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Part 1; INTRODUCTION 

Chemical control through proper use of herbicides is currently the most 

widely used method tor manag;ng aquatic weeds. Herbicides are labor, equipment, 

and energy efficient, and can provide reliable and economical weed control. 

However, one of the major factors I imiting the use of herbicides has been the 

availability of effective chemicals approved fer use in aquatic weed control. 

And worse, the number of herbicides registered for aquatic use has decreased 

dramatically in recent yea,s. Thls decrease is due to the loss of registration 

of older chemicals, and to the reduction in numbers of neN chemicals being de­

veloped by the agrichernica! industry for aquatic use, usually because of the 

I i~ited economic market and the rapidly increasing costs of developing, eval­

uating, and marketing new chemicals. 

Better aquatic herbicides are critically needed and the search for new chem­

icals an~ new appl icatlon technology should be expanded. The principe]1 objec­

tive of this project is to evaluate neN or improved herbIcides or herbicide for­

mulations for their potential use in 1-he management of aquatic \-Ieeds. These 

evaluations are conducted in both control led environment laboratory aquaria and 

larger outdoor aquaria containing various grCM'th stages of submersed, emergent, 

or floeting nuisance aquatic plants. 

F I ur i done (I-me thy 1-3-- pheny 1-5-[ 3(tr if I uoromethy I) pheny I 1-4( I H)-pyr I d inane} 

is a ne" pree.mergence herbicide developed for use in cotton (\'Ioldrep and Taylor, 

1976), The chemical was later proven effective for controlling hydrilla 

(~!Ji!. verticil lata L.F. Royle) and several other submersed aquatic vascular 

plants in relatively lentic habituts (Arnold, 1979). However, treatmel)ts with 

f luridone in flO-ling water have provided variable results, probably because 
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the herbicide disperses away from appl Icatfon sites before the necessary time of 

herbicide-plant contact may be achieved. During FY83, several monolithic 

poiycaprolactone fibers contaIning flurldona were evaluated for control of 

hydrl I la In flowing water. These fibers were desIgned to prolong plant contact 

through timed release of the herbicide, thereby increasing the chances for 

plant uptake. 

Dlchlobenll (2,6-dlchlorobenzonltrlle) has been shown to have high activity 

against several aquatic species (Walker, 1964; \'leldon et al •• 1968; Steward, 

\980). In this past year, severa! control led release formulations of dich­

labenl I were evaluated for theIr potential to maintaIn Inhibitory levels of the 

chemical In water for long-term control of hydrl I la regrowth from propagules. 

Glyphosate IN-(phosphomethyl)glyclnel was recently registered for control 

of emerged grasses, broadfeaf weeds, and brushes growing in and around aquatic 

sites. The studies reported herein were Initiated to determine If glyphosate 

was herbicidally active on various econcmically Important floatIng aquatic 

weed spec Ies. Ef forts were a Iso made to Improve 9 Iy phosate phytotox Icl ty 

through variations In methods of herbicide application. The effects of flooding 

on herbicide translocation were investigated in two species of emerged grasses. 

Aquatic weeds treated in FY 1983 are listed beloH:
 

All igatorweed Alternanthera phlloxeroldes {Mart.} Grlseb.
 

Cabomba Cabomba carol Inlane, var. multiparita
 

Hydrilia Hydrilia vertlci I lata Royle
 

Hygrophlla Hygrophl la polysperma (Roxb.) Andeson
 

Lemon bacopa Bacopa carol Inlana (Walt.) Robins
 

Maldencane Panlcum hemltomon Schult.
 

Sp Ikerush Eleocharls baldwlnl I Mlchx.
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Torpedograss Panlcum repens l.
 

Waterhyaci nth Elchhornla crasslpes (Mart.) Solms
 

Water lettuce Pistia stratiotes L.
 

Watermea I Wolffia spp. 

Watermi I foil Myriophyllum spIcatum l. 

The names and sources of chemical compounds evaluated in 1983 are I isted in 

Table 1. 

Part I I: MATERIALS AND METHODS 

A.	 EVA LUAT IONl 0 F' CONTROLLED RELEASE FORMJ LAT IONS 

Control led Release Formulations 

Flurldone 

Four different monolithIc fibers of fluridone (25 percent a. i.)* were pro­

vided by the Southern Research InstItute, Birmingham, Alabama. The herbicide 

fluridone was incor-porated into fIbers prepared from polycaprolactone, a blo­

degradab Ie po Iymer. The fibers were des Igned to entang Ie vi i th submersed vegeta­

tioo and thus not be carried downstream in flowing water applications. The 

monolitllic fibers were made to different filament diameters in order to 

achieve different herbicide release rates. 

The Black Charm (Be) pel let formulation (5 percent a.I.) and the liquid 

50nar® 4AS (4 Ibs a.i. per gallon)** were obtained from Elanco, Indianapolis, 

Indiana. 

o i ch I oben i I 

Tllree l-ubber cap su I es conta In i ng d i ch I oben I I (20 percent a. I . ) were 

r ece I ved f rom Ph i I lips Du phar BV, He I Iand. Four 5 iii cate capsu I es forlTlJ I at ions 

(7 to 13.4 percent dichlobeni I) were received from Washington UnIversity, St. 

*	 a. i. = active ingredient.
**	 A table of factors for converting non-51 units of measurement to 

51 (metric) units is presented on page 4. 
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LouIs, MIssouri. The dlchlobenl I capsules were designed to sink to the bottom 

muds and release the herbicIde near the sediment-water Interface where plant 

growth orIgInates and where propagatIng structures are located. 

2,4-0 

The polymer (GMAl2,4-D formulatIon In clay pel lets (17 percent a. i.) was 

receIved from Dr. Frank HarrIs, Wright State University, OhIo. Previous studies 

with these Poly(GMAl2,4-0 Indicated that herbIcIde release was near zero-order 

over a period of several months. 

StatIc Water Test to Determine Release Profiles 

HerbicIde release prof I les In statIc water were determIned under control led 

laboratory conditions at 28±2C. Treatments of various CR formulations of fluri­

done and 2,4-0 were made to 3.7 L of water wIth arrounts calculated to produce a 

herbIcide concentratIon of 10 mg/l. assumIng complete release. Treatments of 

the dlchlobenl I forlllJlatlons were made In screw-cap erlenmeyer flasks. The 

flasks were tightly capped to mInimize loss of herbicIde through volati lity. 

AI I t reatme nts we re rep I Icated fou r t Ime s. 

Natura! water from a dug pond on the Fort Lauderdale Agricultural Research 

Center grounds was used. Water qualIty was monitored monthly In March, June, 

September, and December (Table 2). For fnterlaboratory comparisons, herbicide 

release profiles were also determined In reconstituted dlsti I led water at pH 

8.0, contaIning 192 mg NaHC03, 120 mg CaS04 • 2HZO, 120 mg MgS04, and 9 mg KGI 

per I Iter (Marking and Dawson, 1973). Water samples were taken from each con­

taIner at various times throughout the experIment for herbicide determinations. 

At the conclusIon of the static tests, the herbicide formulations were 

collected and extracted In methanol (3xlOO mil for 24 hours. Extracts were then 

analyzed to determine the amount of herbicide that was sti I I Incorporated In the 

formulatIon matrIces. 
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FlowIng Water Test and BIoassay of Hydrll la 

Several CR formulations of flurldone were bloassayed for efficacy In 

controlling hydrilla In floo.'lng water. Natural pond water was continually 

pumped Into a system of 24 large outdoor aquaria. The dimensions of the aquaria 

were 77 crn wide by 219 em long (1.7 X 10-4 ha) with depth varying from 50 to 56 

em. The norma I va lurne of these conta Iners atter add! ng soi I lola 5 850 to 950 L. 

Uniform low water pressure was maintained by constant overtlow In a standpipe, 

and f 10<1 to f nd ivi dua r aquar Ia was regu Iated by sma I I pet cocl< va Ives to prov! de 

one volume change every 24 hours. The outflO<l water was collected at 25 cm 

below surface and passed through a charcoal fi Iter before discharge. 

Hydri Iia plants were established In 30x30 cm square aluminum trays, 15 em 

deep. Six trays were placed In each culture aquaria and allowed to grow for 6 

months before chemical treatment was applied. All fluridone formulatIons were 

applied at 2.2 kg o.I./ha on 31 AuguSi 1983. HerbicIde residues In the flowing 

water were deTenmlned at varIous times during the experiment, and phytotOXic 

responses to the herbicide treatments were recorded. 

Herbicide Analyses 

Complete detal Is of the analytical procedures used for determIning fJurl­

done, dichlobenll, and 2,4~ residues have been discussed in a previous publIca­

tion (Van and Steward, 1983). Brief Iy, the herbicides ~ere analyzed by high 

pressure I i quid chromatography with a Perkl n-EI mer Ser i as 3B rf'LC, a 

Perkin-Elmer LC 75 variable wavelength detector, and a Perkin-Elmer Sigma 10 

integrator. The chromatograph i c column was Perk i n-E Imer/HS-S Cl8 (reversed 

phase). The mobile phase was ,acetonitrile:l% acetic acid (1:1) with a flow rate 

of 2.0 mL/mln. Optimum wavelengths were determined to be 236 nm for fluridono, 

238 nm for dichlobenil, and 232 nm for 2,4-D. 
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B. EVALUATION OF CONVENTIONAL FORMULATIONS
 

Laboratory Evaluation Techniques for
 

Submersed Type AquatIc Plants
 

Apical sections of submersed plants were planted in a standard sol I mix in 

small plastic pots and placed In 3.8- or 19-L jars filled with pond water. 

P Iants were then a I lO'fed to become estab I ished for approxl matel y one week under 

controlled conditions of temperature (25°C) and light (25 to 40 \lE/rr7lsec) , from 

Gro-Iux fluorescent tubes, 14-hr photoperlods. The plants were treated by 

injecting treatment solutions into the water with a hypodermic syringe. The 

treatments were then evaluated biweekly for phytotoxicity for a period of 8 to 

14 weeks depending on the herbicIde. Phytotoxicity ratings were made on a scale 

of 0 to 100 percent Injury: 0 percent = no injury, and 100 percent = complete 

elimination of live plant tissue. 

Greenhouse Evaluation Techniques for Emergent 

and Floating Type Aquatic Plants 

P \ ants to be treated were 9 rON n i n po Iyethy Iene- I i ned, 12 L capac i ty 

plastic coo7ainers, and aJ IONed to become establ ished in a screenhouse for a 

period of approximately two to four weeks prior to treatment. Each replicated 

treatment was appl ied by placIng the container In a 929-cm2 enclosure with an 

open top. The plants were then uniformly sprayed with a sma I I atomizer. The 

total spray volume was equivalent to 935 L/ha. Fol lowing appl ication of the chem­

icals/ the plcnts were moved to the screenhouse where treatments were periodi­

cally evaluated for phytotoxicity. 

Evaluation Technlgues In Outside Aquaria 

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

consisted of circular, vinyl-I ined containers manufactured for use as swimming or 
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4
wading pools. The dimensions were 3.05 m in diameter (7.3 x 10- ha) with a 

maximum depth of 60 em. The pools were fi I led to a 53 em depth, which resulted in 

a voru~e of 3870 l. 

The second type of aquarium consisted of rectangular-shaped concrete boxes. 

The interior of each box was covered with two coats of white epoxy paint. The 

4
dimensions were 77 em wide x 219 em long (1.7 x 10- hal wittl depth varyioq trom 

56 to 65 em. 

\.,'hen these aquaria were used to eva IU8t0 herbicide eff icacy on subrr.ersed 

~Icnts, apical cuttings of Individual species were established by planting 15 

cuttings 15 em long in 30x30xl5 em alu~inum trays. The trays were fi 1 led with 

s+andard soil mix (70 percent sand and 30 percent organic peat) supplemented 

with 5 ~ercent (v/v) manure. Twelve trays were placed in each of the aquaria. 

T~e plants were subjected to a continuous water flow unti I treatments were 

0;l01 i ed. For eva luation of herbicide eft icacy on floating plant speci es, f ield­

collected plants were established in the aquaria and allowed to completely cover 

the water surface before treatment. 

AI I ch €1'!1 i ca I treatment rates were rep I i cated a mi n imum of thr ee times and 

'Iere aDolied on an area (kilcgrams per hectare} or volume (milligrams per liter) 

bas i s. 

erbicide Translocation Studies 

A procedure was developed to study herbicide movement via the intercon­

necting stolon from the parent to the offshoot plant of waterhyacinth and water 

lettuce. Parent plants were established in 3.8-L jars, each with an offshoot 

~Iant placed in an adjoining jar. The parent and offshoot plants were connected 

by hea Ithy 5'0 torrs. Herb i c i des were app lied ina 935 l/ha tota I spray so Iuti on 

using an atomizer type sprayer. The chemical was applied to the parent with the 
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herbicide was applied. This technique was used to make the 14C treatment simi­

lar to a spray applIcation. The plants were harvestej 10 days after treatment 

and were sectioned into different pla~t parts as above. The patter"n of \4C 

accumulation in the rhizome system waS invest:gated by further sectioning the 

rhizome into individual nodes before combustion. A ma~ was drawn of the rhizome 

system of each plant Indicating the location of the individual nodes. The levels 

at 14C were then superimposed on the rhizomme map to illustrate the di rection of 

14C ~ranslocatlon In the rhizome system. 

Field Evaluation 

The persistence of sulfumeturon In the aquatic environment atter chemIcal 

treatment of waterhyacinth was Investigated in a cooperative study with DuPont 

Company. 

The study was conducted in a O.07-ha dug pond on the Fort Lauderdale 

Agricultural Research and EducaTion Center (AREC) grounds. The pond had a mean 

dept~ of 1.2 m and was about 80 percent covered with waterhyacinth at the time 

of treatment. The v/aterhyacinth appeared fr-ee at any disease, but did exhibit 

evidence of rroderate feeding by W"a'rerhyacinth "ieevi Is, Neochetina spp. 

The herbicide sulfumeturon (20 9 a.i./ha) was applied trOll the bani; with a 

~0tating handle spray gun calibrated to del ive, 1400 L/ha. The surfactant X-77 

at 0.25 oercent was used. 

'via"ter and hydrosoi I samp Ies ..... ere taken from Two d i f ferent sites in the pond 

~efore treatment and at various times after treatment. Water samples were 

cr)llected at three di fterent depths from each site in l-l polyethylene bottles 

fitted into a special!y desiglled housing that allol'led the cap to be removed and 

replaced at any desired depth. A liner-type core sampler fitted to a 3.4-m 

',:" :va n i zed pipe hand Ie wa s used to co I Ie ct hyd roso i I samp Ies. Each core was 20 
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cm deep and 5 em In diameter. 

B Iuegi lis (Lepomi s rnacroch i rus) and catf ishes (I eta I urus punctatus) were 

also collected at varloos times before and after treatment for residue analyses. 

The water, hydrosol}, and fish samples were shipped to E.I. DuPont de 

Nemou rs and Company, WI Iml n9ton, De Iaware, to be ana Iy zed for chem I ca I res i dues. 

Part I I I: RESULTS AND DISOJSSION
 

A. EVALUATION OF CONTROLLED RELEASE FORMULATIONS
 

Fluridone
 

Time-course uptake and relationship of herbicide concentration V5. exposure 

were investigated to determine what specifications of control led release for­

mulations are desirable to optimize the effects of fluridone on the target plant 

and the aquatic ecosystem. Apical sections of hydri I la 5 em long were exposed 

each to a 40-ml diquat- 14C solution (a total of 2.0x'J- 2 ~Ci giving a diquat 

cation concentration of 0.10 mg/Ll or fluridone- 14C (a total of 1.7 x \0- 2 uCi 

giving 0.05 mg/L fluridone). After different exposure time periods varying from 

2 hours to 21 days, the treated plant sectiors were collected and combusted for 

I iquld scintillation counting. 

Figure 1 illustrates the uptake of radioacTive carbon 14C from 14C-diquat 

or 14C-fluridone by hydri I la durIng a 21-day period. Dlquat was taken up 

rapidly and a maximum tissue level of 14C was observed within 4 days after 

treatment. The plants began to decompose after 7 days. The decl ine in radioac­

tiviTy in the plant tissues during the second week after treatment was probably 

due to leaching and/or breakdown of The 14C from the decaying plant tissues. 

A much slower uptake rate was obtained with the 14C-flurldone treatment 

(Figure 1). The initIal rise In radioactivity In hydrilla tissues observed at 

the first sampling 2 hours after treatment probably represents the passive dl f­
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fusion and/or adsorption of 14c-flurldone In Intercellular free space. The 

slower long-term phase of uptake was probably due to metabol ic accumulation 

which appeared to contInue at a fairly constant rate for at least 21 days. 

Th e data presented for the uptake 0 f flu r Idone s·ug ges ted t hat the herb! c Ide 

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 concentrations and exposure periods of fluridane. The 

liquid Sonar® 4A$ was appl led at concent:ations ot 0.05, 0.10, 0.25, and 0.50 

mg/L fluridane. Each 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-liter glass.jar containing fresh 

pond water, and phytotoxic responses were observed curing a period of 14 weeks. 

Table 3 Indicates that over 90 percent control of hydri I la was obtained In al I 

treatments trom 0.05 to 0.50 mg/L of fturidone, when the plants were exposed to 

the chemical continously throughout the l~-week experiment. However, no sig~i~­

i cant p Iant inj ury was obta i ned by expos Ing hyc! r i I, Ia p Iants up to 1 week to a 

concentration of 0.10 mg/L fluridone. The 0.10 I11glL tluridone treaiment would 

be equivalent to a field treatment rate of 2 Ibs a. i./acre to a body of water 

6 to 7 feet deep. Increasing the treatment levels at flurldone to 0.25 or 0.50 

mg/L resulted in effective hydrl I la control with a required exposure time period 

of 7 and 4 days, respectively (Table 3). However, these treatment levels may 

become cost prohibitive for practical hydrll la control. 

The siow uptake of flurldone and the required long exposure time to this 

16 



herbicIde may present a problem In the control of hydrl I la w)th tlurldone in 

f lowing water, such as in irrigation and drainage canals. One logical approach 

to th Is prob Iem wou Id be to incorporate the chen I ca I In a CR formu Iat Ion. 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 profiles were constructed for the release of fluridone 

Irom the CR monolithic fibers and the Be pel lets into reconstituted water 

(F Igure 2) and :nctura 1 pond WaTer (F i g'ure 3). Re Iease of f Iur i done f rom a I I of 

the formul~tions tested was first-order as expected. The Be pel lets released 

over 60 percent of their fluridone within the first 3 days after treatment in 

reconstituted water. HerbicIde release then SIOHSd down gradually, and was 

complete in about 10 days. Furthermore, only 70 to 80 percent ot the avai lable 

fluridone was released from the Be pellets in natur-al pond water and 1n 

reconstituted water, respectively. 

For the CR fibers, release rates appeared to depend on the di Iferant fiber 

sizes, with the thinner fibers releasin~ herbicide at much faster rates. For 

the 8-m i I fiber, rrost of the re Iease ylas camp Ieted In a bout 10 to 15 days. On 

t~e other hand, herbicide release continued over a period of 40 to 50 days in 

the 30-mil and 45-mil fibers. Only 65 to 80 percent of the available herbicide 

was released fran the 3O-mi I and 45-mi 1 fibers. 

StUdy of the accountabll ity of fluridone conducted at the termination of 

the experiment Indicated that 12 and 23 percent of available fluridone sti I I 

remained in the 3G-mll and 45-mll tiber, respectively <Table 4). By adding up 

what had been released Into water and what was left in the fibers, the total 

fluridone recovery was 90 percent or higher for all fiber sizes. Similarly, 

total recovery trom Be pel lets averaged 89 percent In reconstituted water and 91 

17 
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percent In natural pond water. 

The flurldone-loaded fibers and the BC pel lets were evaluated for efficacy 

in contra I I In9 hydr I I Ia in f 101>' i ng water in Iarga oudoor aq uar ia. The conven­

tional liquid formulation Sonar® 4AS was included for cooparison. Table 5 shows 

herbicide residues In the flowing water from the Sona~ 4AS treatment at 2.2 Kg 

a.i./ha. A residue level of about 400 ~g/L fluridone was expected based on the 

water volume in the treatment aquaria. However an initial level of 980 ~g/L was 

observed, i nd Icat in9 that the herb ic Ide was not even Iy d Istr Ibuted over the 

entire water depth 2 hours after treatment. The herbicide concentrations then 

decreased rapidly to about 102jJgIL flurldone after 1 day due to water fiCNI, and 

then disappeared completely by Day 7 posttreatment. 

A concentration of 54 jJg/L flurldone was measured in treatment of the Be 

pel lets 2 days after treatment (Table 6). The flurldone concentration then 

decreased sharply after 7 days, but was maintained at 3'to 5 ~g/L in the flowing 

water over a period of 3 weeks. The Be pel lets had been found to complete most 

of herbicide release after about 10 days In water <Figure 3). In the flowing 

water test, the pel lets sank to the bottom muds. Hydrosoi \ may have acted as 

a second barrier to the herbicide release through soi I adsorption and desorption. 

AIso, a 5 lowe r water f I01>' near t he so I I-wa ter inter f ace may have contI" i buted to 

the extended presence of the herbicide In flowing water. 

In the CR fiber treannents, the herbicide concentrations in flowing water 

were always law, but maIntained over a period of several days depending on the 

fiber sizes (Table 6). The 16-ml I fiber treatment continued to release the che­

mical over a 2-week perJod, with a maximum level of 36 ~g/L flurldone measured 

on Day 7. For the 30-ml I fibers, the measured herbicide levels were mostly 
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be low 14 IJ gil bu t rna 1nta i ned over 42 days. I n the 4 5-m i I fiber treatment, res i-

due levels were all the time belOil 111Jg/l but, again. lasted tor 42 days. 

Typical discoloration of the hydrilla tips was observed in all fluridone 

treatments 7 days after the chemical was appl ied. However, plants treated w!th 

the I i qu id Sonar® 4AS ap pea red to recover rap Idly wh II e treatment <; of 30-mi I and 

4 5-m i If! bers cont i nued to sha« increased pi B:lt damage. Ta b I e 7 shOil s the 

effect of various fluridone formulatIons on chlorophyll content of hydrilla 6 

weeks a fter treatment. The most severe ch lorophy I I damage was observed in 

plants treated with 30-mi I and 45-mi I fibers. The Be pellets reduced 

chlorophyll contents by 32 percent as compared to the level in control plants. The 

high chlorophyll contents in treatments of Sonar@ 4AS and 16-mi 1 flC€r reflected 

plant recovery from the herbicide treatment. 

vleed control by the various formulations of fluridone applied at 2.2 kg 

~. i./ha in flowing water in outdoor aquaria are presented in Table 8. The 

30-mll and 45-mil monolithic fibers provided about 80 percent control of 

hydri 115 after 16 weeks posttreatment. Signif icant reductions 'liere obtained in 

both shoot and root dry we i ghts. Under the same cond it i cns, -rhe convent i ona I I i qu i d 

formulation SonarID 4AS was not effective. 

The var i au s f I ur i done treatments did not af feet hydr i I I a tuber d"ns i ty and 

tuber germination CTable 9). These tubers might have been formed before chemi­

cal +reaiment vias appl ied. 

oi eh I oben i I 

The herbicide release profi Iss of the various rubber FUN dichlobeni I for­

r:1ulations are presented in Figure 4 (reconstitued .Iater) and Figure 5 (natural 

pond water). Release appeared to be first-o,der in all of the formulations 

tested. The reference formulation Casoron-GSR was found to release over 80 per­
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cenT of ITS dichloben! I within 40 days after treatment. Much slower release 

rates were obtained wIth the three FUN formulations under simi lar conditions. 

Formulation FUN 3A gave relatIvely hIgher release rates during the first four 

weeks after treatment; however, the release ceased afier approximately 40 days 

when 53 percent of the dichlobeni I had been released into reconstituted water 

<Figure 4). Herbicide release from the other two FUN formulations was some­

what simi lar and was completed In about 110 days, when 75 and 70 percent of 

the dichlobeni I had been released tram the formulations 38 and 3C, respectively. 

AI I formulations retained integrity during the test; however, formulation 38 

was observed to float in al I treatments. 

Although a 4-month release (formulations 38 &3Cl appears satisfactory, the 

data suggested that one-thIrd (38 &3Cl to one-half <3Al at the dichlobenl I In 

the formulation may not become available for plant uptake. The buildUp of her­

bicide In the experimental flasks might have prevented a complete release of 

dichlobeni I from the rubber formulations; however, results of methanol extrac­

tion (Table 10> suggested that the total available dlchlobenl1 in the for­

mulation 3A may be less than those Indicated by the formulator. Duplicated 

samples of 50 mg of each formulation were extracted In 1 I Iter of methanol. We 

expected to see 10 mg/L dichlobenl I In the methanol extracts. However, only 58, 

95, and 86 percent at the expected dlchlobenl I were recovered from formulations 

3A, 36, and 3C, respectively (Table 10). These data corroborate wei I with data 

In Figure 4. Unfortunately, It was uncertain If the methanol extraction waS 

adequate because of: 1) the formulation matrix Insolubility In all solvents 

tested, Including methanol; and 2) unsuccessful efforts of grinding the for­

mulations before extraction. 

Four silicate capsules containIng dlchlobenll were receIved from WashIngton 
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University, St. Louis, Missouri. Methanol extractIon of these formulations 

<Table 11) Indicated that 79 to 98 percent of the expected dlchlobenll was reco­

vered In the extracts. Table 12 shows the cumulatIve release of dlchlobeni 1 

from the sl I icate formulations In static reconstituted water and natural pond 

water. Formulation CT-12-1 1-82-1 gave highest release rates, and release 

appeared to cease after about 2 months posttreatment (Figure 6). This 2-month 

release may be too fast for practical use in the control of hydri Iia regr~th 

from propagules. Formulation 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 dichlobenll may be locked up in the formulation matrix and thus not 

ava i lable for plant uptake. The formulations CT-12-10-82-1 and CT-12-18-82-2 

cont i nu ed s low re Iease to a I I treannents after 180 day s. Regress ion ana Iy sis of 

the data Indicates that CT-12-10-82-1 would release 70 pecent of its dichlobeni I 

in about 7 months. 

2,4-Dichlorophenoxy Acetic Acid 

Earlier evaluations of the formulation Poly(GMA)2,4-D have shown premising 

results. Herbicide release was near zero-order over a period of several months. 

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 2,4-0 peak. Tn is 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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2,4-0 methyl eSTer. This preliminary Identification was later confirmed when 

the formulator reported that methanol had been added during the up-scale produc­

tion of the Poly(GMA}2,4-{). 

Chemical release from the Poly(GMAl2,4-D In static water is su~~orized in 

Table 14. A large amount of chemIcal (85 mg/g pel let) was released within 24 

hours in deionized water In the form of methyl ester (MEl. In another test, 

this large Initial release was observed to occur Immediately after the pel leT 

was immersed in deionized water, suggesting 2,4-{) ME was not ch6Tlically 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-{) ME appeared to undergo hydrolysis slOlfly to 2,4-0, as 

levels of 2,4-0 acid In deionized water (pH 6.3) increased from trace amounts on 

Day 1 to 24 mg/g pel fet on Day 6. The rate of hydrolysis of 2,4-D ME appeared 

to be J*i dependent. In reconstituted water (pH 8.0) hydrolysis was faster, and 

both forms of 2,4-0 and 2,4-0 ME were present In equal arrounts within 24 hours 

atter treatment. By Day 6~ hydrolysIs was about complete and most ot the 

released chemical was recovered as 2,4-0 acid. 

Based on the above findIngs, a decision was made by the Corps to cancel the 

FY 83 plans for fIeld testing of Poly(GMAl2,4-o. 

B. EVALUATION OF CONVENTIONAL FORMULATIONS
 

Floating Weeds
 

GIYph osate successfu I Iy contro Is waterhyac i nth and water I ettuce (Tab I e 

15). With waterhyaclnth a rate of 2.8 Kg a.e./ha* was required for control. 

Qecomposltlon and sinking of the plants were evident 40 to 60 days after 

treatment. Once s j nl< I n9 occurred, II ttl e or no regrOlfth was observed. water 

lettuce was less susceptible to glyphosate (Table IS). Commercially acceptable 

* a.e. = acid equivalent. 
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control of water lettuce required 4.5 Kg a.e./ha g)yphosate or higher. 

These rates of glyphosate represent a relatively high cost for practical 

control of the subject floating weed specIes. Several studies with glyphosate 

have Indicated that phytotoxicity of the herbicide generally increases when 

appl led In lower water carrier volumes. Glyphosate would be especially suitable 

for use in low-volume treatments of waterhyacinth and water lettuce because it 

is absorbed rapidly by these floating species and translocated throughout the 

plant (Tables 16 and 17). 

The effects of various combinatIons of herbicide rates and spray volumes on 

glyphosate phytotoxicity to waterhyacinth were investigated. The different 

spray volumes were obtaIned by changing nozzle size and pressure. The surfac­

tant X-77 was added to maintain a constant level of 0.5% v/v in a( ( final spray 

mixtures. Figure 8 indicates that glyphosate performance may be enhanced by 

using lower carrier volumes. Effective control of waterhyacinth was achieved 

at a rate of 1.7 Kg a.e./ha if applied using a spray volume of \87 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 5 imi lar study conducted on wa ter lettuce, however, showed no sign i f icant 

di fferences in glyphosate activity between the three spray volumes at any treat­

ment rates varying from 1.7 to 3.4 Kg a.e./na (Figure 9). This lack of response 

to different spray volumes may be related to the leaf surface charac­

teristics of the water lettuce. A dye technique was used to compare herbicide 

retention and runoff after glyphosate treatments to waterhyacinth and water 

lettuce. The sulfonine red dye Ylas added to the spray solution. The spray that 

remained on the leaf surface ',o/as \~ashed off imrrediately with deionized water, 

brOJgnt to equa I volume, and absorbance was measured spectrophotometr i ca Ily 
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(Table 18). As the carrier volume was doubled from 438 to 935 Llha In watsr 

Iettuce, spray retent ion as determl ned by absorba nee was a 150 daub jed. However, 

this was not the case with waterhyacinth, indicating that herbicide runoff 

from the hyacinth leaf surface may become a factor in -the reduction in glypho­

sate activiiy when the spray volume was greater than 438 L/ha. On the other 

hand, loss of herbicide through runoff appeared to 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 DuPont1s newest herbicide for use in noncropland areas. 

Previous studies Indicated that the herbicide is effective at very lew rates on 

numerous economically important aquatIc weed species. The study descri bed 

herein was conducted in Fort Lauderdale on a O.07-ha pond infested with water­

hyacinth to determine residue levels and persistence of sulfumeturon in the 

aquatic environment after chemical treatment. The herbicide rate used was 0.02 

Kg a. i./ha \<Ihidh provided complete eradication of the waterhyacinth in the pond 

3 r,o,t~s after treatment. 

Water samples were collected from three different depths at two stations 

east and west of the pond. From Table 19, the highest sui fumeturon con­

centration detected was 1.6 ~g/L from O. I 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 wg/L. The sulfumeturon con­

cent rat Ions decreased to 1.0 - 1.3 l.l gIL by Day 3. On Day 14, on Iy one water 

sample contained 1.1 ug/L sulfumeturon. And by postreatment Day 28, the sultu­

meturon concentrations In water were below detection I imlts «1.0 Ilg/Ll in all 

water samples. 

Sediment samples were collected before treatment and on posttreatment days 
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1, 3, 7, and 14. None of the sediment samples contaIned detectable sulfumeturon 

concentrations (0.2 ng/g). Simi larly, the 5ulfumeturon concentrations In al I 

of the fish samples from day 3 through day 28 were below detection limit (20 

ng/g). 

The results suggest that svlfumeturon used at 0.02 Kg a.i./ha to control 

watarhyacinth is not persistent in the water and sediment, and does not accumu­

late in the edible flesh of fish. 

Table 20 indicated that the surfactant Emphaslzer® used at I, 2, and 3% vlv 

of the spray ml xtur8 had no effects on the herb Ic I de I act i v i ty of 2,4-0 tOo/ards 

waterhy2.::: : r; t': . 

In another study, the susceptibility of watermeal to various aquatic her­

bicides was determined. Treatments were appl led over the top (Table 21) or 

injected into water <Tab Ie 22). 

EmerSjent Weeds 

Previous studies Indicated that the efficacy of glyphosate was reduced when 

appl led to torpedograss cultured in outside aquaria under simulated flooded con­

dItions {Steward, 1982}. FIeld observations also indicated that control of tor­

pedogr ass with 9 Iyphosate 1n stand! ng water was genera I Iy of shorter durat Ion 

compared to control achIeved on ditchbanks (Baird at al., 1983). In t~e 

fol lowing stUdies, the effects of flooding on 14C-glyphosate translocation In 

torpedograss were invostigated. 

Time-course studies of 14C-glyphosate movement In torpedograss (Tables 23 

and 24) indicated that the amount of 14C translocated continued to increase 

during the 7-day experiment. An average of 2.9, 10.7, and 22.1 percent of the 

14C appl led was translocated out of the treated leaf at 1, 3, and 7 days atter 

treatment, respect Ive Iy. Since contra I of torped ogres s req u Ires that a I I rh 1­
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zome buds be kl I led, further efforts were made to Investigate the direction of 

translocation In the rhizome system. A definite pattern was observed wIth 

I0i'I es t 14C accumu \at Ion In ba sa 1 node segme nts and greatest accumu Iat Ion nea r 

the rhizome tip, Indicating a typical phloem transport in a source-te-slnk pat­

tern for glyphosate In torpedograss. 

The translocation of 14C from 14C-glyphosate In torpedograss was reduced by 

a flooding growth habitat (Table 25). The amounts of 14C translocated out of 

the treated leaf were 21.3 and 13.3 percent of the total 14C appl ied under noo­

t loaded and flooded conditions, respectively. However, the acoumulatlon of 14C 

per 9 dry weight rh Izorre was almost similar In both cases (Table 26). 

G IYphosate a ppears to move i n t he as s 1m I Iate s tr earn as wou Id be expect ed 0 f 

a phloem-mobile substance. Therefore, movement of the herbicide Is expected to 

be controlled by those factors Influencing asslm! late 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 dIfference In aiTOunt s of 14C tr8ns Iocat Ion In the two grOi'l th hab 1tats. 

When a I I rh I zorre buds are not k II led, thos e ! nact Ive near the ba s e may not accu­

mulate a letha! amount of herbicide, and may therefore surviv8. 

Table 28 shows the susceptibi I Ity of spikerush to various aquatic her­

bIcides. Diuron and terbutryn provided complete control at all treatment rates 

from 0.63 to 5.0 mg/l. Flurldone effected 80 to 90 percent control after 10 

weeks at rates varyIng from 0.16 to 1.25 mg/L. On the other hand, copper, 

2,4-0, potassium endothal I, and dicamba were found ineffective at rates up 

to 5.0 mg/L. 

Submersed Weeds 

Previous studies showed that hygrophlla, green cabanba, and lemon bacopa 
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I, 3, 7, and 14. None of the sediment samples contained detectable sulfumeturon 

concentrations (0.2 ng/g). Simi larly, the sulfumeturon concentrations In al I 

of the fish samples from day 3 through day 28 were below detection limit (20 

ng/g) , 

The results suggest that sulfumeturon used at 0.02 Kg a.l./ha to control 

waterhyacinth is not persistent in the water and sediment, and does not aecumu­

late in the edible flesh of fIsh. 

Table 20 Indicated that the surfactant Emphaslze~ used at 1, 2, and 3% v/v 

of the spray mixture had no effects on the herbicidal activity of 2,4-0 towards 

waterhyacinth. 

I n another study, the susceptlbl II ty of watermea I to var lous aquat ic her­

bicides was detenmlned. Treatments were appl led over the top (Table 21) or 

injected into water (Table 22). 

Emergent Weeds 

Previous studies IndIcated that the efficacy of glyphosate was reduced when 

applied to torpsdograss cultured in outside aquaria under sImulated flooded con­

d it ions (Ste.lard. 1982). Fie Id observat ions a Iso j nd icated that contro I of tor­

pedograss 'II Ith glyphosate In standi ng water was generally of shorter duration 

compared to control achieved on ditchbanks (Baird at al., 1983). In t~e 

fol lowing studies, the effects of flooding on 14C-glyphosate translocatIon In 

torp edogr ass were i nvos t i ga ted. 

Time-course studies of 14C-glyphosate movement In torpedograss (Tables 23 

and 24) ind Icated that the amoun t of 14C trans located cant i nued to increase 

during the 7-day experiment. An average of 2.9, lO.7, and 22.1 percent of the 

14C appl led was translocated out of the treated leaf at I, 3, and 7 days after 

treatment, respectively. Since control of torpedograss requires that all rhl­

33
 



zome buds be ki I led, further efforts ~ere made to Investigate the direction of 

translocation In the rhizome system. A def Inlta pattern was observed with 

lowest 14C accumulatIon In basal node segments and greatest accumulation near 

the rhizome tip, indicating a typIcal phloem transport In a source-to-slnk pat­

tern for glyphosate In torpedograss. 

The translocatIon of 14C from 14C-glyphosate In torpedograss was reduced by 

a flooding growth habItat (Table 25). The amounts of 14C translocated out of 

the treated leaf were 21.3 and 13.3 percent of the total 14C appl ied under non­

f loaded and flooded conditions, respectively. However$ the accumulatIon of 14C 

per 9 dry weight rhizome was almost sImIlar In both cases (Table 26). 

Glyphosate appears to move In the asslml late stream as would be expected of 

a phloem-mob! Ie substance. Therefore, movement of the herbicIde Is expected to 

be control led by those factors InfluencIng asslmi late 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 di fference in amounts of 14C translocation In the two growth habitats. 

When al I rhizome buds are not Kit led, those Inactive near the base may not accu­

mulate a lethal amount of herbIcide, and may therefore survive. 

Table 28 shows the susceptIbility of splkerush to various aquatic her­

bicides. Diuron and terbutryn provided complete control at al I treatment rates 

from 0.63 to 5.0 mg/L. Flurldone effected 80 to 90 percent control after 10 

weeks at rates varying from 0.16 to 1.25 mg/L. On the other hand, copper, 

2,4-0, potassium endothal I, and dicamba were found ineffective at rates up 

to 5.0 mglL. 

Submersed Weeds 

Previous studies showed that hygrophlla, green cabomba. and lemon bacopa 
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were tolerant to most aquatic herbicides at levels currently being used for 

hydrilia control. In the comparative evaluation studies reported herein, the 

s e Ie ct i v I ty I n her bl c I de res po nses between hyd r I I 18 and these new weed spec i as 

was canf Irmed (Table 29). Hygrophl la and green cabomba were tolerant to diquat, 

endothal I K, copper, and various combinations of these herbicides at treatment 

rates that were effective In control ling hydrl I la. Lemon becopa was tolerant to 

e ndotha I I K and cop per, but was about aqua I Iy sens I t i va to d i quat as c01lpared to 

hydrilla. Diuron and terbutryn were both effective against all these species 

and hydrilia 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 Ch em I ca r Name Source 

Copper EDA 

2,4-0 DMA 

Di camba 

Di ch I oben I I 

Oiquat 

Oiuron 

Endothall 

Fenac 

FI ur I done 

Copper-Ethylenediamine 
Camp lex 

Dlmethylamlne salt of 
2,4-dldhlorophenoxy 
acetic acid 

3,6-dlchloro-o-anlslc 
acid 

2.6-dichlorobenzo­
n I tr I Ie 

6,7-dlhydrodipyrJdo 
( 1, 2-a :2' , I Ie) 

pyrazlnedl lum dibro­
mlde 

3-0,4-d ieh I oropheny 1)­
1,I-dimeThylurea 

Salts of 7-oxabicyclo 
(2.2.1 lheptane-2.3­
dicarboxyllc acid 

Salts of 2,3,6-trl ­
chlorophenylacetlc 
acid 

1-methyl-3-phenyl-S­
(3-{trl f luoromethyl)­
pheny I! -4( lH)-pyr 1d i­
none 

(Continued) 

Sandoz, Inc., Crop Protection 
Kameen 480 Camino Del Rio South, 
San DJego, CA 92108 

Union Carbide Agricultural 
Products Co., PO Box 1201 4 , 
Research Triangle Park, 
North Carolina 27704 

Ves!col ChemIcal Corporation, 
341 East OhIo Street, Chicago, 
I I Iinois 60611 

UnJroyal Chemical, Spencer 
Street, Naugatuck, Connecticut 
06770 

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

E.I. duPont de Nemours &Co.,
 
Biochanl ca I s Department,
 
Wi Imlngton, Delaware 19898
 

PenrlWalt Corporation, Agricul­
tural Chemical DJvlslon, 1630 
East Shaw Avenue, Freshno, 
California 93710 

UnIon Carbide, Agricultural 
Products Co., Inc. 

Lilly Research Laborator Ias, 
Division of EI J Lilly and Co., 
P.O. Box 708, GreenfIeld, 
Indiana 46140 



Table 1 (cont.)
 

Names and Sources of Chemicals Evaluated In Fiscal Year 1983
 

Common Name Chemical Name Source 

G lyphos ate 

Simazine 

Su Ifometu ron 

Terbutryn 

AC 925 

P-333 

Casaron GSR 

CT-12-1 0-82- 1 
CT-12-11-8Z-1 
CT-12-18-82-1 
CT-12-18-82-2 

FUN 83 EO 3A 
FUN 83 EO 3B 
FUN 83 EO 3C 

Flurldons 
mono I I th I c f I bar 

Poly (GMA) 2,4-0 

~ (phosphonofOOThy 1)­
glycine 

2-chloro-4,6,bls(ethyl­
amlno)-s-trlazlne 

Methy I 2-( ( r (4 ,6-d i ­
methyl-2-pyrlmldlnyl) 
aminol-carbonyllamln01 
sui fonyl I benzoate 

2- (t art-buTy Iam Ino) - 4­
ethylamlno}-6-(methyl­
thlo}-s-trlaz ine 

Con f i dent i a I 

Confidential 

Slow release formula­
tion of dichlobenl I 

Control led release 
forffU I aTlon of 
d I ch I oben i I 

Control led release 
forJTlJlation of 
d Ich Ioben I I 

Control led release 
torJTlJ I at rens at 
f lurldone 

2,4-dichlorophenoxyaee­
tote/9 Iyeery Imathacry­
late 

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

Ciba-Gelgy Corporation, Agricul­
tural DIvision, P.O. Box 1 \422, 
Greensboro, North Carol ina 27409 

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

Ci ba-Gelgy CorporatIon 

American Cyanamid Corrpany 
P.O. Box 400 
PrInceton, NJ 08540 

lei Americas Inc•• P.O. Box 208, 
Goldsboro, NC 27530 

Duphar B.V., Crop Protection 
Division, P.O. Box 632, 
1000 AP AmSTerdam, Netherlands 

Or. Curt Thies, Washington Univ., 
St. Louis, Missouri 63130 

Duphar B.V. 

Or. Richard Dunn, Southern 
Research Institute, 2000 Ninth 
Ave., South Birmingham, AL 35205 

Dr. Frank Harris, Wright State 
UnIversity, Dayton, OH 44231 



Tabl<3 2
 

Water Quality Control
 

Analysis
 

Oxygen Conduct i v i ty ~ Alkalinity Hardness Air Temp °c Wa ter Temp °c 
Date ppm lJrrtlos mg/L C<C03 mgll CaCO) 

March 83 5.0 343 7.6 143 182 22.5 23.0 

June 83 4.5 351 7.5 150 180 28.5 27.5 

Sept 83 3.5 339 7.7 152 178 28.0 27.8 

Dec 83 3.0 337 7.6 144 179 19.5 23.0 

Date 
P04-P 
mg/L 

NOrN 
mgll 

NH4-N 
mg/L 

K 
mg/L 

Total 
mg/L 

Sol ids 
Suspended 

mg/L 

March 83 

June 83 

Sept 83 

Dec 83 

OOL 

OOL 

BJL 

ffiL 

0.16 

0.20 

0.02 

0.30 

0.37 

0.42 

0.20 

0.20 

O. 71 

0.95 

0.20 

0.40 

280 

245 

255 

240 

7.5 

8.0 

13.6 

2.5 



--

Ta b Ie 3 

Response of HydrJ I la to VarIous Concentrations and Exposure
 

Periods of Fluridone under Greenhouse Conditions
 

F Ivr idone Exposure Percent Control 1/- - Weeks Posttreatment 
Treatment Time 

(mg/Ll (hrs. ) 1 2 4 6 8 10 12 

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 a 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 

12 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 38 
23522/- 13 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 10 18 23 25 22 18 
24 13 3 17 17 38 43 45 48 
48 22 7 22 22 55 75 75 63 
96 20 15 20 23 72 72 77 82 

168 13 12 17 17 53 70 82 92 
23522/- 13 18 59 9013 20 72 90 

0.50 3 0 10 18 12 20 25 18 23 
6 0 5 10 13 15 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 
96 18 13 23 28 32 85 92 93 

168 10 10 20 20 33 90 90 95 
23522/- 10 17 6717 20 80 95 95 

Control 0 0 0 0 0 0 3 3 3 

1/- Average of	 three replicates. 

2/- ContInuous exposure of the plants to the chemical treatment 
throughout the 14-week experiment. 

14 



Ta b re 4 

AccountabilIty of Flurldone In StatIc Tests with Reconstituted 

Water and Natural Pond Water After 76 Days Posttreatment 

Percent Flurldone Recovered 1/ 
Treatments 

Water Fiber Total 

( %J C~) (% J 

BC Pe I lets 

RCW2/ 
NPW2/ 

79± 1 
72± 1 

IO± I 
1& 1 

89 
91 

8-ml I FI ber 

RCW 89± 2 &1 97 
NPW 86± 1 9±1 95 

16-m11 FI ber 

RCW 8& I 6±1 94 
NPW 82±2 1l± I 93 

30-ml I Fl bar 

RCW 8Ot4 12t 1 93 
NPW 81±1 11± 1 92 

4 5-m r I F1bar 

RCW 67±2 23± I 91 
NP!oI 63± 1 27± 1 90 

1/ "'1eans of four rep I rcates ± S. E. 

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



--

Table 5
 

Flurldone Residue after Treatment wIth Sonar@ 4AS
 

at 2.2 Kg a.l./ha In Flowing Water In Outdoor AguarlalL
 

lJ gil FI ur I done - 0 ays after Tr eatment 
Tank 

Number 1/12 1/4 I 2 7 14 

84 801 569 104 31 BOL21 0 
86 995 678 73 26 SOL 0 
811 974 584 100 24 SOL 0 
CZ 1150 658 130 34 SOL 0 

Average 980 622 102 29 ffiL 0 

II Aquaria 0.6 m deep with flowIng water to provide 
one canp lete water exchange every 24 hours. 

21 BDl I ass than I II giL.I 

Table 6 

Flurldone Residue After Treatment with Be Pellets and Polycaprolactone 

IIFibers at 2.2 Kg a.l./ha In Flowing Water In Outdoor Aquarla-­

IJ giL FI ur I done21 - Day s a fter Treatment 
Fonnu I at Ions 2 7 14 21 28 35 42 49 

Pe Ilets Be 54±6 20t 1 5±1 .3tl SOL31 0 0 0 

Fibers 16-m11 32t6 3&1: 2 5±1 eDL31 0 0 0 0 

Fibers 30-mll 13d:2 14±2 9tl 8±2 4± 1 311 22:1 ffiL31 

Fibers 45-mll lOt 1 11±2 7± 1 6!:1 4± 1 3±1 3±1 80L 

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

2/ Means of four replicates ± $.E. 

BDL. I ess than 1 lJ gIL. 31 



Table 7 

Chlorophyl I Contents of Hydri 118 TIps Treated with Various Formulations of 

Flurldone at 2.2 Kg a.I./he In Flowing Water In Outdoor Aguarla 1/ 

Tota! Ch lorophyl 12/
 
Forrru lations (mg/g fresh weight) alb Ratio
 

L i qu i d 4A5 
Pe Ileis BC 
Fl bers 16-mll 
Fibers 30-ml I 
Fiber 5 45 -m I I 
Control 

01. 519
O.972 b 

1.373a 

O.424c 

O.443c 

1. 4 23a 

2.24°
b1.68

2.23°
b1.63
b1.53

2.390 

1/	 Aquaria 0.6 m deep with flowing water to provide one 
corrp Ie te water exch ange eve ry 24 hour s. 

2/	 Values In a column followed by the same letter are not 
significantly different at the 5% level as determined by 
the Wa Iler-Duncan Test. Each va lue Js the mean of 5 ix 
rep I I cates. 



Table 8
 

Hydri 118 Control by Various Formulations of Flurldone Appl led at 2.2 Kg a.i./ha
 

In Flowing Water In Outdoor Aquaria 16 Weeks Atter Treatment 1/
 

Dry Weights {g)2/ 
Treatments % Injury 

Shoots Roots Tuber 

II QU 1d 4AS 22 30.68 b 0.838 19.98 

Pellets BC 52 12.5bc 0.498b 17. \ 8 

Fibers 16-m I I 15 39.78 0.938 22.7a 

F j bars 30-ml I 84 5.7c O.27 b 15.3a 

F I bars 45-ml I 78 4.2c 0.20b 11. 1a 

Control 18 36.1<1 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 a column followed by the same letter are 
not significantly different at the 5% level as 
determi ned by the Wa Iler-Duncan Test. Each value 
is the mean of four rep I{cates. 



Table 9
 

Hydrl I 18 Tuber DensIty and Tuber Germination as Affected by
 

Treatment of Various Flurldone FormulatIons at 2.2 Kg a.I./ha
 

In FlowIng Water In Outdoor Aquarla 1/
 

Treatments 
Number of 

Tubers/Tray %Germination 

LIqu Id 4AS 

Pe I Iets Be 

224a 

1768 

62b 

68 b 

FJ bers 16-mll 231 8 758b 

Fibers 30-mi I 

Fibers 45-ml I 

180a 

150a 

64 b 

71 ab 

Control 2008 85° 

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

2/	 Values In a colummn folla«ed by the same letter 
are not signIficantly dIfferent at the 5% level 
as determl ned by the Wa ller-Duncan test. 



Table 10
 

Methanol Extraction of Various Dlchloben! I Formulations
 

mg/L Dlchlobenil Recovered 
Forrru lat Ions 1/ 

Day 1 Day 7 Day 23 Day 31 

FUN 83 EO 3A 5.1 6.0 5.8 5.8 

FUN 83 EO 3B 3.5 6.2 9.1 9.5 

FUN 83 EO 3C 5.7 8.4 8.5 8.6 

Casoron GSR 9.7 9.8 

1/	 Dupl leated samples of 50 mg of each formulation were 
extracted in 1 t iter of methanol. The expected level 
of dfchlobeni I in the methanol extracts was 10 mg/L, 
assuming that al I formulations have 20 percent a. i. 

Table 11 

Verification of the Total Available Dlchlobenl I Content In the 

Various $1 I Icate FormulatIons by Methanol Extraction 

Formulations 
Reported 

Percent a. I • 
Percent dlchlobenl I 

Re cove red 1/ 
Measured 

Percent a. i. 

CT-12-10-82-1 7.0 79 5.5 

CT-12-11-82-1 7.2 93 6.7 

CT-12-18-82-1 13.4 98 13.1 

CT-12-18-82-2 13.4 88 11.8 

Casoron G$R 20.0 98 19.6 

1/	 Average of three repl lcates 



Tahle 12 

Laboratory EvallJations of V~rlous 5i I ieats Formulations of Dichloboni I in Static Reconstituted Water and
 
Natural Pond Water. Oate treated: 16 Mareh 1983
 

Treatments Tota I (m9) 
Appl ied l 2 7 

Cumulative Dichlobenl I Released 
14 21 28 42 

(mg/L) 
56 

- Days After Treatment 
70 84 112 141 180 

CT-12-JO-82-1 

RCW21 142.0 
142.6 
142.4 
143.3 

Average 

0.23 
0.23 
0.25 
0.26 
0.24 

0.58 
0.59 
0.61 
0.63 
0.60 

0.66 
0.73 
0.90 
0.95 
0.81 

1.02 
1.13 
1.27 
1.20 
1.16 

1. 17 
1.42 
1.64 
1.68 
1.48 

1.87 
2.22 
2.25 
1.99 
2.08 

2.25 
2.63 
3.10 
2.41 
2.60 

2.64 
2.98 
3.38 
2.95 
2.99 

2.98 
3.78 
3.64 
3.23 
3.41 

3.98 
4.65 
4.62 
3.99 
4.31 

4.81 
5.42 
5.22 
4.72 
5.04 

5.52 
6.03 
5.87 
5.33 
5.69 

NPW2I 142.9 
142.9 
142.9 
142.9 

Average 

0.24 
0.26 
0.31 
0.26 
0.27 

0.50 
0.57 
0.61 
0.45 
0.53 

0.66 
0.79 
0.80 
0.54 
0.70 

0.78 
0.98 
1.22 
0.64 
0.90 

0.96 
1.17 
1.34 
0.73 
1.05 

1.86 
1. 75 
1.58 
0.99 
1. 54 

1.20 
1.79 
2.01 
0.95 
1.49 

1.44 
1.92 
2.00 
1.02 
1.60 

1.59 
2.07 
1.96 
1. 12 
1.68 

1. 70 
2.47 
2.09 
1.08 
1.84 

1.92 
2.77 
1.98 
1.20 
I. 97 

2.21 
3.19 
1.98 
1.38 
2.19 

CT-12-11-82-1 

Rc~r2/ 139.0 
139.1 
138.5 
138.9 

Average 

0.28 
0.28 
0.28 
0.28 
0.28 

0.96 
1.08 
I. 10 
1.17 
1.08 

1.97 
2.06 
2.03 
2.40 
2.12 

2.95 
3.20 
3.20 
3.39 
3.18 

3.72 
4.14 
4.02 
4.32 
4.05 

4.50 
4.74 
5.06 
5.22 
4.88 

5.54 
6.06 
6.00 
6.00 
5.90 

5.68 
6.48 
6.44 
6.52 
6.28 

6.10 
6.54 
6.60 
6.05 
6.32 

6.66 
6.77 
6.58 
6.42 
6.61 

6.77 
6.94 
6.99 
6.83 
6.88 

6.74 
6.84 
6.90 
6.68 
6.79 

NPW 21 138.9 
138.9 
138.9 
138.9 

Average 

0.38 
0.34 
0.34 
0.33 
0.35 

1.10 
1.26 
1• 11 
I. 11 
1.14 

2.16 
2.36 
2.01 
2.15 
2.17 

2.81 
3.09 
2.81 
2.98 
2.92 

3.42 
3.56 
3.30 
3.38 
3.42 

3.72 
3.97 
3.80 
3.85 
3.84 

4.92 
4.96 
4.77 
4.78 
4.86 

5.30 
5.16 
4.88 
4.63 
4.99 

5.12 
5.24 
5.32 
4.73 
5.10 

6.09 
5.67 
5.49 
5.23 
5.62 

6.20 
5.94 
5.74 
5.39 
5.82 

6.46 
5.99 
5.92 
5.46 
5.96 

(Co nt j nued) 



Tahle 12 (r,ontinued) 

Treatments	 Tota I (mj) Cumulative Oichlobenl I Released (mg/l) - Days After Treatment 
Applied 1 2 7 14 21 28 42 56 70 84 112 141 180 

CT-12-18-82-1 

Rew2/ 74.4 0.20 0.61 1.34 1.95 2.50 3.73 4.04 4.68 4.95 6.08 6.60 7.0\ 
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 2.41 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 

NPWZ/ 74.6 0.22 0.79 1.54 2.17 2.55 2.97 4.17 3.86 4.63 5.42 5.65 5.8\ 
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 3.60 3.68 4.30 4.81 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 4.2\ 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 I. 19 1.46 2.42 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 2.12 2.58 2.94 3.63 
74.6 0.22 0.39 0.53 0.59 0.77 1.16 1.20 1. \8 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 2.22 2.48 2.89 

Average 0.20 0.37 0.52 0.67 0.88 1.28 1.46 1.39 1.62 1.90 2.15 2.49 

1/ - Treatments appl ied to 1 I iter of water with amounts calculated to produce a maximum cumulative concentration of 
10 mg/L dichlobeni I, based on reported percent o. i. of the formulations. 

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



1/ Mean of 6 repl icates 

2/ After hydrolysis 





Table 15
 

The Effect of Glyphosate on Waterhyacinth and Water Lettuce
 

12 Weeks After Treatment
 

Glyphosate Percent Control 1/
 
(Kg a.e./ha) Waterhyaclnth Water Lettuce
 

2.2 65 ± \0 38 ± 8 
2.8 93 ± 3 52:!: '0 
3.4 95 t 3 49 ± 12 
3.9 100 ± 0 68 ± 10 
4.5 97:!: 2 75:!: 6 

Check 5 ± 2 :3 t 2 

1/	 Average of three rep I i cates ± S. E 

Table 16 

Translocation of Selected Herbicides Between Parent 

and Offshoot Waterhyacinth Plants 

Rate Percent Injury Index of 
Chemical (Kg a. r ./ha) Parent Of fshoot Translocation 1/ 

2,4-D	 2.24 lOa 47 O. Sb 

GIyphosate 2.24 100 98 LOa 

Su I forreturon 0.02 100 88 0.98 

AC-925 0.56 100 99 I.Oa 

Control -- 19 20 

1/	 The Interconnecting stolon between the parent and offshoot 
plants provided a mechanism Whereby the two plcnts could be 
separated and treated Individually. Index of translocation = 
percent Injury to untreated connected offshoot plants/percent 
Injury to treated parent plants. 



Table 17 

istribution of 14C as a Percentage of the Total 14C-Glyphosate ApDI ied 

1/%of total dpm aEPI ledPlant Part Ayac I nth 8TTuce 

Treated leaf 5.1 ± 1.4 4.3 ± 0.4 
Above treated leaf 5.9 ± 0.8 9.9 ± 0.3 
Be ION treated teaf 0.5 ± 0.1 1.5 ± 0.2 
Crown 2.2 ± 0.3 2.6 ± O. I 
Roots 17.2 ± 3.2 14.8 ± 0.4 
Daughter plants 6.0 ± 1.5 5.7 ± 1.1 

Total minus treated leaf 31.7 ± 3.4 34.3 ± 2.0 

1/ Average of four	 replicates ± S.E. 

Table 18 

The Effect of Spray V)lume on the Retention of Sulfonine Red Dye 

on the Leaf Surfaces of Waterhyacinth and Water Lettuce 

Species Spray Va lurne Absorbance 
(l/ha) WD/cml) 

Hyac Inth	 187 O.OOOsa 
438 0.0015 b 
935 O.OO17 b 

Lettuce	 187 0.00075 

438 0.G01Sb 
935 0.0030c 

1/	 Values follO</ed by the same letter are 
not significantly different at the 5% 
Ievel as determi ned by the Wa ller-Duncan 
test. 



Table 19 

Residues of Sulfumeturon In Water. Sediment, and Fish Samples Before and After 

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

Samp II ng 
Area 

Pre 
Appll­
cation 

0 
Hours 

3 
Hours 

Sulfumeturon Residues 

6 12 18 
Hours Hours Hours 

(Pg/L) 

24 
Hours 

3 
Days 

7 
Days 

14 
Days 

28 
Days 

Water 1/ 

East-Surface 
East-Middle 
East-8ottom 

<1 .0 
<1.0 
<1.0 

<1 .0 
<1.0 
<1.0 

LO 
<1.0 
<1.0 

<1.0 
<1.0 
<1.0 

<1.0 
<1.0 
<1.0 

1.0 
1.5 

<1.0 

<1.0 
1.3 
1 .4 

1 .0 
1.3 
1.2 

<1.0 
I • 1 

<1.0 

<1.0 
1.1 

<1.0 

<1.0 
<1 .0 
<1.0 

West-S ur face 
West-M i dd Ie 
Was t-Bottom 

<1.0 
<1 .0 
<1.0 

<1.0 
<1.0 
<1 .0 

<1.0 
<1.0 
<1.0 

1.3 
<1.0 
<1.0 

<1 .0 
1• 1 

<1.0 

1.5 
<1.0 
<1.0 

1.6 
1.4 
1.4 

1.0 
1.2 
1.0 

1.0 
<1.0 
<1.0 

<1.0 
<1.0 
<1.0 

<1.0 
<1.0 
<1.0 

Soi I 2/ 

East 
West 

<0.2 
<0.2 

-
-

-
-

-
-

-
-

-
-

<0.2 
<0.2 

<0.2 
<0.2 

<0.2 
<0.2 

<0.2 
<0.2 

Fish 3/ <20 - - - - - - <20 <20 <20 <20 

1/ Water spiked at 0.75 v gIL = 0.655 v gil = 87% recovery. Detection lImit = <1.0 vg/L. 

2/ Detection limit = 0.2 ng/g. 

3/ Detection limit = 20 ng/g. 



Table 20
 

Effect of the Surfactant Emph8slzer~ on HerbIcidal Activity
 

of 2,4-0 Toward Waterhyaclnth
 

2,4-D Rate Emp has Izer Rate Percent Con tro I II 
~K9/ha) (% v/v> 

0.0	 0 Sb 
Bab1 

2 12ab 

3 138 

0.6	 0 Db
 
1 358
 

2 lS b
 

3 7b
 

1.\	 0 80a
 
I 728
 

2 58a
 

3 82 8
 

2.2	 0 828
 

1 1008
 

2 90a
 

3 looa
 

II WIthIn each rate of 2,4-0 valves follOi/ed by the 
same letter are not significantly different as 
determl ned by the Wa I ler-Duncan test. 



Table 21 

Laboratory Evaluations of Several Aquatic Herbicides Appl led 

Over the Water Surface for Efficacy Towards Watermeal 

Chemi ca I Percent Injury II - Weeks Posttreatment 
Treatment Rates 

(Kg a. / ./ha) 1 2 4 6 8 10 

2
! 
4-0 DMA21 

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! 4-0 31 

1.7 a 0 7 13 37 23 
3.4 .3 .3 .3 20 27 23 
6.7 10 13 32 40 73 62 

13.4 33 43 67 87 88 72 

Diguat 

2.2 60 68 85 95 96 90 
4.5 80 90 95 93 98 98 
9.0 85 82 95 93 99 lOa 

17.9 87 83 95 95 100 100 

CONTROL 0 0 0 13 33 30 

II Average of three rep I lcates 

2/ Dimethylamlne salt 

31 As Banvel 720® 



--

Table 22 

Laboratory Evaluations of Several Aquatic HerbicIdes 

Injected Into the Water tor Efflcacj Towards Watermea\ 

-
Chemical Percent Injury 1/ - Weeks Posttreatment 

Treatment Rates 
(mg!l) 1 2 4 6 8 10 

Dluron 

0.5 3 0 3 7 23 7 
1.0 10 0 20 20 33 17 
2.0 3 3 57 63 85 63 
4.0 7 3 72 73 90 72 

Potassium Endothal 

),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 

Flurldone 

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 

Slmazlne 

1.0 0 0 20 23 23 
2.0 0 0 20 40 42 
1.0 Sp I r +2/ 0 10 00 3 
2.0 Sp I It2/ 0 0 10 3 0 

Oi.9J:!at + Cu 

0.37 + 0.33 23 20 58 57 72 72 

Control 0 0 33a 13 30 

1/ Average of three rep} icates 

2/ Spl it treatment 7 days apart 



Table 23 

Absorption and Translocation of 14C as a Percentage of Total 14C-~lyphosate
 

Appl ied to Torpedograss at Intervals After Treatment
 

Percent of 14C appl ied 1/- - Days after treatment 
Plant Parts 

3 7 

Treated leaf 10.57 ± 3.08 26.49 ± 4.76 21.31:t 4.40 

Treated shoot (mi nus tr. leaf) 0.90 ± 0.04 3.06 ± 0.31 5.09 ± 0.59 

rJon-t rea ted shoot 0.98 ± 0.17 4.79 ± 0.62 9.60 ± 1. 06 

Rh izome 0.63 ± 0.05 1.98 ± 0.31 4.36 ± 0.6\ 

Roots 0.43 ± 0.06 0.89 ± 0.06 3.06 ± 0.59 

Total translocation 2.93 ± 0.15 10.69 t 1. 12 22.11 ± 2.67 

Tota I recovery \3.52 ± 3. 12 37.21 ± 5.61 43.42 ± 6.35 

1/­ Average of four rep I icates ± S. E. 



Tab Ie 24 

Distribution ot 14C Accumulation in Various Plant Parts as a Percentaqe
 

of Total 14C Translocated in Torpedograss at Int~rvals After
 

Treatment with 14C-Glyphosate
 

Percent of 14C translocated li­
p Iant Parts Days afte .... treatment 

3 7 

Treated shoot 30.8 ± 2.0 28.4 ± 4.5 23.1 ± 0.5 

Non-treated shoot 33.3 ± 1.6 44.7 ± 4.0 43.6 ± 2.0 

Rhizome 21.5 ± 1.5 \8.4 ± 1.9 19.7 ± 1.2 

Roots 14.6 ± 1.3 8.5 ± 1.6 '3.6 ± 1.0 

1/­ Average of four rep 11 cates ± S.E. 



Tab Ie 25 

Absorption and Tr~nslocatjon of \4C as a Percentage of Total 14C-GIYPhosate 

Appl ied to Torpedo~rass Grown Under Flooded and Non-flooded Conditions 1/ 

Percent of total 14C applied 
P I ant Parts 

Non- flooded F I aoded 

Treated leaf 23.5 20.9 NS 

Treated shoot (mi nus tr. leaf) 8.5 7.0 NS 

Non-treated shoot 3.5 1. 5 ** 

Rh izome 5.9 3.0 *jI 

Roots 3.4 1. 8 * 

Base 3.2 2.4 NS 

Total translocation (Apex) 21.3 13.3 ** 

Total translocation (whole plant) 24.5 15.7 ** 

Tota I recovery (Absorpn. + Transloe. ) 48.0 35.7 

1/ Data are mean values of four replicates. Asterisks Indicate 
means signIficantly di fferent at the 1% (U) and 5% (*) levels, 
as determ I ned by St udent ' 5 t-tes t. 



Tabl e 26 

Distribution ot 14C in Various Plant Parts as a Percentage ot Total 14C 

Translocated in Tropedograss Grown Under Flooded and Non-Flooded Conditions 11 

Percent of tote I \ 4C tre ns! ocated 
Plant Parts 

Non- flooded Flooded 

Treated shoot 40.3 52.6 * 

Non-treated shoot 16.2 10.8 * 

Rh I lome 27.8 22.9 N$ 

Roots 15.8 13.7 N$ 

II Data are mean values of four repl icates. Asterisks indicate 
means sign Ificantly different at the 5% level, as determined 
by Student's t-test. 





Tabla 28
 

laboratory Evaluations of Several Aquatic Herbicides
 

for Efficacy Towards Spikerush
 

Chemi cal Percent Injury II - Weeks Posttreatment 
Treatment Rates 

<mg/l a.I.> 1 2 4 6 8 10 

COPPER EDA21 

0.63 17 17 10 3 3 3 
1.25 15 12 5 7 5 5 
2.50 28 22 15 5 5 8 
5.00 18 15 7 10 5 8 

01 CAMBA + 21 4-0 

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 

DICHLOBENIL 

0.63 13 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 95 100 
5.00 12 13 95 95 95 lOa 

(Continued) 



Ta b Ie 28 (Cont rnued>
 

Laboratory Evaluations of Several Aquatic Herbicides
 

for EffIcacy Towards Spikerush
 

Chernl ca I Percent Injury 1/ - Weeks Posttreatment 
Treatment Rates 

(rng/l a. r. ) 1 2 4 6 8 10 

-
ENDOTHALL AM INE (I iqu j d) 

0.63 37 75 83 82 75 70 
\, 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 13 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 13 13 45 82 85 9S 
5.00 17 18 72 85 85 95 

FLUR IDONE 

0.16 12 12 20 28 80 93 
0.31 5 3 10 12 70 85 
0.63 0 7 12 15 82 85 
1 .25 8 8 17 17 85 82 

SlMAZINE 

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 95 100 

(Continued) 



Table 28 (Continued)
 

Laboratory Evaluations of Several Aquatic Herbicides
 

for Efficacy Towards Splkerush
 

Chernl ca I Percent InJury 1/ - Weeks Posttreatment 
Treatment- Rates 

(mg/l a. I. ) 1 2 4 6 8 10 

-

TERBUTRYN 

0.63 7 7 95 95 95 100 
1. 25 0 3 95 95 95 100 
2.50 3 \ 5 95 95 95 lOa 
5.00 13 33 95 95 95 100 

2 I. 4-0 OMA 3/ 

0.63 7 13 10 7 10 12 
1. 25 -, 8 12 15 15 13 
2.50 13 15 18 \8 18 18 
5.00 7 5 7 7 5 8 

POTASSIUM ENOOTHALL + 2,4-D 

0.32 + 0.32 3 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 a 10 12 12 10 

1/ Average of three rep I rcates 

2/ Ethylene dJamlne complex 

3/ Dimethyl amine salt 



Table 29 

Laboratory Evaluations of Selected Herbicides for Phytotoxicity Toward
 

Comb Ined Hydr 1I Ia (H)! Hygroph J Ia (HP) • Green Ca bomba (CA) t and Lemon Sccopa (SA)
 

Pas ttreatment Contro I, Percent 1/ 

Chanlcal 
Des i gnat ion 

Rate 
(mg/U H 

2 Weeks 
HP CA SA H 

4 Weeks 
HP CA SA H 

6 Weeks 
HP CA SA H 

10 Weeks 
HP CA SA 

OJ quat 0.25 
0.50 
1.0 
1.5 

52 
85 
88 
95 

17 
18 
68 
95 

10 
10 

.3 
28 

32 
55 
80 
83 

93 
92 
97 
95 

25 
27 
72 
98 

20 
13 
7 

33 

77 
100 
100 
98 

100 
100 
100 
100 

28 
40 
77 

100 

30 
17 
2.3 
40 

100 
100 
100 
100 

82 
85 
98 
98 

42 
72 
88 

100 

23 
83 
58 
47 

100 
100 
100 
100 

Endotha II K 1.0 
2.0 
3.0 
5.0 

35 
75 
80 
83 

.3 
0 

25 
38 

7 
a 

20 
10 

a 
a 

10 
12 

83 
93 
90 
95 

7 
0 

20 
40 

7 
0 

13 
7 

3 
0 
7 

13 

83 
98 
95 
98 

7 
a 

20 
32 

13 
.3 

13 
17 

7 
0 
3 

13 

73 
95 
95 
95 

0 
3 

17 
57 

20 
10 
20 
18 

0 
a 
a 
8 

Cu 0.25 
0.50 
1.0 
2.0 
5.0 

37 
80 
85 
85 
92 

3 
7 
0 

13 
32 

.3 
10 

7 
17 
17 

.3 
10 
3 

17 
30 

35 
73 
78 
92 
97 

0 
3 
0 
7 

33 

0 
0 
0 

13 
13 

0 
0 
0 
7 

30 

37 
78 
80 
93 

100 

0 
0 
.3 

10 
50 

0 
3 
0 

30 
23 

0 
0 
7 

15 
37 

7 
25 
81 
87 
98 

0 
3 
7 

40 
32 

0 
10 
23 
35 
47 

0 
0 
7 

27 
45 

OiquaT + Cu 0.25 
0.25 

+ 0.25 
+ 0.50 

72 
92 

7 
22 

7 
15 

32 
35 

80 
90 

10 
15 

13 
\5 

92 
83 

100 
100 

10 
25 

30 
27 

100 
97 

97 
93 

18 
32 

25 
27 

lOa 
97 

Endotha I I K 
+ Cu 

1.0 
1.0 

+ 
+ 

0.25 
0.50 

65 
95 

.3 
12 

13 
17 

7 
13 

78 
88 

3 
3 

10 
13 

3 
10 

100 
90 

3 
3 

13 
17 

3 
13 

80 
72 

a 
0 

7 
22 

0 
7 

Control - 0 0 0 0 8 3 0 3 7 0 7 3 3 0 17 3 

-

1/ Average of three repl icates. 



Table 30
 

Laboratory EvaluatIons of Dluron and Terbutryn for Phytotoxicity Toward
 

CombIned Hydrl I la (Hl, Hygrophlla (HPl, Green Cabomba (CAl. and Lemon 8acopa {BAl
 

Posttreatment Contro I, Percent 1/ 

Chemical Rate 2 Weeks 4 Weeks 6 Weeks 10 Weeks 
Des 19natlon (mglL) H HP CA BA H W CA SA H HP CA SA H HP CA BA 

oiuron 0.25 0 0 0 a 0 0 a 78 57 20 20 100 73 70 97 100 
0.50 0 a 7 0 a 85 73 100 57 100 100 100 87 100 100 100 
1.0 0 3 a 7 30 100 33 100 50 100 97 100 87 100 100 100 
1.5 a 3 a 7 80 80 98 100 80 100 100 iDO 100 100 100 100 

Terbutryn 0.25 0 0 0 0 7 78 80 100 17 100 100 100 67 100 100 100 
0.50 0 48 10 48 20 100 98 100 40 100 100 100 87 100 100 100 
1.0 20 42 7 67 40 98 97 100 77 100 100 100 93 100 100 100 
2.0 27 95 37 85 17 100 100 100 70 100 100 100 97 100 100 100 

Control - 0 0 a 0 8 3 0 3 7 a 7 3 3 a 17 3 

1/ Average of three replicates. 




