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Norman 0. lLevardsen

Acuatic plants, when they become so0 abundant that they interfere
v th the recreational use of lakes and ponds, are considered a nuisance.
T e nresent study on chemical methods of agquatic nlant eontrol has been
2de nc & result of increased interest in water weed prodlems.

The control of submerged aquatic plants with nigrosine dye did not
'~ove entirely successful. The purpose of putting nigrosine into the
mter was to so dariten it that the plants would be unable to manufactvre
~'ditional food because of & leck of lisht and would soon nse up their
rogerves. In trials at a 17 acre lake and = ,75 acre hatchery pond,

t"e dye did not remain long in solution. It was determined by labora-
‘ory study thet the disanpearance of the dye could be attriduted to salts
‘= the voter vhich caised the dre to be precinitated 2e an insoludle
-alt., At the hatchery pond & decreage in diseclved oxrren and & corres-
2mfin~ increacse ‘n cardbon dloxide followed an:licntions of the dre.
Tirther wors is required before definite conclusinns can be made in re—
~~rd to the value of nirrosine in acuatic weed control.

Trichlorbenzene and xrlene both have herdicidal properties when
- wraved beneath the surface dDut they recuire a larce nercentage of
el cifier to maintain the emilsion in contact with the plants for the
"esired period of timec. When trichlorbenzene and xrlene £re mixed 4in the

roportion of 1:3, thie mixture is nefr the svecific grevity of water.

The method thus makes it possidle to utilize these materlals which, by
“he~smalves, would be either too heavy or too light but wvhen balanced
“nd ermlsified remain in eispension for a2 longer perlod,

Tellete of elther 2,4.D or 2,L,5-T &td nst cortrol endbuerged weeds




Normen O. Levardsen

vwhen dietridbuted on the bBottom of shallow water at concentrations con-
stiered to be practical. Pellets composed of 2,4-D and pentachloro-
shenol were effective and ranid in action.

The translocer.ted herdbicides were fourd to be suserior ts contact
herbirides in the control of flostin~ and emergent aquatic ulents.
Rootetoct reserves were sufficiently hisch so thet even when the exposed
vesetottive srowth was killed with e contgft spray, resrowth occurred.
Wiien tranelocnted herbicides were utilizeé. beet control was obtalined
when no:11cetions colincided with the first anpenrance of flowers.

Sone shecles required repeat anplicetiong wher resrowth becenme

ect~bhliched,
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INTRODUCTION

The present study was undertalken as the resalt of an increase in
trnterect releting to the control of equetic vesetation in recre2tional
amenr and because of the reletive sesrcity of informetion concerning
werd control in aquatic hatitats. The Fisherles Division of the Mich-
{==n Department of Conservation, as well as other state arencies, have
Yeen oslized repemtedl;s tc sdvise 'n these matters and have teen unable
to supsly cdeciate ‘nformation.

In view of recent devel:ymnents in the use of hgrbicidcs for the
control of terrestrial wveerds, 1t was €elt th~t an evaluation of these
Jmterinle for the control of water veeds would re-resent a valuable
2C2'tion to the availedble information.

Tn the fall of 1947 =a cooperctive asreement vwas made between
Michiran St-te Collecse and the Institute‘for Fisheries Research,
vwhereby o fellowsh'p in aquatic weed control wves established. The
s*1dr wees to be made under the supervision of the Department of Botany
ard Plant Path.lorr, Michlran Stzte College.

The nateriel »resented in this renort renresents 2 comniletion of
the results of that investigetion., A rether broad study was undertalken
with the view of evaluntines the commercially availadble meterials reported
tr *he literature as bein~ effective herdicides. The investigetion of

new m2tertals and the development of nev methods for the control of doth

sutnerged and emergent aquatic plants 2lso have been undertalten.



The major portion of the study involved field work during the summer
nonthe. This was done, in the main, at the following stations: Hess lske,
ewvaygo County; the State Fish Hatchery, Hastings, Barry County, and at
lake Lansing, Ingham County. Other areas were lLoon lake, Rifle River Area,
Jgembw County: Portage Creek Trout Pond, Jackson County, and East Mill
Pond, near Romeo, Macomdb County. Facilities at Michigen State College

were utiliged for greenhouse and laboratory phases of the study.




REVIEW OF LITERATURE

Aside from the use of sodium arsenite and copper sulfate, which are
vell documented in the literature and are outside the generzl scope of
this paper, the literature (17), relative to the chemicel control of sud-
nerged weeds, is less voluminous than that pertaining to emergent aquatics.
The introduction of the use of chlorinsted benzene (14) probably marks the
heginning of the present era of control of entirely submerged weeds by
chenicel means. In the irrigation canals of the western United States,
this material hes been extensively utilized (10). It also has been used
in lakes (23). A new development, the use of petroleum naphthae (12),
wirked another advance in aquatic weed control, at least in irrigsation
»rojects.

Good control of cattail, Typha latifolia, with one application of
the butyl ester of 2,4-D, was reported by Baumen (4)., Vhen 2,4-D in
tributylphosphate, with kerosene as carrier was used, favoradble control
was reported by Surber, et. al. (71) and by Cornell (6). Walker (22),
as did Jackson (11), found it more economical to cut cattails under water
than to spray with 2,4.D. Spraying the cattails when the average height
3¢ the new growth had reached 3} to 4 feet gave good results (1). Handley
(9) had best results from cpuying in the spring with either the butyl or
the i{sopropyl ester of 2,4-D when the blades were approximately 24 inches
tall, Better results with repeat applications, than with single appli-

2ettons, were obtained dy Snow (16) and by Wilson and Finney (24).




When ammonium sulfamate was used in controlling cettails, Beuman (5)
'1é not echieve entirely satisfoctory results. Ammonium sulfanate gave
~o-mlete 2111 of cattaile on Ary land, dHut some rcot tips survived and
rewv when the sprayed cattails were standings in water (1). It was found
10et eatisfactory to sprar at the begsinnings of the flowering period.

Baumen (4) found that it did not seem to metter at what staze of

rowth arrovhead, Sagittaria latifolia, was snrared, for it was still

rery susceptidle to 2,4-D, Any 2,4-D prereretion in 2 cerrier of Qlesel

"el or water was effective, accordin~ %5 Snow {18). Surber (19) hed

227 success with a one percent agneous sorar of 2,4=D. Wher or-ovhiend

A8 sprayed eerly in the s»nrin~, as the plants mede their first aonearance.

“arndleyr (9) achieved effective contrc! bBr usine the tutvrl ester of 2,4.D,
When amronium sulfarnte wer used, Baumen (5) 414 not odtein satie-

"actorr control of arrcvhead even by using o wettine acent.

Fffective contrel of nicherelweed, Pontecleria cordata, wacs obtainred

“7 Benmen (4) with the batr) ester of 2,L.D, a--1ied while the nlante
ere in fall dloon.

Surber, et. al. (21) effected ~ocd control of white wrter 111y,
‘Lo haea smn., vhen a 1on® wes drained and the éx;»osec’ leaves . and retioles
ere s-raved witn 2,82D in tridutrl-hoa-hrte, T:rther study by Surber (19)
inticated thet N-rrmhmea eoml@ be ki1lled with tuc percert 2,4-D in tritutyd-
“hre-hate with 01l as carrier. Several a--1lientisne of etther the semlt or

sster of 2,4-D were necessary for ccrntrol of thies evnecles 2g found by

now (16). Rardley (9) found Wrrrheer olorate fairly registant to 2,4-D
“ne haR beet snccess when the lerves were sprayed eerly in the s-rin-

“air~ either the Pmtyl or isi-rony? ecter of 2,4-D,



More than a single appliocation of 2,4-D was required to control soft-
sten bulrush, fgirpus validus. as reported by Surber, et. al., (21). A
1 percent solution of 2,4-D in tridutylphosphate was found by Surber (19)
to be effective on soft-stem bulrush. Handley (9) had best results by
spraying with the ester of 2,4-D early in the spring when the plants were
approximately 12 inches tall.

The btutyl ester of 2,4-D was found to be effective on spatterdock,
Nupher sdvega, by Baumen (4). Surface sprays with 2,4-D in tributyl-
phosphate, as reported by Surber, et.2l. (21), were ineffective., EHandley
(9) stated that Nuphar advena proved extremely resistant to 2,4-D and
found even repeated treatments not completely successful. He had best
results when treatments with 2,4-D were made at the time the leaves first
appeared in the spring. Spatterdock, treated with 2,4-D i{n late May and
with ammonium sulfamate in late June, was reported by Steenis (18) to have
given over 96 percent cox'ltrol. Surber, et. al. (21) d1d not find ammonium
sulfamate effective when used at the rate of 10 pounds per acre. Smith
and Swingle (15) reported that sprays of creosote and fuel oil, sodium
chlorate, and sodium arsenite killed only the leaves.

In the treatment of submerged aquatics with 2,4-D, Gerking (8)
estimeted that {t would cost apyroximately $167 to treat a ] acre pond
having about 2; acre feet of water.

Eicher (7) described field trials in which nigrosine dye was added
to lake water in order to reduce the penetration of sunlight into the
lake and thus inhibit the growth of aquatic vegetation by slow starvation
of the plants. He stated that the water remsined dark into the following

sengon and greatest effect of the dye was then noticed because normel,



remi-emergent aquatic plants failed to rco;ch the surface. The bdiologioal
effacts of nigrosine dye, used for the control of weeds in hatchery ponds,
vas reported dy Surder and Bverhart (20). They stated that nigrosine dye
had no harmful effects on sunfish or bass at concentrations required to

control weeds.

MATFRIAL,S AND METHODS

The ngaatic riant~ teed in tnde study Ine'acde floatine, submerged
“né emer~ent species. Some of the submergsed were rooted in the bottom
nder several feet of water and never reached the surface. The emergent
~necies were either on weter-lor~ed roill or standines in water. The nanes
+ £ the plents which were included in the exyerinental work, according to

‘he slngeificntion of Muenscher (1), are ns followse:

JIVISTIOXN CHLOROPHYTA

Characeae

Chara suo.

JIVISION SPERMATOPHYTA

Tvphaceae
Typha apgustifolia L. Narrow-leaved cattail
Typha letifolia L. Common cattail




DIVISION SPERMATOPHYTA (Continued)

Potamogetonsacene
Potamopetop amplifolius Tuclerm.
fotamogetop epihydrus Ref.
Potamogeton patans L.
Potamogeton pectinatue L.
Potamoseton rigchordsinil Rydd.
Potamogeton rodbinsii Onlzes.

Potamogeton zosgsteriformig Fernald

Na jadaceace

Jajas sppe

Alismaceas

Sasitterin lat!folias Willa.

Hydrocharitacesae

Anacharis canadensis (Michx.) Planchon

Yallisneria anericana Michx.

Cyperaceae

Scirpug validus Vahl.

Ponteleriaceae

Heteranthera dubia (Jacq.) MacH.

Pontederia cordrta L.

Broad-leaved pondweed

Sacso pondweed

Arrowhead, Duck potato

Waterwead, Elodezs

Wild celery. "Eel:-rass"

Great bulrush, Soft-

stem bulrush

Pickerelweed




DIVISION SPERMATOPHYTA (Continued)

Ceratophyllaceae

Ceratophyllum denergug L.

Nrmphaeaceae
Erasenja gschreberi Gnel. Water shield
Ruphar advenz Alt. Yellow water 1lily,
Spat terdocikk
Nymnhaen odor~t~ Alt. WVhite water 1ily
Ramineinlaceae
Raminculus flabellaris Raf., Yellow water-crowfoot
Aelore=idncete
rioohllun vertigillatum L.
Compositae
Bjdens bec'z:il Torr. Vater mari~nld

To study the effect of mixtures of xylene anéd trichlordenzene on
subnerged species, 1% was necessary to seciare suitable ermlsifying
~-ents., Verious proprietary compounds were used and are shown, with

thé names of the manufacturer, in the followin~ list.

EMNULSIFIERS
Material Magufecturer
Antarox A-L09 General Aniline & F'ilm Corp.
Dressinate 91 Hercules Powder Co.




Z4ULSIFIERS (Continoumed)

Material Manufacturer
G-1255 end G-12813 Atlas Powder Co.
Glycerrl Laurate 3909 Glyco Products Co. Inc.
Glyceryl Laurate S Glyco Products Co. Inc.
Intracol "Mt Synthetic OChemicals, Inc.
Mul sor Synthetic Chemicals, Inc.
Mulsor V7 Synthetic Chemicals, Inc.
Neutronyx 834 Onyx 01l & Cheaical Co.
Petromix ° L. Sonneborn Sons, Inec.
Spans 40, 60, 65, 20, 85 Atles Powder Co.
Sterox SK Monsanto Chemical Co.

Sulfonated castor oil

Tweens L0, 60, 65, 80, 85 Atlas Powder Co.

The number of chenical compounds availadble for weed control
purposes is larce. It was not possidle to include all of these in
tniz study. Among those used were nigrosine dye, verious tyves of
contact herdicides and some of the translocated growth reguleting

compouncds. The meterials used are as follows:

HERBICIDES AMD OTHFR COMPOUNDS

Material Composition Magufactyrer
Ammate anmonium sulfamate The Dow Chemical Co.
Ammonium thiocyacate annonium thiocyanate J.T.Baker Chexn. Co.



HERBICIDES AND OTHER COMPOUNDS (Continued)

Material
an;l ecetate

Beroclor 3

Penoclor 3C

Chlorosol A

Dichlorc Pentanes

Dowvelde G

Dot Weed J1ller

(formle L40)

Ecteron 44

Tsteron 2,4,8

r-815.

Kin~-2-Cilde

Mierosine

Wi~rosine

Qomuosition
anyl acetate
ortho- and trichloro-
benzenes
ortho-and trichloro-
benzenes (added
emils!ier)
alpha-hydrox;r-beta-
trichlorethyl
s:1lfonic ecid
dichloro ;entanes
sodiun sentechloro-
phenate
eltanclanine salts
of 2,L.D
isopropyl ester
sf 2,4.D
but:”? ester of 2,4,5-7
pentachlorophenol
in o1l
vhenyl acetic acld
and 2,4-D
(not ¥mown)

(not Xmown)

10

Mepyfactyrer

Cloroden Corp.

Cloroben Corp.

Pitts. Agr. Chen. Co.

Sharples Chem's. Inc.

The Dow Chemicel Co.

The Dow Chemical Co.

The Dow Chemical Co.

The Dow Chemical Co.

The Dow Chemical Co.

J. T. Smith Chen. Co.

General Aniline & M™Mln

Allied chemo'!i Dye corp.



HERBICIOES AND OTHER COMPOUNDS (Continued)

Yateria) Composition
Orthodichlorbenzene orthodichlorobenzene
Polrbor godium pentaborate
Sodina 2,4-D (83%) sodium salt of 2,4-D

Weed Ziller

Sodiua TCA (70%) sodium trichloro-~
acetate

Trichlorbenzene trichlorbenzene

Weed-o-More but;’l ester of 2,L4-D

Xrlene Xylene

#7808 netroleun dis-
tillates

11

urer

The Dow Chemical Co.

Pacific Coast Borax Co.

E.I. du Pont de Nemours
and Company

The Dow Chemical Co.

The Dow Chenical Co.

Shervw!n Williams

The Standard 01l Co.

of Indiana

Vhen quentities of herbicides larger than a2 quart were to bde

nvm-1ied to terrestriel weeds, a 'mapsac!: sprayer (Plge. 1) was utiliged.

T™ie wvns of eopper construction and of four-gellon cavacity. The angle

»f epray could be adjusted by rotating the nozzle which was of the

1010w cone type.

In order to include as many field trials ag possible in the

seasons! activities, gnell-scale annlications of herbicides on sudb-

20rred rquatis weeds were 2 necessity. Numbered stakes were placed

"t random throush a fairly homoreneous bded of weeds and allowed to

‘roject above the surface. Yone wvere mlaced closer then six feet
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.

apart. A Sure Shot Sprayer of either five-ounce or one-quart capasity
‘as uscd. It was soon discovered that wvhen a sprayer wes held in the
>rthodox position, with handle up and the nozzle pointing downward,
the contents could not be comnletely emptied. The only preactical
vay of eliminating this wes to bend the nozzle extension to & verti-
cal position (Pis. 2), so thrt the s,.ray would be directed downwards
211le the snrayer was held in the customary manner.

The general proceedure was to vour the mixture, includine ten
nercent of water t5> aid emulsificetion, into the shrayer, tighten
*he cap with a wrench and fill the remainder of the space with com-
oressed air fron 2 tank (Fig. 3). By holding on to the stake with
one hand and holdins the sprayer, with the nozzle extendings delow
the surface, in the other, the contents could readil;” be emptied over
2 rather small area surrounding the stake. The appearance of the
ermilsion, Jjust subsequent to s»rayinz, is i{llustrated in Fig. 4.

For the treatment of large areas of submerged weeds, & Spartan
Spvrayer was utilized. This punp vas of the two-cylinder type, capa-
“le of rressures up to 250 rounds per square inch. It was thus ade-
quate for the proper ermlsification of the balanced mixtures. The
arranzenent of the spray anparatus and solution tank ie ahown in
Fir. 5. Tez. 6 shows the boon attachment to the stern of the boat.
The sprayer was compact and, when pleced in the stern of a boat,
could be opersted by one men (Fig.7).

For the more eccurate laying out of plots, a nylon clothesline

was ueed. This was equipped with fish net floats at eight foot in-
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tervals to keep the line at the gurface. A wire core in the line elim-
innted much of the streton of the nylon. Working from a boat, it was
ite easy to lay out plots of falrly uniform size. Once the plots
vere 1aid out (Fiz. 8) it wes not Aifficult to scatter the pellets

or to Aap ly liquid herbicides quite uniformly within the plot con-
fines. |

2x3 or 6 x 6 feet, frequently

Where small plots wvere used,
onl:x one mariier wes used. Once the marker was in place, the required
anount of pelleted material was distributed about the stake, covering
ar. area ap roximetely 3 x 3 or 6 x 6 feet. Occasionally four bamboo
poles were ited together to form a 6 x 6 foot square and the pellets
were digtributed within thie scuare.

In field trialgs with pelleted samples of 2,4-D, 2,4,5-T and
2,L4-D=-PCP at Hess leke, Lakc Lensing end at the Haastings Fish Hatchery,
various methods of stelzinz out and marking plots were used. One method,
vhich worzed well in some areas, consisted o0f the following: <four-inch
len~ths of two by fours were cut, shellacked and then painted with two
tontc of a bright yellow, high gloss enamel. The letters "M.S.0."
were then printed conspicuously on one side, together with an index
mumber. On the other gicde was pleced a stanle to which was ettached
1 lensth of coprner fisgh line. 0Odds and ends of old pipe fittings were
used as anchors. In setting out these markers, an effort was made to
have the floets suspended et least twenty inches below the surface, so
75 to eliminete possible damage and movement due to ice.

Yhen it wvas desired to odtain numerical data relative to the a2dun-
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~ance of certain weeds, a countine frame was utilized. This was con-
csriicted of four pleces of lath, rivetted together to enclose an area
c¥ one square yard. If cettails were to be counted, one side of the
frame was left open. 1In use, the two sides were held parallel aﬁd were
-ushed into a stend of cettails. A yardstick was utilized to see thet
the sides of the frame were parallel and that one scuare yard was en-
closed.

During the course of the investigation, several erxherimental
~arrles of veriosusly commounded nigrosine dves were secured and de-
tarninctions made on the 1isht occlusion properties of eech dye. 1In
the evaluation of these dyves, & modified Jrclzson Turdidimeter was
ised. This was constructed b invertin~ a 14 ounce fruit Jjuice can
sver a 15 watt electric lisht BDulb. The lirht from the bBuld was
n1lowed to nasgss thr-oush 2 hole in the bottosm of the frult Julce can
and 1 throurh a five-sixteenths inch circle peinted on the bottonm
f 2 200 ml. graduate. The graduate was enclocsed by a cardboerd tube,
to exclude incident light, thue malrins possible & more accurate read-
irn~., The home-made turbidimeter !s 1llustreted in Figures 9 and 10.

In the uese of thie instrument, the dye solution was poured slow-
1:» into the craduate until the listt imege Just disenpeared. Then,
with a »ipette, small quantitiee were withdrawn until the image re-

e enred. A few drons of the solution added was usually sufficient
to cause extinction of the light and at this point no further dye
aolution was added. The cardboeré tube was then removed and a read-

{n~ of the level of the dve solution made directly from the scale on
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+e «raduate. This scale almost exmctly corresnonded to millimeters
“y- +he base of the water column, so thet volume readinss could be
Mweetl:s converted to mtlliéeters. The margsin of error waes 3 mm. in
”€n ma,, 1.2 percent, vhica was not comsidered sisnificent.

It ie customar; to refer to applications of phenoxyacetic acid
coapounds and Ne TCA as belng of 5o many pounds, acid ecuivalent,
~er acre. In this report, all references to dosage rates follow

thls cucton.
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RESULTS

Nigrosine

The lake chosen for the nigrosine experiment was lLoon lake in the
Michigan Department of Conservation's Rifle River Area, Ogemsw County.
The lake is mainly spring-fed and in normsl years the evaporation and
seepage equal the supply so that little water is lost through the outlet.

Although all the lakes in the area were open to fishing, Loon lake
was the least used because the nuisance of weeds interfered with rowing
and fishing. Loon lake is set fairly low, surrounded by hills so that it
ie not exposed to the wind action which is developed on larger, more open
lakes. The turbidity was, in general, greater than that of the other
lakes in the area. Practically all the plants in the lake were growing
witiain the five foot contour. The methyl orange alkalinity was adbout
100 ppm. &nd the pH 8.0 4indicating a fairly alkaline condition.

The water level was at least six inches below normal due to a very

éry spring. Apacharig cansdensis plants in several areas were so heavily

coated with marl that they were bdent over and did not interfere with row-
ing. A large patch of Apagharig canadensis. near the outlet, although
discolored by marl, was Just about to the surface and glowed up & doat
drifting through it. HNHaman dredge samples were taken in the deever
waters and it appeared that no rooted aquatic plants were growing in
water over ten feet deep. The soft, pulpy peat on the bottom mmde 1t

difficult to determine the exact depth of the water.
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The main weed species were as follows:

Agacharis gcansdeneis Buphar agvepe
ghara spp. Botagogeton gogteriformis
Myriophyllum vyerticillatum Yallisperia americene

Aprlication of the dye to loon lake was made on July 17, 1948. In
making the application, the dye was divided into three parts and distri-
bution made by sprinkling the 4dry granules off the stern of a boat in
three lanes which traversed the length of the lake. The water, in the
wake of the boat, colored immediately and diffusion was fairly rapid.

In the course of a few hours, the currents had so merged the color thet
the lanes were scarcely perceptidble. Coverage was considered to be com-
vlete in 24 hours.

Before the applicetion of the dye the Secchl disk had disappeared
at five feet. Twenty-four hours later the reading wag three feet in the
open water. In the shallows, the marl-coated Apscharig cansdengig plants
were conspicuous against the blackness of the water.

The lake sagein wvas examined on August 13th, at which time the Secchi
disic disapneared at 5 feet 6 inches. The caretaker at the area had per-
jodically taken Secchi disk resdings and these indicated & gradual in-
creage in transparency over the intervening periocd. The marl-coated
Anacharis censdengig plants did not appear to heve been affected by
the brief period of darkness as the leaves were of a normal, green color
when the lime was removed. Xelgrass, Yallisneria amerjcepns. had become
conspicuous in several areas and the terminal portions of Ceratophyllup
denmersum were within a few inches of the surface.
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Due to the method of application, it was suspected that some of the
crystals might have fallen into the layer of very light and fine. pulpy
peat and become buried. To establish whether these crystals existed and
had formed & heavy dye solution which would not diffuse through the pul-
»y peat, the following test was made on August 1l3th:

One of the lanes, made wnen the cryvstals were distributed, had de-
Fun within a cove and passed ocut of the mouth into the lake proper. A
furrow, ten to fifteen inches deep, was dug in the pulpy peat of the soft
bottom across the mouth of the bay: at right angles to the lane of crys-
tale. The stirred peat settled rapidly so that by the time the furrow
wvas finished, the water looked normal where first disturbed. This was
in water about one and one-half feet deer. No bdlue coloration persisted
in the water after the silt hed settled.

On Septemdber 25th. the Secchi disk disappeared at seven feet. The
water level was down about 10 inchee due to the dry summer and several
weed beds which previously had not come to the surface, had now con-
tacted the surface. ¥From a comparison of the growth of plants dbeyond
stakes which had been put in fo mark the extent of twt; beds of Chara
and one of Anacharis ganadensisg. there was evidence from the spread of
these beds thettheir growth had not been retarded by the application of
the dye. The marl, by this time of year, had become so heavy on Apach-
aris cenadensis esvecially, that the plant no longer interfered with
rowing since it was lying almost prostrate on the bottom. When portions
of the plants were shaken free of marl, the leaves were seen to be of a
normal, green condition and when these examined plant fragments were re-

turned to the water, they 414 not sink immediately, but remsined seeming-
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1r suspended. This indicated that ther were on the bottom because of the

vel~ht of the marl dejosition. At this inspection samnles of the water,

the »lants, and the pulpy vreat were secured for later ladoratory study in

an attent to determine the cause of the disappearance of the dye.
Followin~ the failure of nigroeine to control, or kill the weeds

in Loon Lake, experiments were mrlde to determine the cause of the dis-

arpearance 22 the dve. In one of these a quantityr of pulpr peat from

the bottna of Loon Lake was allowed to drain and to dry verv slowly.

A& two-inch layer of this dry peat was placed in each of three milk

bottles. Ther were then filled with tap water which had teen allowed

to sten? for some time to ret rid of anv residual chlorine. Equnl

clized ersstals of nl~rosine vere Aro-:e? intn each., The crrstals fell

throurh the woter and sank into the 4mlpy pent of the bottom. One

Tottle wvas shalzen vigsorously so thet the »mlyr pent vms completely sus-

sended and the ni~rosine was mt !nto suspension. The other twec bottiles

vere ellowed to stand. Two dare later the 211’z Tottle whizh had been

she'zen was st1?1 blue with dre and the Uy pent hnd settled to the

bottom., The bottlese thet hnd not been shalien vere still clerr., Eizht

daye after settin~ 1p the experiment. the two undisturbed bYottles had not

cclored. One of thegse vas then shelten vircoroucly 2and after the peat had

cettled the water vee tluer than thet in the bBottle which had been shmken

2t the start of the exjeriment. Subsecuent chaking of the original and

allowing it to stand d1d not regenerate the original intensitr of color.
On August 15 six acuaris e2ch 12 x 12 x 24 inches and holding

40 liters of tap water (which had been allowed to stand for several days)

were set us as follows: each had two, flat, clay pans, ten inches in &i-



20

aneter in which was a layer of mud, taken from the bottom of lake lansing.
In thece pans were pleced rooted portions of Yalljisneris americanas,
anccharls capndensis. Heteranthere dubis, Geratophyllum gdemersum,
iotrmogeton agplifolius, . richardgonil! and Bidens dbeckit.

Twe, new stmples of nigrosine dyes were obteined, one was water
soluble and the other insoludble in water. Stock solutions of the three

dyec (ingluding that used at Loon lake) were made as follows:

n. o5 ~m., of R-1156 ir 5M ml. of 95% ale. end 250 ml. of water
. o8 7m. of R-11585 in 200 nl. of weter

Ce o5 Fm. of 128-F in 20n0 m1. of wnter

The zquaria conteininz the plants were treated ith the stoek

solutions ac follovwe:

Aciariun Yo, Dilution Epn.
1. 200 ml. of "aM R,23
2. 100 ml. of %a¥ L.11
2, 200 ml., of WnW g.,22
L. 100 ml. of "p® 4.11
5. 200 1. of 'C" 8023
Se 100 ml. of "c* 4,11

After these pAA1t2ons were nede to the res ective aquartie, they
vere cref1)lr stirred, s~ thet the rmid would net lesve the pans &2nd
et oud +the vrter 'n the aguarla,

After a weeZz acunria Wos. 1 and 2 were fairlyr clear and most of the
dve wne Maoatin~ on the surface, althonwn some hed »reci-iteted or ad-
hered to the ~lrse walls, Th!ic whs the water-insoluble dye. By the 7
¢f Se~tenber, Heteranthere dubia wes sti1ll livines but the plante of

Cerntr-hrilum demersun and Anacharie canadensis had disintegrated. The




water surface of both tanks was covered dy & froth and an odor of putre-
faction came from both aquaria. The rest of the aguaris were still dark-
ened from the dye dbut No. 5 and No. 6§ appeared to have some of the dye on
the surface film.

On September 16th. the contents of Nos. 1 and 2 were Adiscarded.
Putrefaction had occurred in bdoth tanks and gas bubhles arose when the
nans were lifted. The dye appeared to have settled on the dottom, as
the white spot remaining where the pan had bteen was very distinect from
the aree outside. This dark area surrounding the white snots mede by
the pans, had a bdluish cast bYbut when alcohol was leter poured over the
bottom, the dye did not dissolve. This precipitated dye was removed only
with difficulty when it wes scoured with steel wool. The only plant left
with sisns of life was Heteranthera dqubie.

On October 2rd. aquarium No. 5 had a surface film more intensely
black than thet of No. 6 but was not considered to be as clear ag No. 6.
In tank No. 5 Bidens Yecki] was the only rlant living. Almost all the
plants in tank No. 6 were in a healthy condition. The old plants of
Potamogeton amplifolius were somewhat retarded dbut the young plants of

Banunculug {labellaris, Anacharis cansdensis, Vallisneria americags and
Eeteranthera dubis had made some growth.

Aquarium No. 3 was just about as daric asg No. 5, but lacked the sur-

face £11xm. 3Bidens decki} was in & healthy condition but Heteranthere
dubia was retarded, and Yallisneria samericana, Potamogeton pectinatys

and F. amlifoliys were dead. Aguarium ¥o. 4 was almost clear. The
youne plants of Heterapthers gubis, Bidens beckii. Potsamogeton smplifollus,
P. pectinatuy, srd P. richardsonii had mede some growth. YVallieperis
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anericana had not put out any new growth. Plants in control aquaria all
had mede consideradle growth by the time of diecarding the contents of
the treated aguaria.

To determine whether the presence of mud would casuse or dbe a fagtor
in the clearing of dye solutions, a geries of jar tests were degun. The
Zirst wvas set up January 18¢h. as follows:

Four one-gallon wide-mouthed jars were set un, edch with 3500 ml. of
cap water which had been allowed to stand., To each, respectively, the

following materials were added:

Jar Mo, Amoant of dry peat Yeisht of Yo, 128-B d4ye Pom.
1. 10 grans .02 granzs 5.7
2. 25 zrams «02 pra=s 5.7
2. 25 cranze «07 rrems 2C.0
L, 50 =ra:zs .07 zresn- 20.0

The concentration of dye in the first two was s0 low that it was
impossible to obtain a reading in the modified turbdidimeter. A reading
of the latter two was 275 mm. After the jars were set up they were each
stirred vigorously, daily.

By January 31st., 13 days after the Jjars had bdeen set up, Jar No, 2
was clear except for the stain due to the peat. No. 1 was stained like-
wise dut in addition still had & slight bluish hue. Ne. & was cleared
to the extent that no reading was possibdle.

A week later Nos. 1 and 2 were unchanged. ¥No. 3 was stained dut
had a slightly perceptidle blue color. No. 4 was clear of dye but was

stained,

In another three weeks algae had ingcressed to the extent of inter-




fering with the experiments and thus the contents of the jars were
iscarded. ¥No. 1 still showed & slight dluish hue.

In the comparison of the 2bility of different dyes to maintain
solution, a series of nine one-gallon, wide-mouthed Jars were used, eagh
containing 2500 ml. of water. 1Into each of these Jjars was placed & mee-
sured quantity of 4ye from different experimental samples. The Jjars were
plaeced on & bdench in & greenmhouse and periodically the dyed water in each
Jar wvas tested with the turbidimeter, twice. One reading was made of the
wvater which was decanted off, the other after stirring. The results are
given in Tadle 1.

The dyes were compounded Adifferently and, due to their inherent
rroperties, they differed in ability to produce color; that is one-half
eren of each of two dyves would not necessarily give equal color to equal
volumes of water. The concentrations used were those which would make {¢
possidle to obtain a reading of the degree of light penetration by use of
the turbidimeter. Any smaller amount of dye would have made such & dilute
concentration that it would have been impossible to odtain a reading in
the modified turbidimeter. A high reading indicates a less deeply colored
dye solution than a lov‘roadine;.

Another seriees of Jjar tests was made to more accurately determine the
effect of mid and plants on the clearing of dye solutions. Wide-mouthed,
one-gallon jars, each gontaining 3500 ml. of lake water, were used. Into
these were placed, excent in the control jars where no additions were made,
either a layer of mud, a handful of Anscharigs canadenpis or a combination
of these. Dye was placed in all the jars at kmown goncentution-. These

Jars, with a cover of glags, were placed in the greenhouse and examined




TABLE I

CLEARING OF DYE SOLUTIONS DEFERMINED
BY TURBIDIMETIR READINGS

Turbidimeter Reading (length of 1iquid column in mm.)
Dye OOmn::'gﬂ 1/14/50 2/6/%0 : 3/8/50 k/7/50
Stirred | Unstirred | Stirred | Unstirred | Stirred | Unstirred | Stirred
1 285.7 120 130 120 150 140 120 110
b n. 250 300 310¢ * 310¢ 310+ 310
5 7. 180 2us 2 310e 260 290 2
é 86. 2?7 255 225 305 240 310 250
? 57. 219 307 264 J1cCe 310¢ 310+ 310e
8 14, 265 277 260 307 305 310 305
ISB 14, 278 302 300 310¢ 310¢ 310e 310
R-1155  US 278 280 280 310+ 310 310 30
128-B 14, 276.5 285 285 10+ 310¢ 310 310

(*) The maximun possible recding wes 310 so that readings of 310e¢ do not indicete equal absolute turdidities
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periodically (Fig. 11). 1In Table II the results are tabulated as to the
mumber of days required for clearing of the dye solution. In every osse
vhere the dye cleared, evidence of nigrosine was to be found in one or
all of three places: clumps of dye could de plainly seen on the leaf
surfaces of the plants, entrapped or chemically associated with the pre-
civitate of lime on the sides of the Jars, on the bottom of the Jar in
clumps or associated with lime deposits.

In an effort to see whether the type of water was a factor in the
clearing of a dye solution, 3500 ml. of water were placed in each of

nine Jjars together with .02 gms. of the dye used at Loon lLake and were

set up as follows:

l. dye only
Tap water 2. dye and Apacharis canadensgis
3. dye and 10 grams mecit
l. 4dye only
Distilled water 2. dye and Anacherig cenadensgig
3. dye and 10 grans muclk
1. dye only
Lake water 2., dye and Apacharis canndensis

3. dye and 10 grams mce's

The jars were set u» on March 21, 1950, and were ellowed to remain
in the greenhouse. A glass plate was set over each Jjar top to reduce
evaporation.

On April 22nd. in the No. 1 series, the distilled water jar was quite
blue with the tap water just slightly clearer. The lake water jar was the
darkest and had a prescipitate on the bottom. The tap water jor had a
slizht precipitate but none was evident in distilled water.

In the No. 2 series the tap water was slightly bdluer than the other

two. The plants in tap water appeared normal, with the older leaves and ‘



TABLE 1I

RESULTS OF JAR TESTS WITH NIGROSINE DYE SAMPLES

Dye Conoentration (ppm.) Rate of Clearing
Dye Additions Elodea alone | Elodea and mJ Mud alone Vater
Initia) | 1st. | 2nd. !Total | Days fm Days FDapoo Grams | Days | Degree| Days | Degree
. B § |
128-B 2.8 : 2.8 s " 5 " S . B3 | o0
|
5.7 1h.1 | 13 "
57 J 52| e |2 w0 | e n| -
1 : ‘ !
5.7 < L 57 ' 25 13 *
20,  20. 25 W | e |
] {
| l
1 7.4 : 7.4 b6 e |
142.2 142.8 B9 e |
i
2 71 7.1 26 et 53 | ere
5.7 12.8 L) | oo
| IR IR SR I




TABLE II (Contimmed)

Dye Concentration (ppa)

BRate of Clearing

Additions Elodea alone | Xlodea and nJ Mod alone ¥ater
Initial | 1st. | 2nd. |[Total |Days |Degree| Days |Degree |Grams , Days | Degree| Days | Dagree
$.7 | 8.5 25 | e 18 **e 10 ; 2b * 18 *"e
W2 V.2 | 12, % -
.2 .2 5 | A -
) ’ |
u2.75 42.75 2 **e . .
42.75 85.50 38 "
28.5 28.5 21 *e 52 *
28.5 57.0 28 | e
2.5 |85.5 B | e |
28.5 28.5 7 e 7 " 10 7 . hS -
28.5 57.0 27 *e V44 ** 10 1% -
28.5 |85.5 hs o 48 IS | 10 hs -




TABLE II (Contimued)

¢ slight lightening

06 clear

Dye Concentration (ppm) Rate of Clearing
Dye Additions Elodea alone | Elodee and Mud alone
Initial | let. | 2nd. |Total | Days | Degree| Days | Degree| Orams| Days | Degree| Days | Degree
? 28.5 28.5 pal e 38 *
28.5 57.0 28 "
28.5 | 85.5 28 -
8 2.8 2.8 2 > 2 *e 10 2 " 2 e
5e6 8.4 14 " 1 * 10 35 >0 ks *
5.6 | 14.0 35 e | 35 *re 10 us "0
R-1155 5.7 5.7 13 " 10 30 * 3¢ *
5.7 5.7 25 30 -
11.4 11.4 0 "
Tlusresocein 11.4 11.4 45 *"e 45 *e
Key A
- dark e+ falntly coldred
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axils containing dye deposits on them dut none appeared on the new, green
leaves. The plants in distilled water apnesared normsl except for two
short sprigs wvhich were bdleached. On the upner surface of the older
leaves, lime deposits and spots of dye were visidle. The plants in
distilled and lake water had grown satisfactorily.

In the No. 3 series the dye concentration ippoarod to de just about
the same in all Jjars. The jar containing tap water had a greater growth
of algae on the surface than did the others.

On June lst. the jar with the tap water in the No. 1 series was very
mach lighter in color than was the distilled water jar. The lake water
weg intermediate in color but appeared to have a reddish cast rather than
the blue of the distilled wvater.

In the No. 2 series the jar with the lake weter was absolutely clear.
4 slight growth of a filamentous algae was present on the bottom. Apacharis
canadensgis wae still green and was giving off oxygen bubdbles near the top.
The distilled water jer was almost as clear as the lake water Jar but the
Anacharis canadengjig was not growing setisfectorily because filamentous
alrae had developed in the jar. The tap water jar weas not colored from
the dye dbut contained coloniel algme and invertebrate life. Some of the
Apacharis canadensig plants appeared normel.

In the No. 3 series the tap water was almost clear, Jjust slightly
stained. An algal growth wes developing on the surface. The distilled
water was still dark from dye but had a green surface scum of algee. The
lake weter was clear but had numerous algal filaments.

The solutions znd plants were discarded after this examination be-

cause of algae growths. Plants in control jars had grown well through-



out the experiment.

To detearmine what effect solutions of nigrosine at different pH levels
might have on the oclearing of the dyed weter, the following experiments
were conducted:

One-gellon Jjars with buf:ered solutione of tep water in the follow-

ing pH ranges were set up according to tebles by Clark and Lubbds:

PH 600 605 700 705 800 805

At once it was apparent that alumipum or other salts were forming
en unsteble suspension, esnecially in the ﬁlkaline range. Within 24
hours, the four highest buffered solutions (from pH 7.0 to 8.5) con-
tained 2 white nreripitete., On the 15th. of March, two days after the
solutions were made, the clear water adrve the cloudy layer wes siph-
oned off and enouch tap water (which ususlly amounted to 100 ml.) was
added to bring the quantity un to 3500 ml.

The Jjars were then nlaced in the greenhouse. In esach was placed
sufficient nigrosine dye No. 3 to give a concentretion of 5.7 ppm. After
agsuring complete solution of the dye a generous amount of Apacharig
ganadengis was placed in each jar. The Jjars were then covered with
Flase plates to reduce evanoration.

On March 22nd. they were examined and the results were found to de
ag follows: the plante appeared to be growing best at a pH of 6.0 Here
the concentration of dye apreared to be the least of any of the jars. At

2 pH of 6.5 most of the terminal growths of Apnscharis canadengis rlants

were flaccid. At pH of 7.0 and above 2ll the plant parts were flaceid

2N



and the Jjars smelled of putrefaction, especially those in the higher
vH range. Jars containing water of pH of 6.5 and 7.0 were dsrkest and
did not appear to have had as much dye taken out of solution as 414 the
Jars above this range which were lighter in color.

At the time of the last inspection, before the contents of the Jjars
were dincarded, it was noted that only at pH of 6.0 was there any evi-
dence of plant life. The other jare did not contain any living plants
end the solution of none of them was ag clear ag that at pH 6.0 It
was noticed in cleaning the jars that the Jar at pH 6.5 seemed to have
had the greetest deposition of 1ime on the sides and bottom of the jJar.

At the Hastings Figh Hatchery, Pond No. 8 has produced annually a
very luxuriant crop of weeds, chiefly Anacheris canadengis and Ranun-
culus flabellaris. This pond had received artificiel fertilization
during the growing season in the experimental rearing of bait minnows.
It was .75 acres in erea and sloped in to a depth of about 6§ feet in
the center and near the drain dbasin.

On June 21, 1950, sixteen pounds of National Nigrosine 128-B were
put in the pond. This wag at the rate of 21.3 pounds per acre. The
method of dlistribution was as follows: the dye was divided into three
portions. These, one at & time, were placed in the bottom of a pail and
the »eil filled with water. When water was added, the dye seemed to co-
agulate forming large, hard lumps that slowly diesolved. The 16 pounds
were distriduted by walkin- around the edge of the pond in the shallow
water and periodically allowing the pail to f£ill with water, subsequens-
ly pouring out the dye solution. Following this method of introduction

and to aid dispersion, the concentrated'die solution near the shore was
e
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pushed out toward the center of the pond dy means of boards. By the next
‘day the dye had colored the open water in the center and was considered
to be of uniform distribution after two days.

The Secchl disk reading, Jjust previous to applying the dye. wés one
foot. This and subsequent readings were taken from a box which enclosed
the outletat the deepest part of the pond. On June 26th., five days
after putting in the dye, the Secchi disk reeding was 1) feet. This,
therefore, indiceted that the decreased penetration of light following
applicetion of the dye was only temporary.

A week after application of the dye, the shellow water appeered to
be clearing and this fact was confirmed by Secchi disk readings. When
frasments of the plants were examined, they showed black deposits on the
leaves, especially on the unver surface of the Apnacharisg canmdensis
leaves.

Fertilizer was added on June 22tia.

On July lst., three weeks after the initial application, another
treatnent of 15 pounds of dye was mede. This wae placed in the bdottom
of a 10 gallon milk cen, after which the cen was filled with water. 3By
means of a portable power sprayer, the supernatant liquid uat sprayed
over the surface of the pond. As the level of the dye solution in the
can fell, it wag replaced by water teken from the yond until there were
no more lumps in the bottom of the can. A week later the Secchi disk
readins was 1 feet, and on July 10th. it was 2 feet.

On the 18th. of July determinations of the oxygen and ocarbon
dioxide concentrations of the weter were mesde. At this time the oxygen

level was 1.1 ppm. and the carbon dioxide at 39.0 ppm. The Secch! disk
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disarpeared at 3 feet. With such & low oxygen content 1t was feared

for the safety of the red-eared sunfisn which were in the pond for other
experimental purposes. The water, vhich had been shut off to prevent di-
lution of the dye, was then allowed to run into the pond. Shortly after
this two days of heavy rain oc¢curred so that on July 21st. the oxyzen
content wae up to 4.2 ppm. and the carbdon dioxide wes down to 0.0 ppm.

In order to prove more definitely that the addition of the dye and
subsequent coloring of the water can cause a denletion in the oxygen con-
tent of the subsurface water, another 15 pounds of dye were put in on
August 4th. At this time the water to the pond was turned off and the
dye distributed by means of & dburlap sack of the crystals dragged be-
hind the boat. The oxysen content at thirs time was 1l.4 ppm. with 0.0
ppm. cearbon dioxide.

Three days later the Secchi disk reading wes one foot, the oxygen
was down to 1.98 ppm. and the cerbon dioxide concentration was up to
11.0 ppm. On the 11th. of August the light penetration was two feet,
the oxygen content at 2.6 pom. and the carbon dioxide at 11.0 ppm.

At this time another 15 pounds of dye were introduced by means of a
cotton bag filled with crystals and towed dehind a doat. VWhen plants
were pulled from the deeper water (the tops were in the photosynthetic
gone) for examination, it was noticed that the lower stems of Apnagharis
ganadengis were bare of leaves. These stems, however, were green, tur-
£1d and not brittle. An odor of putrefaction was noticeadle around the
pond. Bullheads were noticed in distress and seemingly gulping for air
at the surface on August lith. A week after adding the dye the oxygen

content wae 2.3 ppm. and the carbon dioxide was 14.0 ppm.




Additional applications probably would have caused further re-
duction in oxygen concentration and this might have affected the fish
adversely, therefore dye applications were stopped. There was apoarent-
ly 1little or no effects upon the weeds (other than the dare stems) as
they remained in a normsl condition throughout the remsinder of the summer.
Results of the analyses of water samples aﬁd Secchi disk readings obtained

during the course of dye treatments are shown in Tadble III.




TABLE III

EFFECT OF APPLICATIONS OF NIGROSINE DYR ON OXYGEN, CARBON DIOXIDE, PHENOLFRTHALELN
ALKALINITY, MBTEYL ORANGE ALXALINITY AKD DEPTH OF PENETRATION OF LIGHT

June ) July August
Date
~:21-’t_._71 26th. 1st. | 7th. | l0th. | 18th.| 21st. | U4th. | 7th. |11th. | 18th. | 258h.
Dye added
(in pounds) 16 15 15 15
Oxygen :
(m pp-.) | 101 | “02 11.“ 1.98 2.6 203
Carbon dioxide ! | ! ,
(‘n ppu.) | ‘ 3 ”o .i 000 000 110 11. 1"0
Fhenolphthalein ,
mmt’ ‘ . 0.0 4.0 130 1 0.0 0.0 0.0
Nethyl orange - i | | ; |
alkmlinity | | 24,0 132.0 (144, 142, |167. |178.
(in ppm.) | |
Secchi disk | |
(1‘ f.et) 1 1.5 105 ! 20 30 10 ll 10 2. 2.
|
vater vater vater i wte
Hemarks turned turned turned turned
off on off on
— o ..‘,._J - J _ '___JL__ ._*_.__IL _]L._




CHLORINATED BENZENES AND XYLENE

In the beginning of the research on this prodlem, information
relative to the effective chemicel control of submerged aguatic plants

was limited to the followin- materimls:

1. Sodium arsenite 3. Benoclor
2., Copper sulfate 4. Orthodichlorobenzene

5. Petroleun napﬁfhal

The first is well documented in the litersture. The second is lkmown
to be effective on Chera bmt, in concentrations reguired for control, 1is
highly toxic to animal 1ife. 3Benoclor is also known to be very toxic to
animal l1ife. The lest tw., -crthci1-%Y robenzene (one of the ingredients
of Benoclor) and the petroleum naphthas are wortny of attention because
of their cheapness, when comvared to Benoclor, their availability, and
their effectiveness even though it was mown thet fish life would not
survive in treated waters.

Jield trials during the first summer of experimental work included
& _plications of Benoclor, ortiodicinlorobenzene, xvlene and toluene. These
will be discussed bYeginning with the experiments at Bast Mill Pond.

An emulsifiable mixture of orthodicnlorobenzene and trichlorobensene
(No. 3) has hed, during the past 15 years, & considerable use as an aquatic
herbicide. Recently a material (No. 2C) conteining a greater amount of
emulsif:ing agent has been avallable. This was cdesigned primarily
for aguatic weed control in the flowing waters of irrigetion canals of

wvestern United Stetes but 4is useful also in saml.ow, stending wvaters
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of laker.,

One 4rum of each of the materials was applied at Bast Mill Pond,
near Romeo, Michigan, during the latter part of July 1947. W¥When the
material (No. 3C) containing most erulsifier was sprayed beneath the
surface of the wvater, a cloudy emlsion was formed. This emulsion, as
it slowly settled to the bottom, came in contact with the submerged
weeds. The other material (No. 3) containing 2 smaller quantity of
emilsgifier, 4id not form as good an emilsion as the material containing
the greater amount of emulsifier. No. 3C was annlied in the shallow
wvater wherag the No. 3 material was anclied in the deeper water bdecause
the emilsion of the latter tends to sink quite rapidly. Results of these
apnlications were not considered satisfactory as the weeds were only
temporarily retarded and a coneiderable number of fish were killed.

Two additional drums of material were obtained for experimental
use durings the 1948 season. A nore comlete check on the vegzetation
was to be made et this time with close attention to be paid to calcu-
lation of dosages. An outline of the areas treated is given in Fig. 13
and the treatnents are given in Teble 1V. From the latter it will de
seen that the retes varied from 26 to 64 gallons per acre during the
1943 season.

A description of the areas and treatments follows:

Aren "A" yas covered by means of the lane method, applying No. 3C
next to shore and No. 3 in the deeper water. The aquatic plants in this
area were mainly Chare, Potamogeton gpihydrus, Nuphar sdveps, Ceratophyllum
demergun and anacgharis cagadengis were present in the deeper water 25 feet

from shore.




TABLE 1111

APPLICATIONS OF CHLORINATED BENZENES
- AT EAST NILL POND, 1947-1948

Date Material Rate per Acre

(in gallons)
1 ?/21 /42 Bo. $30 20
2 7/21 /47 Be. #3 10
1 5/29 /48 Ba. #3C 18
2 5/29 /48 Bo. #3 16
1 ?/21 /47 Bo. #3C 10
1 ?7/21 /47 Bo. #3C S
2 7/2 /w7 Bo. 3 5
1 5/29 /48 Be. #3C 8
2 5/29 [u8 Bo. #3 18
1 ?7/29 [u? Bo. #3C 25
2 7/29 /47 Bo. ¥3 25
1 5/29 /48 Bo. $#3%C 40
1 5/29 [u8 Be. #X 16
2 5/29 /u8 Be. #3 32
5/29 /48 Be. #% éh




33

In area "C" Ghara and Bagunculus flsbellaris practioslly surrounded
the island. The former was mostly confined to the shallow part and
merged in with the Ranunguluys flabellarig which lay in the deeper water.
In addition to these, Apnacharis canadensig wes common on the north and
south sides of the island. On the south side a floating-leaved pondweed,
Potamogeton gpihydrus, formed an upper-story over the Apacharis gapsden—
818 end Ceratophyllum Qemergum on the bottom. Sceattered about, esvecial-
ly on the eastern and southern sides, were the floating leaves of Pota-
mozeton natans, Mymphaea odorata and Potagogeton zosteriformis.

Growth of Potamogeton pectinatus came to the surface in area "D",
wag very dense and uniformly distribduted. Scattered throughout were
the flortins leaves of Potamogeton natans. In thie plot only Wo. 3C
wag used. ’

In erea "E' Anacharis canadensis was the most conspicuous weed,
especially in the eastern and northeastern vortions. The remainder of
the plot consisted, for the most pert, of_ggpggr_gg!ggg and Bepunculug
flabellarig. Sixteen gallons of No. 3 were put in the deeper water
while eight gallons of No. 3C wvas 2p-lied in the shallow water next to
shore.

The shoreward half and the east end of plot "F* gonsisted of a
practically pure stand of Charsa. In the remainder of the plot, the
surface was well covered with the floating leaves of Potamogeton natans
and algae. Beneath this mat were scattered plants of Ranujngulus fla-
bellaris and Ceratophyllum demersum. Scattered 1lily pads, Nymihaee
edorate, floated near the shore.

The results of the treatments of these areas were &s follows!




3

Two weeks after treatment, the Potamogeton pegtinatus in area "D

wag stil)l up to the gurface and was in fruit. Yourteen weeks after
treatment, the species was falling apart on the bottom and was partially
covered with a layer of algae. By late June of the year following, it
wvas obvious, by the stand of P. pectinatus that was developing, that the
tubers had not been affected. Two snrayings of 40 and SO0 gallons per
acre did not give gufficient evidence of control to warrant further
trestmeant.

For a time, durins June and early July, it appeared as though the
treatment of area "A® had been effective. Two weeks after treatment,
Ceratonhyvllum demersum and some Anacharis canadensis appeared dead and
on the bottom. The water was turdid, perhaps as a result of decay and
putrefaction of plant parts. Samnles taken with an Ekman dredge from
the bottom of the deeper part of the area, failed to bring up any por-
tione of live plants. In the shallows, the water was olear, with some
dedric on the bottom. A few scattered leaves of Potamogeton gpihvdrug
were present Jjust under the gsurface. Two months after treatment, re-
growth was apnearing all over the area, Bottom samples indicated that
the Ceratophyllum demersum was making regrowth. In the shallows,

scattered plants of Anacharis canadensis and Cerstophyllum demersun
were anpearing, dbut it was not until late the following summer that

the area developed the density of weed growth that had been apparent
Just previous to spraying.

In area "C", two weeks after treatment, new vegetative growth of
Raminculus flabelleris was just beginning to apnear from the sheaths

at the base of injured leaves. These new leaves continued developing
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until two monthe after sprayins, at which time the plants degan to settle
and fall enart, apparently from natural causes so that by early Septem-
ber all that remfined was debris on the bottom. Sudbmerged leaves of
Potamoseton natans and P. epihydrus were apperently killed but the
flontins leaves 41d not appear to be affected dy the underwater scray-
in~r. Chare ves not seriously harmed b& the apvplicetion but showed re-
growth br the end of the summer.,

Ir the shoreward nart of area "E" BRanunculus flabelleris, two weeks
after srrayins, weae apparently dead #nd or the tottom. At the end of the
summer there wes onl:;- dedbris left on the bottom underneath the leaves

of Nuphar adverf. By midsurmer of the followings year, 1ittle Rapunculus

fladbellaris ceame t-> the surface 2nd Anecharis canedensis appeered to be
ns dense as Ranunculug flabellaris had beer.

Although Charse was ccmpletely destroyed in erea "F*, it was noted
that nlents adjoining the treated aree, soon crowded into the cleared

weater. The tremtment was very effective on Ceratorhyllum denersum and

Anecheris cenadensis under the Potamogeton netans. Less eflective con-

trol w=s obtained neer the scuthern margin which adjoine? untrested
wvater nand where sone dilutiorn probadly occurred. The [ilanerntous

nl -ne scmm, which Just about completely coveraed the surface of the
wnter, 213 not ap err Lo te releted to the resilts of the tre:stinent
(*%e Aa~t% ~nY desrr ¢® the Chara) since the water outside the trented

cwpe Aale; ha? 2 heavr ol-ne scum. <Jhe sresence of small colonies of

Anachari- crandenstls end Ceratophrlliun demersun near the shore can

werhn o Ye

terttated to the action of the algee met which moved with

0

‘ha:~es 'n wind dlrectisn and thus was an egent in dlistriduting weed




Iracsments.

At Hastings, treatments were mmde using orthodichlordengene at rates
rangins from 40 to 80 gallons per acre with no emilsifier. Aside from the
fish k111, which accomnanied every treatment, several other observations

vere made from these anplications.

Even at 40 gallons per acre, growth of Anacharis ganadensis was re-

duced over rmch of the plot area and in & month's time an estimated 30
percent of the bottom was clear. At higher concentrations, a consideradly
creater portion was clear. In ever; case there was extensive putre-
faction which became evident when an oar was thrust into the bottom.
This was especially noticeadble where 80 gallons ner acre had been
anplied. A month after such & treatment, Anacharis canadensis plants
a~reared to have senarated at the soil level and it was possidle to ob-
tain an carful of the loose weeds, vheras in untreated areas they

were firmly ettached to the substretum. This effect was also observed,
but to & lesser extert, Iin onlots where lower s ¢z hed been £;;11el. By
er1l:- Sertember, ap:roximately twe monthr after trestment, in every plot
there vere gome normal plants, ar~arently rooted on the bottomn, while
other arene in the plote had no livins plents.

At Hess Leke, errlications were made on August 21 e follows:

Tlot YNo. Rrnte Her acre Pom. Material
1. 52.C callons Lo00 orthodichlorbengzene
2. 65.6 rmllons 523 x*lene
2. 72.0 gallone €55 toluene
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Thece oaterlals contained sulfonated castor oil at approximately
threec percent by volume and had a gmall amcunt of water added Just bdefore
spraring. 3By means of a sprayer, powered by a gasoline engine, the
materials vere sprayed beneath the surface at 200 pounds pressure.

Vhen the area weas next examined, effects of the treatnents were
noticeabhlae in all plots. The predominate weeds in vlot Mo. 1 were
Lrisphyilun verticillatun and Chare. In the shoreward part of the plot
FJuphar advens vas presernt. The leaves of IMNjrigphyllum verticillatyn
aspeared ‘o have fallen and the bare stems were all that rem2ined.
Towever, new shoots c2uld be obgerved at the basal rezions and these
cortimied growth untll cold weather. Much of the Chara on the bottom

vac dieintesratinz. Muphar advena was unaffectel.

In Nos. 2 and ? the effects of the meterlials were less noticeadle
than in :lot Mo. 1. Sone of the leaves of Mvrionhyllun verticillatun
were brown tut others were not. Yo effects of the treatments could dbe
obeserved on Chere.

To further test the effectiveness of xylerne, four applicaetions

were arde nt Hagtines, Setember 7 ae followst

2lot No. Rete oer acre Pyn. Enlsifier
1. 140 ~allons 2,450 10 percent
. 160 smlloens 2,450 10 percent
2. 320 =allons 4,900 5 percent
e 150 callons 2,450 10 percent

At the tinme of the next examinntion, three weezg leter, the terminal

_ortions of Chara were found to be whitened in plot No. 1. Under thig thin




lever, the rest of the Chera anpeared normal.

Plot No. 2 conteined principally Apacharis canadensis end Xalas spp.
The latter specles anpeared to have bdeen more severely affected by the
treatment than ai¢ A, canadensis. Much of the Nalas became flaccid and
vwee or the bottom undergoing decay. This growth of Najles had been near
the surfece at the time of application and therefore had been exposed to
the erulcion for & loncer neriod of time than the Apacharis cansdensgis
which waes a2t a =l!-htl;r grerter denth. NYew rhizoldal roots were seen on
frognente of Anachar!cs canedensig. |

The apprllcetion of xrlene £t the rete cf 227 2ll7ns per acre eppeered
to »ave been effective !n cortrcllines Potenorseton pectinatus and Najes gpp.
pc therc egpecles vere ar: arent)” dead end disintesretins on the bottom.The
treatnent, however, d!1d r-t -revent & clum. of Polrsomum in the center of
the v1lo0t from Nowverin-,

In Mo. 4 onl; in serttered rrear wes Jnlag controlled. ZElsewhere
1t nerclcted torether with Potanoretor rentinntus ae isolated colcnies
which were in & heflthy ccndition. Small tubers were beins formed in the

cege of P. nectinatys.,

Ir the use of these mrteriels, the cost of erulsifier constitutes a
girmificant nHortion of the exr.ense. Sulfonated cestor oll and mahoreny
roe- were reccrrerded by Beleconm (2) for use with the petroleum naphthas.
Ir the flowin~ waterc of irrigrtion ditches of the western United States,
vhere therce componnde £ind wides rerd usapge, 1%t hag been determined that
the temereture of the water will affect the amount of emulsifier re-
quired for satisfrcetoryr emlsification (2).

The raterial asplied at Hess lake d1d not emlsify as well as might
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have been desired. The September applications at Hastings where 5 and
10 percent of emlsifier was used, were superior in this respect.

On the basis of observations made on spray applications it appeared
that insufficient information was available relative to the influence of
the tyve of emulsifier on the quality of the emulsion ~nd that a study
shomld be made with the view of findings those ermlsifiers most effective
with the materials used in Michigan waters.

The heavy and light materials varied considerably from the specific
zrevity of water. For example, the specific gravity of xylen? ig about
.860 and for orthodichlorocbenzene 1.30. In the case of the light ma-
terials, it was desired to meintain them in suspension for at least an
hour bYefore they came to the surface. For the heavy materials it was
desired to maintain them in a suspended form for at least an hour before
they sank to the bottom. This hour of contact was selected as a stan-
dard because such a time interval would allow for sufficient contact be-
tween veed plants and herbicidal suspensions to bring about & kill of the
nlants,

Since cost is an immortant factor in weed control vractices, efforts
were directed toward the use of as small an amount of emulsifier as possi-
ble and still achieve the desired result.

The procedure in evaluating emulsifiers conelsted essentially of
pddins emulsifiers to 10 ml. of ortnodichlorobengene, trichlorbenszene,
xylene, etc. and, after thorough aggitation, shaking this mixture with
90 ml. of water in a tall, 100 ml. graduate and observing the rate of
settling. The quantity of emulsifier added was calculated on & volume

dasis.
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In general, when 5 or 10 percent of certain emilsifiers were used,
there wag 1ittle settling within an hour's time. However, 5 percent was
coresidered to be too costly when used on a field scele. Efforts were
then directed toward reducing this amount and still achieving the de-
eired hour of suspension.

The best method found to achieve this goal was to mix light and
heevy materials. They were muturlly miscible and the addition of one
to another in any proportion caused the specific gravity to be closer
to that of water, than was elther seprrctely.

The fir-~+ attempt at mixins was that of combining 5 ml. of ortho-
dichlorobenzene (heavy) with 5 ml. of xylene (light) and a very small
quantity of Tween 40. When this mixture was shaken and poured into &
~raduate containing 90 ml. of weter, a falrly good emilsion formed
{mmediately. Upon shakins the graduate vigorously, a uniform cloundy
erm1l sion resu1lted, which showed no separation after an hour's time.
Subsequently a layer besan to form on the botton.

Other trials with different proportions and different emulsifiers
vere made. Seven ml. of xylene and 3 ml. of orthodichlorobengzene, plus
2 little sulfonated castor oil formed & good emulsion when shaken with
water. Eighteen hours later the top 10 ml. in the graduate (here wes
the nixtare) was clear and there was no settling on the bottom.

1t was soon found thet by eliminating the ermilsifier from the
nixture, one or two drors 0f the mixture, falling through a water col-
amn, would reveal whether the mixture was properly bdalancel. If the
drons came immediately to the surface, the mixture was obdbviously too

licht. If a 4dron fell rapidly through the 90 ml. column of water, that

39
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indicated the mixture to be too heavy and would require the addition of
*he lighter component. By such & series of trials it was possidble to
e»rive at the particular combinations desired which were near the
arecific gravity of water or slightly heavier.

With some of the materials the dalanced mixtures apneared to bde as

“511lows:?

orthodichlorobensene-xylene as 1:2

trichlorbenzene~xylens as 1:3

The desired balance wes that the mixture be slightly heavier than
witer as most emlsiflers are light and the add‘tion of them would lower
the specific sravity of the nixture.

By early summer of 1749 sufficient informrtion had bYeen sethered
10 thnt field applicetions were warranted. Three quarter-acre plots
-vere staxed out at Fess lake in Newayzo Co. The weeds present were

Chare, Potanoreton anolifolius, Nympheea odorats, ené Najas gpp. The

_lots were 1ai? out ~ovre or less parallelin: the thore so thet the same

‘entn of water (ap roximrtely 2); to 3. feet) would be encountered in each
~lot and so that the weed growths would be nmore or less similar., The

~nterials ised were £33 follows:

xtur Ratio
trichlorbenzene-xylene 113
orthodichlorobengene~7898 2:3
orthodichlorobenzene-xylene 1:2

Men sallons of each of the above balanced mixtures were used
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~azins the applications at the rate of 40 gallons ner acre. Adding water
to the mixture at the time of spraying seemed to aid the formation of the
e=ilsion when the material was sprayed beneath the surface. Amount of
emlsifier added was calculated at 2 percent of the dbalanced mixture.

By means of a John Bean Spartan Sprayer with a 15 gallon tank, de-
livering about 3 gallons per minute at 200 pounds pressure, it wes possi-
ble t» spray the 10 gellons fairly uniformly over the quarter-tacre plots
*r criss-—crossing with 2 rowboat. The spray boom consisted of four
T3, £5n0E7 Tee~Jet nozzles on 18 inch extensions, extendins below the
~:rface of the water and at 19 inch intervals. The date of application
s June 2lst. |

The ermilsion of the orthodichlordbenzene-xylene mixture 4id not stay
17 very well and semarated ouite repidly. This ranid dreaking was not
‘esired as it prevented materials from remaining in contact with the
~lants for the desired neriod of time. Subsequent examinations falled
to show any effects in nlots other than that shrayed with the trichlor-
benzene nixture. In this plot the Chara, a week later, was down on the
tottom and covered with a filamentous 2lzme. Anparently anaerobic de-
comnosition was taking place for when an oar was stuck in to mounds of
the dedris, bubbles of ill-sgmelling gas camne to the surface.

On tais sanme date, June 29th., tern gmllons of the trichlorbenzene-
xlene (132) mixture plus 2 vercent emilsifier was &p lied to 2 quar-
ter-acre nlot near shore. Chara wag osredominant here with scattered
slants of Myrjiophullum verticillatum, Potamogeton vaziratus and Hajas spp.
Te coverasze was good and the materlal stayed n- satisfactorily. Two

weekzs later the Chara no longer remained upright dut was prostrate and
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“rernented. Chara, in falling to the botton, avpeared to tale with it
st~ anpecles of nlante and leave the plot relatively clear. Durines

the rect of the season, the bottom of this area remained virtuallyr free
€r>m nlant growth. A vear later there wes still a greet 4ifference de-

tvveen the trested 2nd untreated nlots bPut individual plante of Mvr!-

2oh¥lin~ vertigillatum and Potemogseton veginatus were rresent.

Other epplications, later in the season, were mede with this
“4xtre and vith the orthodichlorbenzene-xrlene mixturea. Arplicatiens
on anheclee other then Chare d1¢ net produce ae gosd reealts.

On July 11 a »nlot,~about one-~sixteenth cof an acre, wes rprayed at
*he rnte of 170 gellons ver acre with the trichlorbenzene-x:-lene
1t rture Hlue two rercent smlfoneted cartor oil as ermileifier. The
Tottom wec covered with Chare and occacional nlante of Potamopseton
an 11¢€clius. The annlicertlone wae made with the nower s»rayer end
5., 6500567 nozzles. Durincs the treatment rumerour c~all fich, three-
~uretare €0 one frch in leni-th, were cecen 'n distresc,

The next day the Chara had whitened erd loolted der?, $at ne (¢
WY@ 1enls rfter bein~ exnored to the pir for & short neriod of tine,
Potrrcreton amolifolius 44é not anrerr to be affected. The emall fieh
“ad Arifted to rhore and it vas ectimated thet there were frcm three
‘o four euprte of then.

Three weeks efter treatment, there ctill wee no effect on the Pote-
moreton Amnlifolius. Chare, althoush it wee bBlerched, ums heginnines to put
+1¢ nevw gho~ts in the axile. At this time another ten pgellons of
tre mixt:re wag aprlied. Chare, two wee'ss after this second treatment,

‘#g A varentl- desd and dimintesratins. The Potemo-eton emmlifoljug




rantined unaffected.

Examination of the plot on June liuth. of the yeer following, re-
vealed the comnlete absence of Chara. Even areas just outside the plot
vhere some drifting of the mixtﬁie had occurred, showed a Chara-less
bhattom. With a plant hook, it was impossible to find any fragments of
Chara. Yo noticeable difference was to be observed in the growth of
Potamcreton amplifoljup. It and a narrow-leaved form of Potamogeton
were gsrowins normally and already had their flowering spikes to the
surface.,

On Auguet 18, 1949, five gallons of the trichlorbenzene-xylene
~{xture (1:2) was sprayed over the surface of a plot (50 by 40 feet)
with an average demnth of about twec feet. This was in the northeast
corner of pond No. 11 at the Hastings Fish Hatchery and was at the rete
of 1N8 gmllons per acre. The area was almost completely filled with

Apacharis canadensis 2nd some Heteranthere dubia.

A week leter the white, soft, decayed, terminal portions of

Anacharis cansadensis were very conspicuous ageinst the dark background.
An oar, dipred 1ntorthe woter and weed mass, drought up a load of dead,
brittle A. ganrdensis tops. The lower portions, however, were green and
cshewed new shoots one inch long. The same tyve of regrowth was noted
{n the ocase of Heteranthera dubie, which ap eared dead, but new shoots
were developing from the bases. On the surface, bdits of floating, de-
raying, filamentous algme supported leech carcasses and several dead
bluegills. Other bluezills were seen in distress. A few were found
restins on semi-submerged pond scum and when disturbed with a naddle,

swam 51indly into suspended mats of algme. Rowins a boat in the area
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seemed to Bring more fish into difficulty. The chemicals were probadly
brourht into suspension again by the agitation caused by rowing the doat.
s wvieidle drope of oil ceme to the surface.

Subsecuent examinetions during the summer indicated continued re-
srowth of both species. A surface spraying of the mixture is apparent-
17 not as successful efs a sudbsurfece one,

On August 29th. at Lake lansing, five gellons of the trichlor-
bernzere-xylene (1:2) mixture was aprlied beneeth the surface in an
aree 50 by 50 feet. This was at the rate of 87 gallone per acre. The
nlants were Yallisneria americanas, Potamogeton ampljifolius, P. zosteri-
formis. P. richardsonii and Heteranthera dudbja. The mixture was applied
2t 200 pounds nressure using No. 550067 Tee-Jet nczzles. Ever during and
efter trovtaonnt, 1t was noticed th-ot the susnension tended to drift shore-
ward so that alonz the outer edge of the plot, the material did not re-
main long in contact with the weeds. Quite & few small, one-inch fish
were seen in distress. A six and one-half inch pickerel was picked up
and revived by beins placed in clean water,

Tive days latar the results were very noticeadble. Over most of the
treated area, and that for ten or twelve feet shoreward, the Yallisneria
americanna leaves, which were about one and one-helf feet long, were on
the bottom. They wers dleached white and transnarent &s were those of
Potemozeton gosteriformis. Basal portions of both apneared normel. P.
a=14f0liur ves affectad least of all. The leaves were -~erhans a little
sff entor but the dasal nortions were green and the rootstocks were
normel. Heteranthera dudia stems were still siightly sreen in color at

the {aterrodes but the leaves were dleached.
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Two weeks later one or two new, green leaves of Potagogeton amoli-
f2liug stood out in sharp contrast to the rest of the bottom with its
milpy peat and browned leaves of other plants. There was no regrowth of
Vollieneria amerjcapa.

The following summer P. agplifolius came to the surface in parts of

the plot and thus indicated that it had not been affected very seriously

by the treatment. Vallisneria americana and Chara were rare in the plot.

The last field application with the mixture for the season, was on
Se texnber 6, 1949, At the time of s-ravings, two gallons were 2dded to
*he mixture which consisted of one gallon of orthodichlorbengene, two
sallons of xylene and 250 ml. of sulfonated castor oil. This was sprayed
beneath the surface at high vpressure, 250 nounds per square inch, over an
area &pnroximately 50 by 4O feet at the rate of 65 gallons per acre.

The surface wats well covered with the leaves of Brasenia schrebderi.
Underneath the surface, Vallisnerie americans, Heteranthera dudisa end
Potamoseton zosteriformis were common.

A weeZ later it wns estimated that 90 percent of the Brasenia
schreberi leaves were under the surface and turning brown. Heteranthera
dubia appeared severely injured and the blackened, decaying plants and
rootstocks could be pulled from the botton, easily. Yallisperia amer:i-
cann leaves were dead and on the bottom. (Ceratophyllum demersun
leaves were brown and the stems were brittle. The following year 1t
wes obvious that Bragenia gohreberi in the plot wes dlistinctly thlnner
thar in aress outside the plot. There was still evidence of Ceratophyllunm
demersum. This may have drifted in as aoparently 4id some Apacharis

canadensis. Yalligmeria spericans was still present and was apparently
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not permanently retarded by the treatments.

It had been observed that differences exist between surface and sub-
surface water temperatures. No information was availadble as to the effect
of cdifferent temperatures on the rate of settling of different mixtures.
A serles of experiments directed at this particular prodlem, that is the
effect of temperature on the gsettling of emulsions, was made. Tadle V
indicates the results of these experiments &and representes the average of
four and in some cases six trials. Amount of ermlsifier was calculeted
at a» roximetely two percent.

Field trials indicnted that insufficient information had been ac-
~mired relative t> oguleifiers when used w!th balanced mixtures. Some
emulsifiers which seemed to form a satisfactory emulsion with one dbalanced
mixture were not satisfactory with another. A comparison in the amount
of settlines of trichlorbenzene, xylene and 2 balanced mixture of the two,
ae offected by various amounts of emulsifier, is shown in Tadble VI. The
method of evaluation was similar to that descrided esrlier. The amount
of settlins represents the average of four trials and was recorded one
hour after the materials had bdeen shpken with lake water in tall, 100 ml.
graduates. Drops of emulsifier were those which fell from the end of a
three mm. stirring rod. The mixtures had & specific gravity of 1.013

An evaluation of emilsifiers for use with balanced mixtures {is
given in Tadle VII. Llake Lansing water was utiliged and emulsifiere
at ap-oroximately two percent by volume. It is likely th;t some of the
ermlsifiers indicated as not bYeing very satisfactory could be mmde so
by altering the ratio slightly. The effects of different emulsifiers

on balanced mixtures of xylene-trichlorbenzene is shown in Fizs. 12.




TABIE V

A COMPARISON IN THE RATE OF SETTLING OF DIFFERENT TRICHLORBRENZENE-
XYLINYE MIXTURES AT DIFFERENT TENPERATURES USING TWERN 60

HMLSI’IE“DIO lﬁo. o:rmuxm

'rriduor- o
bengene-Xylene A }f}' 25~ 0.
Ratio Yhre| 1nr.| 2 br.| Fwr.| 1nr.| 1 he.
- -— —— —— — — - PO = - . [ _4 —_ - —_ - — U, — — e L= L e —
1:2 Se ml. | 74 ml. {10.0 ml.| 4.4 ml.] B.4 ml.]|10.6 ml.
13205 30 ml. 1&.5 ml. 607 mle 2.0 ml. 4,2 ml. 6.2 mle.
1:3 O mle | 2,0 Mml. 3.25mlyd 0.0 ml.] 0.0 ml.| 2.2 ml,
o L i
TABLE VI
A COMPARISON IN THE AMOUNT OF SETTLING OF TRI-
CHLORBENZENE, XYLINE AND A BALANCED MIXTURE
OF THE TVWO AS AYTECTED BY DIFFERENT
AMOUNTS OF EMULSIFIER
T LT ST T T T o - bt T “i T T = . T - e - - —_——
Amouns of | Trichlor-
Reulsifier Trichlorbengene ! ""';"" } Xylene
(Tween 40) ! Xylene |
(133) ‘
el e
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IXTURS WITH VARIOUS EMULSIFIERS
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It w=s anparent from some of the experimental work done in the la-
Sorrtory thet the type of wnter was a factor in the stadbility of erml-
etzne, Tap vater, distilled water and lalze wrter 41id not react uniform-
1;- ==~ ~hown *r early testc. Tadble VIIT indicrtes ihe results of experti-
nmental work using both 2 balanced and 2 slightlr heavier than balanced
~ixtare of xrlene-trichlordenzene with Tveen 50 as emulcifier. Six
Arn: - of emuleifier were used per 30 ml. of nixture. Here esain, 10
=1, of the mixture was shaZen with 90 ml. of weter and the amount of
cettlins whc observed houarl;. The readin~e re:.resent the esvernrme of
clx tr!®lc nt rorm temeor-ture,

Tt w1l be seen ?rom Tabtle TITI thrt dffferences 2 .ear to be grect-
ret heatveor the te. and lalze wnter scriles when balanced mixtures were
s, In view 2f these differences, onl: laite water (from Lave Lansing)
g 1t 1llzed 1 zubsequent laboratoryr invectirations of balanced mix-
tarec, exce t wvhere otherwise noted.

.. field trlal, June 18 was deci med to compare the effects of &
helenced mixture of osrthodichlorbenzene-xrlene (1:2) mnd one of trichlor-
Terzone-xrlene (1:2), At this ti-e of year Chara at Lake Lansins wes
~3 1t one ané one-half ¢to two fert in height. The 2n-licrtlons were
inCe b means cf the power sorerrer 2nd were at the rate cf 135 gellons
_er acre usins twe percent smlfonated castor oil as emlsifier. 1In
crder o obtalr some 1dez of the density of the ctand of Chara, the
‘yroeealire rs ocutlined br Rall (?) was followed. The averare welght of
Charm with six cmets of the hodiz was 13.7 cunces with 2 range of 12 to 17.

At the time of the next exanination, eirht cays after treatment,




TABLE VIIl

XFTECT OF TYPE OF WAT:R ON STABILITY OF RMULSIONS
USING TWEEN 60 AS RMULSIFIER

An t of Settli in ml.
- VB¢ Inrichlorbensene- ount o ng (a al.)
vater Xylene Ratio T
1 hour 2 hours 3 hours 4 hours
| 1312.5 4,6 10.3 10.9 13.8
Tan 5
1:3 3.3 805 902 1102
1:2.5 3.9 7.9 9.1 10.8
Distilled
1:3 2.1 4.1 4.9 6.6
1:2.5 L.5 8.0 10.0C 13.5
Lake
1:3 2.3 4.3 §.2 6.6
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there were irdications that the applications had deen fairly successful.
¥here there were no other weeds, Chara was down and on the bottom and
it wre very easy to odtain an oarful of the brittle and tleached plants.
Where several plants of Potagogeton agmplifoliuns were growing, the Chara
a-neared tc drape over them.

Periodic obeervations were mfde the rest of the summer on these
nlotr end rowhere Aid the Chars meke regrowth. A rew p.ants of Potagmo-
geton agolifoliug persisted throunghout the summer. Likewise a few
plants of Mrriouhyllup verticillatup continued growth, although it may
havr been that these Arifted in following the decline of the Chara.

Toward the end of the season , several Elman dfedge samples vwere
talien and in them were recocnizadle Chars fragments. XNo ewvidence of
regrowth of the algae was to be found.

The Chara mat in pond No. 10 at the Hastings Fish Hatchery weas about
12 inches thick and extended to within 6 inches of the surfece. The
uniformity of this stand , by June 21, 1950, made it ideal as a testing

ground. The materials and rates of apprlication ere given ag follows:

Mixture tio Gallens per acre BErlsifier
Ayl acetete-
ichloryentanes 2:L 255.7 Mulsor V7
Xylere-ortno-
dichlorbenzene 2:1 255.7 Tween 50

X lene-tri-
chlortenzene 111 255.7 Tween 60

The erulsified material irn the amyl acetete-dichloropentane and

xyYerm-orthodichlorobenzene plote steyed ur exceptionally well. TFive
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2r slx houre later a whitened patch was evident adout each stake.

In every plot, ten days later, the upper 5 to 6 inches of Chara
woma tleached 2nd disintegratines (M. 14) dut the lower 12 inches
wewe normml (Plg. 18). The ermlsion caused the *¥111lins~ of Chare for
r Zepth to € inches and d1d not penetrate further,

One month after trestment, the plots still stoo? out Iz charr con-
traet ta the sgurrs>undinz area. The upn_er layer of Chara was well disin-
+orated and fell anart when tiiched with 2n oar., In some plots the
creen Share underneath wre beginnines to ;ush up throuzh the dedbrie,

M™Mrom the reslte of thie serieas of ap-licrticons 1t wes annarent
t'n+ when the Charn was Aenge, the ermlsion of a Prlanced mixture would
r.* enetrate more than ¢the tor few inches. Here the emalsi-n remeined
en? effected a gsood kill.,

The next ;.roceedare vAs 4o co welrh* the nixtures that ther
nt~“ht renetrate farther into the Chare end affect a srenter extent of
¥$11, 1In an effort to secnre menetrrtion, & rurher of mixtures having
AL Pferent snecific cravities were mede and anplied. The nmixtures and

rrtios uced were ns Fnllows:

Mixtare Ratio
Trtshlordenzene~-x;-lene 1:2
Trichlorbenzene-x:-lene 1:2.5
Trichlorberzene-x-lene 133
Orthodichlorbenzene~x;-lene 1:1
Orthodichlorbvenzene-xlene 1:1.5

-

Crthedichlortenzere-x;-lene 12
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The ermmlsifier used was Tween 60 and the applicrtions were made at
‘he rate -of 255,7 gmllons per acre on July 21. In the trichlorbenzene-
vYene reriec, the ratio 1:3 represents a bdalanced mixture, wheras the
1:” 1s heaviest and the 1:2.5 4ntermediate.

Twe weelsr after trentment, all the nlots a--eared to be adout the
=rme. thrt 1s the tor few inches consisted of dleached and trittle
fhnre, while henesth this the nlante were normal. There anpeared to de
~~ @t fferonce in the denth of ~enetration bdetveen any mixtures as evi-
‘enced hrr mepenrerents of the tor and hottom nortions. MNo further
rffarte to welpnt the mixturees were made ag the mr-occse of baleneine~
1~ thue deferted and the emaleton does not lon~ pereiast,

At Porta~e Creer Trout Pond, three a-rlicetione were nede with
the trichlorbenzena-rrlene mixture. The firet wae made July 8, 19080,
over mror W1_8" (P, 14) and at the rete of 1720 emllone per acre
1fn~ +he 1:? ratis and gulf-nrted crstor o1l to the extent of two
cercent, The aren conelsted entirely of Chara which had not been
affected T trertments of drr herdicides mede vhen the nond had been
A=ained the -revious winter.

™ree wee'-s after trertrent. it a-~weared thet the control of Chara,
ar-enifllr in the shallow wvater, hed been very £~o0d. Ir this ares the

Tanta were or the bBottom and di~'nterrestins, Rerulte ware not ae rca-
tirfactar:: in watear more than two fcet dee-. Here, onl:- in certain
ayrpae were the weedr dowvn while in other arers normal nlants seened
¢~ an-vort a layver of derd Chara, This condition existed for the re-
“ninder of the sengon, the shallew eremas reanrined cleer and the deeper

ayspe were ancttw.
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Treatments of the remaining two plots were made July 21 using
1:2? ratios of the trichlorbengene-xylene mixture a2t rates of 122.4 and
1.€.2 ¢rllone per acre. Chara prefomineted in both plots with plants

2T 2:tanozeton netang and Ceratophyllup demersur legs abundant. Loca-

*1en »f these treated areas 1s given in Fig. 16 where e2res "N yag
*ronted 2t the low concentration and area "12% at the high.

Trece nlote were next exanined three weelZes later. ZIven at the low
~cncertration, very gsood control of Chera wae obttained. The plants were
"t the tottom and were disintegreting. Potamogeton netane arpeared to
“eve Yeen infured, Bs ghown by the fact thet nost of the floatin~ leaver

ro derd ané of r lirnt-brovm color. Each nlant, however, was observed
*+. reve at leact one or two green leeves, The -resence of these leaves
indic-ted uncaticfactory control of thie s-ecles.

Tr.e effects in the plot whica had received the greeter concentration

were ciniler t> those of the lower. Cereto-hrrllun demersun and Chera

vrere disinte~ratin- on the bottom, three wee'zs after trectmernt. The
trertmernt a veered moct succescsf1l in wnter one and one-~helf feet deer,
clthourh satisfactory control ves obtained in weter un to two &nd one-

hall feet Cee-. lYotsniozeton natane resvonted in rmuch the sane wey nms¢

't a3 at the lower ccrcertration.

Althourh an errlier trial et la-e Lanrin-~ had failed to reveal ary
Jrefarence In effectiveness betweer xylere-tricnlordernzene and xylene-
“rthodichlcrbhenzere, encther set of a-nlicetliors were made July 14, at
the rrte of 25,6 rmllore per acre to see 1f lower dosases would shew
A difference. These arplicetions were made et Hastin~s, yond Vo. 17,

where 2 heevy ctand of Chere wes very uniform over the two plots.

A wee' £A1%0win~ the a-nlicatisr 't wvae oteervel thrt the tors of-
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the Chara plants were killed in both af:;;“ while underneath the plants
vere sttll green. Three weeks later the areas in the shallow water of
both plots seemed to show the best control. Here portions of both plots
ware clear, Chara havings fallen to the bottom and only studbs and dedris
were left. A visual examination indicated a greater degree of control
in the trichlorbenzene-xyrlene plot than in the other.

Chara, nine weezs after treatment, in areas where Just the upper
cortisns had been killed, had resumed growth but 414 not makte 2 re-

A ~earance in the shallow areas where it had been effectively controlled
errlier in the summer.

On the 24th, of June a balanced mixture of orthodichlordenzene-
xvlene, with Tween 50 as an emilsifier, was annlied at the rate of 200
~a1's5ns per acre on Heteranthera dudies and Myriophyllum wverticillatum.
This as-lication killed the weeds to the roots so that nothing remained
on the bottom but pieces of demnd stems.

Another an.lication made a week later on the sane species, but at
rn concentration of 67 gallons per acre, d1d not give a satisfactory
ccntrol. Neither 41d an applicetion at the rate of 127 g2llone per
acre made Jaly Sth. give more than just temporary control.

Other &p_lications mrde on Chare with the balanced mixture of
trichlorbenzene-xrlene, in nmid-July and early August, at rates of 70
to 127 gallons per acre, d1d not give as satisfactory control as did
carly season ap~licatlions.

In an effort to effect a kill of the lower portions of a dense

;teh of Heteranthera dubia by making the mixtures heavier than a
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talanced one, & series of three treatments were made August Lth. using
trichlorbenzene-xylene st ratios of 132, 1:2.5 and 133 at concentrations
cf 127 gallons per acre with Tween 60 as the ermilsifier. There 4id not
2 ear to be & better kill of the upper portions of Hapteraptheras dubis
than the lower when the 1313 ratio was used nor a better kill of the
lower pori.uns than the upper portions when the 1:2 ratio was used.
Other anplications on Heteranthere dubia were made at concentrations
ran~ias from 75 to 172 gallone per acre. At the higher concentration,
resrrowth from injured nleants was retarded for a longer period of time
than at the lower, but satisfactory control was not odbtained.

Two spplications of the balanced mixture were made on Vallisneria
anericana in mid--and late-August. Thege were at rates of 127 gallons
rer acre using Tween 50 and Antarax A-400, respectively, as emulsifiers.
In both cases control was complete and in two weeks time only a very; small
amount of dedris remmined to indicate the presence of the weed specier.

Two ex erimental sprayincss were made Sentember 24th. on a dense
stnn? of Klodea which came almost to the surface in 36 inches of water.
Trichlorbenzene=xylene aixtures were again used a2t the rate of 128
sallons pDer acre. These mixtures insteed of being in the ratio of 1:3
were combined s0 as to be heavier than balanced nixtures and to have
a-ec'fic rcrevities of 1.95 and 1.1

Altnough the nmixtures 41d not emilsify very well, this poor
emileification apparently had little effect on the results since
three weeks later, the treatments were very effective, even over a
larger area than where the mixtures had been agplied. The bdottom in

toth plots was clear of live Anacharis canadensis and only debris re.

mAained,
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2,L-D PELLETS

In September of 1949 experimental samples of 2,4-D pellets were

ohtained. Their composition was as follows:

numbe ents and congentra r 10 .
H-9123 9.1 pounés 2,4-D and 72.8 pounds NaPCP
H-9125 L. pounds 2,4-D
29126 L, pounde 2,4,5-7

It weas intended thet these pellets would be dbroadcasted over the
surface of the water, sink and settle into the bottom. They were so
compounded as to go slowly into solution. Once on the bottom they
would slowly liberate the 2ctive ingredients which, it was hoped,
wculd be absorbded by the roots and thus exert 2 toxic influence on
the plants.,

It was proposed that the three samples of pellets be put out in
the fall in order that they should slowly dissolve durins the winter
an? the active ingredients be absorbved or otherwise contact the rest-
in~ portions of the weed plants.

One of the first indications of the effectiveness of at least one
of these compounds apneared after the 2,4-D-PCP pellets had been
asplied at the rate of L26 pounds per acre. This was scattered over
a nlot of soft-stem bulrush, ggirpus validus, which was growing in
shallow (4 inech) water on sandy bottom. The date of apnlication was

September 2nd. A week after application, the bulrush leaves had turned
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a2 licht tan to & whitigh yellow color and were deginning to lodge. Two
woezs after application, the boundary of the nlot was clearly defined

as the green, normal leaves cutside the area stood out in sharp con-
trast to the burned, lodged leaves within the plot. During the remaln-
der of the season, further disintegration and decay were observed.
Underground rootstocks did not have the normal apnearance nor turgidity
that those had outaide the area.

The south end of pond No. 10 et the Hastin~s Fish Hatchery wes
l12id out in square-rod plots. By putting in staces and making a grid
~nttern, plots were laid ocut in the f2ll of 1949 and trerted (Tadble IX).
A failrly uniform depth of water, about two and three quarters to three
feet, was obtalned by keeping awey from the edges of the pond. The weeds
vere not at theilr stage of most vigorous growth. The maln species were
Chara, Anacharis canadensig and Ragunculug flabellaris. No further
attention was given these nlots following apnlication of the pellets
until the following March.

On March 15, 1950, holes were chop ed throush the ice in the center

of each plot which had bdPeen trerted as follows:

Pounds per acre Material Elapt gpecies
| 6.4 2,4-D Rerminculus flebellari
19.2 2,4-D Chare, M filiformis
19.2 2,4,5-7 Anacharis canadensig
3.2 2, 4-D-PCP Apacharis ganajensis
320.0 PCP Apacharis gangdensis
800.0 Sodium borate Anacharis ganadensis

1600.0 Sodium borate Apacharig ganadensis




TABLE IX

mms OF S'RING EXAMINATIONS OF FALL TREATED FLOTS

Rate per acre

_——— e e e —— e

Material !
or (in pounds) | Results
|
!
2, 4=D-FCP t .63 Sago pondweed almost to surface
t
} 1.27 | Elodea growing well
f 1.9 Water-crowfoot dense and growing well
| 3.18 . Mud plantain growing up well |
! .
; 3.2 | Water milfoil to surface over whole plot
i
! 19.4 | Soft—stem bulrush reterded
: .
2,4=D 3.1 Bridemce of new Elodee growth
6.4 Water-arowfoot dense and growing well
12.8 Scattered Chara plants
19.2 Sago pondweed dense and almost to surface
2,4,5=T 3.1 Water-crowfoot growing up to surface
4.8 Chara a solid mat
| 19.2 Sago pondweed dense and almost to surface
n
Sodium borate 800. Bvidence of new Elodea growth
|
g 1600. Water-orowfoot almost to surface
PCP 160. Soattered Elodea and Chara
Check Elodea at least & foot high with lime

precipitated on the leaves
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A rake was lowered through the hole and several samples of the
bYottor material were drought up and onto the surface of the ice. At
thic exanination, some apparent differences were noted bdetween plots.

In the plots where 2,4-D, 2,4,5-T and sodium borate, at the rate
:f 870 -Hounde per acre had been asplied, the weeds appeared to be
~snree, Tt was not uncomnon to Brin~ un a rakeful of mud alone without
nry wende or there would be included pleces of dead plant dedris. Green
c-rt~s were not common. Those snrises thet were collected, were placed
'n lare =2n?, after several des in the larorstory, showed sisns of
~enewed rrovth.

Or. the Yottonm of the plot which hed received 2,L4-D-PCP, the dedbris
# Chara could caslly be seen extending upwerc several inches from the
“Yottonm. ¥ith a reke it was .oeeidle tc obtain a re:zeful of the dedris.
Sove of thle vee ohyviouel: dend Tut 2 conslieretle portion of it lookeld
g tmoieh 1t ot we row [ roth of portions drought dbaclm to the ladore-
t v, verified the otservation). Irclucded %n the rakefulls of Chara

‘ehrls were rreen s ri~e of Aipnacherlc cavnlensis.

In the =10t which had been treated wit» PCP, e;proxinmately the
cnne condltion exlsted s thet in the rren trented with 2,L-D-PTP,

Lnnshoarts cenadensie.in the 110t tresrted with 1677 pounds of

=341 horate, wvms consplenois and a ravef 1) could te gathered with
Tihele Aifficltr. Arrroxin~otely one-fourth of the plants in a rakeful
ny:anred to be in & normal ocondition end edle to resume ;rowth vhen
cnditione were ncoein favoredble.

In every plot there were plants in varlous strzes of greennesc.

The plots were agaln exmanined or Marr 1? 2nd on Mar 20, BResults
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of these obpervations are presented in Tadle IX and indicete regrowth
{n nverwr plot.

On feptemdber 23, 1940, a square-rod plot was staked out 4n
shallow water in which Tyoha latifolia and a2 sedge were oresent. This
ves on rmiclty bottom at the scuth end of pond No. 12 at Hastinss. Trent-
—ment consisted of 2,4-D-PCP pellets at the rate of 3.18 vounds 2,4.D
ner acre. This treatment a: arently had no effect d1ring the winter
for the followine sprins the cetta;ls arfin cane in to re-populete the
~1at.

On QOctober 2 and 1?7 geven 2nrlicetions were made in veter

atout three feet deep at Lake lansing. The weeds consisted of a well

3]

{xed stand of Chare, Potamoseton am 14folius, P. zosteriformiec and

Yallisnerias 2nericana. The materinslc used and the retes of annlication

wvere 8s follows:

Rate er ecre

po el
Veterial (in oounds)

2,40 L2
2,4=2 8.6
2,4-D 12,5
2,4=D 17.4
2,L,5-7 R.6
2,4,5-7 2.5

When the 1lot~ were next exrmined. June 1%, 19508, ro noticertle
dtPfarerce could he obrerveld between tre~ted and untrerted lots. During
the remminler of the summer, srowth of 81 s..eclies cortinued £rd no

wt'e ce P ccmtrol developed.
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At Hastings, in the north end of pond No. 11, an area was located
hich contained Apachsris cansdensis and Heterapthers dubis. An appli-
cation of 2,4=D pellets was made September 30th. at the rate of four
pounds per acre. IExamination the following year failed to reveal any
gisns that control had been effected.

At Hess Lake two large plots were located in the shallow weter.

The:: contained meainly Chare, Vellisneria americana and Potamogeton agmpli-
£clius. On Octodber 1, 1949, 2,4-D pellets were distributed over one plot
at the rate of L4.8 jHounds per acre and 2,4,5-T at the same rate over the
other plot. 1In late April of 1950, the time of the next examination, 1t
r: eared 28 thoush Potamogeton amplifolius had been affected by the treat-
ments as in both of the nlots there was debris of this §pecies present
but no living portione. Chara aprecred unaffected and continued to grow
throughout the ensuing summer. Vallisneria americena end Potamogeton
arrlifoljus later appeared and their growth continued during the summer.
Yo difference could be observed between the trezsted nlots or between
them and adjoining, untrested plote.

About 75 yards offshore was a very uniform stand of Potamogeton
agrlifolius and Chara, the latter salmost completely covering the bottom
with the former too numerocus to run throush with an outboard. 1In this
area one-quarter acreplots were steked out. Trestments of these two
~lots were mrde on the same date as the above two ap lications dut with
half the concentrations. Eicht months later, an examination failed to
reveel anyv sigsne of control. Chara wes still quite uniform on the bottom.

Potemozeton amnlifolius had come to the surface and was in flower. During

the remainder of the summer there appeared to be no decrease in the plant
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population of these two plots.

In the winter of 1950 an opportunity wes found to apply-treatnontn
of dry herblcides on the bottom of a drained pond. The tre~tments were
mede on March 14 over an area where Chara became abundant and objection-
able during the growing season. The general location of the plots was in

erea "1-8%  Fig. 16. The materials and concentrations used were as follows:

Herbiclide Rate per acre (in pounds)
Yo TCA 216
2,4-D 6.4
2,4-D-PCP 14.4 (2,4-D) and 116.5 (PCP)
Yla PCP 120.0
2,4-D-PCP 28.8 (2,4-D) and 233.0 (PCP)

Alpha hydroxy beta trichlor-

ethyl sulfonic acid 12¢.
Sodiun borate 480.
Copper sulfate 638.

The dry meterials were distridbuted® over the frozen nond bottom by
hand. A nonth lrter wnter was let in and covere® the treated nlots.
Staltes put in to limit the nlot boundaries, remnined cons,icnoue al-
thmrh those in the deeper wnter were submerged. Three months after
treztment. livinz plants were found in all the experimental plots. A
~arden walte and Exnan dredge were used to dbring up plants and debdris
for exaninetisn. Approximately four months after treatment no

diference could be seen between the treated plots. Chara formed &
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practically uniform mat over the bottom of the area.

Since a preliminary field trial had indicated a possible difference
in effectiveness between the samples of pellets, laboratory work was de-
cirned to determine if these differences existed. Some indiocation of
the rapidity of toxic action that might be expected from future field
trials and an idea of concentratione that might be required were also
desgired.

In cormparing these compounds, wide-mouthed one-—galion jare were
uged. Cuttings of plants were potted and allowed to remain in aguaria
in the greenhouse until they were ronted end showed evidence of the
formation of new leaf tissue. Theese potted nlants were then used in
the jar tests, resultis of which are given in Tadle X.

In the late snrins of 1950 =additional semples of the three kinds
of nellets were secured. These had much of the fine material removed
s0 that they were not &g dusty nor as disagreeable to handle &s the
previcus semnles. Nevertheless the 2,4-D-PCP nellete, when handled,
would usually initiate & cough. .

At Hese leke thirteen trertments were made on June 14, Seven

were made on rnractically nure Chare whicn, at this time of year, was

un ebout six inches. The treatments were as follows:

Materials Rate per acre (in vounds)
2,4-D 32
2,4-D 6k
2,4,5.T 32

2,4,5-T 6L




TAELL X

RESULTS OF JAR TESTS WITH ZXERTMENTAL PELLETS

Potamogeton amplifolius Anacharis cansdensis
vateriel ";ﬁ; oo
Days Iffect Days Effect

89125 2 10 - 17 *

2 9 -

25 28 e 28 *”

25 28 - 28 ¢

.25 18 - 18 -

5 9 - 10 *»

5 28 - 28 -

5 25 ¢ 25 ¢
B9123 .02 17 - 17 "

.05 18 - 18 -

8 18 - 18 -

o2 25 - 25 -




2 6 - 6 -
25 18 - 18 -
25 18 - 18 -
.5 6 - 6 ¢
B-9126 o2 10 * 10 *
2 17 * 17 e
25 28 - 28 *
5 6 * é "
5 28 - 28 *
Dowcide G .l 18 - 18 *
ol 18 - 18 -
2 17 ** 9 -
2 9 - 9 -
25 18 - 18 -
- Key
- dead o+ alight grovth
¢ still green #4¢ 00 oontrol
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(Continued)
Materials te per e (in pounds)
2-“05"’! 128
2,4-D-PCP - 72 (2,4-D) and 576 (PCP)
2,4-D-PCP 144 (2,4-D) and 1152 (PCP)

None of theete treatments were effective on either Chare of Potamo-

seton amolifolius since these species continued normel growth through-

~mt the summer.

The remaining six plots were in shallow weter from one and one-half
to two and one-half feet deer. The bottom was send and the weeds were
~ral)l nlants of Valllsneria americana and Potemoreton am-lifoliuve. Just
mmteide the edges of the three innermost plots, two scuare-yard areas
vere laid out by means of yardsticks and stalzes. All the plants in these
two areas were hervested and allowed to drein for two mirmutes on hardware
~loth after the loose sand, adhering to the roots, was shaken off. The
average welght of the plants in these two arees was 15 grams. It was in-
tended that later in the summer plants in soumare-yerd sample areas
within the treated plots would be removed and weighed. An estimation
~f the effectiveness of the treatment could then be made. The treectments

were ag follows:

Material Rate rer acre (in pounds)
2,4-D 256

2,4,5-7 128

2,4-D-PCP 58 (2,4-D) and 498 (PCP)

2,4-D-PCP 174 (2,4-D) and 1398(PCP)
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{Contined)
Meterial Rete per acre (in nounds)
2,4-D-PCP 201 (2,4=D) and 2329 (PCP)
2,4L-D-PCP 582 (2,4=D) and 4658 (PCP)

The pellets were distributed as evenly ae nossidle within the con-
fines of the plote which were ap-roximetely 8 x 8 feet. Twenty minutes
after applying 2,4-D-PCP at the rate of 291 pounds Her scre, there wae
noted a reddisan color in the water. A gomevhat less intense color was
to be seen in the nlots trested with the same material at a lower cin—
certration,

Two weeks later, it was ver; difficult to see any Aifference be-
tween the nlots. However, eight and one-half weeks after treatment,
it was observed that the weeds were not as consnicuous in the areas
treated with 2,4-D-POP at 174 and 291 pounds than they were where treated
with 58.0 pounds per acre. The nlants had apparently fragmented as =2
result of these high concentrations but an occasional green plant
nortion was found.

Twelve weelzs after treatment, there was nothing to weigh in the
area which had received the grectest concentration of 2,4=-D-PCP. The
fow weeds left in the two nlots which had received less than this
emount, were too thin to count or weigh. Two square-yard eamples
were teken in the plot treated with the least amount of 2,4-D-PCP
and the average of these was 12 ounces. Sample weishts were not taken
1n the arees treated with 2.4-D and 2,4,5-T primarily due to the depth

of the water and because it was 30 obvious that they supported more
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plants  then 414 the sampled plot. 2,4-D-PCP gave comnlete control at
822 rounds ner scre. The line separatings the 2,4-D from the 2,4-D-PCP
~lot was very distinet.

On June 17 three adjoining plots, each about one-fourth square
rod in ares, were lald out on cattails and the following treatments

vere made!

Material 2,4-D per acre (in pounds) Phenol per acre (in pounds)

?,4-D-PCP 174.72 1397.76
2,4-D-PCP 291.20 ' 2320.60
2,L4=D-PCP 582.10 Léss .20

Shortly after the arnlicetions it was amperent that the treatments
vere heving some effect. The sedges and cattails were drowned as if
ccorched. Pellets, which had accidentally fallen along the margin of
the arens, left distinct drown spots in the god. TFive weeks after
trectment there were only nine cattail nlants alive in the erea which
had received the greatest amount of pellets. In the other two plots
it was estimated thet there wnes less than ten percent regrowth. This
rasrowth continued to grow during the rempinder of the season.

On July 22, 2,L-D-PCP pellets were distributed at the rate of 128
nounds per acre 4in water lecs than two feet deer where Heteranthera

drbia and Myriophyllum verticillatum were growins on the sandy bottom.

Men the nlot wae next examined, three weelrs later, the trestment
a~meared to have deen effective. The weeds were down on the bottom and

no live roets or stems could be seen. Plants were sligntly slippery

rnd flaccid. The few Apacharis canadensis and Coratophyljum demergus
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plants that were in the plot were leafless. Portions of the bottom
were cleer of plant material. Four weelks after treatment, further

dlsintegration of Heteranthera dubia waes noted in the shallow water.

Another area was trecsted at the rate of 291.2 pounds 2,4-D and
2329 pounds of phenol per acre. This was on & mcky bottom where
Potemogeton perfolirtus, Heteranthera dudia and Apscharis capadensgis
vere growing., Some of the pellets, although in an advanced stage of
colution, were still recognizable four weeks after trestment. The
weeds were flaccid, covered with marl and apreared dead. There was
an occagional green shoot on the bottom in water less than a foot deer.
line weelcs after trestment, the bottom was open, debris of Heteranthera
dubin wae conepicuous but no new shoots were to be found. The area
effected by the treatment seemed to be slightly larger than the area
over which the pellets were applied.

An area of adbout & square rod of soft-stem bulrush, Seirpus vealidus,
rrowing in the shallow water of »nond No. 1 at Hagtings, was divided into
two parts and one of these was trested July 22 with the 2,4-D-PCP nellets
at the rate of 145 pounds 2,4-D and 2328 poundes phenol ver acre. Six
dpys after trectment, the leaves leaned over as if hit by 2 heavy rain,
Thirteen days later they leaned further and were bleached to a light
vellow ¢olor. There was an odor of PCP in the vicinity and an evidence
of the former existence of the pellets could be seen on the dottom. Two
months after trestment, there were only & few studs of leaves sticking
- to indicate where the plot hed been (Mg. 17 and 18). The matted
roots in the treated area did not appear normal as did those of the

untreated area.




Two adjoining plots were staked out over bulrush on July 22. One
~lot was treated with 2,4-D-PCP at the rate of 129.2 pounds 2,4-D per
acre, the other at twice this rate. In the matter of a few days, all
the leaves in bBoth plots were bleached and leaning. Six weelks later
there waes no sign of regrowth in the plot which had received the pellets
at the high rate of epplication. The beses of some of the dleached
le~ves in the other nlot were still green and there were four.,new
leaves that were just dreaking above the suarface in the square-rod
~1at,

On June 17 three,one-half scuare-rod Hlots were cut out of a
awifora stend »€ nerrow-leaved cattails, The s80il was water-logged
but no standines water was nresent. Trertments were made with the
2,4-D nellete at retes of 28, 48 and 96 pounde 2,4-D per acre. These
tre~tnents were not effective.

A geries of three,one-helf souare-rod nlots of cattails were
c:t out of 2 uniforn stand with a passage way between each plot to
facilitate distribution of pellets and subsequent examination. The
8 liertions were made June 17 at rates of 38.L4, 64.0 and 128.0
pounds 2,4,5-T per acre. Five weers later, no difference could be
seen between the trented plotes and the untrerted. An exaninetion
later in the senson felled to reverl anyr evidence of herbicidel
actisn. The basal portions were turgid and the rhizomes appeered

normal,
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Translocated Herbdbicides

Applications of less than two pounds per acre of the isopropyl
ester of 2,4-D as an aqueous spray, produced & mottlinz of the leaves
of cattatl, Typha latifolia, and a btrownins of the tips. The lower por-
ti-ns remalned green and the centers contimued growth. During June and
July of the first season of experimental worc, &pplications of two
seunde and at rates ur to L.5 pounds ner acre, did not give satisfactory
comtrsl, An earslication mede late in the summer, August 5 as an oil
«.ray at the rate of 2.75 nounds per acre, showed &an apparently detter
cartrol than 4id any orevious treatment. Therefore, many subsequent
A~ ‘1ieetinns of the ester form of 2,4-D were ap-lied as o0il sprays.

Only 2 few applications were made durins the 1949 and 1957 seasons.
Dirin~ the 19L9 senson, becst resulte were odbteined vhen two successive
r._~liecations were made at A six weelr interval. One plot was re-sprayed
Jure 20 when the regrowth was well established. As a consecuence of
the second erraying regrowth, from the meristemntic region, did not
besin to appear until lnte Aunsust. Evidently the 1ittle regrowth
n~de subsequent to thet tine, enabled the rlent to etore un enourh
fo:1 =20 thet the followin~ sesgor some ~lants Ai¢ reapnear in the r~lot
»14ko17h there were fewer than 'n adjoinirs, untreated plote.

The butyl ester formulation did not rhow any ap-arent esuperiority
sver the isopnrop:l ester for controllire crttall even when used at the
rate of 6.5 pounds 2,4-D per acre.

Rates as hish es five and cix nounds per acre of the isopropyl
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ester of 2,4,5-T 414 not prevent regrowth. Several appliecations of less
than these amounts were made but they only succeeded in slightly rusting
the follage. This species appearg to be quite tolerant to both 2,4-D
~rd 2,4,5-T,

In order to obtain some idea of the comparative effectiveness of
the free acid and two 2,4-D formulations (ester and 2mine), three ad-
Joinirg plots were staked out. Square-yard sample ccunts of plants were
talen to obtain an estimate 6f the density of the cattails. The treat-
~erte were a-nlied June 17, 1950, 2t the rate of 3 pounds 2,4-D rer ecre.
The free acid was dissolved in tridutylrhosnhate and ell three spray solu-
tione were a_; lied &8s oll s:rars.

In every ;lot, six dayc after the apvlications, effects of the tremrt-
mentes were noticeable. ZEleven daye efter treatment, the upper third of
the leaves of plesnts, vhere the acicd had been used, Yecare drowned and
were 0 dry that theyr had faller over. The plants in the other plots
were conegideredbly dbrowned end showed some lodging. This browned eppear-
ance, uncn closer exeninetion, was seen t0 be due to numerous spots,
closely =2rranged uvon the leeves go th=t from a distance, the entire
uprer rortione of the leaves a,jeered trown. The lower -ortions of
miet leaves were still greer and anmarently hed not dbeen contacted by
the spre;’. The bases of other plents were nct turgld end wher these
slents were pulled or. sevarated at the srowing point, there was a smell
of o1l and a slippery feel to the meristematic tissues. Apparently the
01l had moved down the leaves to this growing point.

The plante in the acid-treated plot, three and one-half weeks after

treatment, appeared to be slightly more effected than the others in that
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more of the plants were prostrate. Regrowth was observed in all plots.
All three were again sprayed on July 11 at the same concentretion.
Ter. deys after re-treatment, there was still considerable green showing
in the amine-—treeted plot. More of the plants in the ester-trected plot
e veared to be down than in the other nlots, but all showed new growth
four weeks after re-treatment. At this tine sample areas were again

c~mted. The trectments, together with before and after counts, are

~iven in Tadble XI.

TARLE X1

CIFARISTYY OF THT FFRICTIVENESS COF ACIM, TSCPROPYL TSTFR AND AMNINE
SALT CF 2,4-D ON CATTAIL, TYPHA LATIFOLIA, SHOWING THE AVERAGE
TUMRER OF TLAYTE PXR SQUARYE YARD AND THE PERCMMT REDUCTION

Materisl Trertment | Reduetion Regrowth
patd 1¢ | 72. 1.7
fecrrerl ester 17 74. 1.0
p~ine ecnlt 11 £L, 2.7
c.rtrol 1€ 0. e

Tazittaria

ov. July 22, 1942, the isonropyl ecter of 2,L-D wes applled t> a lot
5¥ arrowheed, Segitiaria letifolim, end cettetl, Trrhe letifolia, at the
»~te of 2.78 pounds 2,4-D jer pcre. Six deys later the cettalls gshowed
“i{ttle injury but at least 60 percent of the arrowhead leaves were twinted

~~d btrowned. Eleven days after sprayinc. all thet remained of the arrow-
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heai -lants were brown, crisp leaves. Three weeks after trectment, the
contrel appeared to have been very good as there was lese than ten per-
cent regrowth. The year following, however, both species resumed growth.

An arrowhead plot, which had been sprayed the year previously with
TCA and was regsrown, was sprayed July 12, 1949, with 2,4-D at the rate
of 2.79 pounds per acre. TFour weeks later the apnlication appesred to
heave been successful as there were no livings arrovhead lecves in the
~lot and some of the rootstocks were decayings.

On August 8, 1949, two square-rod nlots of arrowhead were sprayed
vith the i1soproryl ester of 2,4-D et the rate of 2.78 pounds 2,4-D per
acre. One applicetion was made as an oil spray wheras an aqueous spray
weee used in the other.

Six days later »lants, in the plot which had been treated with the
smeous snray of 2,4-D, were down and showed tyrical twisting of peti-
cler. Two weeks after treatment, the o0ld leaves were dead and decay-
in~s d1t new leaves were consricuous. The beses of the old leaves were
‘ead but the rootrtocks were alive ané remained so for the rest of the
cerson. The area never took on the avpeerance of untreated, adjoining
arees (Fig. 19), although L4 or 5 new shoots per square yard mede good
~rovth.

The effects on the plantc in the ~lot where 2,4-D in 01l hed been
use® followed rather closely those where an aqueous 2,4-D svray was
need, It would be expected thet the addition of the oil would acceler-
~te the effects of the 2,4-D treetment. In this case the reverse ap»err-
ed to occur as the weeds in the vlot which had been treated with an acue-

%

21 e-rey, were oroetrate before those in the cil-trerted —lot. In both




~ncer, however, & satisfactory control was obtained.

With the advent of the 1950 szeason, it appeared that a radical
caance had taken place over the ares. covered dy the nlots. Water hem-
lock had invaded this area and only a few arrovhead plante were left to
‘ndlc~te the previous existence of this specles. This growth of water
“r=locl was sprayed et the aprroxinete rate of three nounde 2,4-D per
~cre on August 21. Three and one-balf weeke later, hardly a trace of
the rlnnts remained. Water hemlock is veryv succentidble to 2,4.D,

The onlv effect of the trestment of arrowhead with anmnlicetions
¥ the isopropyl ester of 2,4,5-T at rates of one and two ~ounds ver
~cre, made July 20, was a slight crinklines of the leaves. A few lecves
71d dry u» but the majority, althoush distorted, maintaired their po-
~itione in the plot. Later there were signs of regrowth.

Ar amnlication of three noundes per acre ves made or Augsust 9. ' Wine
‘awvs later some leaves were brown, some rellow and others were inverted.
LYthourh there wag considereble evidence of injury, new growth began to
-~ ~ear through the dried leaves by Augucst 25.

When 2,4-D and 2,4,5-T were comnared for their effectiveness on

~rrovheed, 2,4-D anpeared to be suverior.

Yontederia

2t the beginning of this investigation nickerelweed, Pontederie
cordata, was sprayed witn lisht arvvlications of the isopronyl ester of
", %D, On July 22, 1948, an aprlication war made at the rate of 2.09

»mdn 2,4-D per acre. A week later, the leavee were twistel ae is
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t:~1271 of 2,4-D injury to bdroadleeved plants. Other leaves and their
—~atinles were on the surface of the water ané some were leaning on one
sasther and looked as thougsh they had been hit by a heavy rain. With-
in thirtry days, new leaves were armpearins at the surface throughout the
e~raved area,

At Leke Lansing an isolated netch of pickerelweed, an roximately
2we acumare~rod in aree, was snrayed on July 26, 1948, £t the rate of
7,72 ~svnde 2,4-D ner acre. Five days later adbout five nercent of
*he lapves and netioles had rmlled 160se and were floating on the sur-
frrn., The remaining leaves ~ulled easily. A s8lirht tuz caused the
~eatinle t» serarate from the rhizome. Pullins on the netioles of un-
trented n1ants renerally caured the netiolee to break at some distance
nbove the noint of attachment to the rhizome. The leaves in the ern-
tire 1ot were Tilled by hand at this time. This wae done in order to
test the theory th~t the scers mede by the senarated netiolee, would
bresme £ focus of bacteriel infection which misht lead to decay of
the rhizome. At the time of the next examinationr, nine days after
“1114n~, the bottbm of this area was cons-icuous with deed retioles
rnd no nev lerves were to be seen. Later? £lthensh Harte of the root-
ctoecks n-verred to be in en srdvencedstere of decarr, there were nHor-
ti~-ne which were obviously not deed,

On July 1, 1949, the isonrony! eeter of 2,4-D at the rate of
three nounds ner acre, was ar-lied to e nlot coneisting mainly of
~iczerelweed, Ten devrs later, the lemrves were brown, they were easy

to ™il1, the bases were soft and they smelled of decay. None of the
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leaves had self-pruned, that is, none had sevarated from the rhisome.
Sixteen days later, a few new vickerelweed leaves had anpeared abdove

the surface. The bdeges of the »etioles of these were soft, smelled

7f decey and pulled very easily. Pickerelweed vnetioles, four weeks
~fter trentment, still vulled easily and nc regrowth was evident in

tne center of the scuare roé¢ nlot. By Sentemder 15,one and one-half
"ontne efter treetment, the plot was bare when compared to untreated
~rerc. Annroximetely twenty leaves of nickerelweed were al]l that showed
nbove the surfece. Petioles a2rd leeves were decayings beneath the sur-
fece.

fn emilcion consisting of the isopropyl ester of 2,4-D vlus
fuel o011, water &nd an ermulsifyinc rrent, was &n 1ied on July 11, 1940,
~t the rate of 2.5 pounds per acre. Five davs after trestment, the
leeves pulled very easily. A few new leavees were just appeering 2bove
the surface at this time. A month later, the leaves, which had been hit
with the svrey, were either lodged or had self-pruned and were flozting
on the surface. Regrowth was evident so thrt the treatment vas not con-
sidered gntisfactory. Fron those observétionc it anrenred thet resrowth
«would occur if pickerelweed vns svuraved with éoncentrqtions less than 2.5
sounds 2,4-D per acre.

Another square-rod nlot was spre:ed on the same deyr, July 11, at the
r-te of four _.ounds 2,4-D per scre. Four da;s later there were a few
1ew lerves wnich had apneared. However, some of these nulled eacily.

S1x weel's after treatment, conroximetely twenty-five new leaves could

te observed in the square-rcd nlot. The o0ld leaves were dried and
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shrivelled bdbut they remained upright. On September 15, more than two
months after spraying, regrowth wae very slight and the dry petioles
were fallen over so that the plot had an open appearance in contrast to
adjoining, untreated areas.

When oil was used as & carrier for 2,4-D instead of woter, it
aureared to do & better jJob of softening the lower end of the petiole.
¥ith low rates of aprlicetions, new leaves would frequently appear a-
bove the surface & month after treatment. By the end of the growing
censon, the plot would be just as dense ac the adjoining, untreated
nlots.

Severel sprerincs were nede during the sumer of 1950 in order to
secure numerical data with wrnich to compere the effectiveness of vearious
formulations. On June 25 the isopropyl ester of 2,4-D was 2pnlied on
pickerelweed at the rate of 3.4° pounds rer ecre. Examiration, twelve
davs 1nter, showed that the treatment had not been very effective. Soue
lenves were darkened, blotched, end hunes down but there were many new
loaves pushings thelr way u: throush the surface of the water. In con-
irriron, an eavera~e of 6.5 lerver jer scuare foot were found within the
nl1ot, while untreated ereas had an averege of 19.6 leaves. By Septen-
ber & the plot wee filling with the new lecves, although it was still
corsideradbly thinner than adjoining, untreated areas.

Another square-rod plot was syrayed at the rete of 3.48 .ounds
2,4-D per acre on June 25. Four dars later the leavec had lost thelr
turgor. Twelve days after trestment, some obulrushes, which were in the
nlot, were bleached almost to the water surface. They .ulled fairly

ensily but the meristemctic sone did not show any obvious sign of de-
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cev. The pickerelweed lenves had become dark-streaked or dlotched. Leaf
cotnts were made on August 2. The treated area had an average of eight
ner scuare foot wheras the checks averaged fourteen. The new leaves,
vhich were counted, were large and were in an unright position. In the
bare petches o0ld, dead leaves were entirely browned and leaned almost

to the water surface. Although there vas 2 layer of algme over the plot,
the zeneral impression was that control had not been too satisfactory.
Seven weeks later, another 2u)lication was made at the seme rate. This
a-nliec~tion was very effective as shortly afterward, very few leaves

e :~enred above the surface end the old, dry, dead ones leaned over and
lrter decayved in the water. Four weeks after the re-treatment, the plot
hed an open anpearance; algae covered the surfece wheras in adjoining
ereag there wes little or no algae among the petiocles. Eight new
les7es vere trying to penetrate the aleal met at thls time. The leaven
"1t b the 1laet surayines were twisted and the petioles were deginning

t- lean. Here agein, it aseared that one June spraying at three pounds
2,4-D ~er scre was less effective than two sprayings at intervals of
about two nonths.

The dutyl ester of 2,4-D appeared to be equally as effective on
pickerelweed ag the isoproprrl ester formulation. ZXarly in the investi-
rrntion, both formilations were ueed but it soon became apparent that one
was as effective ac the other when used ct sinilar concentretions.

A 1ight application of the isonropyl ester of 2,4,5-T at the rate
of 1.39 pounds per acre, was applied July 30 to & slot of pickerelweed.
The immediate effect was to cause the leaves to become inverted and to

1oce their turgor. They looked as though a light rain had beat on them.
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Four days after spraying the leeves were still green. In the course
of the next week many petioles were seen to be leanins and approxi-
mntelr ten percent were down and horiszontal with the surface. Eighty
percent of the netioles were leaning or were prostrate, nineteen days
after treatment. Most of the leaves in the plot were prostrate after
five and one-half weeks but there were new leaves which were coming
thryush the surface. These continued to appenr throurhcut the rest of
the seagon.

4 snmewhnt heevier application, twice the above, wag apvlied on
Julrr 25 to a plot of rickerelweed. Two weeks later the lerves were
rrovmish-gtreaked and were drocoping. All the lesves were browned with
no new leaves evident, three wee'ts after trertment. A regrowth began
to agnezr in September and developed to such an extent by the end of
the season that the nlot became almost £s overs rowvn &2s adjoinins
rrene,

The following July 1, 1940, the ester of 2,4,5-T wes 2p~1lied to &
nlot of pickerelweed, Pontederia cordata, at the rate of 2.78 pounde
er acre., Ten days later, the leaves were black-streeked dut coulad
not eas!lly be pulled. New leaves nrotruded above the surface. The
“ages of the injured leaves did not have an odor or other sign of decar.
T{ftcen days after treatment, the 0ld leaves were dry and shrivelled. A
new rrowth was developlin~ at this time.

At the rate of 2.78 pounds 2,4,5-T per acre. another aynlication in
"n 0il emilsion was applied July 1 at Lake Lansin~. The sirayed leaves
rnd petioles were browned end shrivelled, eleven days later. Wevw leaves

had aypeared above the surface and both these and the injured ones nrulled
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eagily. There 41d not appear to be any oil or 0ily residue at the bases
2f the pulled petisles. The injured leaves were browned to the water
lavel nnd, within sixteen deys, the petioles mulled easily. The deses

- anmerred normal excent that a few had worm-like markingss. Four weeks
after trentment, about fiftv vercent of the pickerelweed leaves in the
~lot wvere green, the rest were dry and shrivelled. Some of the regrowth
+17led eesily but the dasal nortions were not deceyed nor stained. 3By
the firat weelx in Angsust, five weeks after treatment, regrovth was more
~t1ndent than at a nrevious examination and by the end of August the
natch wes Aas preen as the untreated area.

A heavier apnlication at the rate of four pounds 2,4,5-T per acre
a~-11ed in an oil emulsion, was made July 12. This apvlication showed
mi~h the same asecuence of evente as lichter applications, excent that
rrrrowth 414 not develop as rapidly.

On June 26, previsus to the flowerin~ of nickerelweed, the phenyl
acetle acid-2,4-D formulation was ap-lied at the rate of 2.55 pounds
2,4-D per acre. This area also contained some bulrush, Sgirpus validus
and water gshield, Bragenia gchreberi. VWeter ghield leaves, two weeks
l1atar, were lesc numerous than in adjoining, untreated areas a2nd they
hrd what ap-eared to de emall, drown-edged holes. Some leaves had
the characteristic drown or dlackish bdBlotches which are commonly od-
served on nther snecles as a result of 2,4-D annlications. The bulrush
leaves were light brown down to the water level and pulled easily. The
resrowtn, es ecially of pickerelweed, was such as to cause the plot e

~rin to be snrayed (July 1) at the same concentration. Two weexs later

almoat a1l the leaves of dulrush and nic-erelweed vere trown. The bul-




78

rush leAves were browned all the way down to the root and pulled easily.
The brses of some of the leaves smelled of decay. fontederis gordata
lenves were shrivelled, the petioles pulled easily and very few new
lervers aspeared above the surface. Petioles of water snield were coiled
and “ew leaves appeared at the surface. Beneath the surface, leaves
r2uld be seen in various stages of decar. Quite a few of the pickerel-
weed leaves had senarated from the basal meristen and were floating on
the curface, three weeks after the re-treatment.

Four weeks léter. August 8, by actual count of several square-yard
ereag taken at random, there were but a thiréd as many new leaves per
snuere yard as there were de-d pickerelweed leaves nrotruding above the
curfece. This did not include the petioles of vpickerelweed and the thin
leaves of bulrush which had genarated from the base and were floating on
the =urface.

A later applicatior was made July 8 et the rate of 2.65 rounds 2,4-D

ner ecre when an area of Pontederia cordrte was in flower. Two weeks

later it was noticed that the bases of the petioles were soft and were
decaying. The leaves pulled very easily and practically all of the
leaves had lost their turgor. Three and one-half weeks later 2n ex-
2aination showed that a considerable number of the leaves and attached
petioles had separated and were floating at tne surface. The remainder
were gomnletely browned and separated with but a slight pull. 1In another
woek more leaves had separated from the rootstock and were floating at
the surface. A considerable number were decayings underneath the surface
And there were no normal leaves in the center of the plot. The compari-

son between treated and un-treated plote is shown in Fig. 21. There were
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fifteen new leaves which had appeared in the square-rod nlot, six weeks
rfter treatment. The 014, bdrowned petioles could be observed deneath
tae clear surface. Eight and one-half weeks after treatment the center
of the plot was free of leaves. Around the edge new leaves were pre-

sent due to the crowding in of growth from outside the treated area.

Iymhaea
Early in this investigetion, fairly low concentrations of the iso-

v2_ 1 ester of 2,4-D were used on white water 111y, Nvimhaee odorata.

On July 26, 1948, the ester form was anrlied &t the rate of 1.39 pounds
ner ecre., Regrowth occurred a snort time after warés. On August 6
twice this amount was anplied using fuel oil at the rate of 80 gallone
»er acre as carrier. Thie was spraved on white water 111y and yellow
veter 1ily, Nuphar advena. Three days later, the veticles of both
c.ecies were colled and the leaves, which hed been hit dy the srrey,
vere undergoing decay. In siite of this there was evidence of new srowth
from the rootstockc. Two weeks later, the coiled petioles were beneath
the surfece and the o0ld leaves were floetins, inverted on the surface
0% the water or they were submerged. Although new leaves were opening
sabove the surface, three weeks efter treatment, the plot 4id not contair
~s manyr leaves as adjoining. untreated areas.
To see whether 2 hign dosage would have 2 nore permanent effect,
°n @p-lication was made, July 11, at the rete of 5.5 rounds 2,4-D per
~ere, Observetions made shortly after srnrayvings shoved reeponses
ctmilny to other eerly observations of 2,4-D injury. In 18 days, the

01d leaves were decayrine 2t or just below the surfasce. The nlot looked
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more onen 2nd new leaves were not as much in evidence as in a similarly
trerted nlot of Nuphar odorata. The greatest effect anpesred to be in
the -~enter of the plot where severzl rhizomes came almost to the surfece
2f the vmter., Prior to spreying, thies fect was not noted as the vetioles
-1 crted the lenvee sbove the surface to form a uniform canopy. After
the larves had been 'moczed down by the trentment, the proximity of the
ritromee to the surface was a ~arent and it was in the regioﬁ of thece
ris~rmees that the least encunt of regrowth occurred.

At tair nteoe of the investication it anecred thet, although hish
tnitiel rotes misht be desired, rerented tresctments seemerd likely to de
rerired. With this in mind® e treatment at the rate of 2.48 pounds rer
Aasre, nsine fuel 04l as cerrier, was made July 8 (Fig. 23). Two days
Tnter the trynical recronses were very much in evidence. The contected
Yanree vere inverted nn cciled neticles ané they were decayins. Short-
1+ nfterverd there were 2 dncen new leeves 0pen1nr.at the surface.

Tt fteen davre nfter trentment, there vere more new leaves openins at the
mirfoce. The 0ld leeves were decerins under the surface an® the petioler
vere eolled ond brittle (Pis~, 24), An additionel arplication wes made on
Ausiet 17 using fuel o1l and the seme 2,4-D corncerntration. This apreared
to be verr effective cince only a few pgreen lesves eppeared at the sur-
free. The latenese of the censon may have had & bearing on the regrowth.

Sinrle, heavy &pplications £t the rete of ter pounds 2,4-D per acre,
were tried on small scale plote durings June and July but regrowth de-
veloped in every cege,

Yo apnerent difference in effectiveness could be odserved between

the butyl ester and the isopropyl ester of 2,4-D when apnlied to Nymphaea
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gdorsta,

The first application ueing the phenyl acetic acid-2,4-D formule-
tiorn on white water 1lily was made June 26, 1950. This trertment was
2t the rate of 2.65 pounds 2,4-D per acre. Twelve dava later, the leaves
“nat hed been hit with & sufficient amount of the spray, were decayins
but nevw leaves were unfolding at the surface. It was then decided to
sirey again at the same rate. Ten days after this re-treatment, the
mlot appeared open and a considerable amount of alpgee hed come to the
cwlece. The difference between this and adioinin~. untreated plote
ves culte distinct. However, two weels after the seconé spraying,
there were & considerable nurmber of new leaves in the center of the
~lot. The 0l1d leaves, which hed been »resent at the second swreyin-,
vere Cead, drown and disintegrating. Within four weeks followins the
second & licetion, the surface ves & solid mrt of alsre in which were
flo~tins small, new leaves of Nvmpheesa odorste. Other leaves were un-
foldinFs below the mat.

Another so0lid met of white weter 1lily lesves were sprayved June 26
£t the rate of 2.A5 pounds 2,4-T per acre (Pig. 25). Effects from thir
n~-1tention (Pig. 26) were siniler to those of the other treatment. The
girface, a month after trestment, zain was covered with new leever
(Fi~. 27). At this time the plot was sprayed eat the rate of 7.15 nounds
2,4-D ner acre. Ten days later the surface wes consnicuous with desd
#nd decayine leavee. Algee now covered the decaved leaves and bdlanketted
the ~Yot. The surface of the weter outside the nlot still had white
vater 111y leaves tightly pecked together with little or no algae visl-

Ple. Only four, small leaves a- “eered in the center of the square-rod
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7lot. The leaves from outside the nlot were crowding in around the edges,
it the center was clear. At the time of the last insnection, twenty-
five days after re-treastment, algae covered the surface and there were
~bout thirty small, new leaves in the plot (PFig. 28).

In order to obeerve the effects of a2 heavier init!al an-lication, a
treatment was made, July 10 usings the nhenyl acetic acid-2,4-D formula-
tic~ at the rate of 7.15 pounds 2,4-D per acre. Two weeks later, the
treatment ap esred to have been very effective. The 0ld leaves were de-
~n=in~ at the surface and several nev leesvers were observed (Fig. 22).
Tre~ weelrs later there were veryv few new leavee onenings above the sur-
face. The treatment appeared to be almost as satiafactory as those in
wiirh two ap-lications had been ured.

A 1isht, late-season ap-licetion at the rate of 3.7 nounds 2,4-D
nr acre, had the imnedlate effect of twistin:< the petioles and drowning
the leaves, One mcnth after trenatment, new lerves were opening at the
cirfrce and they contimied to anear durins the remainder of the season.
™ 1rishes in the center of the rlot were dead and no regrowth was od-

crrved.

‘“u-herp
The seneral sequence of events followins the anplication of the !so-

ooyl erter of 2,4-D on spattrrdoclt, Muphar advena. wac rmch 11ze the

reerct caused by usine any of the other 2,4-D ccrmounds. If the leaves,
rior to treatment, extended above the surface, they would almost in-
variabdly be turned unside down by twistins and srowth of the netiole

w-leh arched above the surface. The leaves thet were hit by the enrey
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would slowly decay and new leaves would come from the rhizomes to re-
place the older ones at the surface. It is probadble, although it was
not definitely determined, that these leavee came from the same rhi-
zgones which supported the injured leaves. With the tremendous sisze
of the rhigome and amount of food stored within, this mey well be the
cese,

On July 22, 1948, spatterdock wvas sprayed with an agueous spray of
the isopropl ester of 2,4-D at the rate of two and one-half pounds
per ecre. A week leter, the lesver wnich, -revious to the a-nlicrtion,
had been projected atove, were ncy nrostrate on the surface. Two weekrs
after trestment, ortions of some lerves showed signs of decay. Others
were of a yellow to greenich color. TFrom an exeminction five weeks
aftcr treatuent, 1t was obvious thet the regrowth would soon re-popu-
late the surface.

Another anplicetion was made August 6 at the rate of three .ounds
~,i=D ner acre in an o0il eprar. This did not vrevent young leaves,
nreviosusl;’ visible beneath the surface, from growins and unfolding a-
bove the surface br the end of the month. Thece appeared amid the
coiled petioles of the decayinz leeves wnich had been contacted by
the oil spray. A4ltuough the plot epperred thin by the end of the
season the followins yeer the surface sgain became covered with
leaves.

An apnlication at the rate of five pounde 2,4-D per acre was
made July 11, 10L9, but even this concentration did not prevent the
surface from becomins covered with new lenvers by Ausust 5.

In generel, it a--eered that the isoproprl ester of 2,4,5-7




causcd & reaction by the leaves of spatterdock similar to that caused
tr 2.4-D commounds. On July 27, 1948, the ester form wae anplied at

the rete of 1.39 pounds 2,4,5-T per acre. After 2 few days the leaves
rnd netioles showed the typical twisting reaction to the 2,4-D compounds.
Five ders after treatment green, developines leeves could be seen conming
fron the rhigome, although the gurface was 2 magr of twisted leaves and
etioles. Subsequent naturel lowverins of the la'ze level caused the new
lenaves to be nrojected adbove the surface. The rerrowth continued to
row the remainder of the seagnn.

Another a-nlication of the isonronryl ecter at the rote of two
~ounés 2,4,5-T ner acre nade July 22 444 not nrevent resrowth from
becomins estadlished within three weeks of s»nrarinc. Applications
nade in August at three and four nounds 2,4,5-T ner escre produced the
trpicel) twistinz and curlin~ of the contacted leeves but aiéd not prevent
the developmnent of new leaves from the extencive rnigore.

Yo applicrtions were nmacde in 1949 or 1950 since the isorropyl ester
»* 2,L,5-T did not arpear to have any adventares not possessed dr 2,4-D,

An ammliceat’on of the -henyl ecetic acid-2,4=D forrulation et the
rate of 6.89 pounds 2,4-D per acre, was made July 23, 1950 on spetierdock
when the leeves were extended above the surface (Figs. 20). Within two
weelrs the usuel 2,4-D symptcmes anvenred (Fir~. 30). Shortly afterwerd
re~rowth from the rnizome besan to anpenr adove the surface of the weter.

Mid-Aupgust annlications of the phenyl acetic 2¢14-2,4-D forrmlation
rt the rete of 3.18 and 3.71 nounds 2,4-D ner acre, 4id not give satis-

fector:r eoentrol.
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Contact herbdicides

T:mhe

Cn July 7, 1949, one pound of sodium pentachlorophenate pellets
verc dissolved in a grllorn of water. This was ap.lied on cattail,

T.—he letifolia, at the rate of 148.4 pounds per eacre actuzl Ne PCP.

The naslution sprayed out well and@ adhered setisfectorily to the Up-~
ri~-nt and wax-ccrted leeves of the cattalls which, btr this time of

verr. were ouite tel?! end had formed brown ceed stelke. A month 1later,
the leeves were drowned but diéd not ternd to lodre. An examination, five
ar? one-h21f weezs after trectment, showed thet the nmeristematic zone
hed not teer injured and was continuine gsrowth, r»ushins un the old,
browned crowth to give a tiered effect.

Another s rayins on August 9 was made at the rate of 148.4 pounds
per fcre. Althouch the leaves of the czttails were browned within a
snort tine after the application, the dbesel meristem was unaffected
end continued growta.

The addition of fuel 01l and suvlfonated castor oil to a solution
of the pellets which had been dissolved in weter, did not monreciadly
tiatense {E~ 2o ttveness of the <n1t when ap lied at the rate of
142,4 sounds ser acre. There was conslderable lodgins., two weeks
aftor an-lication, dut new shoots appeared from the rootstocks and
the meristen continued growth.

On July 12, 1948, one pound of TCA irn A gallon of water plus a

cormercial sticker-gnrender (Triton B-1956) was applied on & Bquare




Tod plot of cattails, Typha latifolis, and arrowhead, Sagitteria
latifolisa. This was at the rate of 112 pounds ner acre. A week after
‘trentment the leaves of the arrowvhead were very light bdrown and 4ry.

The margins were & darker brown. The cattails and sedges in the plot
were 1lisht brown in color and, on superficial examination, the plants
Yoolzed dend. Eighteen days after the treetment, the dried and shrivelled
1rrowhead leaves were conspicuous. Nevertheless new leaves were develon-
in~ Zrom the crowns. At thig time the treatment appecred to have been
sniccessful on the cattalls as the burned leaves were lodged and were very
brittle. The plants did not show the recrowth from the meristematic re-
~'ons that is so characteristic a response of this species to 2,4-D ap-lt-
cetions. The next recr this plot was again populated with errovhead
nlnnts dbut no cntitalls a:-peeared excent 2lon~ one edge of the 1ot which
rijoined & erticularly vigorous stand.

A Hastings a plot s-rayed July € with 112 nounds TCA per acre had
developed consideradle rezrowth by the end of the sumnmer.

On Aummet 12, 1948, 2 dense 5lot of crttalle wns s_reyed with TCA
nt the rate of 1468 pounds er nrere. Where the sire; had ecntacted the
lerves they becamé brown, but other areas contalined green plants which
~ontinued to grow. Commlete coverage is essential for killing as TCA
does not appear to be & translocated herbicide.

At the rete of 224 pounds per acre, TCA was &;>lied to cattail on
Aneet 10. The spray solution contained & wetting agent and was applied
as an aqueous spray. In a few days the cattail leaves were light bdrown
an¢ several davs later they a.peared dry and began to lodge or fall over.

At the end of the season, this plot had little regrowth. In June of the
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following year, control was st1ll aprarent since less than a dozen new
»lents had regrown in the nlot. ;

A late season applicetion was anplied on August 25, 1948, at the
rote of 112 pounds TCA per acre plus 2,4,5-T at the rate of 103.56
nounds per acre. A month later, in addition to the usual dbrowning,
th~ centers of the clumps, where regrowth first aj-ears, showed no
sreen color. The following season, while it was apparent thrt there
had been 2 reduction im the stand, quite a few mlents resumed growth.
Sontrol had not been as effective as where twice as heavy an ayplica-
tion of TCA had been used.

On August 9, 1949, square-rod plots of cattrils were sprayed with
TCA using sulfonrted castor oll as emlsifier. The aprlications were

ra f21lows:

Rate per a2cre (ir pounds) Carrier
27.5 weter
27.5 fuel oil
£e.2 : fael otll

Five da&e leter, the leaves which hed ﬁeon hit by the aguennus
s v, were browned but the remainder still had green portions. 4
few of the bases were stalned dbrown and, when nulled apert, revealed
Ybrown areas within the tissue wheras normal plants were white. Two
wee'zg nfter trestment the injured leaves were Ary and had degun to
lodze but the seod stalks of fruiting plants had not fallen over.

A month after treatnent, the bases of some of the plants, when

cut throngh, were wnite and turgid: othere, which probedly had re-




celved a heavier spray dosage, had a white center approximetely the
Alemeter of a lead pencil. Outside this center, the bdbases of the leaves
vere brown and apparently dead. At this tinme there were seven new shoots,
one ard one-half to two and one-half feet in helght, which had come from
mdnarground rootstocks in the treated ;lot.

Five dars after treatment, the leaves of most of the plants which
hnd been treated at the high concentration were bBrown. The additlion of
10l oil appeared to facllitate covercse; the o!) aids in penetration of
the leaf ttaéue. Many of the bases a'r.eared to be soft, due to a loss
cf tur=or of the outer lecf tiscsues. Two weelzs after treantnent the
lecves were dry and most of them were broken and leaning. A month after
trertment, there were eight new shoote which could te scen to come fronm
wméerground rhizomes.

In the remminins -'lot, as in the one where fuel 04l had been used,
the lenves guickl; took on 2 browned anpezrance. Two weezs after treat-
zent ther were dry and lodgzed but a few had rreen centers. Three weeks
~2ftar trentment, there did not a2 near t» be as many soft dases as in the
slot vhere the higher rete of TCA vme used. Many bases were tursid and
a-meared normal when cut throush.

An aqueoué aplication of TCA annlied July 11, 1950, on cattalls
at +ve rrte of 1lu4ll counds per acre, whitened the foliege in 2 short time,
but & month later tﬁére wae evidence of new growth.

The first sprarinc with ammonium sulfesate was on June 22, 1948, at
which time four -Hlots of cattails were treated. These treatments coin-
clded with the time the pollen was beins shed., One plot was sprayed at

the rate of 160 pounds per acre while an adjoining plot received ammonium
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sulfamate at the rate of 320 pounds per acre. A commercisl wetting
agent wes added to the spray solutions.

Two days later the leaves, which had been wet by the 8OTAY, were
nottled & 1ight drown. No significant difference could be seen between
the plots at this time. Ten days later the leaves, espacially in the
»nlot which had received the higher concentration. were browned 2lmost
to the ground level. Two weeks after treatment, no green wes visidle
on the plants. Ajparently the only livins plants were several along the
anrgin of the nlot. An inspection, four weeks after trentment, showed
ro~rowth in the plot which had received the lower concentration and re-
sTowth was observed in the other plot ten d;yrs later. The regrowth wae
in the form of new basal shoots &and this continued throush the remminder
of the season. An:arently the tons had been completely killed with the
320 nound £mvlicetion Dbt the rootstoc!c reserves were sufficient to
orovide for further vegetative erowth.

The other two plote were each s-Hraved at the rate of 160 pounds
oer acre using & wetting cgent. Althouch the treztments caused con-
siderable discolorrtion of the - lantc and severely affected the under-
stor:r of sedges and willows six wee'zg later regrowth was beginning to
r-near end by eight weeks, cormlete recover:r was a-arent.

A 1ater application on cattrils, Julr 1, at the same rate did not
show any better control than earlier s rayinss.

On July 7, 1948, a plot of cattails wes enrayed with PCP at the
rrte of 80 pounds of perent phenol rver ecre, usings kerosene as carrier.
A1l plents in the plot turned completely brown overnicht and, durins

the succeedin~ days, the leaves besrn to fall over as though beater by
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a heavy rain. The plot made a sharp contrest with adjoining mareas dut
e small amount of new growth was evident in the central region of each
plant bese. Growth continued and within two weeks the new shoots stood
u» fbove the dead and almoet prostrate leaves.

A spraying of cattalle and n'ikveed July 8 at the rate of 80 pounds
of ohenol per acre, had the same effect 2s earlier treatments on cettails.
The nilkweed leaves drogped within a wee:. Two weeks later, however, re-
crowth appecred from the a-ical portions of the milkweed stems and fron
the basal, meristemetic regions of the cattalle.

An applicntion made July 272 at the rate of 1?7 pounds of chenol per
ecre on cnttalls, followed mucn the seme pettern f£s earlier treatments
exce_t for & somewhat slower res-onse.

A lete-season 2pplication was nede on August 25 using 17 »ounds of
sherol per acre in o0il. A month after trestment, recsrowtn of cattails
wes small but this may have been due to the cessation of growth from
nrtural causes. In the sprin~ of the following year, the growth of
the trented nlots showed no difference from the rrowth of the untreated
~lots.

Cattails were sprayed Angust 9 at the rate of 17 pounds of phenol
ner acre usings fuel o1l ermlsified with water and sulfonated castor oil.
Five days leter the usual drowning wes evident. After another five days
the cnttall leaves hed further dried, they were quite white and there
was conslderable lodgins. Two weeks after sprayin-~, it was noticed
that the besesg of some of these whitened nlants were soft and that new
ghoots were coming from the underground raigomes. TFTurther lodging was

to be seen a month after treatment as well as a few new shcots which
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zane from the meristematic reglons of the old plants (those which had
been hit by the snray). Observations up until the end of the season
revoaled an increase in the number of new shoots and thus indicated
thrt control had not been satisfactory.

Another applicetion at the rate of 17 nounds of phenol per acre in
f1el 01l was apnlied on cattails, August 21, 1049. A month later some
nlents were well bleached and lodged with little sign of regrowth. At
first it was thouzht that the soft brses of the nlants were due to an
effect of the chemical, but it later anperred to be & normal occurrence
rt that time of the renr as many of the rlants fron nuntreated arens had
the ceme cheracteristic soft base. The fo1lowin- sprin~ the plante in
thile Wlot r~rew and showed 1ittle or no difference in abundance fronm ad-
Joinine, untreated areas.

In June 1959 three scnAre-rod -~lote of crttails were laid out by
neancs of paths cut between them 2t the 1imits of the cuadrets. To de-
ternine the density of the stand of cattatls in the »19t, counts of
~Yant- were made in sruare-;ard arens at the corners of each plot,
thue ~ivins four counts for each 15t or 2 total of 1?2 for the three
~lot=,

On the day of the a-nlic~tion, June 20, there vas & s8li~ht wind
thercfore the asnlications were not mede under the most 1deal conditions.
The nateriesl was andlied with 2 Sure Shot Snrayer at rates of 8, 16 end
24 pounds of phenol »er acre. Five dayvs later it was obvious that the
coverr~e had not been good as many of the plante remained the same while

others in each plot were brown and were partly fallen over, typical re-

fretions to trermtment with tnis material. A month later there still



e perred to be a greater amount of lodeines in the nlot which had received
the rreetest concentration than in the others. All, however, were ex-
hivxttin~ reerowth.

Five weclzs after treatment 1t was obvi-us that the rersrowvth was not
cstr~ tno be 2ffected By the originel 4rentments. Finel countc were
t"arefore mede., The nunber of dead and livines plants were noted. A
vevr gshoot, one and one-half feet in heisht, vwes observed next to nrecti-
c”1 1 everr one of the deed »lents. Resulte o these counts, as well ac

thhrere mede mrevions to trentnent, fPre inel-ided in Tabhle XIT,

TABLE XT1

TITECT OF A PCP IN OIL APPLICATION ON REDUCING STAYDS OF CATTAILS

RBrte per Oricinel Dezéd plante Per .
acre olant after §:c:: Rerrowth
(in pounds) population treatment | T7CTICNROM
_.ﬁ,.__ —_—— [
e. 22.¢C 2.2 1.0 L.,2
1% 20.17 7.0 2g.0 2.0
24 17.0 4.5 26,5 L.g

The first m_nlication of armonlum thiscranate at the rate of forty
~ounds nper mere vrs made on c-titelle, Julrr §, 1740, at the Hnetinee Fish
atcherry., Mel! 011, emlsifled in 'mter vith stlfoncted castor cil, wes
1sed. A weer after the arnlicrtion, the leaves rriel*0d of o017 and they

were sli~htls dBrowned. A month 1later, regrowth wac wel) advanced. The
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186 cf weter alone &s carrier in & gudbrequent syrayinc schedule, at the
ceme concentration, achieved less control then the fuel 01l awplication.

Twe 244itional plots of cattalls were sprayed July 8 at the rate of
120 nounds Ter acre: water was used as a carrier in one and fuel oil in
the osther. A week later, the leaves in bBoth plots were browned but more
20 in the ~lot where the 01l had been used. The plants in this plot had
the characteristic oily smell and feel. When the bases of several of the
~lente in each nlot were cut, the centers were sreenish-white, indicetincs
“n incomnlete kill. Regrowth sudbsecuently anpenred in both »nlots 1less,
ioyever, in the oil-treated one. There was enouch difference betwveen this
21l1-treeted plot and adjrcent, urtreated ereas to warrant further aprlica-
t{onn with increased concentrations.

The last srrayine for the yeer was made on August 8, 1949, at which
time two adjoinins nlote of the narrow-leaved crttail ,Typha angustifollie.
were trected. Theyv eech received amnoniun thice;anete 2t the rate of 220
-~1ndg —er acre. One was anplied as an o0ll spray at the rate of anvroxi-
matel” ten ~Allons ver acre; the other as an agueous syray. Coverage ves
m00d in snite of the heilsht of the cettalls. A week later the nlents in
both —lots had become whitened. Some of the leaves had besun to lodge and
within a month the contrast between treated and untreated wac great
(P1r. ?1). There wes no sign of any regrowtn from the centers. There
vere no new shoots exce .t near the -eripher; wvhere invesion may have

bhacn reenonsidle.

Parly tae following s-rins 1t wae clear that control hed not been

as suaccess™l as had deen thouwrht in the late fall. By June the »nlante

were back ‘n fall gsrowth so that no difference could be seen between
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these trerted plots and the adjoinings, untrected ereas.

On June 23, 1950, the same plots, which had been sprayed August 8 of
the srevious year, were again sprayed. One received ammonium thiocyanate
nt the rate of 160 pounds per acre as an oll snray and the other received
tvwice thls amount fe an aqueous snray. Xven at this date, the narrow—
lerved crttails were ur to six feet in heisht. The werther was windy and
DoAY coverarse was obtained. MFive days after treatment, the cattaile in
+o¢h nlots had the upvner third of their leaver whitered. After two
wee'za, the dark "tails® stoosd cut in sharn contreot to the whitened ti_s.
™e bages were still green in both nlots. Thie contrast remained dietinct
for the remainder of the month. On August €, six and one-half weeks after
the trertrnients, the green baser were contimines growth and were nushings
n- the whitened tone. This indicated that no nermenent control was
arcormlieched when applicatione were made at the rate of 220 -ounds per
acere.

On October 7, 1949, four scuare-rod vlots of narrow-leaved cattail
vere stalred out. One plot received alnha-hyviroxr-beta-trichlorethyl
en1fonic acid@ at the rate of 200 rounds ;er acre and a second nlot re-
retved aodiun ventechlorophenrte at the rrte of 320 nounds ;er acre.
™~ other two ~lotes received soluble sodium borate 2t the rate of 2320
_o'nfe er acre and the snlfonic acid cormound £t the rete of 200 poundr.
M™ere drr naterialr were distributed by hand over their resnective -lote
rne evenlr as noseidle.

In the late sorings of the followin~ yeer it wag anparent that all
the ~lots, except the sodiunm nentachl orophenate-treated nlot, had deen

affected. Pic. 7?2 cleerly showe the eflects in the sulfonic ecid-trerted
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plot.

Two of the plots which were 2djoinins., showed a striking contrast.
ot a2 live cattall could be found in the center of the gsulfonic acid-
treeted plot more than ten months after apnlication of the herbicide.

It is true that there were several wiich had invaded the aresa, coning

i1 from the perimeter. The dead stubs bore witness to last wvears

srovth. The adjoining plot., which contained nlants thet herd been trerted
+«tith sodium pentachlorophenste, showed no centrol and the nlante lool-ec
ac uniforn and normal &g those in untreated eresas.

Applications of alvhr-hyrdroxy-bete-trichlorceth:1 sulfonic acid at
the rete of 49 and 98 pounde per acre, vhen digsolved in water or oil end
nged as a foliegce apnlication, did not anpear to be ag effective ag the
dry a-plication. Exmminetion of these nlots & month after sprayin-~, re-
veeled sone injury in the form of deed outer leaves dbBut the centrel
leeves were still green. Bven thouch the outer leeves were browned and
deed, they remained uvrirsht anc¢ did not cshow the lodgines wrnich frequent-

1v occurred with PCP and TCA treatments.

Sesitterie

Durings the 19048 seeson, two a-~licrtfons of emmoniun sulfemete were

nrde on arrowhead, Sesittarie letifolis. The first wrs on June 24 using

140 nounds ner acre. Twenty-four hours later there were durned arees be-
tveen the veine of the leeves. YNine deys later the lesvee of three-fourthr
of the rlants were dry, shrivelled and dberely recornizadle. Two weelrs
after trestment there wee evidence of new lerves protrudings above the

~round surface nt the dase of the old, deed leezves. A werlr later, three
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weeke after trestment, an estimate was mede that only one-half of the
01é plants had made regrowth. At the time of the last examinstion,
errly in August, regrowth had not developed sufficiently to cover the
eres.. However, the following year, the ares again grew up to arrow-
heed.

An epplication on arrowhead made later in the sesson, July 1, at
the rate of 160 pounds of ammornium sulfemnte per acre, did not show

anyr better contrecl than did the earlier anrayin~. A few plants of

Pontelerie cordeta were also in the nlot and showed, one week after

trenstment, mich the same reection as A1 Sasitteria letifolia. The

lerves were browned and curved dbecx on themselvee, some almost touch-
in~ the ground. It may have bYeen thet the srrayinc was not too uni-

f2rm since &-proximatel;- fifty percent of the lenves of arrovhesd were
cemrletel:r brovned and the remainder sghowed verious de~rees of drown-

in~. Three weeks after trestnent, rerrowth was oheerved from Ponte-

deria cordate and from a nrlanrt of Ny her advense which srew in the plot.
Rerrowth from Sagittaria latifolia did not apperr to come rapidly but
by the end of the summer there wes en-urh to fssure pernetustion of
the stand.

On Anpurt 8 a sguere-rsd rlot of arrowhead was srreyed with fuel
011 at the rate of fort:- pmllons ner acre. This proved to he a very
efective tre~tment (Fi~, 20), followinr mich the c2ne secuence of
evente, excert for 4he twistins, asg in another »nlot trested with 2,4-D.
The ure of fuel o0i) alone eserrec to be effective in the control of

arrovhend as there was onlvr a enell ancunt of resrowth the following

yeer.
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Ammonium thiocyanste 2t the rate of 150 pounde ner ecre was a~rlied,
Anruet 2 on an aree of arrovhead. The resmonse of the nlants in this plot
Aiffered from those in plots trested with 2,4.D. Six davs after treatment,
the leaves were whitened and shrivelled, although they remmined upright.
Twe £nd one-half weeks after treatment, resrowth was a--eerins from the
tases of the injured leaves. A month after trestment, the plants anpeered

nermrl and? were anproachins the dencity of untrented arees.

Panteleria

An 2pnlicrtion of sodium nentechlorophenste nellets dissolved in

weter, was nade on pickerelweed, Pontederis cordesta, Auguct § et the rate

145 ,4 Heunds per acre ectuel Na PCP. Tern days later, the lesves were dar'c
and ay-erred wilted. A few new lecves wvere nrojected above the surface.
Two £nd one=-half weeze later, nman: of the netioles had fellen and were
srostrzte on the surface of the water. An exaninetion was mede six weelts
rfter trectment and th'le showed thrt an a- erently setiefrcetoryr kill had
been obteined. In the square-rod »Hlot, onlyr 1f new lerves extendeld adove
the suarface. The followins yeer, however, this »lot nroduced abundent
crowth of Hickerelwve~d end by mid-sirmer, no demerertion efisted between
treeted 2nd antreested rrenc.

Wher »iclerelweed was sprayed with PCP in o!l1, it was ueuelly only
2 antter of hours until the lerves would be browned to a chocolete color.
Within & weekx =fter trertment, rt ratec of Zron 1é to 50 rounds of phenocl
ofr acre, regrowti would be evident erd two weeks leter regsrowth would be
well edvenced.

A s—rarine of pickerelweed with amnonium thiocyanate et the rate of

160 nounde -er acre, 41d not show an;” nermenent control.
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Nympheee

On July 12, 1948, a scusre-rod ovetch of white water lily, Evmohaee
odorata, was sprayed with PCP in 01l at the rate of one-half pound phenol
per acre. Twenty-four hours later, about 40 percent of the leaves had
rolled mrgins. Two weeks after treatment, new leaves and flowers had
aopeered &nd were coverinz the browned and curled ones. These were
sprayed with the isopropyl ester of 2,4-D 2t the rate of 1.39 pounds per
ecre, using the aqueous spray. These new leaves were rolled within a
few hours. On July 31, five days after the Hlot was re-sprayed, the
narging of the leaves were still rolled, the peticles were twisted and
many leaves wers teneath the surface and in the process of decar. Yone
were floatine in a norme) nosition. A week =2fter spyraying with the
translocrnted herbicide, the twisted petioles were very consoicuous
~zainst a bacikground of decaying leaves. At this time severzal new
leaves were vrotrudin~ and openins above the suarface, dbut thoge which
had been hit by the s ray were upside down, submerged and disintegratinas~.

On Aasust 5, eleven davs after re-spra;ing, the regrowth in the lot
wvez snarse, about six new leaves were unfolded above the surface, the
renainder were upside down and the petioles were colled. Three weeks
~fter re-s,reyinsg, alzae covered most of the surface. The algne proda-
tlr tlankzettel the wrter sur-face and so discouraged further regrowth.
On Sentenber 8 the pHlat stood out in sharns contrast to adjacent, un-
trented areas which had no algae but were covered with the leaves of
two while wnter 11ily.

An anplication at the rete of eight nounds of phenol per eacre, an-lied

J-11ly 10 did 1.0¢t cerlousl;” reterd the srowth of lInmhrea odorata.




Tyohar

Drring the summer of 1948 sgeveral spreyings of spatterdock, Nuphar
aivens, were made with ammonium sulfamete. In all cases the results were
l1dentical. The leaves, which protruied or floated on the surface, were
x11le@ when covered with the spray. This 414 not interfere with growth
from the rootstock and eventurl re-population of the surface.

On June 23 an application using 128 pounds per acre was applied to
spatterdock. At this time most of the leaves werc suprnorted above the
surface of the weter. Twenty-four hours later, menry of the leaves were
curled to the midrib, as one would roll & scroll and some were mottled
with brown spots. Forty-eight hours asfter tremtment, some of the lenves
were alpost comnletely browned, others had jJust the centers green with a
brown periphery. These latter leaves remained erect and protruding adbove
the surfece durinz the remrinder of the summer. Those which were complete-
1:- trowned, nrobedly half of the .tctal. soorn decaved at, or Just below, the
gn-face, Eil-hteen days ofter trestnent regrowth wes evident in the forn
of new lenves breekin~ throurh and openins above the surfece film.

On June 25 a square-rod plot of Juphar advena weae snrayed a2t the
rete of 128 pounde per acre. By July 3 £fully helf of the leaves were
dea”® and submnersed, the rest were nartially browned with some nortlons
dr- and disintesratin~, A few, & roximetely twelve, were large and
sreen. These »Hrodnbdly had received none of the s_ray since the ;lot
we.s dence 2and complete coverapge was not obteined. Tishteen days efter
trent—ent, the green centeres of the leeves which had been sli-htly
covered with s.ray solution, were still consplcuously protruding above

the surface.
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Four and one-half weeks after treatnent regrowth had progressed
to such an extent thet it was decided to see what effect the application
of a phenoxyacetic acid derivagive would have on this new growth. Accord-
insly, this nplot weas sprayed with 2,4,5-T ét the rate of 1.39 pounds per
acre. Three dayrs later, the petioles and lesves were twisted similar
to that of Niympheee gdorata leaves which had been syrayed a day earlier
with a2 similar emount of the isopropyl ester of 2,4-D. On Ausust 2 new
lesves were to be geen coming from the rootstocks, althouch at the sur-
frce there weas still a2 mass of twisted leaves and petioles. The lake
level wns down at the tine of the next examination and injured leeves
were projected abdove the surface. Continued new ~rowth was observed
durin~ Augast. The 0ld le=ves elther were projected adbove the surface
or were decaring beneath 1it. Yew leavec continued to apnear during the
renainder of the ceason.

Sprtterdociz, Muphar sdvena, was not seriously affected by sprayings

of PCP up to forty -ounds of shenol ser acre. Within 2 few hours of
s rarir~, the leaves were browned to a chocolete color and regrowth
a5 cared@ a short while afterward. Althoich the leaves were killed
which were contacted by the spray, the applicetion did not rrevent

new leaves from soon re-slecing the dead ones.
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DISCUSSION
Nigrosine

As & result of lzoboratory work, it was determined that a chemical
chance vasg resyonsible for the diseppeararce of the dve in Loon Lake.
Te e formed an insoluhle compound with salts in the weter and thus
mn reciritated. In the laboratorr this precinitate could be observed
-~ the leaves and on the sides or bottom of test Jars. It was not found
sunelPle to mut this onrecipitated dye bdacit into solution.

Teriously formleted dre samnles were obteined. Some of these formed
‘e solutions or colloidal suspensions whlle others were insoluble in
wrter. Solutions or suspensione, however, of all of these were cleered
it~ Jor tests by Anacheris canedengis nlants. Sometimes clearins took

T-7e in Jere where there were no plants.

Cr. the basis of observatione &t pond Wo. £, Hastinrs Fish Hatcher:,
w ere nigrosine was used, it wec chown that a decrease of oxysen and e
n~rvee 3ndins increase of crrbon 4loxide followed anulications of the
A=-n, Yeither Eicher (7) nor Surber and Everhart (20) included observa-
‘i1s5nc on the oxvren—crrdor dloxide rntin followings nisrosine trentments,
rithou~h the odor of putrefaction, as indicated by Surdber and Everhert,
ver- 1i{“elv denoted a low oxrgen condition.

To be effective in controlling submerged slants 1t would asreer
that sufficient nigrosine dye must be added to the wmter to ;revent light
#rsm reachinz the plante. YWhen the plants are almost to the surface,

myre dve will bYe required to exclude the 1ight from the: than if they
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vere not 80 near the surface. It is not easv to maintain this high
~cmeentration in view of the fleld and laboratory experierces.

Ir the concentration of 4ye were ma'ntained by repeated additions
“or a sufficiently lons period of time, 1t is very lively that sub-
~ev=nd ~lants would die. Decey of this vlant material would lead to
~ l¢wr oxrzen— high cardbon dioxide condition in the water. If it per-
rirted for any consideradle period of time, it 4is quite likely that

tnte canditizon would be detrimental to enimal l11ife.

CHLORIVWATED BENZENES AND XYLENE

When balnrced mixtures of chlorinated benzenes and xv lene were first
used, the tyvpe of water as-eared to be a f=ctor in the stadbility of e-
mileisne. When thie was shown to be the case (Tedble VIII) only lake
1mtar was utilized in deterninines the cholce of emlgifier. ‘Table
VIT 1~ an evalunticn of a mimber of emuleifieres when tested with
t~lenced mixturees nsine lae Lancing water, Those indicrted geve
crtlcfactory res1’ts. Tadle ¥V shows thet when a non-ionic ermlsifier
13 nsed, temperature of the water, is not an important factor in the
enttline sut of dalanced mixtures. The influence of the amount of
eri"gifier on settlins is shown in Tadle VI. With balanced mixtures
nothin~ 1s gained dy addings more then just the minimum amount recuired
~tnere there ig not the stron~ tendencyr of the mixture to either rise or
2211, as ig the cmse when the materials are utilized sencrately.

Several mttempts to show differences in effectiveness between

Salanced nixturee of orthodichlorchbenzene-xrlene and trichlorobenzene-
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x~lene did not give conclusive evidence of the superiority of one
over the other,

Wrere weed beds were dense, it was soon apprrent that the emlsions
of balanced mixtures would not readily penetrate more than a few inches.
Increasin~ the rate of application did not increase penetration. Mix-
tiree which were made heavier than belanced mixtures for example by
cshaaginz the ratio from 3:1 to 2:1, 4id not penetrate simmificantly
ferither than did the halanced mixturés. The interference with the
Tretrttion cf the srrayed nlxture br weeds ie¢ n-nprent fron an
crxeninaticn of the resultcs with a-nlicetione of balanced nixtures,
™1+ wna especially noticeadle when & somewhat open growth of Chara
in snpallow water was successfillr controlled by s ravinz at low
rates, Similar retes only <illed the upner few inches of a dense
Shara nmat srowing in deever water. The inability of the emulsion to
enetrate a mat of Chara, should not be attributed to & drealking of
the ermlsion due to temperature changes (Table V).

Cn species other than Chara, hisher retes appenred to be =2

1ecesattre A tall but somewhat open (not dense) growth of Anacharis

canacensis was successfull;” controlled by en anslication at the rate
»f 177 pgallons per &acre but with a mixture contalinins comparatively

~s»e trichlorbenzene to make the misture heavy. Potamoreton 2armli-

£-1111s was very reesistant to treatment with the balanced mixtures
And reneated trials with hish concentrations ¢1d not give satisfac-
tor;s con*trol.

Tron the results, there ir some indlcatior that dbetter control

~an be obtained wher applicatisns are made early in the season.
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~

,ontrél could be obtained esrly in the season with lower rates than
vere required for control later in the season.

It would be highly dosiyable to investigate other balanced mix-
trez than orthodichlorobenzene-xylene or trichlorbenzene-xylene as
wita thle method 1t is possible to utilize materials which, because of
=f their welght, would be unsuitedble if used alone or they would re-

~s11r> too large an amount of emilsifier.

2,4-D PELLETS

Althoush & considerable number of treztments were made on aguatic
“1ants with verious nhenoxyecetic acid derivetives asg fall or winter
A plications &and at rates considered to be reasonable, none could bde
c-nsidered 28 beings effective. 1t can be seen from the results of
j== tests (Table X) that in severel instancee, identical treatments
f1d not give identical resulte. Differences in effectiveness be-
tween the materials are indicated. The sodium salt of PCP and a com-
hinntion of this comound with 2,4-D are more effective herbicides
t~nn nre 2,4-D or 2,4,5-T. Derivatives or 2,4-D and of 2,4,5-T, when
ther were effective, required a longer periol ¢f i're than dic the
Il c¢ozoounds whiech have e more rapid, toxic action.

then the retes in field triales were increased, tsle difference in
rf nctiveness was observed. It wonld appesr, therefore, that the
#-;licotion of 2,4-D and 2,L,5-T pellets, as formulated, would not be

rn effective nor an economical means of controlling the weed species

tndlcated. The use of PCP in various formulations, gives more promise
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of usefulness in this method of aquatic plant control than does any

derivative of phenoxyacetic acid.

Translocated Herbicices
Trhn
Although cattails are resistant to 2,4-D, some degree of control
can be obtainéd by repeated foliege trestmente. The results are detter
+hen thece are made using o1) sprays rather than agueous sprays.
Single applications of 2,4-D at high c-ncentrstions, did not give
the desired contrel. Treatments of five nounds 2,4-D per acre almost

inveriebly caused the cattell leaves to teccme brown, to dry, to lodge

rn? to create the ir:recsion of a fevcrable control. Althouzsh a number
c® the »lents woulcd te ennarently cend ag a recult of the treatment, in
-recticallyr all ceses, by esrly fall there were sions of regrowth froom
‘e rcotstockre. If nc regrowth ashesred b the end of the seamason with-
cu* ecxcetion 1t A4id epperr the followins rrenr,

Rest resulte were obteined when &n initiel arrlication of at least
t"ree vounds per acre was nade in June, befere the pollen was shed. The
“r>t 25114cation, at the seme concentration, wae made six weeks later
ven re:rowéh wee esteblished. 1In s;.lte of these two annlications
+otrlin~ siy or mere mounce of 2,4-D jer acre, there was evidence of
e ~rowth frem the rhizomes b tihe end ¢f the sers=on.

As 2 result of 2 cormariscn of the acid, the ecster and the anine

er1t of 2,L.D, 1t dces not apnenr thet anr of tren 1s outetandingly

sunersor over any of the others.
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Sezittaris

Arrovhead, Sarittaria latifolia, appears to be more readily con-
‘ro""ed with applications of the transloceoted herbicides than eany other
~.ecles tested. This does not mean, however, that all applications
~ave the desired control. Of the treatments made, best results were
ohtained with mid-July to early-August aprlieations at the three pound
rrte. Comnlete control wes not obtained in all cases but better re-

smlte were obtained with 2,4.D than with 2,4, 8.7,

ontederia

Picleralveed, Pontederie cordate, is not ae sensitive to 2,4-D

as ie &rrowheed, Sarcittaria latifolia, b=t it does resnond favoredly

*¢ 2 tlicatione. Three ~ounds ner acre of either the ester or the
rheny] ecetie acicd formuletion geve gocd resulte.

Vhen light aprlications of 2,4.D were annlied to pickerelweed,
the beses of some of the petinolees in the plot would soften and semarate,
cancins the netioles to become detached end to floet at the surface. A
rrecter number vouid be caneed to serarete when errering coincided with
the beginninge of the flowerings reriod. Jhly.sprayinrs more nearly coin-
cided with the flowerins period et which time food reserves 2re low.
Resrowrth ie more likelyr to occur following June sprer-ings becance re-

gervee rre gtill relstively abundant Iin the ront syetenm.

Nvmphaea
Eymphaee odorate has a large rootstock and ie resistant to treeat-

ments with transloceated herbicides. An epplication causing maximum
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ehoclz, &pplied when reserves are lowest, would allow & minimum amount of
recrowth,

Cingle applications with either the isopropyl ester at rates up to
ten ounds ver acre, or the phenyl acetic 2cid-2,4-D formletion at
r~tes 1p to three pounde ver acre, generally did not give satisfectory
contrcl. When the petioles were short and where the rhizome approached
tWe surface, the 1sopro§y1 ester of 2,4-D vac very effective &t the rate
2€ .5 pounds per 2cre. This would esurrest the advisadbility of droprins
tte vrter level, if this were rossidble, and then eprayine the exposed
~lnntz, A single sprarins mede July 10 with the pheny) acetic acid-2,4-D
fcrmmlntion at ?7.15 poundrs 2,4.D -er acre, twice the recommended dosage,
1A~ very successful.

T™wo applications of the vhenyl acetic acid-2,4-D forrmlation at 2.65

~ounée per &acre, were very effective or Nymhaea odorata when the firest

vas 2n-.1ied in late June ard the second in Yate July. A slightly ereeter
cintrol was obteined by usins one ar~lice=tion of 2.£5 pounds and e second
rt 7.1% - ounds per acre £t an interval of a month., Two aprplicetione of
the 1sonropyl ester of 2,L.D at rates of 2,48 nounds, a-nlied July 8 and
reatn on Ausust 17 when resrowth became established, geve satisfectory

control for the season.

Nvohar

Yo greet succerr was achieved in the control of sratterdoclk, Yupher
advena, with any of the 2,4-D or 2,4,5-T forrmilations 1ced. All »nlants
that apnerently had been severelyr affected, later developed regrowth.

Control hr & single 2-plicetion seems unlikely to be secured with
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thir crecies in view of the tremendous size of the rootstock and the food
~*ored therein. W¥hen compared to the white water 1ily, spvatterdock appesre
*n be more resigtant to 2,4.D,

The phenyl acetic acid-2,4-D formuletion did not arveer to be superior
tc the readily availedble commercial forrmlations of 2,4-D. Even 2t the

= te of 6.89 pounds 2,4-D per acre, control was not obtained with the
~Me=r]1 acetic 2cid-2,4-D compound.

Contact Herbicides

Contact herbicides, in generrl, 414 not prove effective on cettalls,
e rates of TCA, PCP, armoniun thiocrenate, or ammoninm sulfamate were
~:ff4~lently hirh, the applications were very effective in killings the
Yecvee. Occacsionelly more thar just the lenves were rffected dut in
Srrctionlly every cage, growth from the rhigome continued the followine
~~rinr-, The use of el 0%l ac cerrier for these compounds 4id faelli-
t-4+r coverase but 414 not meterially affect the end result 2t the con-
rentrertions used. Addition of 2 small amount of spresder-sticlker
p--enred teneficial in some applications. The cost of trestment with
the contact herbleides ieg considerably preater then that with translo-
cntr® herbicider.

Whren a trented area wae surrcunded with untreated nlente, new shoots
sfter develo-ed in the treatel ares because of invesion. Comlete cover-
ree, therefore, is required in an ettemnt to control eatteils.

The ease of apnlieation and an .arent effectiveness of alpha-hydroxy-
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tete-trichloroethyl sulfonic acid werrants the further study of this

nr.terial for the control of cattails. Soluble soddum dborate ey well
alre bYe included in further studyr.

Sngittarisa

Arparent kill of sprayed lesves of errowheed, Segitteria latifolia,
wee echieved when ammonium sulfamate and amrnionium thiocyanate were
ar~lied at the rate of 160 pounds per acre. Regrovth, however, occurred
from the beses of the affected leaves. Higher rates did not give the
fecired control.

On the basis of the succees obteined with one experimentrl sprey-
trn~ of arrowheed usings fuel oil, further study of thie meteriel 1is

wrrrented.

Pantnlerise

Mo annlicatione of PCP or amnmonium thiocyanate reve satisfactory
contral of nickerelweed. The leeves were serioucl;s effected but the
trrer of the petioles did not soften or seperste. FEven at the time of
~cximn zrowvth, there apparently is sufficient enersr left to exebdble
rew leaves to reech the suarfrce.

In view 0f the ccmparative ecconomy and good resulte wnich were
chbtaired br the nge of translcerted rerbicides on this specles, the

‘1~ of contact sprays is not recommended.

Wepom
We—~-haen

The contrsl of wnite water 111y, Mymchaer odoratza, dy centact
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*ewtictidec does not apnear to be as satisfactor: as does control with
tw~-clocrnted herbicides. An anplicetion of PCP followed, two weelrs

Yo4er, b an applicetion of 2,U4-D pgeve an arpearance of goz@ control.

*h1-har

The large and extensive root system makes it difficult to effect
~rntrol of Nuvhar advena with either contect or translocated herbicides.
imrmoninn snlfemate and PCP were effective in killing leaves contacted.
w- the srray, dbut they were not effective in nreventins resrowth in

t-reteld orenc.
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SUMMARY -

The use of nigrosine dre for %the conirol of sudbnerged equatic
lrnte wae not satisfactorr. Amnarently salts in the water react
vitn the dyre to form insoluble precipitrtes and thue the dve is re-
“awed from solution. In a hatchery nond of .75 ecres, althoush the

d:re vas not present'in sufficient quantity to crntrosl weeds., the
Atreslved oxyrer content of the water, two 2nd one-hal?f to three
frrt helow the surfece, drormed to 2 low level wvheras the crrben
‘toxife content incrersed. This is net eaoneidered to be 2 healthy
c mditi~n end thue the nce of ni~rneire dre 12 not recomnended for
‘ne control of acustic nlants in hatcher: -onds.’

Balanced nixtures of orthodichlerobenrene-xrlene £nd trichlor-
trnzene-xvlene were found to be effective in the control of sud-
rer~ed wecds. The emlsified, balenced nixture remrine lonecer in
contzct with the submerged r»lents then do elther of the comronents.

Smaller cuAantities of the mixture r2re recnired for the contrel
:€ Chrra than for other weeds. Ar-licetions nede earlyr in the see-
c-= ~tye Hyromise nf better control then those mrde later. Potemo-

~etom an-11folius a - errs to be nerticnlaerl:- resietant tc the telanced

T™he use of 2,4-D and 2,4,5-T comounded Into nellets, d1¢ not
f-,enr to be & sptiefactory meens of ccntrollins submerged weelrc.
Lnntitles of 2,4-D-PCP pellets recuired to Ye effective were con-

s'dered to be too hirn in cost from £ nracticel -oint of view.
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The epplicetion of dry herbicicdes on the bottom of a drained vond
717 ot glve satlefactorr control.
Pegt results from the use of translocated herbicides occurred
vier a-~nlicetions coincided with the period of flowerirns. Awnplice-
t*--¢ £t the rete of three nounds 2,4-D rper acre at this time geve
-~ control of pickerelweed, Pontederia cordeta. White water 111z,
.mnhheee odorate, recuired an adéditional trestmert a montk later.

Trssm2), Bo-he Intifolin, wAar nnt satisfectorils controlled B tuws

- =ry arrlications. Arrowvhead, Segitteris 1a2t1folja, wag the moet
emcitiws to Aarplicetion:s of the ¢rarclceated herdhicider.

The lerge onantity of focd recerves in the roctstocke of aguatic
~lonte maltee then 4!€fic1t to ccntrol by enray enplicetions of con-
tnet herti’cides. Tven at flowerins, recerves are sufficient to pro-

+'7e for rerrowth when the tors are killed with contect herticides.
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Fig. 1. Knapsack sprayer

Fie. 2. Sprayers before and after modification




Fig. 3. Equipment for spraying small experi-
mental plots.

Fig. 4. Appearance of emulsion shortly after
s _raring.
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Fic. 7. One-man operation of spray rig

-, 2 Method of lains out rlot Yrounderier

P ~ e




Fig. 9. Components of home-made turbdidimeter



Fig. 10. Home-made turbidimeter (assembled)




Fic. 11. Cleerins of dye solution. All jazrs had
originally the same concentration of dye but the two at
the left were set u: eight weets before the one at the
right. The Jjer at left showed practically no clearing
wnen comvared to the one at right which alsoc éié not
contain .lants and wnhich was set up on the day the
photogra h was taken.

Firs. 12. The effects of different exulsifiers on
balanced nixtures of xylene-tricalorbenszene.
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Location of treatment aress at Tast Mill road

H‘o 13.




Fig. 14. Appeerance of Chare shortly after spreying
with belenced mixture of x:-lene-trichlorobenzenc.

Fic. 15. Terminel six-inch portion of Chare killed
b balanced mixture; basal nortion not afiected.
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SCALE

FIG. 16 LOCATION OF PLOTS IN PORTAGE CREEK POND
JACKSON COUNTY T2S,R2E,SECB




Fig. 17. Soft-stem bulrush, (Scirpus validug). six
édays after trestnent with 2,4-D-PCP pellets. Photo-
granhed fron waterside.

Fiz. 18. Sanme plot as above, thirtecn days after
trestment. Photocranhed from landside.




Fig. 16. Ducxk poteto, (Segjttarie latifolis),

thirt;r days after treatment with an aqueous solution
of the isopropyl ester of 2,4-D at the rate of 2.78
pounds 2,4-D per acre.

Fiz. 20. Duck potato, (Segittaris latifolis).
tnirt: dars after treet:ment with fuel oll at the rete

of 40 gallons ner acre.




Fig. 21. Pickerelweed, (Pontederia cordats),
thirty-one days after treatment with phenyl acetic
acld-2,4-D at the rete of 2.65 pounds 2,4-D per acre.

Fig. 22. Whitec water lily., (JMym;haea odorata).
thirteen days after trestment with phenyl acetic ecic-

2,4=D at the rate of 7.15 pounds 2,4-D per scre.




Fig. 23. White water 1ily, (Nymphaea odorsts).

before treatment.

Fis. 24. White water 111y, (Jymphaea gdorata),
fifteen days after treatment with the isopropyl ester

of 2,4<D in oil, at the rate of 3.4€ pounds 2,4-D per
acre.

g



before treatment.

Fig. 25. White water 1ily, (Nymphaea odorata),

Fig. 26. White water 1l1ily, (Nymphsee odorate),
twvelve days after treatment with phenyl acetic acid-

2,4-D at the rate of 2.65 pounds 2,4-D per acre.




Fig. 27. Wnite water 1lily, (}vmphaea odorsta),
Twenty-seven da;'s after treatment with phenyl acetic
acic-2,4=D at the rate of 2.65 pounds 2,4-D per acre.

Fiz. 28. VWhite water 1ily, (Nymphmsea odorata),
fifty-two days after treatment with phenyl acetio
acié-2,4-D at the rate of 2.65 pounds 2,4-D per acre,
and 25 days after suraying the regrowth with ?7.15
pounds of the same formlation.




Fig. 29. Yellow water 1lily, (Nuphar acvena),
before treatment.

-

Fig. 30. Yellow water 1lily, (Muphar sdvens), six-
teen cays after treatment with phen;-l acetic acid-2,4-D
at the rate of 6.89 pounds 2,4=D per acre.




Pig. 31. Narrow-leaved cattail, (Typhs angustifolis).
thirty days after treatment with ammonium thiocyanate
at the rate of 320 pounds per acre.

Pig. 32. Narrov-leaved ocsttail, (Lyphe sogustifolis).
treated the previous fall with alpha-hydroxy-beta-tri-
chlorethyl sulfonic acid at the rate of 200 pounds per
acre. Photographed in July.




