eulsifier. are rq rted, West of the solvent herbicides and 3 of
the emulsifiers tested weit excnaidered suitable for use in oontrolling4
submersed aquatic weeds in irrigatiou syttems.

A limited number of new berbicidal abheacle was evaluated for effective-
ness in controlling root*4. submersed aquatic weeds. A few of these
mterials showed scme dogrea of herbicidal activity on the pondveeds
tested,, but were riot considered a being particularly promising.

Studiee on the eftecte of repeated aromatic solvent treatments an the
grovth ana production of pondweed vegetative propagdes were conucted.
Results of these teots indicated that these montat herbicide troitz~sta



signific2ant'-, reduce Vie niui-ber and size :f veg-etative proTagles pro-
duced by the rc)oted aqjuatic weeds. Two successive *sreatnziits were
influential i:1 causing co)ntinued reduced ; ott.of tile veetative
-rqagule potential of' these il p est~. '. ut a third treatr- ent did not
'urt'her influence t,.Pe ir-xiuction of ;rpr', aj le nu~cbers.

Tests were made evaluating: the influarn,_e ;I' vay~intg water quality on
thte herbicidal effectiv-ness o. the aquatic herbicide acrolein on p~ondwee
species. Results srow thnat unde.- laboratory test conditions differences
in water hardness and aJlkalinities had little influence on the
1p.Vtotoxi city of the comlound.

Rooted pondweed sp~ecies w'3re cultured and treated under conditions of
both flowing and standing, water in a greenhouse study to evaluate the
influence -f water movement on the Crowth and herbicidal resp'onse of
these weed -lants to aromat-ic solvent treat~en-ts. Flowing water treat-
m~ents were performed in. a model1 test canal fabricated to 1rovide con-
t-iiuous flowing water. Results of preliminary studies -indicate that
pondweeds grown in. flowing water are Less susceptible to in1,ury from
aromatLic solvents than those grown in static water. Plants grown in
static water showed less injury when treated in flowingC water than tikose
treated in standing water. These data s~how possible ianlortance of
treating pondweeds in a fiXowine water situation in herbicidal evaluation
tests of aromatic sclvtnt comp-ounds, for specification 'erformance tests
p~rior to field use.

A series of tests were conducted on four emulsifying acents in both soft
and hard water and at four different water temp~eratures t,,- deterrrine the
effects of water temperature and hardness on emulsion stability. Ir
L:eneral, the -3n~'jsifiers p.roduced considerabl , more stabIce einulsions in
hard water, while the water temperature did not affect stabi 2 i ty in most
cases. One emulsifier at the 2 percent level produced very g7ood em~ulsion
stability in both soft and hard water sand at all water temperatures.

An investigation was initiated to determine the merits of kelletized
aquatic herbicide formulations p~repared by mixing the herbicides into a
vinyl resin solu.tion f or treatment of aquatic soils. In one series of
tests, Uie results indicated that the pelletized formulation increased
the period of herbicidal effectiveness. On the basis of these limited
data, furthjer studies are underway to fully evaluate the potentials of
this resin for giving contro.Lled release of the herbicide in aquatic
soils for a more efficient utilization of the phytotoxicant.

A technique for on-site saziling of aquatic soil-water for subsequent
microanalysis determinations of dissolved oxygen content has been evalu-
ated and found to produce reliable results. Study of the soil-oxygen
content of aquatic soils and its possible relationghir- to routed aquatic
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weed growth has been suggested by findings made from the field study of
aquatic environments. A prelimiary survey of interstitial oxygen in
canal soils was made in irrigation canals of CAlifornia and Colorado.
Results of these tests indicate that soil oxygen is fairly high in the
first 3 inches of a submersed canal soil. Present data are too preilmi-
nary to show the possible relationship between soil oxygen and pondweed
growths. A detailed descriltion of soil-water sampling techniques and
the microanalytical method for dissolved oxygen content are given in the
appendix of this report.

LABORATO-FY STUDIES

aboratorl k'kiture ofF-lamentous green.A1gae for Use Qn AiZaecidal
Evaluations

Attached filamentous green algae present serious operational problems
to water distribution systems. Extensive growths of attached algae
filaments seriously reduce the capacity of concrete-lined canals and
other irrigation structures. Colonies of the filamentous algae also
create difficult problems in unlined irrigation canals by breaking loose
from the attaching medium and clogging siphon tubes, fouling trash racks
and pump irlets, and increasing water 1low resistance by being caught on
rooted submersed weeds. Because of the extensiveness of the algae prob-
lems on Bureau projects, a laboratory algaecidal evaluation program has
been initiated as part of the overall weed control research program.

Laboratory evaluation of potential algaecides requires a reasonably
uniform and continuing supply of plant material in which only a few
typical algae species are represented. During the past year, emphasis
has been placed on improving laboratory culture techniques for growing
and maintaining these plants. Unlike the rooted vascular aquatic weeds,
which are adapted to a wide range of growth conditions, many filamentous
green algae species are quite specific in their environmental requirements.
In general, filaentous green algae derive most of their required
nutrients from inorganic sources, but laboratory experience has shown that
sorn species apparently require either very specific physical environments
or respond to some heterotrophic condition occurring in the environment.

The easiest approach to culture of fllamentods algae is to merely use the
soil-water culture medium, ouch as using algae growing in association with
higher aquatic plants in greenhouse culture aquaria. A refinement of this
technique is described by Pringsheim (1).* This source of filamentous

*Numbers in parentheses refer to literature cited at the end of the
report.
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green algae nas been used occasionally in the laborator, but found to
be lacking in rrliabilitj foc algaecidal evaluation purposes. Algaecidal
test results are seldom reproducible when these cultures were used. The
complication of multiple algae type associations makes interpretation of
injury difficult.

To improve the quality of algae culture in the laboratory, a number of
nutrient solutions and culture techmiques were evaluated. Unfortunately
most of te successful laboratory culture of algae described in the lit-
erature has been with either unicellular green or blue-green forms.
Seldom are the filamentous green species referred to in investigaxions
of algae. This may well be due to the difficulty in handling the masses
of intertwined filamentous structures and possibly a complete lack of
success in growing these filamentous algae under synthetic conditions.

A number of culture solutions and diff-ring environments have been
evaluated. Algae species used in these tests are those filamentous
green types known to commonly exist in irrigation canals, including
species that attach to solid substrate in flowing water. These cultures
occasionally contain a few unicellular green and blue-green types as well
as some filamentous blue greens. The difficulty and time required in
producing and maintaining aseptic cultures do not appear warranted for
these algaecidal evaluation tests. A mixture of species in these
laboratory cultures would be more comparable to the complex algae species
associations generally found in natural situations. The algae species
used in these tests were primarily 0edogonium spp., izoclonium pp.,
Cladophora opp., and occasionally Spirorra pp. in mixed association
with a limited representation of numerous other algal types, such as
unidentified diatoms, scillatoria app., Anabena sp., and Hydrodictyon
app.

One of tz:e initial culture solutions used was that described by
Krauss (2), which, is a modification of Meyers nutrient solution utilized
for the culture of Chlorella. Filamentous green algae Crown in this
nutrient medium exhibited considerable variability in rate of growth
and periods of survival.

P1ysical conditions of the culture environment were altered a number of
ways in attempts to improve the growth rates when using the modified
Meyers nutrient solution. This included laboratory ambient temperatures
ranging from 70* to 90' F, as well as constant temperatures of 60* and
70 F in a growth chamber. Cool-white fluorescent illumination was
varied from approximately 50 ft-c to 700 ft-c on a 16-hour photoperiod.
Aeration of the culture solutions was attemted using low volumes of
compressed air, bubbled through the water contained in 1-quart or
1-gallon glass culture vessels. Pure compressed carbon dioxide was also
metered into the culture solutions in certain tests. The evaluation of
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success of a culture environment was generally limited to empirical
observation of growth rate &A longevity of a healthy green culture.

Observations of results indicated that constant temperatures of 70" F
under approximately 10 ft-c of cool-white fluorescent illumination for
a 16-hour photoperiod produced optima conditions. Bubbling of air or
CO2 into the culture vessel appeared to do little to improve culture
growth. A considerable decline in solution pH was observed when using

, producing pH values ranging from 5,8 to 6.2. When CO2 was added
ermittently, the pH was lowered to 4.9. Carbon dioxide was metered

into the solutions at the rate of about 5.4 liters per hour. Gunuert
et al (3) reported the use of a 1-percent C02 -air mixture at the rate of
about 550 liters per hour in mass algae culture vessels. At this rate
the C02-air mixture would apply carbon dioxide at a rate ccmparable to
that introduced in the above tests. Various other authors report that
a 5-percent mixture of CO2 and air are optimum and that toxic syrptoms
have been observed when pure C02 is introduced directly into the
nutrient solution. These C02 -air mixtures have not been evaluated to
date in Denver laboratory tests.

Successful algae cultures appear to proceed into a log phase of growth
soon after being placed in nutrient solutions. Considerable variability
between cultures has been observed, suggesting the possible need for
additional chemical or organic complexes that might occur in natural
situations. Cultures normally developed within about 3 to 6 weeks t"
fill the top one-third of a culture vessel and then growth rates subside.

achlis (4) reported that certain e species could be cultured
mae efficiently by the addition of vitamin B12 &;d possibly an unknown
growth factor obtained from a water extraction of autoclaved topsoil.
Various nutrient solutions were used by Mchlis in this paper. A pre-
liminary evaluation of &chlis' tnchniques was tried using the modified
Mbyer nutrient solution described earlier. The suggested growth factor
was prepared by autoclaving approximately _,000 grams of locally
available topsoil covered with 1,500 ml of distilled water for 15 min-
utes at 121" C and 15 pounds pressure. The extract was then decanted

And filtered through a bacteriological filter. Culture containrs were
12-liter plrastic baskets inoculated with a laboratory culture of

aocL. Very little improvement in the cultures was observed by
the addition of the soil extract. Probably the soil that was used by
Ibthlis contained same compumd or micro-oranim that did not occur in
the soil used in our tests. Cultures grown in solutions containing
vitamin B12 did produce slight improvements in growth rates.

The most successful nutrient solution that has been evaluated for the
culture of - app I 2ism I3 app. , Qe1aab spp. and
&J~ctga 'pp. is mce used by the U.S. Public Health Service at the
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Taft Engineering Center, Cincinnati, Ohio (5). This is a modification of
Chu's No. 10 nutrient medium. The formulation of this solution is given
in Table 1.

Table 1

NUTRIENT SOLUTION USED FOR LABORATORY CULTURE
OF FIA TOUS GREEN AW

C c Grams/500 ml water
Checl ... for stock solutions

Ca(NO3) 2 -4H20 2.9
K2OM 0.5
*SO4 .7H20 1.25
Ns2 0C.. 1.00
Na2Si O-5H20 2.20
Ferric citrate 0.175*
Citric acid 0.175*

*Made up as one solution and refrigerated when
stored.

Nutrient solutions for algae culturing are made by using 10 ml of each
stock solution, made up to 1 liter in laboratory tapwater. The pH of
these solutions ranges from 9 to 10. A constant pH of 8 can be maintained
by the use of the buffer Tris (1Wdroxymeth~l) aminonethane (pH 7-9) at the
rate of 1 gm/liter of nutrient solution.

Laboratory tests were established to evaluate this nutrient solution
under various environmental conditions, pH ranges, and with various
additives. The soil extract additive was prepared and added at the
same concentrations as previously discussed. Vitamin B12 was included
in certain combinations at the rate of 1 part per billion (ppb) v/v
with the nutrient solution. The lower pH values were obtained by adding
0.996 gins of K2HPO4 and 0.530 gins of KH2PO4 to each liter of nutrient
solution. Results of tl ese tests are given in Table 2.

Cultures grown in the nutrient solutions with lower pH values from 7.5
to 7.8 did not develop well and in some instances toxicity was indicated.
A solution pH of 9.5 appeared to be optimum for these species under test
concitions used. There did not appear to be a great difference between
cultures grown in constant temperature of 70 F and the one with temerzi-
tures ranging from 68 to 820 F. However, these cultures were maintained
for a few weeks after the observation date and ambient temperatures
exceeded 854 F. At this time, all cultures exhibited rapid decline in
vigor. The addition of soil extract growth factor and vitamin B12 did
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RESULTS Or CULTURING Oedogmnmm spp. IN MODIFIED CHU NO. 10 INORGANIC NUTRIENT
SOUTION WITH VITAMIN B12 AND SOIL EXTRACT ADDITIVES UNDER

VARIOUS CONDITIONS OF TEPERATURE AND pH RANGES
.etlicated -zoss )hde in 1-uart Glass Culture Ves.ls

: Culture : Ft-c of :
: pH of :temperature,:cool-white : Condition of algae

Culture solution : culture: "F :fluorescent: cultures at the end
:solution: and aquaria : 16-hr : of a 3-week period

location :Dhotmeriod:

Inorganic nutrient solu-: 9.5 :68-82, 150-250 :Culture densely
tion in tapwater : grown on : : green, continued

laboratory: : filament growth
: : bench

Inorganic nutrient solu-:9.3-9.5 :68-82, : 150-250 :Culture densely
tion and soil extract : : grown on : : green, cntinued
in tapsater laboratory: : filament growth

: :bench

Inorganic nutrient solu-:9.3-9.5 :68-82", : 150-250 :Culture densely
tion, soil extract, : grown on : green, continued
and 1 ppb v/v of : laboratory: filament growth
vitamin B12 in : : bench
tapeater

Inorganic nutrient solu-: 9.5 : 68-82, : 150-250 : Culture densely
tion and 1 ppb v/v of: : grown oM : : green, extensive
vitamin B12 in : : laboratory: : amount of filament
tapuater : bench : : growth

Inorganic nutrient solu-: 9.5 :70, con- : 150-250 :Culture densely
tion in tapwater : : tinuous in: : green, continued

controlled: : filament growth
growth : :

Inorganic nutrient solu-:9.3-9.5 :70", oo- : 150-250 :Culture densely
tion and soil extract : : inuous in: : green, continued
in tapuater : controlled: : filament growth

:growth
chaber:
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Table 2--Continued

Culture :Ft-c of :
: pH of : teqperature,: cool-white : Condition of algae

Culture solution : culture: 0F :fluorescent: cultures at the end
:solution: and aquaria : 16-hr : of a 3-week period

location :vhotoperiod:

Inorganic nutrient solu-:9.3-9.5 :70, con- : 150-250 :Culture densely
tion, soil extract, : : tinuous : : green, limited
and 1 p;b v/v of : : in con- : : amount of filament
vitamin B12 in : : trolled : : growth
tapwater : growth

: : ~hamber

Inorganic nutrient solu-: 9.5 :70, con- : 150-250 :Culture densely
tion and 1 ppb v/v of : : tinuous in: : green, limited
vitamin B12 : : controlled: : amount of filament

growth : : growth
* • chamber :

Inorganic nutrient solu-: 7.6 :bd-82, : 200-300 :Culture showing con-
tion in tapwater : grown on : : siderable chi1rosis

: laboratory: : and filaments
bench : disintegrating

Inorganic nutrient solu-:7 7-7.8 :68-82", : 200-300 :Culture green, very
tior and soil extract : : grown on : : limited filament
in tapwater : : laboratory: : growth

bench

Inorganic nutrient solu-:7.7-7.8 :68-82", : 20-300 :Culture green, mod-
tion, soil extract, : : grown un : : erate amount of
and 1 ppb v/v of : : laboratory: : filament growth.
vitamin B12 in : : benct:
tapwater

Inorganic nutrient solu-: 7.5 :68-82, : 200-300 :Culture showing
tion and 1 ppb v/v of: : grown on : : chlorosis and
vitamin B12 in : laboratory: : filaments
tapwater bench : disintegrating

9



in certain instances slightly improve the growth of the filaments, but
not sufficiently greater to warrant routine use of these additives to
the inorganic nutrient medium.

Recently tests were made by culturing the previously mentioned algae
in the modified Chu nutrient solution at constant temperature of 600 F.
These cultures all remained healthy and densely green, but filament
growth was very slow.

Results of these studies indicate that the filamentous green algae
species tested grew best in the modified Chu No. 10 nutrient solution
made up in tapwater and placed in an environment of 150 to 200 ft-c of
cool-white fluorescent light at 70 to 80" F. These conditions have
been selected for routine culture of algae for algaecidal evaluation.
Experience has shown that healthy cultures can be maintained up to
4 months in the initial nutrient solution by occasional addition of
20 ml of calcium nitrate stock solution to the 1-gallon glass culture
vessel, after which time the nutrient solution must be re-laced.

Further investigation will be continued in an attempt to improve the rate
of algae cell division. Occasionally a culture will suddenly decline and
die. Also, considerable variability has been noted in the rate at which
various cultures develop and the total time they remain in the log-growth
phase. Reasons for these differences are not known, but assumed to be
associated with genotype and/or phenotype plant specimens or changes in
availability and uptake of nutrients, either inorganic or organic.

A rather unique method for culture of attacld filamentous green algae
was suggested from investigations of Whitford and Schumacher (6)
regarding current effect on the mineral uptake of Oedogonium.

To evaluate the potential of laboratory culture of certain filamentous
green algae known to attach to solid substrates, a mall model recircu-
lating system was devised. A 20-liter plastic container was fixed with
an outlet tube at the bottom. This served as a reservoir for the modi-
fied Chu No. 10 nutrient solution. A mall, 0.75-gpm pump was trranged
to recirculate nutrient solution from the reservoir through a shallow
plastic chaznel 2-1/2 feet long and 2 inches in width. Flow volume
averaged 2.? liters per minute with a free flow surface velocity of 5 cm
per second. This mall channel was arra&ged to receive 100 ft-c of cool-
white illuelnation and ambient temperatures of 66* to 70" F. The
nutrient stock was inoculated with filaments of a laboratory grown al-
tue of B app. In the initial tests, water temperatures
increased to above 85 g under zontinuous operation. D~aring this period,
a heavy growth of filintous blue-green algae developed on the channel
and In the reservoir. To maintain culture solution temperatures nearer
to a 65* to 70" F range, a stainless steel ooil was imersed in the

10



reservoir and cold tapwater recirculated through it. This maintained a
temperature of 64" F. A few days after replacement of the nutrient
solution and reinoculation with Rhizoclorium filaments, a very dense
growth of attached algae developed in t e channel. This growth was
maintained for approximately 8 weeks. ra.1ly in standing water culture,
Rizoclonium has not been observed to levelop holdfast cells and attach
to solid substrates.

This technique certainly appears promising for laboratory culture of
attached filamentous green algae specimens for small-scale studiec.
This test apparently demonstrated that development of Rhizoclonium
holdfast cells and rather rapid filament development can be enhanced by
flawing water. Future investigations on growing attached filamentous
green algae for specific algaecidal study purposes appear Justified
and will be conducted as time permits.

Aaegcidal Evaluation Techniques Present~l Used and Results of Some
Typical ANaecidal Tests

A few techniques for evaluating algaecides have been reported and were
reviewed (7) (8) (9). Only a very limited amount of the techniques
described appeared to be directly adaptable for use in evaluatin com-
pounds on filamentous green algae. Although all of tLese methods are
basically standing water beaker tests, considerable ; iification of the
described techniques have been found necessary.

The presently used procedure for evaluating the potential activity of a
candidate algaecide consists of treating a small cass of *dogoni= or
Rnizoclonium filaments in a standing water test. This La;s )f algal
filaments is estimated by volume to equal 0.5 to 1.0 gra fresh weight.
A number of weighings were made to determine the relative fresi, weight
of filaments selected for a given treatment. These estimated anounts
were found to correspond to tids weight range. In routine algaecidal
evaluation, algae sample sizes are estimated.

Algae cultures used in evaluation tests are laborator grown in an
inorganic nuirient solution under temperature I-egimes of 60" to 70" F
and 150 to 200 ft-c xf cool-white fluorescent ifluxination. Algae
cultures are usually mixed species of Oedogoni., or Mhizocloniur, growing
in association with occasional unicellular green specimens and filazentous
blue-green algae.

Aqueous solutions of the algaecidal compounds are cade up in concentra-
tions of 10, 5, 1, 0.5, 0.25, 0.1, and 0.05 parts per million (p:.) of
active ingredient in initial tests. Subsequent tests often include the
range of treatment concentrations, but with reduced number of individual
test concentrations.
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Algal filaments taken from the culture medium are exposed to the algae-
cidal concentrations for a period of 60 minutes, then removed and rinsed
in running tapwater for three cycles of container filling and draining.
The treated algae specimens are then held in tapwater-filled quart jars
for observation and injury rating. Treatment solution, rinse water and
holding water temperatures are all held to a tolerance of 70" to 75" F.
During periods in the suaer months when tapwater chlorination is high,
it was found necessary to limit the direct use of running tapwater.
Rinse water during these periods is dechlorinated by agitation and
followed by a period of standing in an open container for 2 to 4 hours.

Transfer of algae specimens from an inorganic nutrient medium to tapwater
might be considered objectionable and cause toxicity or decline symptoms.
This factor was considered and has been evaluated on namerous occasions.
Generally there have been no noticeable differences exhibited in these
tests. In all cases of algaecidal ccpound evaluation, an untreated
check specimen is exposed to all treatment conditions and held for
observation. The numerical injury rating or decline observation
exhibited by check specimens is deducted from that exhibited on treated
algae.

The relative size of the plant sample to be treated in relation to the
treatment solution volume has been reported to have an influence on the
smcunt of injury (10). The influence of plant saqle sie in the 500-al
treatment solution he been evaluated and results observed on occasions
when plant aemle sis were not closely determined. Some differences
were noted when excessive amounts of algae were treated. Consequently
the plant smple sise is regulated, as previously indicated.

Because of the variability in plant material cultured in the manner
previcusly described, a nmber of genotypical and/or phebnotypical varia-
tions can occur. These diff nes ym a4 or the response of algae
specins to a treatt. To overcome this potetial bazard in the
rating of a amber of algaecides, a standard treatment is used in all
evaluation tests of umnown compounds. Copper sulfate is utilised as a
standard algaecide for injury coparisons of a treatment series. Any
one evaluation test showing excessively high or low activity on the
algae treated with standard copper sulfate conoertrations Is oonsi4ered
atypical, and the results of uam n c are not considered repre-
sutative and canot b coared with other materials. Tests giving
these results are repeated using a different source of algae.

At present an obserratical injwr7 rating rstem based on a 0 to 10 scale
to used to evaluate a canmdidate oond. Uhile this rating system has
s recogniied imitatius, it bas bow found to be suitable for the
reemt algeecidal evaluation proVI.
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When unicellular algal auspensiJ ns are utilized in ciemical kt toxic.',
studies, tLe cnanges in growti, and survival of cells is often, &'eterL.. ,-d
by cianges in optical density of t. e cells in ti.e culture medium. DiLact
filamentous green algae would not be adaptable to optical densit ,
determinations as a criteria ,f colony size witi.out separation of indi-
vidual cells Arom tie filamentous colony. Separation of t ,e individual
one-celled plants from ti.eir position in a filareii, would probabl pro-
duce an atypical response to algaecidal ceiemicals. T.is type of evalua-
tion would be best suited to determining growt. sui.ression data on
plants treated. A nore desirable algaecide for flowing water is one ti.at
is rapidl. sbqorbed and will cause rapid deati. ol ti.e plant cells.
Growth suplression evaluation would be in-ortant to some asects -f &!.£ae
control in irrigation s.sten.s wu.ere tne toxicant is afjlied to a solid
substrate as an attac,.nnent innibitor.

Anotr.er spproacr. f17r evaluating algaecidal iniury consisted of a c~Lor-)-
,L4-i extraction of treated algae. A standa-u acetone extraction was
used (11) to produce t.,e cioropzwil solution. Cnlorop.yll (a and b)
concentrations of tie extract were determined piotjmetrically usine a
red tube on tz.e spectroli:.otoreter and peak transLittance detern:ined at
wave lengtis of 658 and 642.5 millimicrons. Conzrarative c-.orpl
solutions were Lade by acetone extractions of untreated Y'dozoniun
filaments. Et..er dilutions were made up froa tz.ese extractions and a
standard curve dtveloped fror ti.e varyine degree )f transcittance by
cranes in cnloropf.,yll concentration. Treated plant extractions wer-
coopared to t..is standard curve in an attenwt tu correlate deeree of
injury witl ,. c.,.arges in cldoroji ll content.

Results )f ti.is study ilidicated very little correlation between extracted
cdoropx~ll density &.nd observations of in.ur, and subsequent survival.
A number of variables contributed to t.,e wide differences exlerienced.
First and foremost was in establisl.inr , standard c-.l~orop:,-l contentt )f
tr.e algae s[ocies on a basis of rillirar.,s of c:, ryil ier -rars dry
weiei.t of plant cells. Extractions of various sar. Ies siowed differences
t.nat made it difficult to establis:. aizy coqarativ- standard. Ioc,,e
difficulty was also exeriencpd in making sure of cmilete c.1oropi,U
extract in of the srall 1lant sarlles used. Anoter critical condition
for tie extractions of treated algae would be the toldin.4 ;eriod follow-
ing treatment. A slow actin, or possibly a systeric ai.aecide tigirt not
produce effects on chloro pyll content as rapidly as cDntact type
algaecides. Any uniform tiLe of crzlorzryll extraction miet.t indicate
high ci oro yll content and limited injur-y of a coirpound, alile in
reality it ay be a slow actinC cotqound irducing aaximu injury.

certain ottier a r)acnes to establishine a reliable reasureaent of cemrical
injury to algae nave been evaluated wits only lirited success resu-ttnig.
One obviOus tecrnique is to determine possible differences in dr weiglgt
of severely injured and untreated algae. Little correlation alieared
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between degree of injury and changes in dry weight over the 2-week
observation period.

Although the observational rating system at present appears to be the
most reliable method of determining injury to treated algae, it has
limitations. Pribably the most critical question is whether or not one
is still rating the same algal cells that were treated, because of the
rapid cell division that can take place in these type plants. This
would be especially true when lower injury values of 5 or less are
observed and when limited growth inhibition is exhibited. The present
feeling is that corpounds that produce less than near total kill
(injury ratlnr.s of 8-10) would not be considered as being particularly
promising and would probably be rejected as an algaecide for use in
water conveyance systems.

Results of Algaecidal Evaluation Tests on Sclected Compounds

A number of compounds have been preliminarily tested using the most
suitable culture and evaluation techniques described in this report.
Injury is based on the 0 to 10 scale, described as follows: C = no
injury; 1, 2, 3 - slight injury, as evidenced by some bleaching;
4, 5, 6 = moderate injury, some cell division; 7, 8, 9 = severe injury;
10 = complete kill of initial culture. The results of these tests are
listed in Table 3.

The mean activity ratings given in Table 3 were obtained by determining
the average injury rating obtained at all chemical concentrations over
the 2-week observation period. This average activity rating provides
some index for ccmparing chemicals.

A number of the more promising compounds were ranked according to highest
,mean activity ratings and are listed accordingly in Table 4. Statietical
analysis for significance in ranking would not be juptified because these
are preliminary tests and the data are useful mainly in eliminating
compounds that show limited activity.

Emlsified aromatic solvent was included in these tests to determine the
minimum lethal concentrations on typical filamentous green algae species.
This aquatic herbicide has om occasions toeen used as an algaecide in
irrigation distribution systems.
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Table

CCVVUPARIS01. OF COMPOUNDS EXHIBITING KIGHEST AWAECIDAL ACTIVITY
ON TH' FILAMENTOUS GREEN ALGAE Rhizoclonium AND 0edogonium

Laboratory: Ugaecide. uapound :Mean activity
, _, : rating number

751 :Tributyltin chloride 9.0
701 : Silver methanearsonate 8.3
753 :Bis (tri-n-butyltin) oxide 6.9
- :Copper sulfate 5.7
- :Sodium hypochlorite 5.3
391 :Rosin amine D acetate 4.8
758 :li,l'-dimethyl-4,4'-dipyridylium cation : 4.8
816 :Acrolei- : 4.4
757 :1:1 '-ethylene-2: 2 ' -dipyridylium dibromide cation: 3.7

Most of the more active compounds listed in Table 4 have been used success-
fully in some form as algaecides. Copper sulfate, of course, is used
extensively because of cost, ease of application and relatively low fish
and other animal toxicity. Some of the other compounds do exhibit suffi-
cient activity to warrant further investigation for special applications,
such as additives to antifouling coatings on concrete canal linings. One
of these compounds (Number 753) is presently under test as the active
ingredient in an antifouling paint.

A potential list of chemicals that might possess algaecidal activity
would be extensive and only a few have been included in the present tests.
The results of the compounds tested to date do, however, indicate the
usefulness of the presently used algae culture and algaecidal evaluation
procedures.

Laboratory EvaL.. in of Emulsifiers Used to Disver-- 'A ic Solvent
Azuatic Herbicides

Emulsifier manufacturers continually develop new and improvea emulsifiers
for agricultural pesticide chemicals. Many of these materials are sub-
mitted to the Denver laboratory for evaluation of suitability for use in
dispersing aromatic-solvent aquatic herbicides for pondweed control. A
number of these compounds are scrutinized and tested annually in the
laboratory. Materials perfoning well in laboratory tests are suggested
for further testing in the fieLd by Bureau project offices. Development
of suitable laboratory tests and evaluation of new materials have aided
in developing the use of more efficient emulsifiers. This has resulted
in better aquatic weed control with a considerable reduction in cost of
emulsifiers by allowing for a significant reduction in percent emulsifier
required to adequately disperse the solvent herbicide in irrigation water.
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The laboratory test method used to evaluate emulsifiers is that developed
in the Denver laboratory and described in Chemical Engineering Laboratory
Repor.t No. W-l (12).

Results of the five selected emulsifiers tested in the laboratory during
the past year are listed in Table 5. The suitability of the emulsifiers
to disperse solvent herbicides is based on the premise of the stability
of the il-water emulsion produced. The index of this stability is
based on the amount of cream layer and/or oil that separates from the
water medium during a given period of standing. These oil-cream separa-
tions are indicated in the test results of Table 5 and relate the
potential usefulness of the emulsifying compound.

Table 5

RESULTS OF LABORATORY EVALUATION OF IELSIFIERS PROPOSED FOR USE
IN DISPERBIMG ARMATIC SOLVEUT MBICI. .

Labo- :Percent : Mean results of two test replications :Suitability
ratory:emulsifier: Divisions of cream and oil separation :rating at a
Sample:by volume : after s anding for 1. 2. and 4 hours given

No. : with : 1 hour : 2 hours : 4 hours :emulsifier
: yene Cream : Oil : Cream : Oi! : Cream : Oil ; conc.

850: 1.0 :5.0: 0 : 5.5: 0 :17.5: 1.0 :Poor
: 1.5 : 1.5 : 0 : 2.5 : 0 : 3.5 : Trace :Good

2.0 :Trace: 0 : 1 : 0 : 1.5 :Trace :Excellent
851: 1.0 :7.0 : 8.0 : 3.0 : .0 : 2.0 : 13.0 :Poor

: 1.5 :14.0 : 12.0 :14.0 : .0 : 8.5: 14.5 :Poor
2.0 :16.0 : 7.0: 14.5: 9.5: 10.5: 13.O :Poor

852 : 1.0 :27.0 : 1.5 :27.5 : 1.5 :7.5 : 2.0 :Poor
1.5 : 23.0 : 2.0 : 22.0 : 3.5 : 20.0 5.5 :Poor
2.0 :26.0 : 0 :28.5 : 0 :28.0 : 1.0 :Poor

863 : 1.0 : 2.0 : 0 : 3.0 : 0 : 3.5 : 1 :Good
1.5 : Trace : 0 : 1 : 0 : 1 : Trace :Excellent

: 2.0 : 0 : 0 : Trace: 0 : Trace: 0 :Excellent
869 : 1.0 : 5.0 : 1.0 : 9.0 : 1.5 : 14 : 2.0 :Fair

: 1.5 : Trace : 0 : 2.0 : 0 : 4.0 : 0 :Good
2.0 : Not tested at this concentration :

bunlsifying couounds 850, 863, and 869 would be considered suitable for
dispersing aromatic solvent aquatic herbicides. ftulsifier ,. 863
should produce good results down to the 1 percent level. The other two
would be questionable when used below the 1.5 percent level.
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Evaluation of Aromatic Solvents for Use Ry Bureau of Reclamation
ProJects and Coolteratinr Irrigation Districts

SampleF. of xlene and aromatic solvents wcre received for testing for
suitability as aquatic herbicides pursue, to requests from regional
and project offices. Tiese samples were anal zed for conformance to
pr, sical and ciemical requirements and tested for herbicidal activit
on three species of submersed aquatic weeds. Tl.ese tests were performed
for the purpose of obtaining data useful to regional and project offices
in selecting suitable aquatic herbicides, and provide information useful
for further development and improvement of specifications and requireL.'nts
for tis type of aquatic herbicide.

The samples were tested for confcrmance to prysical and cnemical require-
ments listed in ti e tentative specifications included in Chemical
Engineering Laboratory Report No. SI-17(13). The results of the test
for aromaticity of samples are tabulated in Table 6.

Table 6

ANALYSES OF AROMATIC SOLVENTS AND XYLENE SAMPLES
FOR HYDROCARBON TYPES BY ASTM: DESIGNATION 1319

Laboratory: Hydrocarbon type (percent by vol)ume)
Sample No.: Saturates : Olefins Aronitics

831 : 4.1 0 : 95.9
832 1.2 0 : 98.8
833 0.2 0 : 99.8
834 4.2 0 : 95.8
835 : 9.7 : 0 : 90.3
836 0.2 0 99.8
837 8.9 : 0 91.1
838 : 14.0 : 0 : 86.0
839 : 0.7 : 0 : 99.3
842 : 0.6 0 : 99.4
844 : 1.1 : 0 : 98.9
853 0.9 : 0 : 99.1
854 : 0.6 0 : 99.4

All samples tested had an aromatic content greater than the minimum
requirement of 85 percent.

Distillation range tests of aromatic solvents for conformance to physical
requirements for the samples are included in Table 7.
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Table 7

RESULTS OF DISTILLATION RANGE TESTS OF ARCMATIC SOLVENTS
FOR CFM CE TO PHYSICAL REQUIRWIHTS

:Distillation range ASTM D86-54,:
:dgees F at 760 mm Hei ressure:

Specified : Flash :Initial: Temper-tture at which : End :Percent
requirements : point :boiling: percent distillate by :point : water

F point volume was recovered
:10 i50• :90,_ __ 1 ._______._.____

: :Greater: Less : Less :
Laboratory : 80 : 240" : than : than : than : 420: 0.2%
Sample No. :minimm:minim.: 265* : 320 : 380" :maximum:mxi.um

832 :97 :304 : 317 : *331 : 372 : *422 : Nil
834 :91 :276 : 284 : 292 : 308 : 312 : Nil
835 :88 :272 : 282 : 291 : 331 : 357 : Nil
838 :99 :310 : 319 : **325 : 333 :343 :Nil
842 : 93 : 274 : 293 : 313 : 339 : 354 : Nil

*Samples did not meet specified requirement.
**Sample exhibited a slight deviation from specified requirement.

The -esults of distillation range tests of zylene samples for conformance
to specified requirements are listed in Table 8.

Each oample of solvent was subjected 'o a herbicidal activity test by
treating potted cultures of sago pondweed, Pota getov Pectinatus,
American pondweed, P. n and waterweed, Modea canadensis,
in a flowing water situation. Details of this greenhouse culture and
herbicidal evaluation technique are similar to that described by Frank,
Otto and Bartley (14).

The flowing water test is conducted in a = flume where treatment
water is recirculated at a volume of 0.166 cfs and a surface velocity
of 0.63 fps. The herbicidal solvent is dispersed in the treatment water
with an andonc-nonionic surfactant (Laboratory Sample No. 755) which
is used at a rate of 1.5 percent by volume of solvent.

Replicated potted cultures of each species are treated at herbicidal
concentrationk At 200 and 600 parts per million (pp.) active ingredient
(a.i.). The plants are exposed to the recirculated herbicidal solution
for a period of 30 ainutes, then rinowd to a 20-liter aquaria cotain-
ing clean tapeater for rinsing. The treated plants are held in the
rinse container for about 30 minutes and than placed in a 20-liter glass
Jug for a 3-seek period of injury observation.
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Table 8

RESULTS OF DISTILLATION RANGE TESTS OF XYLENES
FOR CONFORMANCE TO PHYSICAL REQUIREWMS

Distillation range ASTM >,o-54,
de~greea F at 760 mm H ressure : Specific

Specified : Flash :Initial:Temperature at which : End :Percent: gravity
requirements : point :boiling:percent distillate by: point : water : at

: F : point :volume was recoveed: : :60"/70" F
* 5%: 90%

:___:___:__Greater: Less
Laboratory : 75". 253" than . than 311 . 0.2 :0.850 min.
Sample No. :minimum:minimur: 266" : 293 :maximum:maximum::O,870 max,

831 :83 :272: 273 : 276 :276 : Nil: 0.855
833 :83 :272: 274 : 278 :282 : Nil: 0.859
836 :80 :264 : 274 : 278 :280: Nil : 0.861
837 :78 :268: 270 : 276 :280 : Nil: 0.858
839 :79 :271: 275 : 279 :285 : Nil: 0.864
844 :79 :*240: 270 : 279 :281 :Nil : .859
853 :84 :269: 275 :**300 :310 : Nil: 0.867
854 :80 : 271: 273 : 277 :281 : Nil: 0.869

*Sample did not meet specified requirements.
**Sample exhibited a slight deviation from specified requirements, but
considered acceptable for use as an aquatic herbicide.

Water temperature during plant culture, treatment, rinse, and post-
treatment observation is controlled in a range of 65 to 75" F.

Herbicidal injury ratings used are similar to those described by Frank
et al (14) with some slight modifications that are used to rate contact
herbicides. In general, the maximum attainable injury rating for aromatic
solvents seldom exceeds 8 on the 0 to 10 scale, where 0 - no injury and
10 a complete kill without regrowth. Also, injury by contact herbicides
is limited to above ground plant parts only, whereas with some systemic-
type herbicides the injury ratings may include effects on root and
rhizome tissue.

The herbicidal activity ratinL scale used Is described as follows:

0 - No apparent injury.
1-2-3 - Slight injury.
4-5-6 - Moderate injury.
6-7-8 - Severe injury, but with some re gr.owth at the end of the 3--eek

observation perid. The ami.nunt and vii;or of regrowth is
reflected in these final 3-week ratings.
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*10 - Total kill of all plant material without regrowth.

*This degree of injury has never been attained with aromatic solvent

treatments in greenhouse tests.

The results of herbicidal activity tests on solvent samples described
in this report are summarized in Table 9. The samples of aromatic
solvents and xylenes tested during the past year met all specified
requirements, except for slight deviations of Samples No. 832, 838, and
8>3. Sample No. 832 was rejected because of the two failures of require-
ments of physical tests. All other samples were considered acceptable.
The herbicidal activity ratings of all materials tested were quite
similar.

Aromatic solvents submitted for acceptance tests for use by Bureau of
Reclamation projects or cooperating irrigation districts have continually
improved over the years. The past year's evaluation of these materials
illustrates the increasing uniformity of this type of aquatic herbicide.

valuatiN of Selected Herbicidal Cowounls on Rooted S.tIb sed
Aw~atic eggs

A limited number of chemical coupounds have been evaluated for activity
on submersed aquatic weeds during the past year. These materials were
either submitted to the Bureau laboratories by manufacturers for evalua-
tion of their algaecidal and/or herbicidal potential or my be materials
that are suggested for specific herbicidal tests fro other areas of
research being conducted in the laboratory or the field.

These materials are subjected to herbicidal activity tests by treating
greenhouse grown cultures of sago pondweed, Potamoeton

American pondweed, E. g*, and UAU canadensis. Details of culture
and evaluation procedures are those described by Frank, et al (14).
Generally, the potted cultures of the previously indicated aquatic weeds
are exposed to th& candidate compounds in 20-liter aquaria maintained
in one of two grnhouses. The test sequence usually follows the pattern
of a preliminary continuous contact test, followed by tests with reduced
exposure time, and may be finally tested In a flowing water situation.
Test mrthods, altough basically similar, are modified to fit the specific
type of material. Likewise the concentration of the material under test
ma be varied a kowledge of the material my suggest.

Herbicidal injury to the treated plants is that described by Frank, et
el (14) with modifications that mere described in the previous section
in this report on evaluations of aromatic se eut-typo herbicides.

esults of the herbicidal activity tests of eah compound are tabulated
in the foll wing tables.
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Table 9

HERBICIDAL ACTIVITY OF SAWLES ON SUISA D AQUATIC WEEDS
: Solvent : Activity

Laboratory: concentration: Injury scale rating/ : I____ ___ ___ ___ ____ ___ ___ ___ __ : Index
Sample No.: ppm canadenis:.P nodosus:P, pectinatus: NoJ

831 200 3.7 : 3.0 : 3.0 : 3.2
* 600 4.7 : 4.7 4.7 : 4.7

832 200 : 4.0 3.7 3.0 : 3.6
: 600 : 6.3 6.0 5.3 5.9

833 200 3.3 : 3.7 : 3.7 : 3.6
* 600 5.7 4.7 : 5.0 5.1

834 200 4.0 3.7 3.7 : 3.
: 600 : 5.3 4.7 5.0 : 5.0

835 200 : 1.7 1.7 1.7 1. 7
: 600 : 5.7 . 4.7 : 5.0 : 5.1

836 200 3.7 : 3.7 : 3.0 : 3.5
: 600 : 6.0 : 4.7 5.0 : 5.2

837 : 200 2.7 2.7 2.7 : 2.7
: 600 5.0 5.0 5.3 : 5.1

838 : 200 : 2.0 : 2.7 2.7 2.5
: 600 6.0 5.0 5.0 5.3

839 : 200 : 3,0 2.7 3.7 3.1
600 5.0 : 5.0 : 5.3 : 5.1

842 : 200 : 3.3 4.3 4.2 : 3.9
: 600 5.7 6.5 : 6.0 6.1

844 200 : 2.3 : 2.0 2.5 2.3
600 4.7 : 4.2 4.0 4.3

853 200 : 2.7 : 2.7 2.7 2.7
600 : 5.0 5.0 5.3 5.1

854 : 20C : Not tested because of similarity to
600 : Saqle No. 853

Industrial: 200 5.0 3.7 : 4.0 : 4.2
grade : 600 5.7 : 6.0 5.7 : 5.8
xylenec/:

M/Each figure represents the mean of three weekly injury scale ratings.
D/Activity index number obtained by determining the average of the mean
injury scale ratings for each species tested.
S/Used as a standad contact herbicidal solvent for coularative purposes.
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Laboritory *Io. :761

Cornpotid :Pota!3si~. 3alt of 2-(2.4,5-trichoro.henoxy) propionic acid

For-lation 22.8% ,ctive In-,redient, W!, Acid :;quivalent, -)oil Applied

Granular

.. eekl,.- ~rsc .le r .tings of corpouinds evalu ~ted for herbicidzd activity on
,zqAatic weeds

3tamnd- -% t+er-Contiio,,s -'on.act :e-st-Conductej i.- ;rearihouse

Pottvec Ciltares Thrlir. 1 and 2 ieek3 iveral.e .%,tt -
of 0ozted t-7m1itic Followi,.Yg .'retr-et
.eed pDecits

tAe 5 at te _'3 La 40?f,A 5ff A 20 .4pff~

1= 1 _ 1 2 _1 2 __ 2__Z_ ___

P. o'ectinatus 3 10 3 10 4 1C 6.5 6.5 7

.nodosus 2 10 2 10 2 iOJ 6 6 6

Jcanadensis 3 10 4 11) 10 o 7 7

2A4



Labor-atory No. :762

Coimpoaind : Fotassiur salt of 2-(12,',5-tricr!1orophernoV) propionic acid

Formulation 6# Acid Jqui-rplent ?e,- g'allon, 30il ,nplied Liquid

-,ieekly; inj'i.-y scale ratings of comnpoxrnds evaluaited for herbicidal activity on
aquatic weeds

)tand ng iater-Continuou3 J-ontact Test-Co ,ducted in Greenhouse

Pot%.ed Cultures TIury :-ttings 1 ind 2 Weeks Average riating
of HR.,oted Aquitic Following Treat!,ent ___

.4eed 3pecies 'tt 5#/,A A ate 2&>./A R.ate 40O'A 5w,/A 20# /A 40#/A

2 2

P.pectinatus T TI10 -1 10 j2 4 -0 55

8 3 10 5.5 4.5' 6.5

.canrdesis



Laboratory 'o. : 828

Conr-ound : Crude .eth' i .phtalene

Forrilaten : olvent, 10,)* active Lnredient

-,,'ekiv injury scale r tings of compounds evaluated for herbicidal activity on
aquatt weeds

Standing Water . Cont'nuour Contact Test - Conducted in Greenhouse

Potted Culhurs Injurv Ratings 1, 2, 3, and 4 Weeks Following I Average Rating

:,t R .ted Aquatic Treatment
weed Species I .ride Cn-._.__ ppm Herbicide Con.. - m _ppm ppm ppm

- 43 1- 4
?. p, ct inatus I |

,,. nodosus

,j j ____1__________

Lmited Co' ,ct Period Test For iOlin. P,,,od Flowing Water C Standing Water Z

Potted Ltr-- Injury RatLigs 1, 2, 3, and 4 Weks Following |Average Rating

of Hoot ed Aqu,t ic Treatment _ ___

Wee.r" ' e~ H erb~icide ConcQ ppm jHerbi cide C o nc. _~p prn 2QPpp n1

4 2 I -2 3 4

p. ,ctI,oint 2 " 05 3 3.1- 1.5 1.2 2.7

n' _ 3 __4 2 ___ .3.

I-*, indesi 5  5K 4___3
ln~urv ,, , , cale, 0: No inlury; 1, ',, 3Slight Injury; 4, 5, 6.Moderate

InLury, ;, * c :S(ye ,e Iviur With Some Rerowth Inhibition Above Soil Line;
P0 :,',replete Kill of Plants Aho', Soil Line
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Laboratory '!.-. : 829

Comoound : iefinei ,Ieth:yl naphthalene
For:mulaion : )olvent, ]00 .ctve i U

Weeklv injury scale ratings of compounds evaluated for herbicidal activity on
aquatic weeds

Standing Water - Continuous Contact Test - Conducted in Greenhouse

Potted Cultures Injury Ratings 1, 2, 3, and 4 Weeks Followir. Average Rating
of Roc,t,:dJ Aquatic Treatment
Weed Species 1 lerbicide Conc... ppm Herbicide Conc. .ppm ppm; ppm

______z [ 3 4 1 2 3 4

P. pectinatus I

P . odosus ! ..

E. canadensis

Limited Contact Period Test For2O Min. Period J Flowing Water M Standing WaterC

Potted Cultures Injury Ratings ., 2, 3, and 4 Weeks Following Average, Pating
of Rooted Aquatic Treatment p
Weed Species Herbicide Conc. pp" Herbicide Conc. 60ppm ____pp___pp

1 2 3 4 i1 243,

P. pectinatus 3 4 3 3 1+.5 4 3.3 i 3.8~-----. ___ __-- I -- K
11. riodosus 2 2 2 313 23

F. canadensis 1 __1. 3 3___ 2 ____ 1__2__7

Injury rating scale, O=No injury; 1, 2, 3-Siight Injury, 4, S. 6--Moderate
Injur; 7, 8, 9 :Severe Iniur, With Some Regrowth Inhibition Above Soil Line;
10 Cornlete Kill oi Pltc 'Ahove- Si I ine
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Laboratory ',o. 830

Compound Tetrahyd.-onarlhthaiene

For :lateen : olvent, 100% %ctive Iri-redient

Weekly injury scale ratings of compounds evaluated for herbicidal activity on
aquatic weeds

Standing Water - Continuous Contact Test -Conducted in Greenhouse

Potted Cultures Injury Ratings 1, 2, 3, and 4 Weeks Following Average Rating
of Rooted Aquatic Treatment
Weed Species Herbicide Cone. ppm Herbicide Conc._ - m ppmt1 ppm

... 3 4 1- 2 3, 4

P. pectinatus [L

P. nodosus :1 _ ______
E. caadensis - j-

Limited Contact Period Test For 3M. Min. Period Flowing Water ED Standing Water
Potted Cultures Injury Ratings 1, 2, 3, and 4 Weeks Following Average Rating
of Rooted Aquatic Treatment _

Weed Species Herbicide Conc ]=. ppm Herbicide Conc. Lppm ML ppm .6x ppm
1 2 3 4 1 2 3 4

P. pectinatus 2 4 3 15 17 16.51 3 6.2

P. nodosus 2 2 3 5 116 6 2.3 5.7
E. canadensis 2 12 2 4L 5 3 2 4
Injury rating scale, O=No injury; 1, 2, 3-Slight Injury; 4, 5, 6xModerate
Injury; 7, 8, 9=Severe lnjuy With Some Regrowth Inhibition Above Soil Line;
10 =Complete Kill of Plants Above Soil Line
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Laboratory No. : 848

Compound : 4-airino-3,5,6-trichloropicolinic acid

Formulation :10' Active Ingredient, Clay Granules

Weekly injury scale ratings of compounds evaluated for herbicidal activity on
aquatic weeds

Standing Water - Continuous Contact Test - Conducted in Greenhouse

Potted Cultures Injury Ratings 1, 2, 3, and 4 Weeks Following Average Rating
of Rooted Aquatic Treatment
Weed Species Herbicide Conc. ..5 ppm Herbicide Conc.l.ppin ppm _0 ppm

1 1-2 3 1 4 1 i 2 3 I  4

P. pectinatus 0 0.5 0 2 495 1 10 7.8

P. ncdosus 1 2 4 7.5 3 8 10 10 3.6 7.8

E. canadensis 3 4 4-r 8 7 9-5 10 10 4-9 9.1

Limited Contact Period Test For __ Min. Period Flowing Water CD Standing Water EfM
Potted Cultures Injury Ratings 1, 2, 3, and 4 Weeks Following Average Rating
of " ' -d Aquatic Treatmen t..._p,_p
Wet ecies Herbicide Conc.. ppm Herbicide Conc... .ppm

____ -PP 
PPM__

1 2 3 4 1 2 3 4

P. pectinatus --- 1-
P. nodosus

E. canadensis .. - N"
Injury rating .ale, O:No injury; 1, 2, 3-Slight Injury; 4, 5, 6--Moderate
Injury,; 7, 8, 9 =Severe Injury With Some Regrowth Inhibition Above Soil Line;
10:Complete Kill of Plants Above Soil Line
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Laboratory No. : 849

Compound : 4-amino-3, 5,6-trichloiopicolinic acid

Formulation : 2 pounds per gallon Active Ingredient, Liquid

Weekly injury scale ratings of cumpounds evaluated for herbicidal activity on
aquatic weeds

Standing Water - Continuous Contact Test -Conducted in Greenhouse

Potted Cultures Injury Ratings 1, 2, 3, and 4 Weeks Following Average Rating
of Rooted Aquatic Treatment
Weed Species Herbicide Conc. -5 poL Herbicide Conc. _m _ ppm _ _ppm_

1 2 3 4 1 2 3 4

P. pectinatus 0 0 0 3 5 6 9 10 0.8 7.6

P. nodosus 1. 1.5 2 13 3 5 9 10 1.9 6.8

E. cadensis 3 3 3 9 7j '7 10 10 4.5 8.5

Limited Contact Period Test For - Min. Period Flowing Water l Standing Water

Potted Cultures Injury Ratings 1, 2, 3, and 4 Weeks Following Average Rating
of Rooted Aquatic Treatment
Weed Species Herbicide Conc.-. ppm Herbicide Conc. __ppm - ppm ppm1 ,2 , 3 4 1 1 2 .3 4

P. pectinatus

P. nolosus

E. canadensis

Injury rating scale, 0sNo injury; 1. 2, 3-Slight Injury; 4, 5, 6'Moderate
Injury; 7, 8, 9-Severe Injury With Some Regrowth Inhibition Above Soil Line;
10=Complete Kill of Plants Above Soil Line
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Laboratory No. : 855

Compound : Tris-(l-dodecyl-3-ir.etiy-2-phenylbenzi-iida zoliup) ferricyanide

Formulation 25% Active Ingredient, Wettable Powder

I Weekly injury scale ratings of compounds evaluated for herbicidal activity on
aquatic weeds

Standing Water - C0,atinuous Contact Test - Conducted in Greenhouse
Potted Cultures Injury Ratings 1, 2, 3, and 4 Weeks Following Average Rating
of Rooted Aquatic Treatment
Weed Species Herbicide Conc. .5 ppm Herbicide Conc . pm 4 ."- ppm I , ppm

__ 1 2 3 4 1 2 3 4

P. pectinatus 8 10 10 10 8 10 10 10 9.5 9.5

P. nodosus 6 9 19 93 85 110 10J 10 8.3 9.6

E. canadensis 8 9 9 9 10 10 10 10 8.7 10

Limited Contact Period Test For 30. Min. Period J Flowing Water CD Standing Water QV
Potted Cultures Injury Ratings 1, '2, 3, and 4 Weeks Following Average Rating
of Rooted Aquatic Treatment
Weed Species Herbicide Conc._. ppm Herbicide Conc. .,:ppm ppm .-.10 ppm

1 2 3 4 1 2 3 4

P~etnts0 0 0 0 15 14 3 303.8
P. nodosus 0 0 0 0 4 3 9 3 0 3

E. canadensis 0 0 0 0 6 6 4 3 0 4.8

Injury rating scale, 0-No injury; 1, 2, 3mSlight Injury; 4, 5, 6-Moderate
Injury; 7, 8, 9=Severe Injury With Some Regrowth Inhibition Above Soil Line;
10 --Complete Kill of Plants Above Soil Line
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Laboratory No. : 856

Compound : Bromine salt of tris-(l-dodecyl-3-neth71-2-heylbenzimidazolium)
ferricyanide

Formulation 95% Active Ingredient, wettable powder

Weekly injury scale ratings of compounds evaluated for herbicidal activity on
aquatic weeds

Standing Water - Continuous Contact Test - Conducted in Greenhouse

Potted Cultures Injury Ratings 1, 2, 3, and 4 Weeks Following lAverage Rating
of Rooted Aquatic Treatment -- a _ _ _

Weed Species Herbicide Conc. - ppm Herbicide Conc.],_ pm - E ppm1 J ppm

1 2 3 1 4 1 2 3 4

P. pectinatus 7 1 10 9.5 8 10 10 10 9.1__ 9.5

P. nodosus 9 10 10 8 10 10 10 8.5 9.5
E. canadensis i 9 9 10 10 10 10 10 9 10

Limited Contact Period Test For 3 Min. Period Flowing Water -" Standing Water

Potted Cultures Injury Ratings 1, 2, 3, and 4 Weeks Following Average Rating
of Rooted Aquatic TreatmentWeed Species Herbicide Co'nc.- pro Herbicide Conc..DApm ppm: ..= ppm,

1 2 3 1 2 3 4

P. pectinatus 0 0 0 0 5 4 3 2 0 3.5

P. nodosus 0 0 0 0 4 4 3 2 0 3.3

E. canadensis 7O 0 0 0 7 7 3 ] 0 5.3

Injury ratinj ;cale, O=No injury; 1. 2, 3-Slight Injury; 4, 5, 6--Moderate
Injury; 7, 8, -)Severe Injury With Some Regrowth Inhibition Above Soil Line;
10 =Complete Kill of Plants Above Soil Line
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Laboratory No. : 825

Compoand Coco diamiie

Formulation : 100' A.I. Liquid

Weekly injury scale ratings of compounds evaluated for herbicidal activity on
aquatic weeds

Standing Water - Continuous Contact Test - Conducted in Greenhouse

Potted Cultures Injury Ratings 1, 2, 3, and 4 Weeks Following Average Rating 1

of Rooted Aquatic Treatment
Weed Species Herbicide Conac. 50 ppm Herbicide Conc. ... 4pm ppm 1M ppm

__4._.1 2 3 4 1 2 4

P. pectinatus 10 10 10 10 10 _10 10 t10 10 10

P. nodosus 10 10 1010 10 10 10 10 10 10

E. canadensis 10 10 1 10 10 10 110 10 10

Limited Contact Period Test For M0. Min. Period Flowing Water L Standing Water M-l

Potted Cultures Injury Ratings 1, 2, 3, and 4 Weeks Following Average Rating
of Rooted Aquatic Treatment___
Weed Species Herbicide Conc..5_. ppm Herbicide Conc.U.L..ppm -- 5- ppm JI ppm

2 3 4 i2 13 4

P. pectinatus 0 0 0 1 7 6.5 7 6.5 0.3 6.8

P. nodosus 1 2 2 1.5 7 5.51 7 6.5 1.6 6.5

E. canadensis I4. 5 5 4 7 L 6 Tj6  5 4.5,) 6

Injury rating scale, O:No in)ury; 1. 2, 3-Slight Injury; 4, S, 6 'Moderate
Injury; 7, 8, 9=Severe Injury With Some Regrowth Inhibition Above Soil Line;
10-Complete Kill of Plants Above Soil Line
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Results of these greenhouse evaluations of the compounds do not show any
compound of exceeding promise for control of pondweeds in irrigation
canals. The potassium salt of silvex (Nos. 761 and 762) did show good
activity in soil applied tests, but generally these types of materials
have not proved to be successful when applied in flowing water situations.
Further development of specific application techniques and formulations
for aquatic soil applied materials is required.

The naphthalene solvent series of tests were suggested by certain reasuA.4
obtained from field applications of crude aromatic solvents that con-
tained naphthalene compounds. The tetrabydronaphthalene (No. 830)
exhibited the most activity of the three. Some difficulty was encoun-
tered in emulsifying these solvents. Some exploratory work has been
conducted using naphthalene compounds as additives to aromatic solvent
to determine the possibilitieq of enhancing their herbicical activity.
Results of these tests are not yet complete.

A completely new herbicidal compound (Nos. 848 and 849) was made available
this year and the compound structure only recently released. This
material was found to be active on the pondweed species tested under
continuous contact conditions. This material was not tested in a limited
contact or flowing water situation because of its slow action in pro-
ducing injury symptoms. Its possible usefulness in aquatic weed control
in irrigation systems would be limited to static water or possibly soil
application.

Compounds No. 855 and 856 exhibited good activity in static water tests,
but with much reduced activity in flowing water limited contact tests.
Tho potential usefulness of this compound in either formulations as an
sTustl: h"rbicide in irrigation canals is questionable.

Pondweed Proxagule Production as Affected by Reieated Aromtic Solvent

Greenhouse experiments were conducted to study the effects of repeated
aromtic solvent treatments on the vegetative propegule production of
sago pondw*d, r Pectinatus L., and American pondweed,
E. n g Poir. These studies are being performed to determine the
influence that continued aromatic solvent treatments may have on sago
pondweed tuber and American pondweed winterbud production within a
representative growing &eason. Data of this nature would be of potential
use to field weed control personnel in determining the advantages or
disadvantages of maki i maltiple solvent treatments in addition to those
rMquired for normal vegetation control.
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Tubers of sago pondweed and winterbuds of American pondweed were planted
in 6-inch clay pots filled with topsoil. Each pot contained six propa-
gules that were visually selected for uniformity in size and from the
same propagule source during any treatment series. The potted propagules
were cultured in either 1/2-cut 55-gall.i ateel barrels or full size
30-gallon steel barrels arranged in the greenhouse to receive uniform
light and temperature conditions. Supplemental light from 150-watt
incandescent flood lamps was used during short day periods.

A total of 18 pots of each species was planted for the first study series.
This provided for a series of replicated pot treatments of six individuals
for untreated checks, one treatment and two treatments each. Initial
experimental layout called for four pot replications for a three-treatment
series, but because of severe top kills obtained from a 300-ppm concentra-
tion of emulsified xylene only a two-treatment series was obtainable.
Treatment chronology is tabulated in Table 10.

Treated cultures and untreated controls were randomly arranged in the
culture aquaria to equalize any effects of excess herbicidal residues.
All treated plants were thoroughly rinsed in running tapwater following
treatment and returned to the culture aquaria for observation and
further treatments.

Cultures were treated with industrial grade xylene em1sified with
2 percent (v/v) of an anionic-nonionic bler. emulsifier. (Laboratory
No. 755.) Treatment concentration in the first test series was 300 ppm
for a contact period of 30 minutes. A herbicidal concentration of
250 ppm for a 30-minute contact period was used in the second test. rhe
potted cultures were allowed to produce significant amounts of vegetative
regrowth before being subjected to subsequent treatments. These periods
varied between treatments and were dependent on the regrowth accrued
between treatments and final harvest. Regrowth vigor varied between the
treated cultures and with species. Potted cultures were selected for
additional treatments on the basis of regrowth vigor.

Determinations were made of the number of vegetative propagules produced
under a secified treatment and the respective fresh and dry weights of
the propsgules. Results of the first test erie are tabulated in
Tables U and 12. Results obtained from the second test series are
itesised in Tables 13 and 14. Akan data contained in Tables 11, 12, 13,
and 14 are graphicall represented in Figure 1.

Data obtained in this study were analysed for statistical significance by
standard least square methods to detemine means and standard error of
meens, as described by Schmacher and Chapman (15).
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Table 11

EFFECTS OF AROMATTC SOLVENT TARTAThENTS N SAGO PONDIEED TUBER PRODUCTION,
TEST SERLhS NO. 1
:Total tresh:Total oven:

Replication: : No. of : weight of :dry weight: Mean dry Percent
No. (pot) :Treatment: tubers : tubers/ :of tubers/: weight/ :dry weight
or sample :produced/: sample, samTle, tuber, :of tubers

samxle : grams : gras .milligramsW:

1 Cimck : 41 4.395 : 1.592 39 36.22
2 : Check 41 4.231 : 1.736 : 42 41.03
3 Check 40 : 4.371 : 1.774 : 44 : 40.58
4 : Check : 53 5.761 2.393 45 : 41.53
5 Check : 41 5.409 2.16? : 5; : 40.06

ChecK : 59 : 308 : 2.207 : 37 : 41.57
Means : -- : 45.83 : - : -- :/ 43,33 : _/ 40.33

1 1 38 4.040 : 1.546 . 41 38.26
2 1 : 16 : 2.265 50 35.23
3 : 1 :26 : 2.234 :0.832 32 : 36.42
4 1 48 3.628 1.182 25 32.57
5 1 :15 2.048: 0.667 : 44 32.56
6 1 :35 - 2,867 :0.88 1 : 25 : 30.72

Me ans : - 29.67 : - - 36.17 : 34.33

1 : 2 :22 2.550 :0.910 41 : 35.68
2 2 : 27 : 3.520 : 1.159 43 : 32.92
3 : 2 :33 : 3.431 :i.\82 33 : 31..3
4 : 2 : 20 : 1.523 : 0.44. : 22 13.71

5 : 2 :23 : 2.04t :0.772 : 34 : 37.73
; :17 : 1.81o 0.6i 6 39 36.39

Means : - : 23.tJ : -3 - 5.33 3 4.83

W'Deterrmined frol rounded values.

Statistical analyses of the data in Table 11 indicate that sk-o pondweed
tuber production wac influenced by solvent treat,- nt '. the extent
indicated by the fol±owing:

a. The wean number of tubers produced by die untreated plants was
greater than one treatment (Po z 0.80) and two treatments (F = 0.45).
Ore treatment tuber number Wa3 not si-nificantly different fror., two
treatments (P z 0.53, !T > 2T).

b. A reduction in the averae-e dnL weight per tuber occurred between
treated and untreated plants (P a 0.80 that check > IT and F* 0. ')
that check > 2T). Meau dry weights did not aignificantly differ
between treatments.

*P - Probability.
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Table 12

EFFECTS OF ARUAATIC SOLVENT THEADANTM S ON AMERICAN PONDWEED WINTERDUD
PRODUCTION. TEST SERIES 1 

:Total fresh:Tota2 oven:
Replication: No. of weight of :-c weight: Mean dry Percent
No, (pot) :Treatment: buds buds/ : of buds/ weight/ :dry weight
or sample :pioduced/: sample, sample, bud of buds

: : sample : grams : grams : milligramsl/:

1 :Check : 74 :14.363 :5.159 : 70 : 36
2 :Check : 35 : 8.142 :2.875 : 82 : 35
3 Check : 49 : 10.155 : 3.620 74 : 36
4 • Check : 56 : 12.248 : 4.398 : 79 36
5 :Check : 62 :12.744 :4.381 : 71 : 34
6 _: Caeck : 25 : 6.251 : 2.119 : 85 : 34

Means : 50.17 : - - : -/ 76.83 : ! 35.17

1 : i :19 : -.740 :1.345 : 71 : 36
2 : 1 :26 : 6.022 : 2.191 : 84 : 36
3 1 :14 : i.'74 :0.458 : 33 : 31
4 : 1 :27 : 4.>7 :1.510 : 56 : 33
5 : 1 :37 : 5.259 1.788 : 48 : 34
-- 6 1 . 37 : 7,100 . 2.633 71 : 37

Means : : 26.67 : - . - : 6034.50

1 : 2 :1 : 3.703 : 1.180: 66 : 32
2 : 2 :30 : 4.384 :1.405 : 47 : 32
3 : 2 :33 : 6.002 2.014 : 61 : 34
4 2 6.588 : 2.266 : 67 : 34
5 : 2 :17 :3.787 : 1.233 : 73 : 33
6 2 : 32 : 5.745 : 2.019 : 63 j 3

Means . 27.33 -- - : ,/62.83 : 33.33

&/Determined frcm rounded values.

c. The average percent dry weight per tuber shows that untreated
plants differed significantly from all treated plants (P a 0.99),
but only slight variations occurred between one and two treatments.

Interpretation of data in Table 12 on production of American pondweed
winterbuds is as follows.

a. Untreated plants produced a greater mean number of winterbuds
than treated plants (P = 0.98). There were no significant differences
in winterbud mean numbers between one and two treatments.
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b. Average dr. wei -nt 1er winterbud was significant . greater witi.
untreated plants as compared to treated plants (P = 0.9D, c-.ecks IT,
and P = 0.99, ciecks > 2T). No significan-t differences occurred
between the two treatnents.

c. Thie average percent dr , weisll - f winterbuds did not greatl
differ between untreated plants and one treatnent (P = 0.30, ci.eck > IT),
wtnereas untreated ci.ecks were significantl different fron t;,e second
treatment (P = 0.98, ci.eck "> 2T). Tiere were soiie differences in
mean percent dr weig..t of wi:nterbuis between treatn-ents (P 0.70,
IT > 2T).

The results of t..e second test series t .at furt,.er evaluated t .e influence
of solvent treatments on sago ior)dweed tuber pioductiLn are tabulated in
Table 13. Analses of t.,e results .f thlis test, w:.ic:, include a tnird
treatment in tne series, are as follows:

a. Again tie mean number of tubers produced b> untreated plants
exceeds ti.at produced b t:ose treated (F = 0.19). A greater mean
number of tubers was produced under conditions of one treatment trnan
under two treatments (P = 0.95, 1T : 2T). A considerable decrease
in level of significance was exn.ibited between one treatment and t;ree
treatments (P = 0.50, 1T > 3T). Tuber nunber production was greater
at t:ne tnree-treatent level tLan two treatments.

b. Average dry weig.t of tubers produced b, untreated plants was
greater than all treated plants (P = 0.99). Mean tuber dry weig".ts
of one treatment were significantl greater tian ti.ose treated twice
(P = 0.95, 1T > 2T), but werp less significant tnra. tiose treated
three tines (P = 0.50, 1T > 3T). As with tuber nunber, average
dry weigt Df tixee treatments was greater tinan two treatments.

c. Trhe average percent dri weigi.t per tuber indicates tnat Luntreated
plants differ from treated plants (P = 0.90, ci.eck > 1T and 3T and
P = 0.50, check > 2T). Mean percent dry weiL.:t of tubers differed
significantly between treatments (P = 0.99, 1T > 2T and P = 0.95,
1T - 3T). Again the percent dr) weight of tnree treatment tubers
exceeded tnose under two treatments.
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Table 13

EFFECTS OF ARCMATIC SOLVENT ON SAGO PONDWEED TUBER PRODUCTION,
T SERIES 2

:Total fresh:Total oven:
Replication : : No. of : weight of :dry weight: Mean dry : Percent
No. (pot) :Treatment: tubers : tubers/ :of tubers/: weight/ :dry weight
or sample :produced/: sample, : samples, : tuber, :of tubers

sample grams : ras : milliaramsa/:

1 Check : 124 : 13.7242 : 5.9364 : 48 : 39
2 : Check : 67 : 5.6674 :2.0808: 31 : 37
3 Check : 68 : 10.9498 4.5517 : 67 : 42
4 : Check : 83 : 9.5903 : 3.9920 : 48 : 42
5 : Check : 67 : 8.654 : 3.7046 : 56 : 43

:Che k : 135 ; 0,87i 4.3157 32 40
Means : : 90.66 9.9102 : 4.0969 a/ 47 : 40.5
1 : 1 : 39 : 3.4944 : 1.4711 : 38 : 42
2 • 1 :63 : 5.1139 :1.8590: 30 : 36
3 : 1 : : 4.8646 :2.0210: 39 : 42
4 : 1 :51 : 2.3664: 0.8837: 17 : 37

Means : : 51.2) : 3.9598 : 1.5587 : a 31 : ,/ 39.25
1 : 2 :20 : 1.3208 :0.3365: 17 : 26
2 2 : 27 : 2.4305 : 0.5796 : 22 : 24
3 : 2 :16 : 1.1973 :0.3827: 25 : 33
4 : 2 :22 : 1.6232 :0.3714: 17 : 23
5 : 2 :22 : 1.4987 :0.4350: 20 : 29
6 : 2 :19 : 1.7800 :0.5106 : 27 : 29
7 : 2 :18 : 1.8812 :0.4500 : 25 : 24
8 : 2 :20 : 205239b:0,584: 28 : 25

Means : : 20.50 : 1.7464 : 0.4530 : 22.62 : 26.63
1 : 3 :32 : 2.8170 :1.1130 : 35 40
2 : 3 :25 : 3.1084 : 1.1200 : 45 36
3 : 3 :52 : 3.1699 : 0.9610 : 19 : 30
4 : 3 .16 : 0,8726 :0.2724: 17 : 31

Means : : 31.25 : 2.4919 : 0.866 : 29.0 :/ 34.25

W/Determined from rounded values.
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Table 14 lists the results of the second test serip evaluating American
pondweed winterbud production. These results are statistically inter-
preted as follows:

a. Average number of winterbuds produced by untreated plants
was significantly greater than all treatments (P = 0.99). A
greater mean number of winterbuds developed in one-treatment samples
than in two- and three-treatment samples (P = 0.95, IT > 2T and P =
0.99, IT > 3T). Winterbud production was only slightly greater
under conditions of two treatments than three treatments (P = 0.20,
2T >3T).

W. Mean winterbud dry weights of untreated checks were significantly
different than one and three treatments (P = 0.95, check > iT and 3T),
but was less than two-treatment cultures. One treatment mean dr-j
weight production was significantly greater than three-treatment
cultures (P = 0.99, IT '> 3T), but was less than two treatments. Two
treatments produced winterbuds of greater dry weight than those under
three treatments (P = 0.95).

c. An inverse relationship existed in the average percent dry weight
of winterbuds, where all treatments had values greater than the
untreated checks. Some differences occurred between percent dry
weight of one treatment and two treatments (P = 0.50, lT > 2T) and
one treatment and three treatents (P = 0.90, IT >-3T). Average
percent dr weight of winterbud production under two treatments was
significantly greater than three treatments (P = 0.90, "T " 3T).

In gerAeral, the results of this laboratory study show that aromatic
solvent2 have an influence on the vegetative propagule production of
these two pondweed species under the conditions of this experiment.
This is especially evidenl. when comparing treated and untreated plants.
Initial tests indicated that additional solvent treatments (beyond one
trtatment) did not significantly change the character of propagule
productilon. The second test series illustrated that significant
differences did occur between the one- and two-treatment series in both
number of propagules and dry weight production for both species. The
addition of a third treatment had no influence on reducing tuber and
winterbud production, and in certain instances propagule production
exceeded that of the two-treatment series.

Laboratory studies of this type present conditions that greatly limit
the latitude of translating laboratory results to potential field
application. In this experiment the relatively small size of experimental
layout, both in size of plant clones and number oi replications, would
influence confidence in the .inal results. Another limitation to be
considered is the herbicidal susceptibility of greenhouse grown plants,
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Table 14

EFFECTS OF ARCMATIC SOLVENT ON AMERICAN PONDWEED WINTUBD PRODXJCTION,
TEgT SMIES 2

:Total fresh:Total oven:
Replication: : No. of weight of :dry weight: Wean dry : Percent
No. (pot) :Treatment: buds : buds/ : of buds/ : weight/bud :dry weight
or sample : :produced/: sample, : sample, :milligrams&/: of buds

sample : grams grams :

1 :Check : 84 .16.2283 :5.2899 : 63 32
2 : Check : 86 :12.8050 : 4.0566 : 47 32
3 : Check : 75 11.0515 : 3.4594 : 46 : 31
4 :Check : 59 :11.3226 : 3.9291 : 67 : 35
5 :Check : 73 :13.8754 : 4.4367 : 61 : 32
6 :Check : 60 :12.4492 :4.0746 : 68 : 38

Means : : 72.83 : 12.9553 : 4.2077 : 58.67 : g/ 33.33
1 1 50 : 7.6156 : 2.8343: 57 37
2 : 1 :31 : 5.5569 : 1.9924: 64 : 36
3 : 1 :63 : 7.6778 : 2.8289: 45 : 37
A 1 255 :7.5675 : 2.8248 51 : 37

Mens :: 49.75 : 7.1045 : 2.6201 : / 54.25 : /36.75
S2 30 : 5.3168 : 1.8424 : 61 35

2 : 2 :33 : 4.5942 : 1.6354: 50 : 36
3 : 2 :44 : 7.2428 : 2.3349 53 32
4, ; 2 ;.. 5.3257 : 1.999 ; 4...: 38 ,.

Means U : 33.75 : 5.6199 : 1.9530 5 /59.20 3 a/35.25
1 : 3 :22 : 2.9601 : 1.0164: 46 : 34
2 : 3 : 36 : 3.5302 : 1.0999 : 31 : 31
3 : 3 : 41 : 4.3868 : 1.5046 : 37 : 34
4 3 :29 : 3.6720 : 1.1710 : 40 : 32
5 : 3 :26 : 4.0476 : 1.3582 : 52 : 34
6 : 3 :23 : 3.1738 : 1.0993: 48 : 35
7 : 3 :43 : 4.1570 : 1.2904 : 30 : 31
2- 3 :36 • 4.4103 1.3550: 38 , 31

M,,ns : • 32 : 3.7922 1.2369 : 40.25 : 32.75

&/Determined from rounded values.

42



that required considerable reduction in herbicidal concentration to
allow for a maximum of only three treatments. The long periods required
for vegetative regrowth between multiple treatments would also be
expected to have some influence on vegetative propagule production.
It was interesting to note that in all tc-ts, regrowth apparently
developed only from rhizjme meristemat. tissue and not from tubers or
winterbuds which had never become verna-ized.

The results of this study, while not conclusive, do show some important
trends that could have practical field signil'4ance. The most interest-
ing is that under the conditions of these experiments sago and American
pondweed vegetative propagule production was significantly reduced by
aromatic solvent treatment. Vegetative propagule production varied
according to number of treatments in certain instances. A significant
reduction in mean number and mean dry weight per tuber and winterbud
was accrued between one treatment e-d two treatments, but no further
reductions of tubers and winterbuds were evident with the third treat-
ment. Further treatments beyond three were not possible because of
limited amounts of vegetative regrowth.

Results obtained in these studies suggest that aromatic solvents in
excess of twn treatments will not fUrthe" L" iiieatation
potential of pondweed growth in the succeeding year, assuring most of
the plant growth develops from tubers and winterbuds.

Additional investigations under conditions of flowir wrfter in an
outdoor situation were attempted during the past summer. Planb cultures
did not develop sufficiently well for treatment and were discarded. The
study was started late in the growing season and could n- be repeated.
Further investigation is anticipated.

Influence of Water Quality on the Herbicidal Efectiveness of Acrolein

The aquatic herbicide acrolein (Laboratory No. 816) was tested for
effectiveness on submersed aquatic weeds in waters of varying alka-
linity and high total dissolved solids. Information obtained from these
studies would be of interest to field personnel in evaluating the
potential usefulness of acrolain as an aquatic herbicide in situations
where water quality is highly variable.

Synthetic alk-line waters, utilized in herbicidal evaluation tests, were
made wth sodium bicarbonate. Concentrations of the bicarbonate ion
(HCO- ') were determined by standard titration methods (16).

Synthetic hard waters used in herbicidal evaluation tests were made by

the addition of various sets to tapwater according to recommendations
made by the Chemistry Section of the Research Division. The chemical

43



TEST SERIES ONE

SAGO PONDWEED AMERiCAN PONOWEED
'00

90

85

80,

75

65

60

50

45

35

30--

0

ME0 NO MEAN ~ DRY %_ DRTMAO ENDYDYW

95

40r 71---

45

40 N

35

20

MEAN W. MEANORY % DRY WT MEAN NO MEANODRY % DRYWT,
OF TUBERS WT OF OF TUBERS OF DUO)S WT OF OF BUDS

TUBERS, mg BUDS, -9

CHECK ONE TREATMENT TWO TREATMENTS 0TH4REE TREATMENTS

FIGURE I -PONOWEED PROPAGULE PRODUCI!ON AS AFFECTED
BY AROMATIC SOLVENT TREAIMENT

1- 27 -64

43o



components of these synthetic waters and laboratory tapwater are listed
in Table 15. Tapwater wae used as a comparative standard in all
herbicidal testr evaluating water quality effect on plant response.

Table 15

ANALYSES OF WATER USED IN HERBICIDAL
EVALUATION TESTS OF ACROLEIN

Laboratory tagater

TDS : 78.0 ppm
Ca 13.0 ppm

: 2.3 ppn
Na : 2.1 ppm
K . 0.8 prm
C :* 0.0 p-
HCO3  : 28.0 ppm
SO4  . 21.0 ppm

Cl : 0.7 ppm
Total hardness

expressed as CaCO3: 42.0 ppm

Synthetic hard water No. 1

TDS : 668 ppm
Ca . 89.2 ppm

: 20.9 ppm
Na 59.6 ppm
K 3.7 ppm
HCO3  34.4 ppm
S4 4 ,47.6 ppm
Cl 35.5 ppm
Total hardness

expressed as CaC03: 308.5 ppm

Synthetic hard water No. 2

TDS 1,115.8 ppm
Ca 165.4 ppm

39.3 ppm
Na 117.1 ppm
K 6.7 ppm
HCO3  40.8 plm
SO4  : 676.2 ppm
Cl 70.3 ppm
Total hardness

expressed as CaCO3: 575.0 ppm
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Pondweed species used in the standing water herbicidal evaluation test
were potted cultures of sago pondweed, Ppta.ogeton pectinatus and
American pondweed, E. nodosus. All plants were cultured and held for
observation in tapwater. Treatment conditions consisted of treating
plants with three herbicidal concentrations and contact periods in
waters varying in both alkalinity and total hardness.

Plants were held for P period of 2 weeks and injury ratings obtained
weekly. Injury rating system is based on a 0 to 10 scale as previously
described.

Water temperatures during herbicidal treatment and rinsing periods wcre
maintained in a range of 67" to 70" F.

The results of these studies are tabuifA 4 according to individual testL

and are reported as follows:

Table 16

EFFECTS OF HIGHLY ALKALINE WATERS ON THE HERBICIDAL ACTIVITY
OF TWO PONDW= SPECIES TREATED WITH ACROLEIN
:Alkalinity of water,: Injury scale rating, :Overall injury:

Herbicidal : bicarbonate anion :mean of 2 weekly ratings:rating of both
treaWtent : in ppm :P. pectinatus:P. nodosus: spcies

Acrolein : 28 6.8 : 5.5 6.2
i0 ppm . 84 6.5 : 6.0 : 6.3
6-hour contact:
period 284 : 7.5 : 6.3 6.9

Acrolein 28 7.5 : 7.0 : 7.3
25 ppm 84 : 7.5 : 6.5 : 7.0
3-hour contact:

period : 284 : 7.5 : .5 : 7.0

Acrolein . 28 : 7.0 : 6.8 6.9
150 ppm : 84 : 6.3 : 7.0 : 6.7
30-minute con-:

tact period: 284 : 7.5 : 7.0 7.3

Untreated
check* 84 0 : 0 : 0

Untreated
check 284 0 0 : 0

*Plants held in highly alkaline waters for 2 weeks during injury observation.
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The results of the test on herbicidal effectiveness of acrolein in
highly alkaline waters, shown in Table 16, indicate no significant
difference in injury between treatments. There was a slight decline
in overall herbicidal activity at the 10-ppm, 6-hour contact period
test. This reduced activity at lower concentrations of acroleln has
been previously noted in past tests with this herbicide.

Table 17

EFFECTS OF INCREASED WATER HARDNESS ON THE HERBICIDAL ACTIVITY
OF TWO PqNDWEED SPECIES TREATED 'WITH ACROLEIN
:Total hardness of treat-: Injury scale rating, :Overall injury

H-rbicidal : ment water in ppm, :mean of 2 weektl" ratings: ratiiq of both
treatment expressed as CaCO3  :P. pectinatus:P. nodosus: species

Acrolein : 42 Tapwater : 3.0 : 4.3 : 3.7
10 ppm : 308.5 Water No. 1 : 3.5 : 4.3 :
6-,. ur contact:

pe.'iod 575.0 Water No. 2 : 5.0 4.3 : 4.7

Acrolein : 42 Tapwater 6.8 : 6.8 6.8
25 ppm : 308.5 Water No. 1 6.5 : 7.0 : 6.8
3-hour contact:

period : 575.0 Water No. 2 : 6.8 7.0 6.9

A. lein : 42 Tapwater : 6.3 6.5 : 6.4
150 ppm : 308.5 Water No. 1 : 6.3 : 6.8 6.6
30-L inute co n-:

tact period : 575.0 Water No. 2 : 6.5 : 7.0 : 6.8

Untreated
check* :308.5 Water No.I : ) : 0 : 0

Untreated
cheecw• 575.0 Water No. 2 0 0 : 0

*Plants held in waters of high total (CaCO3) rardness f')r 2 weeks durinr
injury observation.

The results of tests on herbicidal effectiveness of acrolein in Lrd waters,
shc'wn in Table 17, indicate that water hardness had no significant influ-
ence on resulting plant injury. As with the alkalinity test there was a
significant declin~e in overall injury at the l0-jin., 6-hour contact
period test. This difference was considerably greater in the latter
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test. Both injury retings should be similar in the tapwater treatment.
The only explanation that can be offered for these differences was the
age of th& plants in the separate tests. !"ants used in the water
hardness test were 24 days old at treatment while those used in the
alkalinity test were 29 days old. Previous studies with aromatic solvents
Lndicate significant reductions in injury with younger plants.

The results of these tests are not conclusive due to limitations inrherent
in lahnratory tests, but indicate that the herbicidal activity of
acrol in is not greatly inifluenced by changes in water alkalinity or
hardness. A consideration that would have to be made in these tests is
that the plants were not cultured in the wcters of varying quality. It
is possible that this Might hAve some effect on subsequent herbicidal
response, although various other physical factors are expected to have
more iifluence on the herbicidal response of plan-ts to acrolein than
water quality. These conditions might best be met in a field situation.

Comparison of Pondweed Herbicidal Response to Aromatic Solvents in
Flowing Versus Standing Water

Laboratory evaluation of the herbicidal activity of aromatic solvents

has always been conducted in a flowing water situation rather than in
static water. The flowing water situation was thought to present a more
rigorous situation for evaluating a candidate solvent. This hypothesis
was based mainly on empirical observati-n and not controlled experimental
conditions. In these tests plants were always cultured under static
conditions, treate in flowing water and held for observation in standing
water. Prior to the fabrication of a larger model canal system where
outside ponded water can be recirculated through a flume, a systematic
evaluation of the various ramifications of flowing versus standing
water effects on herbicidal response could not be evaluated.

The model canal system used for these preliminary studies was fabricated
in the laboratories shop and installed in one of the greenhouses, as
shown in Figure 2.

A swall pond outside of the greenhouse was lined witi, but.>l rubber and
filled wit. tapwater, Figure 3. Tiis water source is used as reservoir
for recirculating water through the model test flume.

The outdoor pond water can be recirculated tnrough the test flume at a
maximum volume of about 1/3 cfs. Water temperature was monitored
t-roughout tie study and ranged frov. 63-70" F. The canal flume is con-
structed so as to provide a few inches of water over tiie plants in case
of pump failure, which has been experienced on numerous occasions since
original construction, A number of modifications were made in the
system prior to a final reliable period of operation during the 1963
summer season.
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Ficvure 2. Model canal system utilized to recirculate water fron. a
small outdoor pond for detailed study, of pondweeds in a
flowing water situation.

48



Fitgure 3. SmIl outdoor pond used as a water supply reservoir for
recirculating water through the model test flume.

This preliminary study was designed to evaluate a multIple comparison
of the effects of flowing and standing water on~ plant growth and
herbicidal response to aromatic solvent herbicides. The various
comparisons made are listed as follows:

Standing Water Culture Flowing Water Culture
Plants grown in 20-liter Plants grown in recirculated

Sguax'ia water of Model canal

lA-lowing water treatment- l.B-Flowing water treatment-
60-minute standing water rinse 60-minute standing water rinse

2A-Flowing waTer treatment- 2B-Flowing water treatment-
60-minute flowing water rinse 60-mut. flowing water rinse

3A-Stand tug water treatment 3 B-Standing water treatment-
60-minute flowing water rinse 60-minute flowing water rinse

4A-tanding water treatment- 4B-tand tug woter treatmet-
60-ainute standing water rinse 60-smnte standing water rinse
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All flowing water rinses were made in the test flume trat is equiped
with three separated chanels, any one of wi,ich can be set to waste
the water carried in it. All rinse water was wasted t, prevent con-
taninati:n )f ti.e reservoir water. Standing water rinses were made in
20-liter plastic aquaria. Flowing water treatments were anade in the
saller recirculating test flume used in evaluatiag arorratic solvent
herbicides. This equijoent is described in tie aromatic solvent evalua-
tion section of this report. Plants renoved fron. any culture situation

for treatmient and rinsing were returned to the same flowing or static
water conditio n for tie 4-week period of injury observation.

A herbicidal concentration o-f PGY pjz of x ;Ienc, ;,,usified wi(h L-1/2
percent v/v of a nonionic-anionic enlsifier (Laboratory No. 755) was
used in making all .pondweed tleatments. Water temperature during,
treatent and rinse periods was maintained from 65-70" F.

The two pondweed species included in this study were potted cultures of
sao and American pondweed. Sil-filled 4-inch clay pots were utilized
to facilitate movement oi the cultures throwi" the situations described.
Replicated cultures of each species were tested under the conditions
indicated. The overall test was not replicated at this time because of
the late season start of the experiment. This was due primarily to
mechanical problems associated with the equipment during the early summer
3eason.

Observational injur-y ratings are the same as those used in evaluating
solvents for herbicidal effect, as previously described. A total of
four weekly injury ratings were made following treatment. Weekly injury
ratings for each species-treatment condition are the means of two
replicated pots. Only the first week injury rating on flowing water
plants was made in. the flowing situation because of pump motor flooding.
The remaining three ratings were made with plants held in static water.

A number of untreated check plants of each species were grown under the
flowing and static water conditions for observations and measurement )f
growth characteristics. Somc slight differences were noted among
cultures. Mean measurements typical of plants grown in each environment
are sunnarized in Table 18.

Resulting weekly injury ratings for each species and treatment-rinse
condition were plotted on coordinated paper and visual estimates of
comparative relationships made. It was obvious that little differences
occurred between conditions of standing water versus fluwing water rinse,
regardless of culture, species or culture condition, as seen in Figures 4
and 5. The two rinsing component data were combined for statistical
comparisons of remaining culture and treatment differences that might
occur. These data were subjected to linear regression analysis and
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individual regressions plotted (Figures 4 and 5) according to cultur
conditions. Test for nonlinear components vere not made at this time
because of the preliminary nature of the study. Analyses of variance
were computed between regressions of species, treatment condition, and
culture conditions and significance both to means and slope were made.
The significance of resulting comparison of injury obtained under the
specified condition is as follows:

Figure 4 (Standing Water Culture) illustrates the significance of
difference3 between species with respect to flowing or standing water
treatment, American pndweed showing a significance of only P - 0.30
of mean difference and P - 0.50 of slope difference between two water
treatment conditions. On the other hand, sago pondweed exhibited a
significant effect of water movement during treatment with the analysis
showing the significance of P - 0.90 that means differed and P - 0.80
that slopes differed. 4ean injuries differed significantly when com-
paring sago with American in flowing water treatments, P = 0.70 that
means differed, but only P - 0.20 that slopes differed. Likewise, wheA
makin the two species ccmparisons in standing water cultures the means
differed by a P a 0.99, but with little significance in slope, P - 0.40.

A considerable reduction in overal injury obtained by treatments when
plants were grown under flowing water conditions is illustrated in
Figu 1, except for American pondweed treated in standing water. It
should be noted that mny American pcndweed plants developed rather
atypical during the study and results would be questionable. Analytical
compariwone between the two culture conditions were not made because of
the obvious significant differences. Plants grown in the flowing water
were quite heavily encrusted with what appeared to be a mixture of
calcareous paterial and epiphytic microorganisms. This would undoubtedly
influence the rate or amount of absorption of the herbicidal solvent and
subsequently reduce injury.

A breakdown of the significance between flowing water anJ static water
treatment injury for sago pondweed exhibited significant difference of
mean P - 0.90 and slope, P - 0.98. American pcmdweed also exhibited
significant differences between standing and flowing water treatment
with mans (P a 0.99) that slopes differed less with P a 0.60. Compari-
sons between species under each treatment conditions indicate little
significance in flowing water treatments, means P a 0.20 and slope
P a 0.60 while under standing water conditions of treatment a significant
amn difference occurred, P a 0.98, slope 0.60.

In sumriing it appears that under the conditions of this preliminary
&ud, plants grown in flowing water exhibited a reduction in injury
to aromatic solvent treatments as opposed to standing water cultures.
Both sago pnweed and American poieed showed sow reduced injury
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wnen treated in flowing water as opposed to standing water wtien cultured
under either water condition. Fror the preliminary results, it appears
that treatment of pondweeds under flwine water conditic ns flit;t be
justified in the laboratory evaluation ofi aromatic solvent '.erbicides.
Also, it would appear desirable to culture plants under flowin4: water
conditions for these tests, but with the present equipment and
facilities it is irnracticea. Effects of rinsing regardless of flowing
water or standing water d- not apjarentl.y affect the overall obtainable
injury. Previous urrepolted laboratory test6 show that adequate rinsiag
period rust follow a solvent treati: ent to obtain reliable injury results.

Effects of Water lemz'erature and Hardness on ,uLlsion Stability

Certain aromatic rnydrocarbon solvents (13) &. e used to control submiersed
aquatic weeds in irrigation waters havLng a wide rang( of hardness and
temperature. The emulsifying agerit used in dlslersine aronatic s-lvents
is tierefore expected to perfcr. satisfactorily under a wide vsriat;-n
in eacr. u" these two fact irs.

T..is study uas conducted to determine ti.e influence of water te-,erature
and hardness on enulsir stability. Water tereratures of 5, &C, 7.
an' 8,* F were selected to rejresent tne water temierature rarivc exected
in most irrigation wbters. Nater3 containine 42 and 342 j jr. xard s
expressed as ca-icium carbonate were used f r 11)w and i~id. Ardness
waters. For sinjlicity reasons, the low and h.itL :.ardnesc -aters will
be referred t; z£e.'eaf 'r as soft and Lard waters, res.ectively. Denver
tal:water was used flr i:-e 42 irr; hardness water while tihe 342 11l hard
water was made by addine calciu cnloride and mafnesiur c,',loride to
distilled water.

The four emulsifiers used tn evaluate the two factors represent eth
nrw.!nie and nonion~c-aninv'r, 1 =11 maturial;. &i 'bers were assigned

to the Vents for identification purposes. Each .f the raterials was
dissolved in xy.ene to i ve earulsifier concentrations f a., 1. and
2.0 perccvt ¢/v in the emulsifiable concentrate. Each of thvse 7aterials
has been evaluated in hard water ireviously and reported to Bureau
offices for their information. Therefore, the resa,,ts for nard water at
1kOoM temperature were anticipated.

The laboratory test method described in Chemical Engineering Laboratory
Report No. W-1 (12) was used In preparing the emulsions and determining
the resu.lting amount of cream layer and free oil. Temperatures were
maintained by keeping the water and concentrates in a constant te=m-era-
tur. water bath I.rior to preparing the emulsions and the prepared
emulsions in the bath during the 4 hours while tht readings on amount of
crvem and oil were made.
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Teres were run in triplicate on eacn emulsifier used at t :r~e different
concentrations in both soft and nard water and at four different water
temperatures. The average amount of cream ad oil for eec:. reJicated
test is given in Table 19.

These data snow that there is considerable difference in ernJisi :i
stability 2onC the four emulsifiers, and the emui61 n sta1llit-, tezierai".
uecreases with a decrease in emulsifier cncentrati-,n. The :,arness
the water also influences the stabilitY of the erulsi-:-s.

Amount of cream layer for-ed during the 4-f.our jerLx J.s c,;IsLJere . ti~e
most important of the three readinC periods. L- Fi*-ure t. V.- avera e for
each 4-hour readine is plotted to show a cociarison 3f eMUiF; n staility
among emulsifiers, erLlsifier c3ncentration, water texlerat. and water
hardness.

From the data presented, it can be concluded tIat the enulsifiers prc uce
greater emulsion stability in the hard water, and in ,c st cases water
temperature does not affect iindlsion stabilit, to any sigoificant decree.
Emulsifier No. 2 in hard water -t the 1.5-percent level is an excertionr
in that it showed a sharp decline in stability in 50 water. E&ulsifier
No. 3 used at the 2-percent level in the only' material that produced
good emulsion stability in beth soft and hard water and at all water
temperatures.

In selecting emulsifying agents used in this study I'r best performance
under certain conditions of water temperature and hardness, the %lest
results indicate the following:

1. Emlsifier No. 3 at 2 percent for a wide veriOtirn iw water
hardness and terlerature.

2. &l.sifier No. 2 at 1.5 percent for hard waters of the higher
temperatures.

3. Emulsifier No. 1 o.r No. 3 at 1.5 percent for hard waters of tzie
lower tezrperatires.

Pelletiz-Id Agjic 1rbicide L

Herbicides are not norzally f1Xrulated syecifical,y for a:jilicaticn t:
aquatic soils in f7oint water situations. These raterials p,-8sses
certain physical claracteristics such as rate of dissolution and dek-rada-
tion that are- not 4timur- for extended effectiveniess w.ner ,zsed iTI
treating aquatic a-ils of Irrigation canals.
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It is the intent of this study to investigate the potentials of incor-
porating some of the more active aquatic herbicides into a resinous
binder to prepare an aquatic herbicide formulation having characteris-
tics more compatible with some of the requirements believed recessary
for goud performrnce under field conditions. The principle of con-
trolled rel ease of a toxicant has worked very well Ln extending the
activity of algaecides included in antifouling paints for inhibiting
the attachment of algae tc the surfaces of irrigation structures.
Limited work performed on pelletized herbicide formulations has been mde in
an attempt to duplicate the foroulation principle used in fouling
prevention materials.

The resinous binder used in preparing the herbicide pellets is a vinyl
resin copolymer solution, vinyl chloride-vinyl acetate dissolved in
solvents and is referred to in Bureau paint specifications as VR-6 seal
coat (17J. Pellets are prepared by mixing the herbicide into the vinyl
resin solution until the mixture reaches a thick paste consistency. The
paste is transferred to a hypodermic syringe and extruded in a continu-
ous small diameter extrusion onto a glass surface for drying. The

air-dried formulation is broken into small pieces which are used for
soil applications. Percentage of active ingredient (herbicide) in the
pellets is computed from the weight of the ingredients.

The pelletized herbicides are evaluated for activity by treating soil
contained in 6-inch flower pots which is planted with sago pondweed
tubers. A test in progress sahwing sago pondweed growth from treated
and untreated soil is illustrated in Figure 7.

The pelletized material is applied to the top 1 inch of soil on a
pound-per-acre rate based on active ingredient. Providing the herbicide
treatment gives a coplete kill of the initial crop of pondweed, the
water is drained from the aquaria and the soil replanted with tubers.
Fresh tapwater is used to refill the aquaria. This procedure is
repeated following each complete kill.

Five different pelletized herbicide formulations were included in the
first series of tests to determine their activity in a resinous binder.
The herbicides used were 2,4-0 acid, monuron, fenac amide, 24-D acid
plus sand and mcmuron plus 2,4-D acid. The results of this test are
given in Table 20.

All formulations gave complete kill of at least one crop at all rates
tested. MNmwon and fenac produced two complete kills at the 40-pound
rate and above. The 2,4-D acid did not show the longevity of activity
at the 4-poumd rate as did these two comounds.
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Figure 7. A comnpari son of eago pondweed growth fromD untreated
soil on the left and from2 soil treated with herbicide
pellets on the right.

Lale20

EFFECTS OF PELLETIZED HERBICIDES ON SAGO PONDWEED BY MWNER
OF CROPS ON WjjHIC COMT KILL !a OBTAINED
Hebcie:Rates of application (pounds per acre abi.)

10 20 40 60

2,4-D acid 1I 1-
]M.tnuron . 1 1 2 2
Fenace amide 1 1 2-

* 2p4-D acid P111s sand 1 .
Mbnuron and 2,4-D acid*,. I --

*Contains 56.1 percent inonuron and 43.9 percent 2.4-D) on a..i. basis.

In the second series uf tests, the activity of pelletized monuron was
compared with that of the wettable powder form of monuron by the same
test procedure. Duplicate tests were run on 10-, 20-,. 40- and 80-pounid-
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per-acre rates for both the pellets and wettable powder. Test results
are given in Table 21.

TOTAL NUMBER OF CROPS OF SACO PONDW M
EADICATED BY uINRON IN THE FORM, OF &=I&A EOWM A P

M muron' :Test:ale of , ~iton ipounda ]er acre &.i.)
formulation: No.: LO 20 : CO 80

Wettable : 1: 1 : 2 : 3 3
Powder : 2 : 1 : 1 2 4
Pellet : 1 • 2 3 : 3

2: 1 - 3 4

The resinous binder did not extend the period of activity of the compound
at the 10-potud rate. However, at the 20- and 40-pound rates, the
pelletized material sbowed a slight increase in total nmuber of crops
killed over that of the wettable powder. Although this would indicate
that the resin has increased the total activity of certain treatments,
the data are considered too limited for any definite conclusions.

Additional studies are continuing to determine the potential of using
this type resin for preparing pelletized materials of longer herbicidal
activiV for controlling submersed aquatic weeds on irrigation systems.
The ratio of herbicide to the resin may be an important factor in the
controlled release of the phytotoxicant that will be given consideration.

FIZE STUDIES

Preliminar Survey of Interstitial (gyven in Muatic Soils

Field studies of the submersed aquatic enviroment have in certain
instances suggested a possible relationship between aquatic soil texture
and the degree of pondweed infestations. There have been some indica-
tions that certain canal soils containing high clay and fine silt
fractions are less densely infested or completely laak rooted pondweed
growths. This my be simply due to lack of the plants ability to
penetrate the more dense substrate and become established, Although
little Is known about the soil-oxygen requirements for pondweed root
so#s, it is known to be a necessary requirement for normal development
of the roots of terrestrial plants. In the case of rooted aquatia
plants, the oxygen source would be in a dissolved state. Interstitial
soil oxygen has not been previously included in our studies beamse of
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the lack of a suitable sampling and analytical technique. A recent
publication described a method to rapidly obtain water sa, .les from the
interstitial spaces of aquatic soils i undisturbed natural sites (18).
This technique was explored during the past summer in the laboratory
and at various field sites and found to provide reliable data on soil-
water oxygen Levels.

The equipment utilized and detailed description of sampling anu chemical
analytical procedures are described in the appendix of this report.

Soil-water samples were collected and analyzed for oxygen content at
a number of irrigation canal sites in northoentral Colorado and the
Central Valley of California during the past summer. Prior to field
work, the sampling techniques and microanalytical procedures for
determining interstitial oxygen in shallow aquatic soil were evaluated
in the laboratory. The reliability of the microanalytic.l technique
for determining dissolved oxygen was compared with standard procedures.
Some of these data are included in the appendix with the description of
the microtechniques.

All field soil-water samples were collected in shallow aquatic soil.3
commonly found in irrigation canal silt bars (not in excess of 6 inches).
Normally in canals rooted pondweed species such as sago and American
pondweeds are found growing in the shallow soils. Our observations have
generally indicated these plants to be shallow rooted in these flowing
water situations.

Results of field data obtained during the summer of 1963 are summarized
in Tables 22 end 23.

Soil-water oxygen determinatious reported in these tables are very pre-
limiWary and conclusions regarding any significance to pondweed growth
can only be generally discussed at this time. These determinations
do, however, show that the sampling device and analytical procedure are
useful and can be utilized to make determinations of dissolved oxygen
content of interstitial water in canal soils.

It was rather surprising to the authors to find oxygen levels as high as
those found in aquatic soil depths tested (1-3 inches' in a saturated
silt bar, where most determinations were made. in a saturated soil,
especially under vtatic water conditions, one might predict that condi-
tions below the soUl-water interface would e quite anaerobic. These
determinations suggest a considerable and quite possibly a continuous
exchange of soil water or diffusion of dissolved oxygen with the running
water of tL. stream, especially in the less compacted materials.
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Table g

RESULTS OF DISSOLVED OXYGEN DETERMINATIONS IN CANAL WATERS AND
NTSITIAL WATERS OF THE CANAL BOTTCM SOIL

Samples obtained from canals in the vicinity of Longmont, Colorado
on Awuust 30. 1963

:Type of : Depth of : :Dissolved
Sampling : Repli-: Sample: Estimate :pondweed: soil-water: Water : oxygen

site :cation: type :of canal : growth :sample in :temperature,: content
No. : :soil type;in site :canal soil: *F : (ppm).-..- , ;. ... ; _ : (inches)

S. Platte: 1 :Water : -- :None : - 66 7.17
Supply : 2 :Water : - :Ne : - : 66 : 7.50
Canal near: 1 :Soil :Sandy- :None : 1-1/2 : - : 1.17
Canfield,: : : silt :
Colorado : 1 :Soil :Sandy- :None :1 to 1-1/2: : 3.50

: silt
I :Soil :Sandy- :None :2 to 2-1/2: : 2.75

: silt
1 :Soil :Sandy- :None : 2 to 3 : : 2.33

: i~ silt ,;. ,., ,

S. Platte : i :Soil :Sany- :Leafy : 1-1/2 : : 2.67
Supply ' : : silt .pondweed:
Canal, 1/2: 1 :Soil :Sandy- : Leafy : 1-1/2 : : 3.85
mile above: : silt :pondweed:
Canfield, : 2 :Soil :Sandy- :Ieafy : 1-1/2 : : *7.17
Colorado : : : silt :pondweed:

1 :Soil :Sandy- : Leafy : 3 : : 1.83
: silt :pondweed:

2 :Soil : Sandy- :Leafy : 3 1.2
- : : silt ; ondved: ..

Boulder- : 1 :Water : - :Sago : - 74 : 8.58
Whiterock : : : :poded:
Canal :and :

: algae
1 Soil :Silt with:Clone of: 1 : : 3.83

:gravel : "go
:ponueed:

1 :Soil :Silt with:Clone of: 2 : .50
:gravel :sego

:pndwed:
1 :Soil :Silt- :Clone of: 3-1/2 : : 0.0
S: gravel, : Seo

:organic :pcendwed:
:tial:,
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Table 23--Continued

:Type of : Depth of : :Dissolved
Sampling :Repli-:Sample:Estimate :pondweed:soil-water: Water : oxygen
site :cation: type :of canal : growth :sample in :temperature,: content

: No. : :soil type:in site :canal soil: F : (ppm)
: (inches)

Leggett : I :Water :Gravel- :None - : 72 : 9.67
ditch at : : :silt,
Highby : : : shallo : o
U.S. 287 : :silt oars:

: over com-:
:pact clay:

1 :Soil :Gravel- :None :1 to 1-1/2: 8.33
:silt, ::

: :silt bars:
:over com-:
:pact clay:

1 :Soil :Gravel- :None :1-1/2 to 2: : *9.67
:silt,
:shallow
:silt bars:
:over com-:

: : :pact cl:y:

*Samples probably represent oxygen content of water above soil-4ater interface
because of soil di-wturbance during sampling.

Since comaction of aquatic soils y well be associated with the ability
of pondweeds to invade and develop in a canal, measurement of this factor
is desirable. Exploration of methods to measure the copaction or loose-
ness of an aquatic soil without disturbance has not been attained by the
usual engineering or agricultural methods. Field data obtained to date
an soil-water oxygen indicate a possible trend of reduction in the oxgen
levels as the soils becme finer and more comact. ftere large emounts
of organic matter occurred in the silt oxygen levels were very low or nil.
Probably the micro-organimes deccmposing this organic matter were utilizing
oxygen at high rates. Further field and laboratory study will be made in
an attemt to establish the imortance of soil oxygen to groth and
development of rooted subered aquatic weeds that infest irrigation canals.
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APPENDIX

*thods for Smin& ,and s Nterminirg Dissolved Og en Content
in Inerstlti Wal ter of a, S2Lbered uatic Soil

Techniques sumnarized in this appendix are those evaluated by personnel
of the Biological Investigations Section for use in the field determina-
tion of soil-water oxygen in canal soils. Various sources of informa-
tion on techniques were obtained from the literature with the sources
cited in the literature reference of the report.

)&terials and Methods

&juipment and Methods Used for Interstitial Soil-water Sawtlin

Eriksen (18) described a water sampling device by which he successfully
sampled the soil-water of shallow aquatic substrates. This device was
evaluated in initial tests and was found satisfactory for the less com-
pact canal soils. When more compact soils were encountered, the glass
constructed device frequently broke so a metal sampler was fabricated
from brass tubing. The general dimensions of the unit described below
were kept in building the metal model. This device is illustrated in
Figure 1. Dimensions are not critical, as long as the reservvir volume
is equal to the volume of the sample to be analyzed by micromethods.

The original sampling device was constructed by using a 5-ml volumetric
pipette with the upper end of the tube bent at a 45-degree angle. The
intake tip was cut off to increase the intake tube diameter. The tip
was fitted with a plastic nozzle with holes drilled in the side. The
holes were covered with No. 16 bolting silk which was held in place by
fine copper wire. The silk acts as a filter preventing entrance of
large sand and debris particles. The plastic nozzles used were also
fitted with a rubber "0" ring to form a tight seal over the glass
pipette. A short piece of surgical rubber tubing, fitted with a pinch
clamp, connected to a legth of glass tubing is fastened to the other
end of the reservoir pipette. The upper glass tube acts as an air vent
and the open end must protrude above the water surface.

Methods used in obtaining the soil-water sample were to tighten the i:tnch
clamp at the rubber connecting tube, direct the nozzle upstream and pene-
trate the substrate nearly parallel to the soil sufficiently far to pre-
vent surface water from following up the tube to the nozzle and contaminating
the sample. The vent tube is held above the stream surface and the pinch
clamp removed. A pressure difference is created which forces the water
in through the nozzle up through the vent pipe. When the pressure dif-
ference has equalized and the water level can be seen in the vent tube,
the pinch clamp is secured and the sawler removed. The water sample is
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Figure 1. Sampling devices used to obtain aquatic soil interstitiol

water for dissolved oxygen analyses. The metal unit (A) is
constructed from brass tubing for rigidity in sampl.ig in
compact soils. Dimensions are similar to the glass sampler
(D) described in the text. (B) Surgical tubing and pinch
clamp used to seal off water in the sampler. (C) Glass vent
tubing.

thus contained in the sampler without further exposure to the air. The
first water to enter the sampler is that contacted in the stream. This
stream water is forced up above the pinch clam during sampling of the
soil water. The sampled soil water is removed from the 5-ml reservoir
at the rubber tubing by use of the hypodermic syringe used in the micro-
Winkler chemical determination.

Bulien and Methods Used in the Jicro-Winkler e~termination Of
Dssolved O cmvyen

Reliable analyses of small water samples obtained by the sampling
described above require a precise technique without exposing the water
sample to the atmosphere until fixed. Fox and Wingfield (19) described

71



a suitable technique that was used by Eikeen. Some minor modifications
in reagents ane equipment were made in our determinations. Basically
the analytical method employred is thnt used in the Winkler procedu~re for
dissolved oxygen deteruainaticsis. Chemical Laboratory Report N~o. CH-102 (20)
can be referred to for a comprehensive description of dissolved oxygen
determinations of canal waters. Procedures for makin reagents used in
this analysi a were for the most part described In this report.

kuiWMnt reuired for micro-Wiler anlyses

Krogh-Keyes syringe pipette, fitted with a standard 5-wil Luer
kypodermic syringe and a No. 21 needle. (This device is illustrated
in Figure 2,)

JIceroburette, blue-line, capacity 10 ml, with 0.05-ad graduations.

iscellaneous equipment such as a burette stand, 50-mi Erleayer
titration flasks, distilled water wash bottle, containers for
fi.,xing and titration reagents, and small beakers for filling the
syringe pipette with reagents.

Reagents for micro-ftnkler determinations of dissolved oxzgen

1. Ilinganous sulfate. Dissolve 72.8 grams oL' MhSO4*H20 In distilled
water, filter and dilute to 200 ml.

2. Alkali-iodide-azide. ViAasolve 100 grams of NaOH and 130 graws KI
in distilled water and dilute to 200 ml. To this solution, add
2 grams of NaN3 dissolved in 8 ml 3f distilled water.

3. One percent solution of K1. Dissolve 2 grams of KI (free of
iodate) in 100 to 150 ml of distilled water; dilute to 200 ml.

4. Standard sodium thiosi2 fate stock solution (0.1N). Dissolve
24.82 grams of NB2S203.51120 in boiled and cooled distilled water
and dilute to 1 liter. Preserve by adding 1 gram N&OH.

To make 0.001N sodium thiosulfate solution for analysis, use 10 m~l
of 0.lN solution diluted to 1 liter.

5. Standard potassium biniodate solution (0.025M). Dissolve
3.249 grams of KH(IC0~2 in ditatilled water, dilute to 1 liter. Make
up necessary 0.001N solution by dilution.

Standardization of sodium thiosulfate solution. In a 50-ml titr-ation
vessel add 1 ml of i-percent XI solution, 2 ml of (0.001N) standard
biniodate solution, and 3 drops concentrated phosphoric acid. Add a
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Figure 2. Krogn-Keyes syringe pipette utilized in removing the water
samiple from the interstitial water sampling device without
exposure to air and introducing the fixing reagents of the
micro-Winkler analyses f3r dissolved oxygen in water. Trie
screw stop on the syringe pipette is used to accurately
reproduce micro volumes repeatedly.

few milliliters of distilled water to increase volume. Titrate to
a clear end point with Q2 ml of standardized (0.001N) thiosulfate
solution using starch solution a indicator. Sodium thioioslfate
solution is somewhat unstable and must be maae up fresh occasionally.
The standerd O.O0lN solution should be restandardized prior to each
field test series.
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Calculate normality of the sodium thiosulfate solution as follows:

Normality - Calculated normality of thiosulfate solution

ml of biniodate solutio x 100
X ml of thiosulfate solution used x 100

to reach endpoint in titration

Exuple: N * 0.001 X M - 0.001
200

6. Starch indicator. Prepare a thin paste of about 2 grams of
soluble starch in cold water. Pour into 200 ml of boiling water and
boil for a few minutes. Cool and add a few drops of toluene for
preservative.

7. Phosphoric acid. Concentrated US 85 percent was found to be
satisfactory. Standard inkler procedures use sulfuric acid, but
this acid ill corrode the metal parts an the pipette syringe.

Calibration of the vol e of the avrie Dinette and dead space
in te Mrtn needle

Working volumes of the syringe pipette must be known precisely for
calculations of dissolved oxgen reacted. This must be done
chemically, because of precisicr required and microvolums involved.

1. Determination of total volume of syringe barrel plus dead noszle
(syringe needle) pace. Add I ml 1-percent II solution and 3 drops
phosphoric acid to titration vessel (50 ml Irleameyer flask). Fill
the 5-el Ergh-Kqes syringe pipette to capacity, approximately 5 l,
with 0.001N biniodate solution by backing stop scmr until the
pluer contacts it at the 3-cc volume index on ahe ringe. Set
the locAa on the stp screw securely at this point. Discharge
biniodate solution into titration vessel containi I solution and
phos o acid. Rinese yringa barrel twice with distilled water,
pulling a full volume of water into the Wringe each time. Titrate
with standardised 0.001N odive thiosulfate solution to a clear end
po:nt, using starch indicator. Calculate total volume of syringe
pipette as follows:

Total volume (barrel * deed space)

Aimt of thiosulf ate x a of biniodatea solution MMe In &"or~jtin
used in titration al of tbiosulfate solution used in staulardisa-

tion
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Example:

Total volume of syringe = 4.58 ml x 200 = 4.58 x I 4.58 ml
200

2. Determination of dead space rolume of syringe needle. Thoroughly
rinse needle with distilled water by sucking water into the syringe
and discharging. Fill syringe needle with excess of biniodate solu-
tion (0.001N) and invert syringe and expel excess solution by full
travel of syringe plunger. Rinse outside of the needle with distilled
water. Pick up bioniodate solution contained Li needle by pulling a
few milliliters of distilled water into the syringe. Discharge this
into a vessel and titrate ap before.

Calculate dead space volume of syringe needle as follows:

ml of biniodate solution
Dead space volume . Amount of thiosulfate x used in standardiraton

of needle used in titration ml of thiosulfate solution
used in standardization

Example:

Dead space volume = 0.15 ml x *0.15 x 1 - 0.15 ml
200

Volume of syringe Total volume of syringe (barrel + dead space)
used in determining minus volume of dead space in needle
dissolved oxygen
content

Example: 4.58-0.14 - 4.43 ml (working volume of syringe)

Procedures for Determination of Dissolved OxYn Contained in
rnterstitial Water Samle or Strat 5me

1. Add MSO solution by pulling an excess into the syringe pipette,
invert and discharge the excess. Rins outside of needle with distilled
water. (Weis amount will be that volume previously determined as the
dead space in the pipettt ayringe.)

2. Pick up the water to be analysed for dissolved oxygen ecotent by
carefully inrting the Wringe needle into the rubber tubing of the
water sampler. Water must be obtained below the pinch claW. Strem
water can also be easily analysed by this technique utilising the
soil-water ampler. Care must be exerced in ptdizg water into the
oyrin*e so not to introduce air bubbles. Ive gyriage plunger until
It ontects the s screw at the predetermined and set volume of *5 al.
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3. Alkaline 1-aside solution is next drawn into the qringe by backing
off the screw StOP one turn from the *5 ml set position. This volume
should be equal to about twice the volume of the dead space. (This
was determined by the sane procedures previously described for calibration
of the dead space volume of syringe.)

4. The syringe pipette is shaken a few times until the precipitate of
manganous bydroxide is evenly distributed troughout the syringe. The
pipette is allowed to lay on its side for about 3 minutes for complete
absorption of dissolved oxgen by the precipitate. It was found that
the needle mist be plugged during the various fixing procedures to
preveft leakage of the reaction comonents and the sample. Insertion
of the needle into the wall of surgical tubing worked well.

5. The stop screw is backed off an additional three turns after further
mild agitation of the syringe. Phosphoric acid is drawn into the grringe
until the plunger contacts the stop screw. The unit is shaken by a
rocking motion until all of the mil white precipitate has dissolved
and iodine is liberated. This solution is then Chscharged into a
50-elr leq flask for titration of iodine. A few milliliters of
distilled water are added to increase volume prior to 4-5 drops of
the starch indicator.

6. Titrate this unknown (using the 10-al blue-line burtte) with
standardised O.001M sodium thiomilfate to a clear end point. It has
been found that the solution ts light straw color at the start of the
titration procedur so the starch indicator must be added at the start.
UAlike normal titrations of liberated iodine by thiosulfate methods
where the starch indicator is added when the titration nears the end
point.

Calculate dissolved oxygen content of water siple as follows:

Dissolved Oygen, al of thiosalfate
in palrts per million a used in ial x N of thosulfate solution A 8 x 1000

(pm) titrationvolm ofthe ing

pipette as determined

Iza de:

AO m l 0z011 x 8 x 100 . 7.91 ppm of dissolved o-ygen
4.43 ml

maro lytioal tehaques are oft% =reliab e and difficult to obtain
r1poducible resulta. To ascertain the reliabilit of the micro-inkler
el*Wque and maiplation. 1W the Investigators, water sMles me
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simultaneously analyzed by both the micro and the usual standard
Winkler procedure for dissolved oxygen. The standard Winkler procedures
were followed as described in Chemical Laboratory Report, No. CH-103
as cited from Standard Method for the Examination of Water and Waste
Water (20).

a

Tapwater was used for a representative sample and always contained
dissolved oxygen at saturation values, as corrected for temperature and

. 'altitude.

Results of some of these comparative tests are given in Table 1.

Table _1

REPRESENTATIVE CPARISONS OF THE STANDARD WINKLE METHOD
WITH THE MICRO-WINKLER METHOD IN THE ANALYSES

OF DISSOLVED OXYGEN COTE F T ATER
Water teera Dissolved oxygen content, Pm,

No. " ture, *C :Micro-Winkler: Standard inkler
No. tu... .C : method method

1 : 19 7.30 7.48
2 19 7.25 : 7.38
3 18 7.25 7.38
4 15 8.30 1.41
5 15 8.32 8.41

These representative comparisons ndicate that the micro-Winkler
procedure is well within the 2-percent limits of the more commonly
used macro procedure, as indicated by previous investigators (17) (18).
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