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PREFACE

The work reported herein was performed under Agreement No. 12-14-7001-
992 between the US Depariment of Agriculture (USDA) and the US Army Engineer
Waterways Experiment Station (WES). Funds for the work were provided by the
Office, Chief of Engineers (OCE), under Department of the Army Appropriation
No. 96X3122, Construction General, 902740, through the Aquatic Plant Control
Research Program (APCRP) at WES. Mr. £. Cari Brown was OCE Technical! Monitor.

This report was prepared by Drs. Thaj K. Van and Kerry K. Steward,
and Ms. Ann 0. Jones and Mr. Richard D. Conant, Jr., Aguatic Plant Management
taboratory, USDA, Fori Lauderdale, Fla.

The principal irvestigator at WES was Or. Howard E. Westerdah!. During
preparation of this report, Mr. J. Lewis Decelil was APCRP Manager. Dr. John
Harrison was Chief, Environmental Laboratory, WES. The report was edited by
Ms., Jamie W. Leach of The WES Publications and Graphic Arts Division,

Ouring fthe preparation of this report, COL Robert C. lLee, CE, was
Commander and Director of WES and Mr. F. R. Brown was Technical Director. At
tha time of publication, COL Allen F. Grum, USA, was Director and Dr. Robert

W. Whalin was Technical Director.

Thnis report should be cited as follows:

US Department of Agriculture. 1885, "US Department of
Agriculture/Corps of Engingers Cooperative Aquatic Plant
Control Research--Annual Report for FY 1983; Chemical
Control Technology," Miscellaneous Paper A-85-3, prepared
by USDA for US Army Engineer Waterways Experiment Station,
Vicksburg, Miss.
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Part 1: INTRODUCT ION

Chemical control through proper use of herbicides is currently the most
widely used method for managing aguatic weeds. Herbicides are labor, equipment,
and energy efficient, and can provide reliable and economical weed control.
However, one of the major factors limiting the use of herbicides has besn The
availability of effective chemlcals approved for use in aquatic weed contfrol,
And worse, the number of herbicides registered for aquatic use has decreased
gramatically in recent years. Thils decrease is due %o the loss of registration
of older chemicals, and to the reduction in numbers of new chemicals beinyg de-
veloped by the agrichemical industry for aquatic use, usually because of the
I 'imi ted economic market and the rapidly increasing costs of developing, eval-
vaTing, and marketing new chemicsals.

Better aguatic herbicides are critically needed and the search for new chem-
icals and new application Technclogy should be expanded. The principal objec-
tive of this project is to evaluate new or Improved herbicides or herbicide for-
mulations for their potentia! use in the management of aquatic weeds. These
evaluations are conducted in both controlied environment laboratory aguaria and
larger outdoor aquaria containing various growth stages of submersed, emergent,
or floating nuisance aquatic plants.

Fluridone (1-methyl-3-pheny!=-5-[3(triflucromethy!)phenyl]-4(1R)-pyridinone}
is a nes preemergence herbicide developed for use in cotton {(Waldrep and Taylor,
1976), The chemical was later proven effective for controlling hydrilla

(Hvdritla verticillata L.F. Royle) and several other submersed aquatic vascular

plants in relatively lentic habitats (Arnold, 1979), However, treatments with

fluridone in flowing water have provided variable results, probably because




the herbicide disperses away from application slites before the necessary time of
herbicide-plant conTacf—may be achlieved. Durling FY83, several monolithic
polycaprolactone fibars contalning fluridone were evaluated for control of
hydrilla in floxlng water. These flbers were designed to prolong plant contact
through timed release of the herblcide, thersby increasing the chances for
plant uptake,

Dichioberil (2,6-dIchlorobenzonitrile) has been shown to have hlgh activity
against severa! aquatic spacles (Walker, 1964; Weldon et al.,, 1968; Steward,
1980). In thls past year, several! controlled release formulaticns of dich~
lobeni| were evaluated for thelr potential to maintain inhibitory tevels of the
chemical in water for long-term control of hydrilla regroeth from propagules.

Glyphosate [N-{phosphomethyl)glycinel was recently reglstered for control
of emerged grasses, broadisaf weeds, and brushes growing in and arcund aquatic
sites. The studies reported herein ware initiated to determine i f glyphosate
was herbicidal ly active on various econamical ly important floating aquatic
vweed species, Efforts were also made to Iimprove glyphosate phytotoxicity
through variations in methods of herblcide appiication. The effects of flooding
on herbicide translocation were investigated in Two species of emerged grasses.

Aquatic weeds treated in FY 1983 are Ilsted below:

Alligatorweed Alternanthera philoxerolides (Mart.) Grissb.

Cabomba Cabomba carolinlana, var. multiparita
Hydrilla Hydrilla verticillata Royle
Hygrophila Hygrophlla polysperma (Roxb.) Andeson
Lemon bacopa Bacopa carollniana (Walt.) Robins
Maldencane Panicum hemitomon Schult.

Splkerush Eteocharls baldwlinil MIchx,




Torpedograss Panicum repens L.

Waterhyacinth Eichhornia crasslpes {(Mart.) Solms

Water lettuce Pistia stratiotes L.

Watermeal Wolffia spp.

Watermilfoll Myriophy!llum spicatum L.

The names and sources of chemical compounds evaluated in 1983 are listed in

Tabte 1.
Part i1: MATERJALS AND METHODS
A. EVALUATION QOF CONTROLLED RELEASE FORMULATIONS
Control led Release Formulations
Fluridone

Four different monolithic fibers of fluridons (25 percent a.i.)* wers pro-
vided by the Southern Research Institute, Birmingham, Alabama. The herblicide
fluridone was incorporated into flbers prepared from polycaprolactone, a bio-
degradable polymer. The fibers were designed to enftangle with submersed vegeta-
tion and thus not be carried downstream in flowing water applications. The
monolithic flibers were made to different filament diameters in order to
achieve different herbicide release rates.

The Black Charm (BC) pellet formulation (5 percent a.l.) and the liquid
Sonar® 4AS (4 Ibs a.i. per gallon)** were obtained from Elance, Indianapolis,
Indiana.

Dichlobenil

Three rubber capsules contalning dichiobeni! (20 percent a.l.} were

recelved trom Phillips Duphar BY, Holland. Four silicate capsules formulations

(7 o 13.4 percent dichlobenil) were received from Washington University, St.

* a,i. = active ingredient,
** A table of factors for converting non-S| units of measurement to
S| (metric) units is presented on page 4.
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Ltouls, Missouri., The dichiobenl{ capsules were designed to sink to the bottom
muds and release the herbiclde near the sediment-water interface where plant
growth orlglinates and where propagating structures are located.
2,4-D

The polymer (GMA)2,4-D formulatlion In clay pellets (17 percent a.i.) was
recelved from Or. Frank Harrls, Wright State Universlty, Ohlo. Previous studies
with these Poly(GMA)2 ,4-D Indicated that herblclde relsase was nsar zero-order
over a8 period of several months,

Statlc Water Test to Determlne Release Profiles

Herbicide release profiles in static water wara detemined under controlled
laboratory conditions at 28t2C. Treatments of varicus CR formulations of fluri-
done and 2,4-D were made to 3.7 L of water with amounts calculated to produce a
herbicide concentration of 10 mg/L, assuming complete reiease. Treatments of
the dichlobenl | formulations were made in screw-cap erlenmeyer flasks., The
flasks were tightly capped to minimize loss of herblcide through volatility.

All *treatments were replicated four times.

Natural water from a dug pond on the Fort Lauderdale Agricultural Research
Center grounds was used. Water quallty was monitored monthly in March, June,
September, and December (Table 2). For Interlaboratory comparisons, herbicide
release proflles were also determined in reconstituted distilled water at pH
8.0, contalning 192 mg NaHCO3, 120 mg CaSOq + 2Hp0, 120 mg Mg50;, and 9 mg XCI
per ilter (Marking and Dawson, 1973). Water samples were taken from each con-
talner at varlous times throughout the experiment for herbicide determinations.

At the concluslon of the static tests, the herblcide formulations were
collected and extracted in methanol (3%100 ml) for 24 hours. Extracts were then
analyzed to determine the amount of herbicide that was still incarporated in the

formuiation matricas,



Flowing Water Test and Bliocassay of Hydrilla

Severa! CR formulatlons of flurldone were bicassayed for efficacy in
controlling hydrilla in flowing water. Natural pond water was continually
punped into a system of 24 large cutdoor aquaria. The dimensions of the aquaria
were 77 em wide by 219 cam long (1,7 X 107 ha) with depth varying from 50 to 56
cm. The normal volume of these containers after adding soil was 850 to 950 L.
Uniform low water pressure was maintained by constant overflow in a standpipe,
and flow to fndividual aguaria was regulated by small pet cock valves to provide
one volume change every 24 hours., The outflow water was col lectsd at 2% cm
below surface and passed through a charcoal filter before discharge.

Hydrilla plants were established in 30x30 cm square aluminum trays, 15 cm
deep. Six frays were placed in each cuiture aquaria and allowed to grow for 6
months bafore chemical treatment was applied. All fluridone formu!ations were
applied at 2.2 kg a.l./ha on 31 August 1983. Herblcide residues in the flowling
water were determined at various tlmes during the experiment, and phytotoxic
responses to the herbicide treatments were recorded.

Herbicide Analyses

Complete detalls of the analytical procedures used for determining fluri-
done, dichlobenll, and 2,4-D residues have been discussed in a previous publica-
tion (Van and Steward, 1983). Briefly, the herblcides were analyzed by high
pressure liguid chromatography with a Perkin-Eimer Series 38 HPIC, a
Perkin-Clmer LC 75 variable wavelength detector, and a Perkin-Elmer Sigma 10
integrator. The chromatographic column was Perkin-Elmer/HS-5 Cyg (reversed
phase)., The mobile phase was acetonitrile: 1% acetic acid (1:1) with a flow rate
of 2.0 mL/min. Op*timum wave lengths were determined fo be 236 nm for fluridong,

238 am for dichlobenit, and 232 nm for 2,4-D.




8. EVALUATION OF CONVENTIONAL FORMULAT|ONS

Laboratory Evaivation Techniques for

Submersed Type Aquatic Plants

Apical sections of submersed plants were planted in a standard scil mix in
small plastic pots and pfaced in 3.8- or 19-L jars filled with pond water.
Plants were then al lowed to become established for approximately one week under
controlled conditions of temperature {(25°C) and light (25 to 40 uE/mZ/sec), from
Gro-lux fluorescent tubes, 14-hr photopericds. The plants were treated by
injecting treatment sofutions inte the water with a hypodermic syringe. The
treatments were then evaluated biweekly for phytotoxicity for a perloed of 8 to
14 weeks depending on the herbicide. Phytotoxiclity ratings were made on a scale
of 0 to 100 percent Injury: O percent = no injury, and 100 percent = complete
elimination of live plant tTissue.

Greenhouse Evaluation Techniques for Emergent

and Floating Type Aquatic Plants

Plants to be treated were grown in polyethylene-lined, 12 L capacity
plastic containers, and alloved to become established in a screenhouse for a
period of approximately two to four weeks prior to treatment. Each replicated
treatment was applied by placing the container in a 929-cm? enclosure with an
open top. The plants were then uniformly sprayed with a small atomizer. The
total spray volume was equivalent to 935 L/ha. Following application of the chem-
icals, the plants were moved to the screenhouse where treatments were periodi-
cally evaluated for phytotoxicity.

Evaluation Techniques in Qutside Aquaria

Evaluations were conducted In aquaria of two sizes and types. One type

consisted of circular, vinyl-lined containers manufactured for use as swimming or

10



wading pools. The dimensions were 3.03 m in diameter (7.3 x 10-4 ha) with a
maximum depth of 60 cm, The pools were filled to a 53 cm depth, which resulfed in
a volume of 3870 L.

The second type of aguarium consisted of recfangular-shaped concrete boxes.
The interior of each box was covered with two coats of white epoxy paint. The
dimensions were 77 cm wide x 219 cm long (1.7 x 10-4 ha) with depth varving from
36 to 65 cm.

When these aquaria were used to evaluate herbicide efficacy on submersed
nlants, apical cuttings of Individual species were established by planting 19
cuttings 15 cm tong in 30x30x15 cm aluminum trays. The trays were filled with
s*andard soil mix {70 percent sand and 30 percent organic peat) supplemented
with 5 percent (v/v) manure. Twelve trays were placed in each of The aquaria.
The plants were subjected to a continuous water flow until treatments were
apolied. For evaluation of herbicide efficacy on floating plant species, field-
coltected plants were established in the aguaria and allowed to completely cover
the water surface before treatment.

All chemicai treatment rates were replicated a minimum of three times and
were aoolied on an area (kilcgrams per hectare) or volume {(milligrams per titer)
basis.

Herbicide Transiocation Studies

A procedure was devaloped to study herbicide movement via the Intercon-
necting stolon from the parent to the of fshoot plant of waterhyacinth and water
fetfuce. Parent olants were established in 3,8-L jars, each with an of fshoot
olant oleced in an adjeining jar. The parent and offshoot plants were coanected
by healthy stolons. Herbicides were applied in a 935 L/hs total spray solution

using an atomizer type sprayer. The chemical was applied to the parent with the




of fshoot ptant shleided to prevent contamlination wlth the spray. Each treatment
was replicated four tlmes. Observations ware based con vlsual ratings of percent
injury to both the parent and offshoot piants of each treatment.

In other studles, the absorption and translocation of radicactive iabeled
glyphosate ware |nvestigated in waterhyaclnth, water lettuce, and torpedograss.
The '4C-methy! labe) glyphosate (speclfic activity = 1.95 pCi/mmoie) was con-
verted from the acld to the isopropyiamine salt by adding the following to 2.29
mg labeled acid: 1.3 ml delonized water, Z ul isopropylamine, 1.7 u!l commercial
glyphosate, and 3.2 u! X-77. This gave a solution equivalent to 2.24 Kg glypho-
sate In 935 L water, so that the 10 u! which was applied contained 0.2 uCi.

Waterhyacinth and water lettuce plants were selected for uniformity of size
{approximately seven leaf stage). All plants were allowed to establish for 3
days prior to treatment, A 10-u! droplet of 14C—g|yphosa1’e was applied to a
recently mature leaf of each plant. This was usually the third or fourth leat
fram the apex. The treated plants were harvested six days after freatment, and
were separated into treated leaf, above ftreated leaf, below treated leaf,
daughter plants, crown with aplcat meristem, and roots. Each plant part was
then combusted and tha 14C determined by Ilquld sclntillation counting.

The effect of flooding on 14C—gfyphosafe trans location in torpedograss and
ma idencane was lnvestigated. Rhizome tips, approximately 15 cm long with 4 to 6
nodes, were planted outdoor in narrow Froughs of 180x20x5> ¢m, The planfs were 60
to 80 om In helght at the time of treatment, and were in bloom or In subsequent
stages of seed maturation, One feaf (third or fourth from apex) was selected
from each plant. The leaf was covered with an aluminum foil mask., Commercial
glyphosate at 2.24 Kg/ha wlth 0,25% X-77 was then sprayed on the entire plant.

Immadiately after spraying, the aluminum foil cover was removed and radiocactive



herbicide was applied. This technigue was used to make the Y40 treatment simi-
lar to a spray application. The plants were harvested 10 days after freatment
and were sectioned into different plant parts as above. The pattern of ¢
accumulation in the rhizome system was investigated by further sectioning the
rhizome into individual nodes before combustion. A map was drawn of The rhizome
system of each plant indicating the location of the individua! nodes. The levels
ot 14C were then superimposed on the rhizomme map to illustrate the direction of

'4C translocation in the rhizome system,

Field Evaluatian

The persistence of sulfumeturon in The aquatic environment after chemical
treatment of waterhyacinth was investigated in a cooperative study with DuPont
Company.

The study was conducted in a 0.07-ha dug pond on the Fort Lauderdale
Agricultural Research and Education Center (AREC) grounds. The pond had a mean
depth of 1.2 m and was about 80 percent covered with waterhyacinth at the fime
of treatment. The waterhyacinth appeared free of any disease, but did exhibift
evidence of moderate feeding by waterhyacinth weevils, MNeochetina spp.

The nerbicide sulfumeturon (20 g a.i./ha) was applied from the bank with a
rotating handle spray gun calibrated fo deliver 1400 L/ha. The surfactant X-77
3t 0.25 oercent was used.

Water and hydrosoi | samples were taken from two differcnt sites in the pond
sefore treatment and at various times after treatment., Water samples were
collected at threes di fferent depths from each site in 1-L polyethylene bottles
fitted info a specially designed housing that allowed the cap to be removed and
replaced at any desired depth. A liner-type core sampler fitted to a 3.4-m

tw.vanized pipe handle was used to collect hydrosoil samples. Each core was 20



cm deep and 5 cm In diameter.,

Bluegi lls (Lepomis macrochirus) and catfishes (lctaiurus punctatus) were

also col lected at various times before and after treatment for residue analyses.
The water, hydrosoitl, and fish samples were shipped to E.l. DuPont de

Nemours and Company, Wilmington, Delaware,to be analyzed for chemical residues.

Part 111 RESULTS AND DISCUSSION
A. EVALUATION OF CONTROLLED RELEASE FORMULAT {ONS
Fluridone

Time-course uptake and refationship of herbicide concentration vs, exposure
were investigated to determine what specifications of confrolled retease for-
mulations are desirable to optimize the effects of fluridone on the target plant
and *he aguatic ecosystem., Apical sections of hydrilta 5 cm long were exposed
each to a 40-m! diquat-14C solution (a total of 2.0x 972 yCi giving a diquat
cation concentration of 0.10 mg/L) or fluridone-19C (a total of 1.7 x 102 uCi
giving 0.05 mg/L fluridone). After different exposure Time periods varying from
2 hours to 21 days, the treated plant sections were collected and combusted for
liguid scintil lation counting.

Figure 1 illustrates the uptake of radiocactive carbon 14¢ from VC-diquat
or 14C-fluridone by hydrilla during a 21-day period. Diquat was taken up
rapidly and a maximum tissue level of 14¢ was observed within 4 days after
treatment. The plants began to decompose after 7 days. The decline in radioac-
tivity in the plant tissues during the second week after treatment was probably
due to teaching and/or breakdown of the '4C from the decaying plant tissues.

A much siower uptake rate was obtained with the 14c_¢)uridone treatment
(Figure 1). The initial rise in radicactivity in hydrilia tissues observed at

the first sampling 2 hours after ftreatment probably represents the passive dif-
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fusion and/or adsorption of 14C-fluridone in Intercellular free space. The
slower long-term phase of uptake was probably due to metabolic accumulation
which appeared to continue at a falrly constant rate for at least 21 days.

The data presented for the uptake of fluridone suggested that the herbicide
must remain In contact with the plant for a comparatively long time before her-
bicide concentration Is present in the plant tissues at levels sufficient to
achieve weed control. A study was conducted to investigate the response of
hydrilla to various cencenfrations and exposure periods of fluridone. The
liguid Sonar® 4AS was applied at concentrations of 0.05, 0.10, 0.25, and 0.50
mg/L filuridone. Tach of the four treatment rates of fluridone was in contact
with the plants for periods of 3, 6, 12, 24, 48, 96, and 168 hours. After each
exposure time period, the plants were removed from the treatment aquaria and
placed In a running bath of pond water for 30 min to remove any adhering her-
bicide. The plants were then placed in a 4-1liter glass. jar containing fresh
pond water, and phytotoxic responses were observed during a period of 14 weeks.
Table 3 indicates that over 90 percent conitrol of hydrilla was obtained in alt
freatments from 0.05 to 0.50 mg/L of fluridone, when the plants were exposed to
the chemical continously throughout the 14-week experiment. However, no signif-
icant ptant injury was obtained by exposing hydrilla plants up to 1 week to a
concentration of 0.10 mg/L fluridone. The 0.10 mg/L fluridone treaiment would
be equivalent to a field treatment rate of 2 Ibs a.i./acre to a body of water
5 to 7 feet deep. Increasing the treatment levels of fluridone o 0.25 or 0.50
mg/L resulted in effective hydrilla control with a required exposure time period
of 7 and 4 days, respectively (Table 3). However, these freatment levels may
become cost prohibitive for practical hydrilla control.

The slow uptake of fluridone and the required long exposure time to this
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herbiclde may present a problem in the contrecl of hydrilla with fluridone in
flowing water, such as in irrigation and dralnage cenals. One logical approach
to this problem would be to incorporate the chemical in a CR formulation. The
CR formulation would be designed to provide adequate plant contact through timed
release of The herbicide, thereby increasing the chances for plant uptake.

Herbicide release proflles were constructed for tThe release of fluridene
from the CR monolithic fibers and the BC pellets into reconstituted water
{(Figure 2) and natural pond water (Figure 3). Release ot fluridone from all of
the formulations tested was first-order as expected. The BC pellets released
over 60 percent of their fluridons within the first 3 days after ftreatment in
reconstituted water. Herbiclide relecase then slowed down gradually, and was
complete in about 10 days. Furthermore, only 70 to 80 percent of the available
fluridone was released from the BC pellets in natural pond water and in
reconstituted water, respectively.

For the CR fibers, release rates appeared o depend on the different fibder
sizes, with the thinner fibers releasing herbicide at much faster rates. For
the 8-mil fiber, most of the release was completed In about 10 to 15 days. On
the other hand, herbicide relecase continued over a period of 40 to 50 days in
the 30-mi | and 45-mil fibers. Only 65 to 80 percent of the avallable herbicide
was released fram the 30-mil and 45-mil fibers.

Study of the accountability of fiuridone conducted at the termination of
the experiment Indicated that 12 and 23 percent ot available fluridone still
remained in the 3C-mil and 45-ml| fiber, respectively (Table 4). By adding up
what had been released info water and what was left in the tibers, the total
fluridone recovery was 90 percent or higher for all fiber sizes. Similarly,

total recovery from BC pellets averaged B9 percent in reconstituted water and 91
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percent in natural pond water.

The fluridone-loaded fibers and the BC pellets were evaluated for efficacy
in controlling hydriila in floswing water in large oudoor aquaria. The conven-
tional liquid formulation Sonar® 4AS was included for conparison. Table 5 shows
herbicide residues in the flowing water from the Sonar® 4AS treatment at 2.2 Kg
a.i./ha. A residue level of about 400 ug/L fluridone was expected based on the
water volume in the treatment aquaria. However an initial level of 980 yg/L was
observed, indicating that the herbicide was not evenly distributed over the
entire water depth 2 hours after ireatment. The herbicide concentrations then
decreased rapidly to about 102 ug/L fluridone aftter 1 day due to water flow, and
then disappeared completely by Day 7 posttreatment.

A concentration of 54 ug/L fluridone was measured in treatment of the BC
pellets 2 days after treatment (Table 6). The fluridone concentration then
decreased sharply after 7 days, but was maintained at 3'to 5 ug/L in the flowing
water over a period of 3 weeks. The BC pellets had been found to complete most
of herbicide release after about 10 days in water (Figure 3). In the flowing
water test, the peliets sank fo the bottom muds. Hydrosoil may have acted as
a second barrier fo the herbicide release through scil adsorption and desorption.
Also, @ slower water flow near the soil-water interface may have coniributed to
the extended prasence of the herbicide in flowing water.

In the CR fiber treatments, the herbicide concentrations in flowing water
were always low, but malntained over a period of several days depending on the
fiber sizes (Table 6). The 16-mi| fiber treatment continued to release the che~
mical over a Z-week period, with a maximum level of 36 ug/L fluridone measured

on Day 7, For the 30-mil fibers, the measured herbicide levels were mostly
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betow 14 ng/L but maintained over 42 days. |In the 45-mil fiber treatment, resi-
due levals were all the time below 1 ug/L but, again, lasted for 42 days.

Typical discoloration of the hydrilla tips was observed in all fiuridone
treatments 7 days after the chemical was applied. However, plants treated with
the Jiquid Sonar® 4AS appeared to recover rapidly while ftreatments of 30-mil and
45-mi! ftibers continued To show increased plant demage. Table 7 shows the
effect of various fluridone formulatlions on chlorophyl ) content of hydrilla 6
weeks after treatment. The most severe chlorophyl | damage was observed in
plants treated with 30-mil| and 45-mil fibers, The BC pellets reduced
chiorophy!l contents by 32 percent as compared to the fevel!l in control plants. The
high chlorophyl i contents in treatments of Sonar® 4AS and 16-mit fiber reflected
plant recovery from the herbiclide treatment.

Weed control by the various formulations of fluridone applied at 2.2 kg
a.i./ha in flowing water in outdoor aquaria are presented in Table 8. The
30-mi ! and 45-mi| monolithic fibers provided about 80 percent control of
hydritla after 16 weeks postireatment. Significant reductions were obtained in
both shoot and root dry weights. Under the same conditions, the conventional liquid
formulation Sonar® 4AS was not effective.

The various fluridone treatments did not affect hydrilla tuber density and
fuber germination (Table 9). These tubers might have been formed before chemi-
cal *reatment was applied.

Dichlobeni |

The herbicide release profiles of the various rubber FUN dichlobenil for-
mulations are presented in Figure 4 (reconstitued water) and Figure 5 (natural
pond water), Release appeared to be first-order in all of the formulations

tested. The reference formulation Cesoron-GSR was found fo release over 80 per-
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cent of its dichtoben!| within 40 days atter treaiment. Much slower release
rates were obtained with the three FUN formulations under similar conditions.
Formulation FUN 3A gave relatively higher release rates during the first four
weeks after treatment: however, the release ceased after approximately 40 days
when 53 percent of the dichlobenil had been released info reconstituted water
{(Figure 4). Herbicide reiease from the other two FUN formulations was some-
what similar and was completed in about 110 days, when 75 and 70 percent of

the dichlobenil had been released from the formulations 3B and 3C, respectively.
All formulations retained infegrity during the test; however, formulation 3B
was observed to float in all treatments.

Although a 4-month release (formulations 38 & 3C) appears satlisfactory, the
data suggested that one-third (3B & 3C) to one-half (3A) of the dichlobeni!l In
the formulation may not become avallable for plant uptake. The buildup of her-
bicide in the experimental flasks might have prevented a complete release of
dichlobenil fram the rubber formulations; however, results of methsnol exirac-
tion (Table 10) suggested that the total avallable dichlobenii in the for-
mulation 3A may be less than those indicated by the formulater. Duplicated
samp les of 50 mg of each formuiation were exiracted in | liter of methanol. We
expected to see 10 mg/L dichlobent |l in the methanol extracts. However, only 58,
95, and 86 percent of the expected dichlobenli! were recovered from formulations
3A, 3B, and 3C, respectively (Table 10), These data corroborate wall with data
in Figure 4. Unfortunately, |+ was uncertain If the methanol extracticn was
adequate because of: 1) the formulation matrix Insolubility In all solvents
tested, Including methancl; and 2) unsuccessful sfforts of grianding the for-
mulations before extraction.

Four silicate capsules contalning dichlobenll wera recelved from Washington
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Universlty, St. Louis, Missouri. Methanol exitraction of these formulations
(Table 11) indicated that 79 to 98 percent of the expected dichiobenil was rece-
vered in the extracts, Table 12 shows the cumulative release of dichlobenil
from the silicate formuiations In static reconstituted water and natura! pond
water. Formulation CT-12-11-82-1 gave highest relsase rates, and release
appeared to cease after about 2 months postireatment (Figure 6). This Z~month
release may be too fast for practical! use in The control of hydrilla regrow¥h
trom propagules. Fformulation CT-12-18-82-1 with a 6-month release (Figure 7)
appears promising. However, The data suggested that up to one-third of the
available dichlobeni| may be locked up in the formulation matrix and thus not
available for plant uptake., The formulations CT-12-10-82-1 and CT-12-18-82-2
continued slow release to all treatments after 180 days. Regression analysis of
the data indicates that CT-12-10-82-1 would release 70 pecent of its dichlobenil
in about 7 months,

2,4-Dichlorophenoxy Acetic Acid

Earlier evaluations of the formulation Poly(GMA}2,4-D have shown promising
results., Herbicide release was near zerc-order over a period of several moaths.
During FY 83, cooperating formulators at Wright State University attempted to
produce large quantities of Poly(GMA)2,4-D for use in field evaluations., Our
contribution to this project was to verify the release characteristics of the
experimental formulation in the laboratory before it was to be used in large-
scale field trials.,

During HPLC analyses, however, we observed a large unknown peak which
eluted several minutes after the 2,4~D peak. This peak had not been observed in
evaluations of other Poly(GMA)2,4-D received in previous years. Table 13 indi-

cates that the unknown peak had the same retention time and absorbance ratio as
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2,43 methyl ester. This prellminary identification was later confirmed when
the formulator reported that methancl had been added during the up-scale produc-
tion of the Poly(GMA}Z,4-D.

Chemical release from the Poly(GMA)2,4-D in static water is summarized in
Table 14. A large amount of chemical (85 mg/g pellet) was released within 24
hours in deionized water in the form of methyi ester (ME). I!n another test¥,
this large initial release was observed to occur Immediately after the pellet
was immersed in deionized water, suggesting 2,4-D ME was not chemically bound To
the GMA polymer. The slow increase of 2,4-0 ME in water with time (Table 14)
may be attributed to chemical desorption from the clay matrix.

The released 2,4-D ME sppeared to undergo hydrolysis slawly o 2,4-0, as
levels of 2,4-0 acid in deionized water (pH 6.3) increased from trace amounts on
Day 1 fo 24 mg/g peliet on Day 6. The rate of hydrolysis of 2,4-D ME appeared
to be pH dependent. In reconstituted water (pH 8.0) hydrolysis was faster, and
both forms of 2,4-0 and 2,4-D ME were present in equal amounts within 24 hours
after treatment. By Day 6, hydrolysis was about complete and most of the
released chemical was recovered as 2,4-0 acid.

Based on the above findings, a decision was made by the Corps 1o cancel *he

FY 83 plans for field testing of Poly(GMA)2,4-D.

B. EVALUATION OF CONVENTIONAL FORMJLATIONS

Floating Weeds

Glyphosate successful ly controls waterhyacinth and water lettuce (Table
15). With waterhyacinth a rate of 2.8 Kg a.e./ha%* was required for control.
Decorpos ition and sinking of the plants were evident 40 to 60 days after
treatment. Once sinking occurred, |ittle or no regrowth was observed. Water

{ettuce was less susceptlible to glyphosate (Table 15). Commerciatlly acceptable

¥ 3.e. = acid equivalent.
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control of water lettuce required 4.5 Kg a.e./ha glyphosate or higher.

These rates of glyphosate represent a relatively high cost for practicatl
control of the subject floating weed specles. Several studies with glyphosate
have indicated that phytotoxicity of the herbicide generally increases when
applied In lower water carrier volumes. Glyphosate would be aspeclally suitable
for use in low-volume treatments of waterhyascinth and water leftuce because if
is absorbed rapidly by these floating species and translocated throughout the
plant (Tables 16 and 17).

The effects of varlous combinatlons of herbicide rates and spray volumes on
glyphosate phytotoxicity to waterhyacinth were investigated. The different
spray volumes were obtalned by changing nozzle size and pressure. The surfac-
tant X-77 was added to maintain a constant level of 0.%9% v/v in all final spray
mixtures. Figure 8 indicates that glyphosate performance may be enhanced by
using lower carrier veolumes., Effective control of waterhyacinth was achieved
at a rate of 1.7 Kg a.e./ha if applied using a spray voliume of 187 L/ha. As the
volume of spray was increased To 935 L/ha, the herbicidal activity of glyphosate
decreased. increasing the herbicide rates masked these differences (Figure 8).

A simitar study conducted on water lettuce, however, showed no significant
differences in glyphosate activity befween the Threc spray volumes at any freat-
ment rates varying from 1.7 to 3.4 Kg a.e./ha (Figure 9}. This lack of response
to different spray volumes may be related to the leaf surface charac-
teristics of the water letfuce. A dye technique was used to compare herbicide
retention and runoff after glyphosate freatments to waterhyacinth and water
tetfuce. The sulfonine red dye was added to the spray solution. The spray that
remained on the leaf surface was washed off immediately with deionized water,

orought to equal volume, and absorbance was measured spectrophotomefrically
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(Table 18). As the carrier volume was doubled from 438 fto 935 L/ha in water
lettuce, spray retention as determined by absorbance was also doubled. However,
this was not the case with waterhyacinth, indicating that herbicide runoff

fram the hyacinth leaf surface may become a factor in the reduction in glypho-
sate activity when the spray volume was greater than 438 L/ha. On the other
hand, loss of herbicide through runoff zppeared o be minimal in the difficult-
to-wet water lettuce, and should not be a factor affecting glyphosate activity
at spray volumes up to 935 L/ha.

Sulfumeturon is DuPont!s newest herbicide for vse in noncropland areas.
Previous studies indicated that the herbicide is effective at very low rates on
numerous economically important aquatic weed species. The study described
herein was conducted in Fort Lauderdale on a 0.07-ha pond infested with water-
hyacinth to defermine residue levels and persistence of sulfumeturon in the
aquatic environment after chemical treatment. The herbicide rate used was .02
Kg a.t./ha which provided complete eradication of the waterhyacinth in the pond
3 months after treatment,

Water samples were collected from three different depths at two stations
east and west of the pond. From Table 19, the highest sulfumeturon con-
centration detected was 1.6 ug/L from 0.1 m below The water surface on Day |
posttreatment. On the same day, the highest herbicide residue level detected
near the bottom of the water column was 1.4 ug/L. The sulfumeturon con-
centrations decreased to 1.0 - 1.3 ug/L by Day 3. On Day 14, only cne water
sample contalined 1.1 ug/L sulfumeturon. And by postreatment Day 28, the sulfu-
meturon concentrations in water were below detection limits (<1.0 ug/L) in all
water sampies.

Sediment samples were collected before treafment and on posttreatment days
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1, 3, 7, and 14, None of the sediment samples contalned detectable sulfumeturon
concentrations (0.2 ng/g). Simllarly, the sulfumeturon concentrations in all

of the tish samples from day 3 through day 28 were below detection limit (20
ng/q}.

The results suggest that sulfumeturon used at 0.02 Kg a.i./ha o control
watarhyacinth is not persistent in The water and sediment, and does net accumu-
late in the edible flesh of fish.

Table 20 indicated that the surfactant Emphasizer® used at 1, 2, and 3% v/v
of the spray mixture had no effects on the herbicidal activity of 2,4-D towards
waterhyzacinth,

in another study, the susceptibl lity of watermeal to various aquatic her-
bicides was determined. Treatments were applied over the top (Table 21) or

injected into water (Table 22).

Emergent Weeds

Prevlicus studies Indicated that the efficacy of glyphosate was raduced when
applled to torpedograss cultured in outside aquaria under simulated flooded con-
ditions {Steward, 1982}, Field observations also indicated that control of for-
pedograss with glyphosate in standing water was general ly of shorter duration
compared to control achfeved on ditchbanks (Baird et al,, 1983). In the
tollowing studies, the effects of flooding on 14C—glyphosafe translocation in
torpedograss were investigated.

Time-course studies of 14C—g|yphosa1‘e movament in ftorpedograss (Tables 23
and 24) indicated that the amount of 140 translocated continued to increase
during the 7-day experiment. An average of 2.9, 10,7, and 22.1 percent of the
4z applied was translocated out of the treated leat at 1, 3, and 7 days after

treatment, respectively. Since control of forpedograss requires that all rhi-
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zome buds be killed, further efforts were made to investigate the direction of
translocation in the rhizome system. A definlte pattern was observed with
lowest 4C accumutation in basal node segments and greatest accumulation near
the rhizome tip, Indicating a typlcal phioem fransport in @ source-to-sink pat-
tern for glyphosate In torpedograss.

The translocatlon of 14C from l4C—g|yphosa‘re in torpedograss was reduced by
a flooding growth habitat (Table 25). The amounts of 14¢ translocated out of
the treated leaf were 21.3 and 13.3 percent of the total 14¢C applied under non-
flooded and flooded conditions, respectively. However, the accumulation of i4c
per g dry weight rhizome was almost similar in both cases {(Table 26}.

Glyphosate appears to move in the asslmiiate stream as would be expected of
a phloem-mobite substance. Therefore, movement of the herbicide s expected to
be controlled by those factors influencing assimilate translocation. It was
observed that the flooding habitat reduced growth of torpedograss as much as 50
percent (Table 27). This growth reduction may have been responsible for the
observed dlfference in amounts of '%C translocation In the two growth habltats.
When all rhizome buds are not killed, those Inactive near tThe base may not accu-
mulate a lethat! amount of herblcide, and may therefore survive.

Table 28 shows the susceptibility of spikerush to various aquatic her-
bicides. Diuron and ferbutryn provided compiete control at all treatment rates
from 0.63 to 5.0 mg/L. Fluridone effected 80 to 90 percent contro! after 10
weeks at rates varying from 0,16 to 1.25 mg/L. On the other hand, copper,
2,4-D, potassium endothall, and dicamba were found ineffective at rates up

to 5.0 mg/L.

Submersed Weeds

Previous studies showed that hygrophila, green cabomba, and {emon bacopa
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1, 3, 7, and 14, None of the sediment semples contalned detectable sutfumeturon
concentrations (0.2 ng/q}. Slmllarly, the sutfumeturon concentraticons In all

of the fish samples from day 3 through day 28 were below detection limif (20
ng/g}.

The resul+ts suggest that sulfumeturon used at 0,02 Kg a.i./ha to control
waterhyacinth is not persistent in the water and sediment, and does not accumu-
fate in the edible flesh of fish.

Table 20 indicated that the surfactant Emphasizer® used at 1, 2, and 3% v/v
of the spray mixture had no effects on the herbicidal activity of 2,4-D towards
waterhyacinth,

In another study, the susceptibllity of watermeal to various aquatic her-
bicides was determined. Treatments were applled over the top (Table 21) or

injected into water (Table 22).

Emergent Wesds

Previous studies indicated that the efficacy of glyphosate was reduced when
applied to torpedegrass cultured in cutside aquaria under simulated flooded con-
ditions (Steward, 1982). Ffleld observations also indicated that control of tor-
pedograss with glyphosate in standing water was general ly of shorter duration
compared to control achleved on ditchbanks (Baird et al., 1983), In the
following studies, the effects of flooding on 14C-glyphosate translocation in
torpedograss were invostigated.

Time-course studies of '4C—glyphosa+e movemant in torpedograss (Tables 23
and 24) indicated that the amount of '4C translocated continued to increase
during the 7-day experiment. An average of 2.9, 10.7, and 22.1 percent of the
Y42 appiied was translocated out of the treated leaf at 1, 3, and 7 days after

treatment, respectively. Since control of torpedograss requires that all rhi-
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zome buds be Killed, further efforts were made to investigate the direction of
transliocation in the rhizome system. A definite pattern was observed with
lowest 14C accumutation in basal node segments and greatest accumulation near
the rhizome tip, indicating a typical phloem fransport in a source-to-sink pat-
tern for glyphosate In ftorpedograss.

The transliocation of '%C from MC-glyphosa're in torpedograss was reduced by
a flooding growth habitat (Table 25). The amounts of 14¢ translocated out of
the treated leaf were 21.3 and 13.3 percent of the total lag applied under non-
flooded and flooded conditions, respectively. However, the accumulation of 14g
per g dry welight rhizome was almost similar in both cases (Table 26}.

Gilyphosate appsars to move in the assimiiate sfream as would be expected of
3 phloen-moblle substance. Thersfore, movement of the herbicide is expected to
be controlled by those factors influencing assimilate translocation. |t was
observed that the flooding habitat reduced growth of torpedograss as much as 50
percent (Table 27). Thls growth reduction may have been responsible for the
observed difference in amunts of 14C translocation in the two growth habltats.
When all rhizome buds are not kiiled, those inactive near the base may not accu-
mulate a lethal amount of herbicide, and may Therefore survive,

Table 28 shows the susceptibility of spikerush to various aguatic her-
bicides. Diuron and terbutryn provided complete control at al!l treatment rates
from 0.63 to 5.0 mg/L. Fluridone effected 80 to 90 percent control after 10
weeks at rates varying from 0.16 o 1.2% mg/t. On the other hand, copper,
2,4-D, potassium endothall, and dicamba were found ineffective at rates up
to 5.0 mg/L.

Submersed Weeds

Previous studies showed that hygrophila, green cabomba, and lemon bacopa
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were tolerant To most aquatic herbicides at levels currently being used for
hydrilla control. In the comparative evaluation studies reported herein, the
selectivity in herbicide responses between hydrllla and these new weed species
was confirmed (Table 29). Hygrophlla and green cabomba were tolerant to diquat,
endothal | K, copper, and various combinations of these herbicides at freatment
rates that were ef fective In controlling hydrilla., Lemon bacopa was tolerant to
endothal | K and copper, but was about equally sensitive to diguat as compared fo
hydrilla. Diuron and terbutryn were both effective against al| these species

and hydrilta at treatment rates of 0.5 mg/L or higher (Table 30).
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Table 1

Names and Sources of Chemicals Evaluated In Fiscal Year 1983

Common Name

Chemlcal Name

Source

Copper EDA

2,4-D DMA

Bicamba

Dichlobeni|

Diquat

Diuron

Endothalt

Fenac

Flurideone

Copper—-Ethylenediamlne
Comp lex

Dimethyiamine salt of
2,4~dichlorophenoxy
acetic acld

3,6-dichtoro-c-anlsic
acid

2,6-dichlorobenzo-
nitrlite

6,7-dihydrodipyrido
{1,2=a:2',1'¢c)
pyrazinedilum dibro—
mide

3-(3,4-dichlorophenyl)-

1,1-dimethylurea

Salts of 7-oxabicyclo
(2,2.1)haptane-2,3-
dicarboxylic acid

Salts of 2,3,6-tri-
chlorophenylacetic
aclg

T-methyl-3-pheny|-5-
(3-{+rifluoromethyl)-
phenyl 1-4(1H)~pyridi-
none

(Continued)

Sandoz, Inc., Crop Protection
Komeen 480 Camino Del Rio South,
San Diego, CA 92108

Union Carbide Agricultural
Products Co., PO Box 12014,
Ressarch Trlangte Park,
North Carotina 27704

Vesicol Chemical Corporation,
341 East Ohlo Street, Chicago,
I11inois 60611

Uniroyal Chemical, Spencer
Street, Naugatuck, Connecticut
06770

Chevron Chemical Company, Ortho
Division, 940 Hensley Street,
Richmond, Callfornia 93710

E.{. duPont de Nemours & Ce.,
Biochemicals Department,
Wilmington, Detaware 19898

Penmwalt Corporation, Agricul-
tural! Chemical Division, 1630
East Shaw Avenue, Freshno,
California 93710

Unlon Carbide, Agrlculturatl
Products Co., Inc.

Lilty Research Laboratories,
Division of EIi Lilly and Co.,
P.O. Box 708, Greenfleld,
indiana 46140



Table 1 (cont.}

Names and Sources of Chamicals Evaluated in Fiscal Year 1983

Common Name

Chemical Name

Source

Giyphosate

Slmazine

Sulfometuron

Terbutryn

AC 925

P-335

Casoron GSR

CT-12-10-82-1
CT-12-11-82-1
CT-12-18-82-1
CT-12-18-82-2

FUN 83 EO 3A

FUN 83 EQ 3B

FUN 83 EQ 3C
Fluridone
monolithl¢ fiber

Poly (GMA) 2,4-D

N-{phosphonomathy | }-
glycine

2-chioro-4,6,bis{ethyl-
amino)-s-¥riazine

Methyl 2-{([[(4,6-di-
methyl-2-pyrimlidinyl)
aminoj~carbony! laminol
sul fonyl]lbenzoate

2-(Tert-butylamino)-4-
ethylaminc}-6-(mathyl-
thio}-s-triazine

Confidential

Confidential

Siow releass formula-
tion of dichlobenil

Controlled release
formulation of
dichlobenil

Contro!lled release
formulation of
dichiobentl

Controlled release
formulations of
fluridone

2,4-dichlorophenoxyace—
tate/glyceryimethacry-
late

Monsanto Co., Agricultural Prod-
ucts, St. Louis, Missouri 63166

Ciba-Geligy Corporation, Agricut-
tural Division, P.0. Box 11422,
Greensboro, North Carolina 27409

E.l. duPont deNemours & Co.
WitImington, Delaware 19898

Ciba-Geigy Corporation

Amerlcan Cyanamid Company
P.0. Box 400
Princeton, NJ 08540
ICl Amerlcas Inc., P.0. Box 208,
Goldsboro, NC 27530

Ouphar B.Y., Crop Protection
Division, P.0, Box 632,
1000 AP Amstecdam, Netherlands

Dr. Curt Thies, Washington Univ.,
St. Louls, Missourl 63130

Duphar B.Y.

Dr. Richard Dunn, Southern
Research Instltute, 2000 Ninth
Ave., South Birmingham, AL 35205

Dr. Frank Harris, Wright State
University, Dayton, OH 4423




Table 2

Water Quaiity Control

Analysis
Oxygen Conductivity  pH Alkalinity Hardness Air Temp °C  Water Temp °C
Date ppm umhos mg/L CaCOx  mg/L CaCOsy
March 83 5.0 343 7.6 143 182 22.5 23.0
June 83 4,5 351 7.9 150 180 28.5 27.5
Sept 83 3.9 539 7.7 152 178 28.0 27.8
Dec 83 3,0 357 7.6 144 179 19.5 23.0
Solids
POg-P NO3-N NH4-N K Total Suspended
Date mg/L mg/L mg/L mg/L mg/L mg/L
March 83 BOL 0.16 0.37 0.71 280 1.5
June 83 oL 0.20 0.42 0.95 245 8.0
Sept 83 BOL 0.02 0.20 0.20 255 13.6
Dec 853 8L 0.30 0.20 0.40 240 2.9




Table 3

Response of Hydrilla to Varlous Concentrations and Exposure

Periods of Fluridone under Greenhouse Conditions

Percent ConTrot'/‘ - Weeks Posttreatment

Fluridone Exposure
Treatment Time
{(mg/L) (hrs.) 1 2 4 6 8 10 12 14
0.05 3 3 0 12 12 10 12 7 10
6 0 0 8 8 12 17 18 28
12 0 0 7 7 12 15 15 17
24 10 0 10 10 20 20 20 20
48 10 0 10 10 20 20 17 25
96 17 10 5 10 17 22 25 28
168 10 10 10 20 33 28 40 43
23522/~ 13 20 17 17 48 65 95 95
0.10 3 0 3 12 12 12 12 10 22
6 3 3 8 8 18 18 17 32
}2 10 3 10 10 12 13 8 10
24 13 3 10 10 20 20 20 33
48 17 3 8 8 22 22 20 32
96 18 13 15 18 45 43 50 60
168 17 15 10 18 37 45 42 28
23522/~ i3 17 10 10 55 68 93 87
0.25 3 0 3 13 12 17 15 10 12
6 0 5 10 10 20 25 37 45
12 10 5 i0 18 23 2% 22 18
24 13 3 i7 17 38 43 45 a8
48 22 7 22 29 55 75 75 63
96 20 15 20 23 72 72 77 82
168 13 12 17 17 53 70 82 92
23522/ 13 13 18 20 59 72 90 90
0.50 3 0 10 18 12 20 25 18 23
6 0 5 10 13 i5 25 30 43
12 13 10 18 18 23 50 47 40
24 18 7 20 20 48 63 68 73
48 20 17 22 27 67 85 77 75
26 18 13 23 28 32 85 92 9%
168 10 10 20 20 33 90 90 95
23522/~ 10 17 17 20 67 80 95 95
Control Q 0 0 0 0 0 3 3 3

/= Average of three repilicates.

2/= Contlnucus exposure of the plants To the chemical +reatment

throughout the l4-week experiment.



Tabie 4

Accountabl |ty of Flurldone in Statlc Tests wlth Reconstituted

Water and Natural Pond Water After 76 Days Posttreatment

Percent Flurldone Recoveredlf

Treatments
Water Fiber Total
(%) (%) (%)
8C Pellets
RCW2/ 79+ 1 10 1 89
NPw2/ 72+ 1 1841 91
8-mi | Fiber
RCW 8% 2 8+ | 97
NEW 86t 1 ot 1 95
16-ml 3 Fiber
RCY 88t | 6 3 94
NPW 82+2 (REN 83
3Q-mi | Flber
RCW 804 1241 93
NPW 811 (REN! 92
45-mi | Fiber
RCwW 6H2 231 g1
NPW 63} 27+ 1 90

1/ Means of four repllicates + S.E.

2/ RCW, reconstituted water; NPW, natural pond water.



Table 5

Fluridone Residue after Treatment with Sonar® 4AS

at 2.2 Kgq a.i./ha In Flowing Water in Outdoor Aquaria

1/

v g/L Fluridone - Days after Treatment

Tank
Number 1/12 1/4 1 2 7 14
2/

B4 801 569 104 31 BOL 0
BS 995 678 73 26 BDL 0
B11 974 584 100 24 8DL 0
c2 1150 658 130 34 BOL 0

Average 980 622 102 29 2L 0

v/

one complete water exchange every 24 hours.

2/ B0, less than 1 ug/L.

Table &

Aquaria 0.6 m deep with flowing water to provide

Fiuridons Residue After Treatment with BC Pellets and Poiycaprolactone

Flbers at 2.2 Kg a.i./ha In Flowing Water In Qutdoor Aquariall

ug/L FlurldoneZ/ - Days after Treatment
Formulations 2 7 14 21 28 35 42 49
Pellets BC 54+ 6 20 | 5 1 1 BoL3/ 0 0 0
Fibers 16-mi | 3IN6 36t 2 5 1 goL3/ 0 0 0 0
Fibers 30-mi | 12 1442 9] @2 a1 321 21 oL/
Fivbers 45-mi| 10% 1 1122 7+ G 1 4+ 1 3 3¢ 8L
1/

2/
3/

Aquaria 0.6 m deep with flawing water to provide one complete

water exchange every 24 hours.

Means of four replicates + S.E.

BDL,

less than 1 pg/L.



Table 7

Chiorophyli Contents of Hydrilfa Tips Treated with Varlous Formulations of

Fluridone at 2.2 Ka a.l./ha In Flowing Water in Qutdoor Aquarla'/

Total Ch)orophleZ/

Formulations {mg/g fresh weight) a/b Ratio
Liquid 4AS 1.5192 2.242
Pollets BC 0.972 1.68
Fibers 16-mi | 1.37%" 2.233
Fibers 30-mi | 0.424° 1.63
Fibers 45-mi | 0.443° 1.53°
Control 1.423° 2.39°

1/ Aquaria 0.6 m deep with flowing water to provide one
complete water exchange every 24 hours.

2/ values in a column followed ty the same letter are not
significantly different at the 5% leve! as determinad by
the Waller-Duncan Test. Each value is the mean of six
repl icates.



Tabie 8

Hydrilla Control by Yarlous Formulations of Fluridons Applled at 2.2 Kq a.i./ha

in Flowing Water In Qutdoor Aquaria 16 Weeks After Treatment!/

Dry Weights (9)2/

Treatments 2 injury

Shoots Roots Tuber
Liquid 4AS 22 30.63b 0.832 19,92
Pellets BC 52 12.5b¢ 0.493b 17,32
Fibers 16-mi | 15 39,73 0.932 22.72
Fibers 30-mi | 84 5.7¢ 0.27° 15,33
Fibers 45-mi | 78 4.2¢ 0.20° 11,18
Controi 18 36,12 0.74ab 14,28

1/ Aquaria 0.6 m deep with flowing water to provide
one complete water exchange every 24 hours.

2/ values in & column followed by the same letter are
not significantly different at the 5% level as
determined by the Waller-Duncan Test. Each value
is the mean of four replicates.




Table S

Hydrilla Tuber Denslty and Tuber Germination as Affected by

Treatment of Varlous Flurldone Formulations at 2.2 Kg a.l./ha

in Flowing Water in Ouidoor Aquaria!/

Number of

Treatments Tubers/Tray % Germination
Liquld 4AS 2242 62b
Pellets BC 1762 68b
Fibers 16-mi | 2318 758b
Flbers 30-mi | 1802 640
Fibers 45-mi| 1508 718b
Control 2002 852

t/ Aquaria 0.6 m deep with flowing water to provide
one complete water exchange every 24 hours.,

2/ Vatues In a columm followed by the same letter
are not slgnificantly different at the 5% level
as determined by the Wafler-Duncan test.



Table 10

Mathanol Extraction of Yarlous Dichlobenil|l Formuiations

mg/L Dlchlobenil Recovered
Formulations!/

Day 1 Day 7 Day 23 Day 31
FUN 83 EO 3A S. i 6.0 5.8 5.8
FUN 83 £0 3B 3.5 6.2 9.1 9.5
FUN 83 EQ 3C B ? 5.4 8.5 8.6
Casoron GSR 9.7 9.8 - -

1/ Duplicated samples of 50 mg of each formutation were
extracted in 1 liter of methancl. The expected level
of dichlobenil in the methanol extracts was 10 mg/L,
assuming that all formulations have 20 percent a.i.

Table 11

Verification of the Total Available Dichlobenil| Content in the

Various Silicate Formulations by Methanol Extraction

Reported Percent dichlobeni | Measured
Formulations Pearcent a.l. Recovered !/ Percent a.i.
CT-12-10-82-1 7.0 79 9D
CT-12-11-82-1 ‘ 7.2 93 6.7
CT-12-18-82-1 13.4 98 131
CT-12-18-82-2 13,4 &8 11.8
Casoron GSR 20.0 98 19.6

1/ Average of three replicates



Table 12

Laboratory Evaluations of Various Silicate Formulations of Dichlobenil in Static Reconstituted Water and
Hatural Pond Water. Date treated: 16 March 1983

Treatments Total (mg) Cumulative Dichlobenil Released (mg/L) - Days After Treatment
Applieg! 2 7 14 21 28 42 56 70 84 112 141 180
CT-12-10-82-1

RCw2/ 142.0 0.23 0.58 0.66 1.02 1.17 1.87 2,25 2,64 2.98 3.98 4.81 5.52
142.6 0.23 0.59 0.73 1.13 1.42 2.22 2.63 2,98 3.78 4.65 5.42 6.03
142.4 0.25 0.61 0.90 1.27 1.64 2.25 3,10 3.38 3,64 4,62 5.22 5,87

143.3 0.26 0.63  0.95 1.20 1.68 1,99 2.41 2.95 3,23 3.99 4.72 5.33
Average 0.24 0.60 0.8l 1.16 1.48 2.08 2.60 2.99 3,41 4.31 5.04 5,69

NPwZ/ 142.9 0.24 0.50 0.66 0.78 0.96 1.86 1.20 1.44 1.59 1,70 1.92 2.21

142.9 0.26 0.57 0.79 0.98 1.17 1.75 1.79 1.92 2.07 2.47 2.77 3,19
142.9 0.31 0.61 0.80 1.22 1.34 1.58 2.01 2.00 1.96 2.09 1.98 1.98
142.9 0.26  0.45  0.54 0.64 0.73  0.99  0.95 1.02 1.12 1,08 1.20 1.38
Average 0.27 0.53 0.70 0.90 1.05 1.54 1.49 1.60 1.68 1.84 1.97 2.19

CT-12-11-82-1

RCw2/ 139.0 0.28 0.96 1.97 2.95  3.72 4,50 5.54 5.68 6.10 6.66 6,77  6.74
139.1 0.28 1.08 2.06 3.20 4,14 4,74 6.06  6.48 6.54 6.77 6.94 6.84
138.5 0.28 .10 2.03 3,20 4.02 5.06 6.00  6.44 6.60 6.58 6.99 6.90
138.9 0.28 1,17 2.40 3.39 4,32 5,22 6.00 6,52  6.05 6.42 - 6.83  6.68
Average 0.28 1.08 2.12 3,18 4.05 4.88 5.90  6.28 6.32 6.61 6.88 6.79
NPW2/ 138.9 0.38 1.10 2,16 2.81% 3.42 3,72 4,92 5.30 5.12 6.09 6.20 6.46
138.9 0.34 1.26 2.36 3.09 3.56 3.97 4,96 5.16 5,24 5.67 5.94 5.99
138.9 0.34 1.11 2.01 2.81 3,30 3.80 4,77 4,88 5.32 5.49 5,74 5.92
138.9 0.33 1,41 2.15 2.98 3,38 3.85 4,78  A.63 4,73 5.23 5.39 5.46
Average 0.35 1.14 717 2.92 3.42 3.84 4.86 4.99 5.10 5.62 5.82 5.96

(Con'l'inued)



Table 12 (Continued)

Treatments Total (mg) Cumulative Dichlobenl ) Released {mg/L) - Days After Treatment
Applied! 2 7 14 21 28 42 56 70 84 112 141 180
CT-12-18-82-1
RCW2/  74.4 0.20 0.6} 1.34 1.95  2.50 3.75  4.04 4,68  4.95 6.08  6.60  7.01
73.6 0.23 0,75 1.52 2.31 3,02 3,88 4,56 4,94 5.16 6.05 6.36  6.55
75.3 0.20 0.68 1.40 2.19 3.01 3.91 4.52 5,00 5.07 6.39 6.58 6.79
75.1 0.23  0.82 1.67 2.47 2.87 3.96 4.83  4.80 - - - -
Average 0.22 0.72 1.48 2.22 2.85 3.87 4.49 4.86 5.06 6. 17 6.51 6.78
NPw2/ 74.6 0.22  0.79 1.54 2.17 2,55 2.97 4.7 3.86  4.63 5.42 5.65 5.81
74,6 0.22 0.58 1,03 1.45 1.88 2.38 3.02 3,03 3,64 4,33 4.80 5,46
74.6 0.22 0.76 1,47 2.04 2.58 3.00 3.85 3.87 4.37 5.18 6.00 5,88
74.6 0.24 0.65 1.36 1.82 2.35 2,87 35.60  3.68 4,50  4.8) 5.32 5.30
Average 0.22 0.70 1.35 1.87 2,34 2.80 3.66 3.61 4,24 4,94 5.44 5.61
CT-12-18-82-2
RCW2/ 74.4 0.26  0.66 1.07 1.60 1.86 3.38 3,10 3.52 3.99 4.95 5.38 6.35
74,6 0.20 0.46 0.76 1.13 1.34 2,22 2.45  2.86 3.30 4,21 4.66 5.40
74,7 0.20 0.44 0.76 1.11 1.54 2.16 2.54 3.03 3.67 4,26 4.94 5,54
74.3 0.17 0.39 0.66 0.94 1.14 1.90 2.18  2.48 3,02 3,56 4,02 4,87
Average 0.21 0.49 0.81 1.19 1.46 2.47 2.57 2.97 3,50 4.25 4.75 5.54
NPWZ/ 74.6 0.22 0.40 0.60 0.85 1.15 1.67 1.90 1.77 .12 2.58 2.94 3.63
74.6 0.22 0.39 0.53 0.59 0.77 1.16 1.20 1.18 1.30 1.43 1.68 1.96
74.6 0.19 0.36 0.51 0.57 0.70 1.02 1.02 1.03 1.16 1.35 1.50 1.47
74.6 0.17 0.34 0.46  0.66  0.91 1.28 1.51 1.59 1.92 7.92 2.48  2.89
Average 0.20  0.37 0.52 0.67 0.88 1.28 1.46 1.39 1.62 .90 2.15  2.49

1f - Treatments appiied fo 1 liter of water with amounts calculated Yo produce a maximum cumulative concentration of
10 mg/L dichlobenil, based on reported percent a.i. of the formulations.

2/ - RCW, reconstituted water; NPW, natural pond water.



Table 13

Retention Times and Absorbance Ratios of 2,4-D,

2,4-0 Methyl| Ester (ME), 2,4-D Ethyl Ester (EE)

Absorbance 1/

Peak Retention Time

(min) 230 nm 289 nm Ratio
Standards:
2,40 2.8 0.050 0.011 4,54
2,4-D ME 4.4 0.116 0.024 4.83
2,4-D EE 4.8 0.0753 0.014 5.21

Poly (GMA) 2,4-0D:

# 2/ 2.8 0.063 0.014 4.50

#2 4.4 0.087 0.018 4,83

1/ wean of 6 replicates

2/ atter hydrolysis



Table 14

Chemlical Release from Poly (GMA) 2,4-D in Static Water

mg Chemical Released/q Formuiation 1/
Wator % Total a.l.
Treatment Day 1 Day 2 Day 3 Day 6 Recovered
2,40 2,4-D ME 2,40 2,4-D ME 2,40 2,40 ME 2,40 2,4-D ME

D 1w2/ BDL 85.4 8.9 109.9 14.6 116.5 24,2 122.0 86. 1
RCW2/ 51.6 46.0 100.0 16,3 121.2 13.3 154.5 645 94,7
NPW2/ 24.4 74,3 58.4 54.0 90.4 43,1 146.7 5.0 91.9

1/ Values are means of four replicates

2/ Diw, deionized water, pH=6.3; RCW, reconstituted water, pH=8.0; NPW, natural pond water, pH=7.5.



Table 15

The Effect of Glyphosate on Waterhyacinth and Water Lettuce

12 Weeks After Treatment

Glyphosate Percent Control!/
(Kg a.e./ha) WaterhyaTinth Water Lettuce
2,2 65+ 10 38+ 8
2.8 93 3 52 % 10
3.4 95 ¢+ 3 4% + 12
3.9 100t 0 68 £ 10
4.5 97+ 2 75+ 6
Check S+ 2 3+ 2

1/ Average of three replicates * S.E

Table 16

Transiocation of Selected Herbicldes Between Parent

and Offshoot Waterhyaciath Plants

Rate Percent Injury Index of

Chemical (Kg 2.1./ha) Parent Of fshoot Translocation!/
2,4-D 2.24 100 47 0.5P
G lyphosate 2.24 100 98 1,08
Sul fometuron 0.02 100 88 0.98
AC-925 0.56 100 99 1.03
Contro) - 19 20 -—

1/ The interconnecting stolon between the parent and of fshoot
plants provided a mechanlsm whereby the two plants could be
separated and treated individualiy. Index of translocation =
percent Injury to untreated connected of fshoot plants/percent
injury to treated parent plants.



Table 17

¥ N 14 2 ; ;
Distribution of C as a Percentage of the Total C-Glyphosate Applied

¢ of total dpm applied '/
Piant Part Fyacinth LeTTUCE

Treated teaf 5.1 % 1.4 4.3 % 0.4
Above treated leaf 5.2+ 0.8 9.9 + (0.3
Below treated leaf 0.5+ 0. 1.5 & 0.2
Crown 2.2 * 0.3 Z2.6 + 0,1
Roots 17:2 £ 3,2 14,8 * 0.4
Daughter plants 6.0+ 1.5 5.7 * 1.4

Total minus *treated leaf 3.7 & 3.4 34,3 2 2.0

1/ Average of four repl!icates * S.E.

Table 18

The Effect of Spray Voiume on the Retention of Sulfonine Red Dye

on the teaf Surfaces of Waterhyacinth and Water Lettuce

Species Spray Volume Absorbance
(L/ha) (0D/cm?)

Hyacinth 187 0.00082
438 0.0015P
935 0.00170

Lettuce 187 0.00072
438 0.00180
935 0.0030¢

1/ values followed by the same letter ars
not slgnificantly different at the 5%
leve! as determined by the Watler-Duncan
test.



Residues of Sulfumeturon

Table 19

in Water, Sediment, and Flsh Samples Before and After

Chemical Treatment at 0.02 Kg a.i./ha to a Waterhyacinth Pond

Sul fumeturon Rasidues (pg/L)

Sampling Pre
Area Appli- 0 3 6 12 18 24 3 7 14 28
cation Hours Hours Hours Hour s Hours Hours Days Days Days Days

Water 1/
East-Surface <1.0 <1.0 1.0 <1,0 <1.0 1.0 <1.0 1.0 <1,0 <1.0 <1.0
East-Middle <1.0 <1.0 <1.0 <1.0 <1.0 1.5 1.3 1.3 1.1 1.1 <1.0
East-Bot tom <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 1.4 1.2 <1.0 <1.0 <1.0
West-Surface <1.0 <1.0 <1.0 . <1,0 1.5 1.6 1.0 1.0 <1.0 <1.0
West-Middle <1.0 <1.0 <1.0 <1.0 1.1 <1,0 1.4 1.2 <1.C <1,0 <1.0
Wes t-Bot tom <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 1.4 1.0 <1.0 <1.,0 <1.0
Soil 2/
East 0.2 - ~ - - - 0.2 <0.2 <0.2 <0.2
West <0.2 = - - - = <0.2 <0.2 <0.2 <0.2 =
Fish 3/ <0 - - ~ - - - <20 <20 <0 <20
1/ water spiked at 0.75 pyg/L = 0.655 ng/L = 87% recovery. Detection limlt = <1.0 ug/L.
2/ petection Iimit = 0.2 ng/g.
3/ Detection Vimit = 20 ng/g.



Table 20

Effect of the Surfactant Emphasizer® on Herbicidal Activity

of 2,4-D Toward Waterhyacinth

2,4-D Rate Emphas|zer Rate Percent Control 1/
Kg/ha) (% v/v)

5b

gab
12ab
132

0.0

WWN—O

13
353
180

7b

0.6

WN = O

803
723
582
g2@

1.1

Wh—- O

822
1002
903
1003

2.2

WN — O

1/ Within each rate of 2,40 wvalues followed by the
same letter are not significantly different as
determined by the Waller-Duncan test,



Table 21

Laboratory Evatuations of Several Aquatic Herbiclides Applied

Over the Water Surface for Efficacy Towards Watermeat

Chemical Percent Injury 1/ - Weeks Posttreatment
Treatment Rates
{(Kg a.t./ha) ] 2 4 6 8 10

2,4-D DMAZ/

2.2 0 10 13 30 33 27
4.5 3 3 10 17 30 27
9.0 0 0 13 20 33 28
17.9 7 10 13 13 33 28
Dicamba + 2,4-03/
Yl 0 0 7 13 37 23
3 3 3 3 20 27 23
i 10 13 32 40 73 62
13.4 33 43 67 87 88 72
Diquat
2:2 60 68 85 95 Q6 30
4.5 80 90 95 93 98 28
9.0 85 82 95 93 99 100
17.9 87 83 95 95 100 160
CONTROL 0 0 0 13 33 30

1/ Average of three replicates
2/ Dimethy lamine salt

3/ As Banvel 720®



Table 22

Laboratory Evaluations of Several Aquatic Herbicides

Injected into the Water for Efficacy Towards Watermeal

Chemical Percent Injury 1/ - Weeks Posttreatment
Treatment Rates
{mg/L) 1 2 4 6 8 10
Diuron
0.5 3 0 3 7 23 7
1.0 10 0 20 20 33 17
2.0 3 5 57 63 85 63
4,0 7 5 72 13 g0 72

1.0 0 0 7 13 37 23
2.0 3 3 3 20 27 23
4,0 10 13 32 40 73 62
8.0 33 43 67 87 88 72
Fluridone
0.025 3 20 40 58 90 65
0.05 3 13 50 75 87 63
0.10 0 23 38 80 87 70
0.25 3 13 55 82 90 77
Terbutryn
0.5 7 10 30 85 93 68
1.0 0 13 45 73 90 82
2.0 7 23 65 73 87 78
4.0 23 23 73 75 92 78
Simazine
1.0 0 0 20 23 23 --
2.0 0 0 20 40 42 -
1.0 Splite/ 0 0 10 3 0 -~
2,0 splitd/ ¢ 0 10 3 0 --
Digquat + Cu
0.37 + 0,33 23 20 58 57 72 72
Control 0 0 0 13 33 30

1/ Average of three replicates

2/ Split treatment 7 days apart




Table 23

Absorption and Translocation of 140 as a Perceniage of Total ]AC-GlyEbosaTe

Applied to Torpedograss at Intervals After Treatment

Percent of 14C applied /- - Days after freatment

Plant Parts
1 3 7
Treated leaf 10.57 + 3.08 26.49 * 4,76 21.31 + 4,40
Treated shoot {minus *r. teaf) 0.90 + 0.04 3.06 & 0.31 5,09 + 0.59
Non~treated shoot 0.98 + 0.17 4,79 + 0.62 9,60 £ 1,06
Rhizome 0.63 * 0.05 1,98 + 0,531 4,36 * 0.561
Roots 0.43 * 0,06 0.89 + 0.06 3.06 * 0,59
Total translocation 2.93 % 0.15 10,69 + 1,12 22,11+ 2,67
Total recovery 13,52 ¢ 3,12 37.21 ¢ 5.61 43,42 * 6.35

1/- Average of four replicates * S.E,



Table 24

1 :
Distribution of 4@ Accumulation in Various Plant Parts as a Percentage

o~
[

of Total 14J Translocated in Torpedograss at lnftervals Affer

Treatment with ]4C—Glyphosa+e

Percent of 13C transiocated /-

Plant Parts Days after treatmept
1 3 s
Treated shoot 30.8 £ 2.0 28.4 £ 4.5 23,1 & 0,5
Non-treated shoot 33.5 £ 1.6 44,7 £ 4,0 43.6 * 2.0
Rh izome 21.5% 1.5 18.4 £ 1,9 19,7 + 1.2
Roots 4.6+ 1.3 8,5 % 1.6 15.6 2 1,0

1/- Average of four replicates £ S.E,



Table 25

14
Abscrption and Translocation of ‘40 as a Percentage of Tofal C-Glyphosate

Applied to Torpedograss Grown Under Flooded and Non-flooded Condijtions

1/

Percent of total 14C applied

Plant Parts

Non-{looded Flooded
Treated leaf 23,5 20.9 NS
Treated shoot (minus +r. leaf) 8.5 7.0 NS
Non-treated shoot 39 a5 %%
Rhizome 5.9 3.0 *¥
Roots 3.4 1.8 *
Base Bail 2.4 NS
Total translocation (Apex) 21.3 13,5 %
Tota!l translocation (whole plant) 24.5 157 **
Total recovery (Absorpn. + Transloc.) 48,0 35.7

1/ Data are mean values of four repticates. Asterlsks indicate
means slignificantly different at the 1% (**) and 5% (*) levels,

as determined by Student's t-test.



Table 26

14
Cistribution of 140 in Yarious Plant Parts as a Percentage ot Total &

at

Translocated in Tropedograss Grown Under Flooded and Non-Flooded Conditions

Percent of totai '3C transiocated

P lant Parts
Non-f iooded Flooded
Treated shoct 40.3 52.6 ¥
Non-treated shcot 16.2 10.8 *
Rh izome 27.8 22,9 NS
Roots 15.8 13,7 NS
1/

Data are mean values of four replicates. Asterisks indicate
means slgnificantly different at the 5% level, as determined
by Student's t-test.




Tabie 27

Effect of Flooding on Iry Weight of Torpedograss

Dry Weight (g)I/

Plant Parts
Non-flooded Flooded
Apex
Treated leat 0.05% 0.05
Treated shoot (mlaus *+r. leaf) 2.12 1.72
Non-treated shoots 2.00 1.65
Rhizoma 3.76 1.54
Roots 0.96 0.70
Total apex 8.89 5.66 (64%)
Base
Shoots 21,32 8.72
Rhizome 10.82 4.37
Roots 4.89 1.3¢9
Totat plant 45,92 20.14 {44%)

'/ Data are mean values of four replicates,



Table 28

Laboratory Evaluations of Saveral Aquatlc¢ Herbicldes

for Efflcacy Towards Spikerush

Chemical Percent Injury 1/ - Weeks Posttreatment
Treatment Rates
{(mg/L a.i.) 1 2 4 6 8 10

COPPER EDAZ/

0.63 17 17 10 3 3 3
1.25 15 12 5 i 5 5
2.50 28 22 15 5 5 8
5.00 18 15 7 10 5 8
DICAMBA + 2,4-D
0.63 13 3 5 5 10 12
1.25 3 3 7 5 8 10
2,50 12 12 10 7 13 12
5.00 13 15 23 27 42 58
DICHLOBENI L
0.63 15 15 33 40 58 72
1,25 23 28 38 43 73 82
2,50 7 8 27 35 72 83
5.00 2 3 33 37 82 90
DIQUAT
0.31 2 2 7 12 8 8
0.63 3 2 15 30 32 32
1.25 18 12 23 52 67 62
2.50 15 12 77 77 85 85
DIURON
0.63 17 20 95 95 95 100
1.25 7 7 78 95 95 100
2.50 0 7 95 95 95 160
5.00 12 13 95 95 95 100

{Continued)



Table 28 (Centinued)

Leboratory Evaluations of Several Aquatic Herbicldes

for Efflcacy Towards Spikerush

Chemical Percent Injury 1/ - Weeks Posttreatment
Treatment Rates
(mg/L adia) 1 2 4 6 8 10

ENDOTHALL AMINE (liquid)

0.63 37 75 83 82 75 70
1.25 65 80 90 88 77 58
2.50 58 85 87 93 87 83
5.00 45 85 80 95 95 95

POTASSIUM ENDOTHALL

0.63 17 12 8 7 8 25
1.25 12 8 5 7 12 18
2.50 17 12 12 i3 18 22
5.00 32 25 37 35 25 25
FENAC
0.63 7 8 10 7 23 28
1.25 12 10 17 27 52 83
2,50 i3 13 45 82 85 95
5.00 17 18 72 85 85 95
FLURIDONE
0.16 12 12 20 28 80 93
0.31 5 3 10 12 70 85
0.63 0 7 12 15 82 85
.25 8 8 17 17 85 82
SIMAZ INE
0.63 0 0 23 50 78 83
1.25 3 8 65 92 95 100
2.50 0 3 83 95 95 100
5.00 3 10 95 95 95 160

(Continued)



Table 28 (Cont inued)

Laboratory Evaluations of Several Aquatic Herbicides

for Efflcacy Towards Spikerush

Chemical Parcent Injury I/ - Weeks Postireatment
Treatment Rates
(mg/L a.l.) 1 2 4 6 8 10
TERBUTRYN
0,63 7 7 95 95 95 100
1.25 0 3 95 9% 95 100
2.50 3 15 95 95 g5 100
5.00 13 33 95 95 g5 100
2,4-D oMA 3/
0.63 7 13 10 7 10 12
1.25 7 8 12 15 15 13
2,50 13 15 18 18 18 18
5,00 7 5 7 7 5 8
POTASSIUM ENDOTHALL + 2,4-D
0.32 + 0.32 5 0 2 0 3 10
0.63 + 0.63 0 5 7 8 12 12
1.25 + 1.25 10 10 7 12 17 20
2.50 + 2.50 17 17 38 37 35 37
CONTROL 0 0 10 12 12 10

1/ Average of three repllcates
2/ Ethyliene diamine complex

3/ Dimethylamine salt



Tabie 29

Laboratory Evaluations of Selected Herbicides for Phytotoxicity Toward

Combined Hydrilla (H), Hyagrophila (HP), Green Cabomba (CA), and Lemon Bacopa (BA)

Posttreatment Control, Percent 1/

Chemical Rate 2 Weeks 4 Weeks 6 Weeks 10 Weeks
Designation {mg/L) H HP CA BA H HP CA BA . H HP CA BA H HP CA BA
Diquat 0.25 52 17 10 32 93 25 20 77 00 28 30 100 82 42 23 100

0.50 85 18 10 55 2 27 13 100 100 40 17 100 85 72 83 100

1.0 88 68 3 80 97 72 7 100 100 77 23 100 98 88 58 100

1.5 95 95 28 83 95 98 33 98 100 100 40 100 98 100 47 100

Endothal | K 1.0 35 3 7 0 83 7 7 3 83 7 13 7 73 0 20 6]
2.0 75 0 ¢ 0 93 0 Q 0 98 0 3 0 95 3 10 o

3.0 80 25 20 10 80 20 13 7 95 20 13 3 95 17 20 0

5.0 83 38 ¢ 12 35 40 7 13 98 32 17 13 95 57 18 8

Cu 0.25 37 3 3 3 35 0 0 0 37 0 0 0 7 0 0 0
0.50 80 7 10 10 73 3 0 0 78 0 3 0] 25 3 10 0

1.0 85 0 7 3 78 0 0 0 80 3 0 7 81 T 23 7

2,0 85 13 17 17 92 7 13 7 93 10 30 15 87 40 35 27

5.0 92 32 17 30 Q7 33 13 30 100 50 23 37 98 32 47 45

Diquat + Cu  0.25 + 0.25 72 7 7 32 80 10 13 92 100 10 30 100 97 18 25 100
0.25 + 0.50 92 22 15 35 0 15 15 83 100 25 27 97 93 32 27 97

Endothal | K 1.0 + 0.25 65 3 13 7 78 3 10 3 100 3 13 3 80 0 7 0
+ Cu 1.0 + 0.50 85 12 17 13 88 3 13 10 90 3 17 13 12 0 22 7
Control - 0 0 0 0 8 3 0 3 7 0 7 3 3 0 17 3

1/ Average of three replicates.



Table 30

Laboratory Evaluations of Diuron and Terbutryn for Phytotoxiclty Toward

Combined Hydrilla (H), Hygrophila (HP), Green Cabomba (CA), and Lemon Bacopa {(BA)

Posttreatment Contrel, Percent v/

Chemical Rate 2 Weeks 4 Weeks & Weeks 10 Weeks
Deslgnation (mg/L} H HP CA 8A H e 24 CA BA H HP CA B8A H HP CA BA
Diuron 0.25 0 0 0 0 0 ] 0 78 57 20 20 100 73 70 97 100

0.50 0 0 7 0 0 85 73 100 57 100 100 100 87 100 100 100
1.0 0 3 0 7 30 100 33 100 50 100 97 100 87 100 100 100
1.5 0 3 4] 7 80 80 98 100 80 100 100 100 100 100 100 100
Terbutryn 0.25 #] 0 0 0} 7 78 80 100 17 100 100 100 67 100 100 100
C.50 4] 48 10 48 20 100 98 100 4¢ 100 100 100 87 100 100 100
1.0 20 42 7 67 40 a8 97 100 77 100 100 100 93 100 100 100
2.0 27 95 37 85 17 100 100 100 70 100 10G 100 97 100 100 100
Control = 0 0 0 4] 8 3 0 3 7 0 7 3 3 4] 17 3

1/ Average of three repllcates.





