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ABSTRACT

Spríng applicaËions of paraquaË ât raËes of L[4, L/2 and 1 pound

per acre were evaluated in conjunction with sod-seeding of alfalfa for

natíve bluegrass pasture ímprovemenË. Only at the one pound Per acre

rate Íras the suppression of resident vegetatíon sufficient to permit

establishment of a]-faLfa.

single application of 214-Dt2r4,5-T at 24 ounces per acre prior Ëo

Ëreatment and scid-seedíng was relaËiveLy ineffecLive in controLling

perennía1- forbs found in naËíve Pastures. In addlËion, the chemical

residues ín the soil following treatmerit with the phenoxy herbicides

prevent the germinatíon of sod-seeded J.egumes ín the year of applica-

tion. Fall application of paraquat at raËes up Lo L-ll2 pounds per

acre T^ras ineffective in suppressing Ëhe residenË vegetation Ëhe follow-

ing spring.

paraquat applied in the sprlng at ra¡es of L[2, L ot 2 pounds per

acre suppressed or controlled dense stands of wild barley sufficíenËly

to permít the successful establíshment of spring seeded alsike clover.

Paraquat at 2 pounds per acre in combinaËion wíth isoeiL at 2

pounds per acre applíed as a split applicaLion separated by a 4 to 6

week intelval T^ras more effective in conËrolling couchgrass than a single

appLication of dalapon aE 25 pounds per acre or TCA aË 60 pounds per

acre, Four rotovations over a period of a year vlere equal to 6 paraquaL

treatmenLs, each at 2 pounds per acre applied approximaËeLy aL monthly

intervaLs, Fall- application of paraquat at rates uP to 2 pounds per

acre suppresséd couchgrass for approximatel.y one month in the foLlowing

spring.
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TNTRODUCTION

Duríng the past 20 years arable hreed, partícularly annual weed,

control has developed Ëo the point where a specifíc chemícal can be

recommended for a speclfic weed problemo llor,rrever, selective cont.roL

of many perenníal weeds has not been developed Ëo the same extent and

many problems assocÍated wiËh the control of these weeds in native

pastures, rüaste areas, and cropped lands sLil-L exisË.

ApproxímaËely 6 million acres of arable land are utílized for

pasËure in Manitoba. Of this toLal about 5 míllion acres are native

or unimproved pasture which are low in productivity and are usually

infesËed r¿iËh herbaceous and woody perennial weeds,

Cultural methods, such as breaking and reseeding, have been uni-

versally used to improve unproducËive pasEures. Recently chemical

renovation, in which chemisals are used to suppress or kill the resi-

dent vegetation prior Ëo direct sod-seeding, has supplanËed culËural

renovation in parts of New Zeai-,arrd and the United Kíngdom.

Vüi1d barley @rggum iubatr¡m L") is a weedy grass in many low

set areas in native pastures" Under high water Lable condiËions, wild

barley becomes very competitive and persisËent" i{ild barley is com-

pletely useless as a forage crop because of its sharp awns whích are

injurious to cattle.

One of the rnajor weed problems in arable Land in trrlesËern Ganada

ís couchgrass g-æ-ry_r=g (L.) Beauv")" This is a rhi.zomaËous

species, which accounts for its persistence once iË becomes esËabllshed.
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, 
.._t.._.surveys conducred by weed workers in Albert a (22) and Manitoba (32) in_ '

dicated 10 and 4 percent, respectively, of Ëhe cropped land Ís Ínfested
with couchgrass' couchgrass is more likely to proliferate when land is
cleared or broken than where iË ís left undísturbed, Once couchgrass

becomes established ít is very dífficult Ëo erad.icate. Carder (22) re_ ,.,,.,,.,
-ì.: a.1

ported that compleËe eradication of couchgrass ís necessary because Ít
cosËs more Ëo control couchgrass on a yearly basís than to eradicate it..

rn 1960 a neüI ehemical , paraquat, r^ras tesËed for pasture renova- ,,,.,,,'.,.

Ëíon. This herbícíde acts mafnly as a dessican. on plant tissue bu' ': '''t'i'
i¡- 1.,:.,, ':.some research on perennial plants treated with paraquaË alone or in ,l;,r'.:,.¡.

combínaËíon wiËh other herbicides suggests Ëhat translocation may also
beafacËor.ILsmajoradvantageoveroËherherbícidesappearedtobe

'the absence of chemfcal resídues in the soiL, 
r

l'fore information on the usefulness of paraquat under Manitoba con-

ditionswou].daidind.eterminingwhetherthisherbicidecanbeused
:for chemical pasture renovation and conËrol of perenniar grassy weeds ,

in this province.

The purpose of thÍs study is to det,ermine wheËher paraquaL 
,::1 

,,:,,,.¡,:¡...:followed by forage seeding can successfully convert poor qualiËy low- ,,:.,;,r..¡. ;,,
yieldíng nat,ive pasËures into productive pasture and whether paraquaË -j.i-

can effectively control perennial. grassy weeds,
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LITERATURE REVIE}T

J. Native PasËure Improvement

Pasture improvemenË wiËhouË ËiIlage was firsË introduced in L927 by ,,,,;,,,,,,.,,,

-.. :,::':l:.

Graber (zl) wtro burnt, fertilized, and then seeded with drought resis-

tanË legr:mes unproduct,íve, unpLowable, grub-infested pastures ln

trrlísconsin' Graber recognízed that Lhe exisËing vegetaËion must be killed .,..:.;,::j,;

or suppressed sufficíently Ëo preveïrt seríous compet,ition wiËh the seeded i.,t¡u:t'

species and that good soÍl contact with the seed ls a requirement of

germinall-on, Tn L944, Brown g! al, (46) recognj-zed Ëhe potentÍal_ of

herbicldes as a compLete or partíal subsLituËe for tillage fn suppres-

sÍng exist,ing vegetaËion. SaËf-sfactory sËands of Ladíno cl-over were

obtaíned by broadcasting seed one year after appllcation of 200 pounds

Per acre of ammoniuur thiocyanaËe or sodium chlorate. In subsequenL

tríals, Brown encountered two seríous problems. First, chemical resi-

dues remained ín the soil result,ing in poor seed germination, and

second, resídenË perennial herbs free from competition of grass sod

proliferated and exerted extreme competiLíve pressure on establlshing

plant s.

Over-drillíng in which a thln sLlce of sod ís removed in order to

íncrease seed- soil contact thus giving the seedLing a better chance of

survival was developed by Blackmore (7), Ín New Zealand. This nethod

faíled prínarily because the competít.ion from Ëhe resídent vegetat.ion

on the establishíng species üras Ëoo great (9126), IË became apparenË

thaË for non-tillage pasËure renovatíon to succeed, some method to

remove the competition from the resident, veget,at,ion musË be found (26).

3.
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Peters (46) in 1954 reported that dalapon (sodium 2,2-dlehLoropro-

pionaEe) effectívely reduced grass compeËítíon and allowed legr:me seed-

lings Ëo establísh but conpetition from numerous broad-leaved weeds was

severe during the seedling year" Dalapon hras used in chemfcal pasture

renovatÍon projecËs wiLh linlted success because of one major problem'

Seedíng of a legr:me after Ëhe applícation of. 7.5 to 10 pounds per acre

of dalapon must, be delayed 2 to 4 weeks due Ëo chemical residues in the

soil (8r46)" This delay permlËted regrowth of the resldenL vegetaËion

before a Legume couLd be seeded ín the arear As a resulË, the esËa-

blishing legume suffered severe compeEition from the resident vegetation"

Tn L962, Jones (40) reported EhaL because Lhere Ílere no chemical

residual effects in Ëhe soil after applícatÍon of paraquat (1:1-diureËhyl

4r4-bípyridyliun) over-s.o1,rring eould foLLow inmediately afËer spraying"

Subsequently many workers (35r40, 53 r54r59) denonsËraËed ËhaË paraquaË

at one pound per acre suppressed grass Ehus permiËËíng legume esËablish-

ment, Although paraquaË appeared to solve the soil residue probLem,

which ïras characËerisÈíc of dalapon, it showed some selectivíËy among

grass species. Grass resurgence following Paraquat treatroent depended

on wheËher Ëhe specles possessed annual, tiller, stoloniferous or tlrí-zo-

ma¡ous gro\4rth habiË (27), Under California conditions Paraquaf con-

trolled annual grasses (30,42); however MaËthews (43) reported Ehat

this herbicíde gave very LíËtLe eonËrol of rhizomátous grass species"

It was further noEed Ëhat broad-leaved weeds increased in abundance

following grass suppression with ParaquaË, exerË1ng a severe competlËive

effect upon the establishlng seedLings (10,33,50,54). 01d grass sod

conËaÍns many viable weed seed which germinate when there fs a sup-

pressed grass condition (54), Peters (46), in 1960, reported that
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many of Ëhe weed species assoclaËed wíth permanent pasËure sods were

relaËively resistant to presenËly available herbicides. Idost of these

weed specles have Ëhe common characterísËic of propagating by vegeËa-

tive means. Peters (46) appLLed 2,4-D at 4 pounds per acre prior to

chenicaL renovaËion Ëo control broad-leaved weeds, Yarrow Gghilfea

níllefolium), buEtercup @ggc"lug spp,), Canada ËhÍstle (ltr-gittt

arvense), and einquefoif @.¿entitfa, sppe) appeared resistant to

2,4-D" EllíoËt (Zl) oAtained a better kiLl of broad-leaved weeds by

repeat,ed spraying at Lower rat,es of 2r4-D, at inËervals of a fetr weeks,

and by spraying ín consecutive years,

Blackmore (6) reporËed that under New Zeal-and condíËíons seed

broadcasted in areas where rainfall hlas apppoxímaLely 18 ínches per

annum falled Lo germínate satisfacËorily" OËher workers (8r23) have

also demonsËrated that adequate rainfall is essenEÍal for a good

sËríke when seedlings are establishing. Blackmore (6) reporËed that

overdrí1ling under low rainfall condiËions was strikingly superior Lo

broadcastíng. Thís poinËs ouL the necesslty of Ë.he seed being in con-

tacË r^¡ith the soil in low rainfalL areas.

ApplieaLion of niËrogen and phosphate fertLLizer is essenËial Lo

successful legume establÍshment (L01 26r28)' Gross and Robinson (26)

reporËed Ëhat phosphate should al.ways be sown with the seed' Under

conditions when naËural- grasses respond quickLy Lo fertil-Lzer, delaying

the nítrogen appLication up to 4 or 6 weeks after chemícal ËreatmenL

and forage seeding is advanLagëous (23149).
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II. trüild Barlev Control.

ParaquaË has been used to control top grorüth of wíld barley.

Vanden Born (55) and Friesen (31) reported that 1 Ëo 2 pounds per acre

of paraquat dessicated r,ríld barley buË regrowth occurred. McCurdy (44)

used paraquat at rates of up to 4 pounds per acre Lo control wild bar-

ley in order to esËablísh Ëal-l r^7heat grass. A group of workers from

Calífornia and Nevada (30) reported that superior forage esËablishment

occurred when forage seeding üras accompl-ished ín the earLy spring com-

pared Ëo seedíng later in the spring and summer.

III. Couchgrass Control,

Herbicídes currenËly recommended for Ëhe conËrol of couchgrass ín

Manitoba and Alberta íncl-ude dalapon (sodíum 2r4-dichloropropionate)

applted at L0 to 30 pounds per acre, and TCA (sodium trfchloroacetate)

aË 60 to 100 pounds per acre (3,22). tr{eed workers (22) Ln AlberËa re-

commend that Ëillage methods be used prior Ëo dalapon application and

2 Eo 3 weeks following dalapon application. Brown (11) found ËhaË rates

of 40 Ëo 60 pounds per acre of dalapon are requlred to eradicaËe couch-

grass under trrlesËern Manítoba conditions. European ïIorkers (4r5r45r56)

reporËed' that B to 22 pound.s per acre of dalapon are required Ëo con-

Ëro1 couchgrass. Other weed workers (2,16) reporËed ËhaË lower rettes

of dalapon may be applied iniËially followed by 2 or 3 retreaËmenËs

when necessary.

Carder (17) in Alberta recommended Lhat tíllage methods follow

TCA applicaLíon when eradicating couchgrass. He reported Èhat TCA

gave 99 percent control of couchgrass rìIhen applied at 100 pounds per

acre. Other workers (24,42r45r47) have demonstrated that TCA applied

aE 20 Lo 50 pounds per acre wíll not gi.r" 
"å.quaËe 

couchgrass conËrol.
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Selleck (5Lr52) reported that eompLete conËrol of couchgrass re- ,.

sulted from two appLications of amíËrole-T (3-amine-Ir2,4-triazole plus

ammoníum ËhiocyanaËe) at 16 pounds per acre and from 3 applicatíons of

amitrole-T, one aL 7 pounds per acre plus 2 applications aL 6 pounds

per acre. Itrornrever, oLher weed workers (25137138) reported Lhat 
,,,,.,,: -.,,

amitrole-T applied at 4 Eo 20 pounds per asre will not eradicaËe couch-

grass o

Al-ban (1) eontrolled vigorousl-y growing couehgrass by applying 
¡:,,.:,,;

IftI (1 ,2-ó.Lhydropyridozine, malel-c \tydrazLde) in the early spring or early .,Ì.',

fall aL l-5 or 20 pounds per êcre. Bula (13) and Carder (14) indicated ,;,;:...,:;

i,l,:,::"':.

that MII gave good control of couchgrass duríng Ëhe year of applícation

but couchgrass reinfestaËion occurred Ëhe following year c

Helgason (36) and Carder (15) found that the appLication of 80

poundsperacreoffenuron(3-pheny1-1,1-dímet'hy1urea)wou1.da1socon-

troL couchgrasso However, rrhen Ëhe residual effecË of Lhe fenuron was

idecreased to a level where eouchgrass couLd survive, eouchgrass re- 
i
l

invasion was rapíd (15). I

A"nother herbicíde which has been evaluaËed for couchgrass control

ís ísocil (5 bromo-3-isopropyl-6-nethyluracil). Applicatíons of Ëhis ,' ,,: ,,,.

chemícal at 10 Lo 30 pounds per acre did not result ln good conLrol duríng 
ii:,j,.i,

the treaLmenu year buË gave 100 percent, plant kil1 a year after Ëreat- '"'':.""''-"'

ment (21). RecenËly Gautier (34) found Lhat under conditions in France

couchgrass Ìras susceptible to a chemícally relaËed herbicide bromacil
:::.::-:!:-,.:

l:: : Ì:Ì.1¡ ;::l(5 brono-3-sec-buËyL-6-nethylurací1), at 5 to 9 pounds per acre. ij::i'' ,

Research on the controL of couchgrass in Canada has recenLly cen-

Ëred on paraquat. Carder (18) has reported that applícations of para-

quat resuLted in good initial couchgrass Ëop-gro\,üth control but regrowËh

7o
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occurred wiÈhin 2 months afÈer application. paraquat Ëreatment aL this
time was followed by regrowth after an interval of one month" Ir]hen Èhe

area üIas rotovated after Paraquat reËreatment, regrowth sti11 occurred

within a month. JeaËer and Mcllvenny (39) indicated excellent conËrol

of top growth üras secured by spraying paraquat (l lb./ac.) alone or in
combínaËion with amítrole (5 or 10 lbs./ac.). one year after spraying

wiÈh paraquat and wlth paraqu_at plus low rates of amitroLe, some re-

growËh occurred, whíLe Ëhose areas sprayed wiÉh paraquat and the hÍgher

raËes of amÍtrole were cqnpletely killed,

Buchholtz (L2) recommended 5 to 6 srunmer cult,ivations for couch-

grass conËroLo Carder (ZO¡ inaicat,ed thaË a rotovaËor was the best

implement to eradicate couchgrass by tíllage means. procËor (48) re-

ported thaL 3 rotovations aË rrouthly intervaLs gave faír couchgrass

controL.
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MATERIALS AND METITODS

The experimenËs described in Ëhls report will- be discussed under

Ëhe followíng headings:

I. Native PasËure Improvement.

II, tr{ild BarLey Control.

III. Couchgrass Control"

I. NaËive PasLure IrnprovemenË

Three separate experiments r^Iere conducËed during 1964 and 1965c

A. PasËure ímprovemenË stu{y, s.pring L964"

a) No pre-treatmenË with phenoxy herbícides.

b) Pre-treaËment with phenoxy herbíeides'

B. Pasture improvement study, faLL L964.

A" PasËure improvemenL study. spring l-964)

a)"

ThÍs experimenË was locaÈed on an abandoned school yard in the

PorLage la Prairie area, This area was chosen because of the dominance

of blue grass @ pratensís L,) which ís considered a desírable natíve

pasture grass. Other species Ín the experimental area included: brome

grass @m"q inergig Leyss'), western snolrberry buckbrush ($XgPÞori-

carpos occillenËalis llook.), wíld prairie rose @g "pp"), Qþlgl

lateriflorus (Lr) Britt.), smooth aster (Agg.t Laevis), many fl-owered

asËer (Ast"., pæ.q (Blake) Conquist), praírle sage Q[@þig gnapha-

lodes NuËt.), Canadian goldenrod @,!i$ggg canadens.Ls L.) and stíff

goldenrod GelÅgeæ, $E!da. L.).
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The síte had noL been grazed for several years prior to chemicaL

treatmenË and as a resulË considerable dead vegetation had accr:nulated*

In order Ëo increase seed contact with the soil, thís maL was removed

by burning on May 14, L964.

AssessmenL of Ëhe plant vegetaEíon Írere recorded prior Ëo treat-

menL and at various interval-s followíng Ëreatment usíng a poinË quadraË

method, EsËlmat.es of Ëhe percent plant covelage of the ground. üIas re-

corded for each p1-ant species. Four separate point quadrat counLs

rtere recorded per plot from a fixed posiLion within each pJ.oU' The

4 counts per plot T^rere averaged to giVe a single vaLue, expressed as

percent. coverage for each planË species, Ihe recorded Peïcent coverage

of the individual specíes was grouPed into 4 categoriess grasses,

woody perennials, herbaceous perenniaLs, and alfaLfa* Individual mem-

bers of each category included:

grasqesi brome grass, blue grass, alkali cord grass, bíg bluesËem'

r^rqqdy perenníals,: vtestern snowberry buckbrush, \n7iLd praírie rosee
#

herbaceous perenniaLs; prairie sage, asters, goldenrods, taLl

coneflower, rLarroÌI leaf sunflower"

aLfa]-fa.

The experimentaL design on Ëhe naLive pasLure consísted of a con-

plete1y randomized bLock, replícaËed four times- Indívldual plots üIere

14 feeË wide and 30 feet long'

In this experiment aLfalfa was seeded on June 23, L964 and para-

quaÈ was appLied on June 24, L964. ALfaLfa hTas' seëded at Ëhe raLe of

7 pounds per acreo A pony Press drill with the maximum amounL of pres-

sure applíed Ëo the discs, úIas used ln seeding the al-falfa to ensure

correct seed p1-acemerit into the sod" A check and 3 rates of paraquat
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ü'ere included Ín each replicaËe- A wetting agent (Agrol g0) was added
at the raËe of 4 mirlílúters per garlon to ar.l Ëreatmen.s whÍch con_

tained paraquat. All herbicides ürere applied wíth a small plot sprayer
delivering 20 gaLLons total solution per acre, Fifty pounds per acre
of n1Ërogen and 20 pounds per acre of phospha.e were broadcasted uni_
formLy over Lhe area afËer the alfalfa had been soùrn, On July 9, 1965
the vegeLaËion was mowed and removed from the enËire experimental area,

b) 1,,,, 
,,.,,,

'A second experimenË initíaËed durfng Ëhe sprin g of. L964 was roca_ .r.,,,,.,

ted on the same siËe' The botanícal components ín the experimental 
i r.j:::

area were simílar to those descríbed under part (a), The mat of dead

vegetaËLon which had accumulaLed over several years T^ras over-burnt.
RemovaL of the dead vegetaËíon mat T^ras consídered desirable to permit.
the1egumeseedtocomeínbettercontactwiththesoi1.

:The experimenËal design consfsted of a comFleËely randomized block 
i

rep1.icated4times.IndfviduaJ'p1oËsü7ere14feetwideand30feet

long, The poínt quadrat meËhod was used to assess the changes in vege-

tation prior Ëo and folJ-owing chemical applicaËion* i; . .

iìi.i,i,t:ti,
The enËire experímental area Ì^ras unfforml-y treated on June 1g, Lg64 

,,.,,:,:ìr,ì,,
t.::::::::ì ::Ì-:jwfth 2,4-D (2,4-dichlorophenoxyaceËic acid) and 2,4,5-T (2r4,5-Ëríchloro- ..'.;ì:.:,t

phenoxyacetic acid) ín the ratio of 2¡,L aE 24 ounces per acre. para-

quat was applied on June 24, L964, one day after the seeding of 
, ,

alfalfa. Alfalfa r¿as seeded al 7 pounds per acre wíLh a pony press dri1l j,,,'....,''

as descríbed Ín the previous experiment. Fífty pounds per acre of
niËrogen ar,d 20 pounds Per aere of phosphate weïe broad.casted uniformly

' over the area on June 23, L964. Alfar.fa fair.ed to germÍnaËe on Lhe

experimenËal area duriag L964 and it was suspected thaË residues from . :r:i .ì..
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the phenoxy herbicldes had remalned ln the soíl, The fail-ure of aLfalfa

esËablishmenË during L964 necessitaËed retreatment wiËh paraquat and re-

seeding of alfalfa ln the spring of 1965, RetreaËmenË wiËh paraquaË r,rras

made on lttay 22, L965, two days after reseeding with al-falfa, A wetting

agent (Agrol- 90) was added aË Ëhe rate of 4 niLLileters per gaL1-on to

aL1 treatments which contaíned paraquatr Al-L herbicides were applied

wíth a srnaLl- pLoË sprayer delíver*ng 20 gallons toËal soluLion per acrer

å. Pasture improvement study. fall 1964,

A third experiment rdas locaËed in the generaL area of the abandoned

school yard on a blue grass dominanË native pasËure. The botanical com-

ponents in Ëhe experimental- area ineluded¡ bLue grass Qgg pratensís L,),

brome grass (lBromus inermis Leyss), alkali cord grass Gpar.ting gracilis

Trln.), big bluestem (Andropogon ger-ardi Vitnon), T¡restern snowberry

buckbrush (Svnphg!-car.pos. oecidentaLis ltook.), wíl-d prairie rose (Rosa

spp,), Çþ,t.r lategífLorus (L.) BrÍËË*), smooËh asËer Q{g!g1!4gi¡' L"),

many flowered asËer Gster. æsqå (nfate) Conquist), prairie sage

@isia sna.phaLodes Nutt*), Canadian gol-denrod (9g1Å4eæ. .canaffi. L'),

stiff goldenrod (gglidgg,g åigida I,.), tall coneflower (Rudbeckia

LacinÍata L,), and narrow-Leaved sunfLower @tiantnus.maxímilianii Schrad.).

The experimental area Ìras not grazed prlor to chemíca1- treatmenÈ'

The vegetaËion on Ëhe experímenËal area was mowed and removed from Ëhe

area in the late fall to reduce the mat of dead vegeËation, thus per-

rrittÍng greater seed-soil conEact.

The experímental design on Ëhe nat,ive pasture consísLed of a com-

pletely randomized block repLicated 4 tínes. Individual p1-ots were 14

feet wide and 30 feet Longc PlanL assessments ü7ere recorded usíng the

poínt quadrat method as previously described.

i:::i :trj,
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chemícal applícation of paraquat, diquat and daLapon al.one, and

mixtures of paraquat and díquat were applied on september 1_3, Lg64.

A wetting agenË (Agro1 90) was added at, rhe rate of 4 míllileters per

gallon to all Lreatmerits which contained paraquat, All herbicídes

were appLied with a smalL plot sprayer delívering 20 gallons toËaL

solution per acre. Alfalfa r¡ras seeded on May 3, 1965 at 7 pounds per

acrer ALfalfa was seeded with a pony press drill as described in the

previous experiments" FertiLizer Ìras not, appl_ied.
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II, trüild Barlev Control

Two separate experiments were conducted

and 1965¡

A. Evaluation of herbicides Ëo conËrol

B. trIíld barley control followed by the

with a seeded forage crop.

on wÍld barley durí'ng L964

wild barLey.

improvement. of Ëhe area

A. Evaluation of herbicides to conËrol wíld barley"

The experíment was located near trrlínnipeg on a dense infestaËíon of

wiLd barLey (^Hord.eum jubatum L.). The experlmenËal design llas a ran-

domized bLock, replicated Ëwíce. The lndívídual ploË size was 7 f.ee|'

wide and 40 feeË Long. tr'IÍld barley Ëop-grornrËh control was rated from

0 Ëo 10 where 0 aquals no top growËh control and 10 equals compleLe top

growth conËrol. Herbicides applied on June B, L964 LncLuded paraquaL,

dicamba (2-methoxy-3,6-dichlorobenzoic acíd), and dlquaË (6,7-díhydro-

dipyrido (L,2-at2t,Lt-") -pyrazidilnium). A wetting agent (Agrol 90)

was added at the rate of 4 millileters per gallon to all treatments which

conËained paraquat and díquat. All herbicídes were appLied with a smal-l

plot sprayer delivering 20 gaLlons total solution per acre'

B. tr{iLd barlel¡ conËrol followed bv Lhe ímprovement of the area with
a seeded forage crop.

This projecË r^ras conducted adjacent to Ëhe area described in parË

A. The experímental desígn rüas a split pLot replicated twice. IndivÍ-

dual plot size was 7 f.eet wide and 20 feet long.

The experiment carríed out in 1965 was desfgned to further evaluate

paraquat for wild barLey control. Paraquat T^ras applied on 4 differenL

daËes (May 12, May 31, June 15, and June 22) Ëo deËermine íf date of
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herbicide application. hTas important for wÍld barley controL.

A wetËing agenE (Agrol 90) was added at the raÈe of 4 millíLeËers

per gallon Ëo all treaËments which cont,aíned paraquat. All herbicides

were appLied wiËh a smalL plot sprayer delivering 20 gallons toËal solu-

Èion per acre. Immedíately folLowing herbícide applicat.lon, a wet-land

grass mixture was uniformly broadcasËed over the arear The mixture

consisted of reed canary grass aË 3 pounds per acre, meadow fescue aË

6 pounds per acre and alsike clover at 2 pounds per acïe. I{ild barley

Ëop growËh conËrol was rated 0 to 10 where 0 equals no top growth con-

Ëro1 and 10 equals complete top growth control. percent coverage of

the seeded forage mixture hras estimated using the poine quadrat method

as ouËlined ln the pasture ímprovement projects.

III. Couchgrass ConËrol.

Four different experiments are described in Èhís lnvestigaËion.

A. Evaluation of paraquat and mixËures containing paraquat.,
to control couchgrass.

B. Evaluation of paraquat and bromacil to control couchgrass"

C. Evaluation of paraquat, and. rotovation to conËro1 couchgrass.

D, Evaluation of fall applicaËion of paraquat to controL
couchgrass 

"

A. Evaluation of paraquat and mixËures containing paraquat to
control couchgrass.

The project. r4ras locaËed ln Ëhe Portage la Prairie area' This

area ï7as chosen because of the dense unl-form ínfestation of couchgrass"

The experimental design Ìzas a completely randomized block replicated

four tímes. Indívidual plots were 14 feet wide and 30 feeL long.
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In the firsE experiment, paraquat alone and míxtures conLaÍning l: : :

paraquat, were evaluated. Two additíonal treatmenËs, dalapon (2,2-d,íchloro-

propioníc acid) and TCA (trichloroaeetic acid), which are presently re-

commended for couchgrass control, ü7ere included in the evaluatÍon triaL.

ParaquaË was applied at one pound per acre alone or in combination with ,,, i.

each of 5 other herbicides¡ amitrole-T (3-amino-Lr2,4-tríazoLe plus

ammonium Ëhiocyanate), MH (1, 2-díhydropyrÍdazLne-3, 6-dione), fenuron TCA

(3-phenyl-1,1-dimethylurea trichloroacetaËe), ísocil (5-brouro-3-lsopropyl- 
,,:,..,,::,
:.i : r:- -::':

6-meËhyluraciL) and varsoL" A wetting agenÈ (Agro1 90) was added aË Ëhe l:ìr:i:r.'

: ,..., -.: ,

raËe of 4 mil-lileters per gallon to all- treaËments which contained para- 
;.:,,,, ,,-,,:l:-''

quatÇ TCA and dalapon were appLíed at 60 and 25 pounds per acre respec- 
I

tively, Initial hebbÍcíde applications were made on May 22, 1964, when 
i

,

the couchgrass was 4 to 6 ínches in heíght. Since regrowth of couchgrass

occurred 6 weeks afËer the initial Lreatment, all plots except Lhose

treated wíth TCA and dalapori ürere retreaËed on July 7, L964. Rates were 
l
:similar to Lhe earlier treaËmentsq ALl herbicides were applied with a 
,

small plot spr,ayer delivering 20 gallons total soluËion per acre, Assess-

menLs of couchgrass top growth conÈrol ïtere recorded at monthly intervals
1., .:

foLlor^ring herbícidal treatmenË. The 0 to L0 rating system r¿here 0 equals [r-.,-:¡-.¡
., ' ._t 

t 
-' , -'- '-,

no top growth conËrol and J.0 equals complete Ëop gro$rth control was used ,,.-,r¡..r,r,,1

to est,imaËe the amount of visible couchgrass top growth. 
:':r""'i'

B. Evaluation of paraquat and bromacil to conËroL couchgrass.

This project initiaËed in 1965 was designed to compare paraguaË and

bromacil (5-bromo-3- sec-butyl-6-methyluracil) f,or couchgrass conËroL,

The experímenË was locaEed in Ehe PorËage La Prairie area adjacenË to

the projecË discussed in Part A.
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The project, r^ras designed as a facËorial with 4 levels of paraquat

ar'd 4 levels of bromacil, replicated 4 Ëimes. The índívidual ploÈ size

was 7 feet wÍde and 30 feet long. Single application of paraquat and

bromaciL mixtures were applíed on May 30, L965. A wetLing agent (Agrol 90)

was added at the raËe of 4 milliIeËers per gallon to alL treatments which

contained paraquat. All herbÍcídes r^rere appl-ied with a small plot sprayer

deliveríng 20 gal-l,ons Ëotal solutíon per acre+ AssessmenLs of couehgrass

top growth controL vrere recorded on Ëhree separaËe inËervals usíng Ëhe 0

to L0 rating system,

C. .

This projecË was initíaÈed in L964 Ëo evaluate the effectíveness of

paraquat and roËovaËion alone and ín varíous combinations to control

couchgrass. The project riras located in the Portage la ?raíríe area

adjacent Lo the experimenË discussed in ParË A.

The experimenËal design ri/as a spLlt pLot reþlicaËed 4 Ëimes. The

índividual pLots were 7 feeË wide and 30 feet long. Paraquat applÍca-

tions were made on NIay 22, L964 when the couchgrass rrras 4 to 6 Lnehes

in hefighË. ThÍs resulted in initial. couchgrass suppressíon buL regrowth

of the couehgrass occurred in approxímately one month to six weeks.

Therefore, reËreatment with paraquat T^ras made whenever couchgrass regrowth

was four inches in heíght until the couchgrass was completely eradícated.

Simil-arly, combinaËions of rotovation and paraquaL were begun on May 22,

1964 with a paraquaË appLicatíon fol-l-owed by rot,ovation when couchgras" ,.r,,.'
ì;:'i:i: ::i';r:

regrowth was 4 inches f.n height. AlËernaËe paraquat treatments and roL-

vations r¡rere carried out until the couchgrass was eradicaÈed, A wetting

agent (Agrol 90) was added at Lhe rate of 4 urilLíleters per gallon to
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all Ëreatments which contained paraquat, All herbicides r¡Iere applied

with a small ploË sprayer, delivering 20 galLons total solutíon per

acre. The treaËment which consisËed of rotovation alone was first made

on May 22, L964 folLowed by further roËovaËions r^rhenever the couchgrass

reached 4 lnches in height. A roLovation tTeatmenL consisted of 3

trips over the area at a depth of 3 inches with a 24-inch lloward roto-

vaËor, AssessmenËs of couchgrass top growth control hrere recorded using

the 0 to 10 rating system. Assessment.s were recorded approxiroaËely 30

days after the initíal ËreaËmenL and subseguenË treaLmenÈs.

D. Evaluation of fal1 applicaËíon of paraquat Ëo contËo1 couchgrass.

The experiment was ínítiaËed in 1964 to eval-uaËe the effectiveness

of fall applications of paraquat Lo control couchgrass. Thís experiment

was located in the same field as the previously described experiments.

The experimental design ï/as a completely randomized block replicated

4 Ëímes. The size of the indivídual plots were L4 feet wide and 30 feet

long.

ParaquaË treatmenLs T^rere applied in Ëhe fall of 1964 Lrt an efforË to

control couchgrass the following spring. fhe couchgrass üras mowed ín

l-aËe summer and couchgrass growth was 6 Ëo 7 Ínches in heíght when para-

quaË r,ras applied on SepËember 1-4, L964. A wetting agent (Agro1 90) was

added at the raËe of 4 rnillilùters per galLon to the paraquat treatmenËs,

Paraquat was appl-ied wíth a small plot sprayer, delívering 20 galLons total

soLutíon per acreo Assessments of couchgrass top growth control T¡rere re-

corded using the 0 to L0 rating system, on Lhree separate occasions

following treaËment.
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METEOROLOGIC,A.L DATA

Meteorological data for PorËage la Prairie r¡ras recorded by the

Meteorological Division, Department of Transport, Data f.or 'J,964 and

L965 are appended (Appendix 1).

Temperatures for tlne L964 growing season were below normal for

Ëhe months of June, August, and September, but above normal for the

months of April, Iday, and JuJ-y. Temperatures in 1965 were belor^r

normal for all months except April arrd June, when temperatures srere

above normal,

PrecipiLaËion for the 1964 growing season was well above normal

for Ëhe months of June, July, and August, buË below normal for April,

May, and September, In 1965, the precipitation $Iag above normal for

May, July, and SepËember, and bel-ow normal for July and August.

:.ii,
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RESI]LTS AND DISCUSSIONS

I. NaËive Pasture Improvement

A. Pasture improvement study, spring L964.

a) No pretreatmenË wiËh phenoxv herbieides

The effecË,iveness of paraquat in suppressíng Ëotal- vegeËa-

tíon ín the pasture improvemenË projecË may be determined from the daËa

in TabLe L.

TabLe l- - TotaL pl-ant coverage ín paraquat treated pLots, spring
sture proiecË- L96t+-L965

ïreaËment Total. PLant Coverage
Herbicide Rate June L5 JuLy L4

Lbl ae L96.4 L964 L964 L965 L965 L965

Paraquat L/4 54.9 45.8** 6L.1* 48.8* 6L,5 66.g

ParaquaË L/2 54.7 4L.7** 5g.7# 49.7** 61.0 68.6

ParaquaË L 56.L 30.7** 55.4** 52,5** 63"L 70,4

Check 0 52.5 59 .2 68. S 42.8 6L.7 63 .9

NS NS NS

ISD 5%

rsD 1_%

cv 7" 8.3

8.9

L2.8

L2.8

5.8

8.l_

6.4

4.s

6.3

6,3 4.4 8.9

In thís

NS

LSD
LSD
CV

a
b

57"
L%

and subsequent tables the foll-owing symboLs denote:

sígnificant aË tl:.e 57" l-evel of probabllity.
sígníficant at xl:re L% leveL of probabil_íry,
non- significant dif ferences.

least signifícant dífference at the 57" level-.
l-east signlficant dif ference at tlrre L"L LeveL.
coefficíeat of variabil-iËy.
aLf.aLfa cover could noË be measured aË this ËÍme.
0-10 rating sysËem (O=no top gror^rth control_¡ l0=complete
top-growth controL).
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Plant coverage when estimaËed as a percenÈage provideq a distribu-

tÍon which is not normal but skewed. The original resul-ts (Appendix 2)

ïrere transformed using the arcsín transformation and transformed data

are used throughouÈ this discussíon, Total plant coverage recorded prior

to treaËmenL ori June 24, 1964 índicated thaË the area T^ras uniform, Re-

sul-ts recorded on Jul-y L4, L964 índicated that Ëhe total plant coverage

decreased as the rate of paraquat íncreased from L/4 Lo one pound per

acre. 0n tr{ay 19, Lg65, eleven rnonths after paraquat ËreaËmenË, the toLaL

vegeLaËíon in the paraquat-Ëreated pl-oËs was signifíeantly 1-arger than

in Ëhe untreated plot. SimilarLy, no signifícant dÍfferences in total

plant coverage couLd be detected on June 22, 1965 and August 16, L965,

indicating thaË paraquat-ËesËed pLots had cornpl-eËely recovered one year

or Less aft,er treatmenË.

Grass coverage on 6 dates during 1964 and L965 ate presented in

Table 2.

TabLe 2 - Coverage of grass components in paraquat-treated plots,
spring pasËure proiect. 1964-1965"

Treatment Grass Covera
Herbíc.ide Rate June i5 ¡"fy f+ Aug. L2 May 19 June 22 Aug' 16

Lb/ ac L964 L964 L964 t96s L965 L96s

Paraquat L/4 45"8

Paraquat L/ 2 43.7

?araquat L 41.7

Check 0 44.L

39"3 42.7 43.9 45.3 45.7

3L"8* 1.7.3 46.4 43.5 42,8

25.0# 32.9 43.7 36.6 40.9

46 "4 48 ,943.9 44"4 40.7

NS

LL.7

16 "8

2L"0

NSNSNS NS

LSD 57"

LSD 1%

cv7^ 7.79"2 2L.7 L2.7 22"4
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The daËa for June L5, 1964 indicaËed ËhaË for thís componenË the

area r¡ras uniform prior Ëo treatment. Grass suppression following treat-

ment on June 24 increased as rates of paraquat increased from I/4 to one

pound per acre. Signlficant differences (?.05) in grass coverage r^lere

deLecËed for Ëhe L/2 arrð. one pound rate. Grass components recovered

rapidl-y following paraquat treatment and differences between paraquat

ËreatmenËs appeared non-sígnificanË at the end of Ëhe fírsË year (August

L2, Lg64) and durlng the second year (May 19, 1965¡ June 22, L965i

August 16, 1965).

Paraquat applÍcaËÍon did not result in signíficant suppressfon of

Ëhe woody perennfals during the treatment year. DaËa for woody peren-

nials recorded on 6 dates during L964 an:d 1965 are presented in Table 3.

Table 3 - Coverage of woody perenníal-s in paraquat treaËed p1-ots,
sprl t965

TreaËment ldoodv Per Covera
Herbicide Rate June 15 July L4 Aug. 12 May L9 June 22 Aug.

bl ac L964 L964 L965 L965 L965

Paraquaf

Paraguat

?araquat

Check

Ll4

Ll2

I

0

8.5

8.1

6,6

L1 .1

8.3

11.0

8.8

16 .1

18.5

20.L

8.6

14.8

10.410.6

8.6

17.0

L3.6

6.5 7.5 13 .6

8.8 18.9

L9 .7 L2.8

NS NS

57 .3 59 
"3

NS NS NS NS

cv"/" 43.9 29.r

One pound peï acre of paraquat resulted in LiËtle suppression of

the woody perennía1-s 20 days (July 14, L964) after chemical- applicaËion.

However, although paraquat ËreatmenLs resul-ted ín lmmediaËe defollatíon

of wil-d prairie rose, thÍs perennial" reeovered and produced new growth

r¡ithin 3 weeks after herbicide applicatÍon. Results indicaËe that the

populaËion of woody perenníals increased irrespective of treatment'

47.2 63.9
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Smaller values for the woody perennials Ìrere recorded on August 16, 1965

because Ëhe experímenËal area hras clipped on July 9, L965.

Data presenËed in Table 4 indicated that paraquat Ëreatment of a

uniform area resulted in reduction in herbaceous perenniaL coverage.

Table 4 - coverage of herbaceous perennials in païaquaË treated
ploËs, spring pasture prolect. L964-1965.

TreaËment Herbaceous Perennial Coverage
Herbieide Rate June 15 July 14 Aug. 12 l{ay 19 Jurre 22 Aug, 16

lb/ ae 1.964 7964 L96/+ L965 196s L965

Paraquat

ParaquaË

Paraquat

Check

Ll4

Ll2

1

0

24.4

2L.6

27 .3

rg.4

4.2

6.3

6.8

2.4

15.5

18.6

11.5

18.9

16,6

15,5

9.9

2L.5

L4.2* 23.6

2L.0 26.8

9.5** 19.4

26.2 32.6

l'l ¡

i i.ì:

NS

30.2

916

13.9
34.L

NS NS NSNS

I,SD 5%

LSD 1%

cv7" 26.L 58.9 39.9 52.0
SpecifÍeally, ít may be noted thaË by July 14, L964 paraquat ap-

plied at l/ 4 and one pound per acre had signíficantly reduced the cover-

age. No significanË dífferences in the treatments could be detected in

the assessments recorded in the fall of the treaËmenË year (August L2, 1964)

and during the second year (May 19, L965; June 22, L965; August, 16, 1965).

The distËíbution of the major componenËs of Ëhe herbaceous perennials

are individually separaËed ín Figure 1, 2 and 3 for paraquat at, one pound

per acre and Ëhe naËural check. The popul.ation of prairie sage was

greatly decreased fluring the year of chemical appLicaËíon and. remaÍned

at LhÍs 1ow leveL the following year (Figure 1). Similarl-y, Ëhe plant

populaËíon of asters (Fígure 2) was decreased following application of

paraquat and remained at a low level the foLlowíng year. It appears

:: l::ii.:
itir".:,:':
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Lhat good ínitial suppression of these herbaceous plants occurred íumed-

íately after paraquat ËreaLment and they remaíned aÈ a low level due Ëo

plant competition. The population of prairie sage and aster was further

reduced by the clippÍng of the experimental area on July 9, L965. The

decrease ín popuLatíon of Ëhe gofdenrods following paraquat treatment

was similar to that noted for prairie sage and asters. Holrrever, once

Ëhe experimental area üras cLipped on July 9, !965, the population of the

gol-denrods increased. It. would appear Ëhat in Ëhis instance the clipping

of the experimenËal- area removed the planË competition, resulting in an

increase in the goLdenrod population.

;i'::-'
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The effecËiveness of paraquaË fn suppressing resident vegetatíon

and Ëhus permítting sod'seeded aLÍ.a|fa Ëo become estabLíshed may be

detecËed Ín Table 5, and from PLates L and 2.

Table 5 - Coverage of. aLfaLf.a ín paraquat treated pLots, spring
pasËure proiect. L964-L965.

TreatmenË Al-fal-fa Coverage
H.õi"rd. Rate

Lb/ac L964 L964 L964 1'965 -L965 
L965

Paraquat

Paraquat

?araquat

Check

Ll4

Ll2

L

0

a 4.9 4.2

LL.7 4.9

20.6* 13.0

,t

8.0

10. L

24.7

L5.6

25.L

43.L*

LSD 5%

cv 7"

L2.5

85.3

NS

31 .8

Lt_3 .0 L0L .4L28.2

ALfalfa did not measurabl-y contríbuËe to coverage on Ëhe firsË two

assessments. Sígnifícant amounts of aLf.aLfa 1nad become esËabl-íshed by

AugusË L2, L964 on the pLoËs treaËed wiËh one pound per acre of paraquaË.

AlfaLfa esËabl-ishment \4ras further enhanced by ctíppíng Ëhe experimenËaL

area on July 9, l-965 so that by August L6, L965 al-most one half of the

coverage was aLfalfa. Alfalfa coverage íncreased as Ëhe rates of para-

quaË increased from L/4 tc one pound per acre. The l-inear rel-ationship

beËween the increasíng raËes of paraquat and íncreasing aLf.aLfa cover

is apparent, buË due to high variablLÍty wíthin the projecË additionaL

work is required before makíng specifíc recommendatíons.
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A measure of the overall- value of paraquat treatmenË ín Ínprovíng

native pasture may be obt,aÍned from Figure 4. This figure íllustrated

differences which hTere presenË at the concLusion of the experímenL in

Ëhe plots receÍving the various treaËments. The application of para-

quat had resulted in substanËial changes 1n the botanical composiËion,

Herbaceous perennials and grasses decreased in content, as the raËe of

paraquat applied had increased. llowever, woody perenniaLs T¡/ere un-

affected by paraquat, tTeatments up Ëo one pound per acre. Despíte Ëhis

Ëhe coverage of aLfalfa increased dfrectLy as Ëhe rate of paraquat

applÍed increased and aL the one pound per acre raËe alfalfa was con-

ËribuËing sígnificantLy to naËive pasture improvemenË.
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b) ?re-treaËmenË with phenoxv herbicÍdes

A míxture of. 2r4-Dt2r4r5-T applíed aL 24 ounces Per acre to control

broad-leaved weeds príor to paraquaË and sod-seeding treatmenËs resul-ted

in fair conËrol of herbaceous perennlals but was not adequate Ëo control

rÀroody perennials. Appl-icaËion of paraquat (Table 6) resuLËed in effec-

Èíve suppression of the totaL pLant coverage 1n the pre-treaËed spring

pasture improvemenË project.

Table 6 - Total planr coverage in the 2r4-D22,4r5-T pre-treated
sprfns Dasture improvement Droiect,. L964-1965.

TreaLment Total ?lant Coverage
Ilerbicfde Rate June 15 July L4 Aug. 1-2 May L9 June 22 Aug, 1-6

Lblac L964 L964 L964 L965 L965 L96s

.":.:'... ::.,:

Paraquar L/+ 62.6 33.5** 57.4** 48,9 49.0*íìk 6L.4

ParaquaË L/2 63.2 26.9# 57 "9** 46.7 42.7** 59'3

Paraquat L 62.3 21,8** 56.5*11 48.8 40,8** 67.2

Check 0 63 .5 52,7 66 .4 44.5 59 .4 6L ,3

LSD 5% 8.8 4,7 6 -B

LSD 1% L2.7 6.7 9.7
cvI" 3.8 L6.4 5.0 9.3 8"8 L3.1

An anaLysls of the total pLant coverage prior Ëo treaËment with . ';,:'',1:'.',.''.',.'.
i1:l i:.'i1j,:r¡:..

paraquat on June 24, L964 indicaLed thaË the area rìIas reasonably unlform. i: 
:¡.::ii:.:,.::;i:..'.

:',,:,:L-;',:-;¡¡rt¡,

plant assessmenËs recorded on July ld L964 and AugusË L2, L964 for paraquat

treated ploËs were significanËly lower than for the unLreaËed area. It

would appear thaË followÍng tïeatmenË as the raLe of Paraquat increased .,.. -..:-.:
.;: l::. : ::.,,:..'

from L/4 Lo one pound per acre the total p1-ant coverage decreased. IIow- ;:1:;:;:;:::1:;:';;i:i::

ever, by May 19, 1965 no sígnifÍcant differences could be deËecËed between

any of Ëhe ËreaËed plots and the check due to vigorous and compleËe re-

growth. On June 22, L965, one monÈh after reËreatment with Paraquat

signíftcant decreases ín t,oËal plant coverage were noted. However, the l.:1,.:..'.|,...,.,.,,
.1 . _":.,,

beneficfal effect of paraquat on plant suppression l^las obscured by Ëhe

NS NS
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cLipping treatment over the entire ârea on JuLy 9, L965 anð., Ëherefore,

by August L6, Lg65 aLL pLots had comparabl-e total plant coverage.

DaËa for the grass components assessed on 6 daËes dtrring L964 and

L965 ín tl:'e 2r4-Di2r4r5-T pre-Ëreatment spring pasture improvement pro-

ject are presented ín Tabl-e 7. anal-ysis of the contríbuËion of grass

to coverage prior Ëo Ëreatment lndícaËed that the experímentaL pl_ots

r¡7ere comparabLe for Ëhis component

:_,, TabLe 7 ' Coverage of the grass componenËs in the 2r4-Dz2r4r5-T i:
;1pre-LreaËgd spríng p ,

TreaËmenË Grass Coverage :':-Ilerbicide Rate June L5 July 1-4 Lug. L2 May L9 June 22 Aug. L6 i

Lb/ ac L964 L964 L964 L965 L965 Lg6S l'

Paraquat L/ 4 47 .7 29 .4# 46.2r, 47 .7 41.l_dnk 47 .B

ParaquaË L/2 50.5 2L.4** 47.0* 45.L Z9,Z** LL.6

Paraquat L 47.2 17.L*ik 41.0** 47,4 25.g** 4j..g

Check O 46 .g 50 .7 58.l- 43 .2 49 .4 sZ,3

LSD 57"

LSD ].7.

cv 7"

4*L I .3

j6'j0 L2.0

4.8

7.0

8.1_ 8.8 10.9 8.1 8.2 Lz.O

The grass componenLs rùere reduced signíficanËLy on Juty L4, 1,964

and August L2, L964 f.oLLowfng paraquar appLicarion of L/4, L[2 and on¡e

pound per acre, and on June 22, 1965 folLowíng paraquaË reËreatment at

Ëhe same raËes. As the rate of paraquaË increased from L/4 ta or.e

pound per acre Ëhe coverage of the grasses decreased. rn thís, as in i,:

the precedíng díscussion, faiLure to .detect signifícant differences on

May 19, 1965 and August 16, L965 dates may be aËtribuËed to regrowËh

and cLippíng, respectivel_y.





:;11

"t
36"

Appl-ication of 2,4-D22,4r5-T prior t,o paraquat treaLmenLs díd not

effecËively reduce infestaËions of woody perennial-s. This is illustraLed

in plaËe 4. DaËa for the woody perennial-s assessed on 6 daües dutLng L964

and 1965 ín Ehe 2r4-D22r4,5-T pre-treatment spríng pasture lmprovement pro-

ject are presenËed in Tabl-e 8.

Table 8 - Coverage of woody perennÍals Ín Ëhe 2r4'Dz2r4r5-T pte-

Treatment
ÉIerbícide

EreaLed sture pro'iecË . L964'L965
Ir'Ioodv ?erennial Coverage

Rate May Lg lun" ffi-
Lblac Lg64 L964 L964 L96s L965 

- 
L965

Paraquat

Paraquat

ParaquaË

Check

I 5.1

LT4

Ll2

6.4

6.0

7.0

6,2

8.3

1_5 .1

20.2

5.6

6.9

18.8 3.8 16.8 20.L

L7 .6 20.7

18.3 23,2

0 10.0 7 ,9 r2.8 7 .8 2L.L 19.6

NS NS NS NS

79.9
NS

cv% sl_.5

Differences between paraquaL ËreatmenLs recorded during L96/+ and

1965 were non-significanË" The planË assessmenËs indicaËe a greater

increase ín woody perennlals when Ëreated with 2r 4-Dt2r4r5-T followed

by paraquaË than with 2r 4-Dz2r4r5-T appl-íed alone. A comparison of Ëhe

increase in woody perennials from the beginning of the experimenE (June

15, Lg64) to the end of the experíment (August 16, 1965) indÍcated a

fourfold íncrease in woody perennials when paraquat at one pound per

acre ís applied compared t.o only a twofold increase in the check plot.

lihile these differences T^Iere not signifícant, ít rnay be theorízed that

røoody perennials increased after paraquat ËreaLment because the plant

competition which pïeverits Ëhe perennials to make rapid regrowËh was

reduced.

NS

89 .0 s4.2 32.2 36.7
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The herbaceous perennial coverage prior Ëo and following pre-

treatmenË with phenoxy herbicides and paraquaË treatments ís presented

in Table 9.

Table 9 - Coverage of herbaceous perennials ín the 2r4-D22,4r5-T
pre-Ëreated spríns DasEure Droíect. 1964-L965.

Treatment llerbaceous Perennial Coverage
Herbicide RaËe June 15 July L4 Aug. 12 May L9 Jur.e 22 Aug. 16

Lblac L964 L964 1964 L96s L965 L96s

?araquat

Paraquat

Paraquat

Check

Ll4

rlz

I

0

27 .9

25.4

28 "2

28.9

8.8

9.L

6.8

4.7

13.3

L3 "7

L4,3

'J-L.7

6"0

3.7

2.9

3.2

10.1

17 ,2

L5.2

L2 "8

13.6

L6.9

L7 .3

9,0

': ,., ;, .'- '.,
|..:..:;\.:.::_.:--'.''..

NS NS NS NS NS NS

cv7" L4.L L02.7 68.8 LLL.4 50.6 3o"o

Although Lhe influence of the phenoxy herbicides cannoË be obtained

directly from Ëhe ffgures in this table, an indírect assessmenË may be

made by comparing the check plot'príor Ëo pre-treaEment (28.9) with the

check plot foL1-owíng pre-treatment (4.7). From these figures iË may be

concLuded that the phenoxy herbicides effecËive1-y reduced Lhe herbaceous

perenniaL coverage. An analysís of coverage prÍor to treatmenË faí1ed

to detect signifícanË differences beËween pl-ots in the experÍmenËal

area. If pre-ËreaLment can be assumed to be uníform Lhen reduction in

coverage aË subsequenË daÈes cannot be aËtríbuted to Paraquat LreaËmenE.

This experimenË could not deËecE sígnificanL differences beËween check

and paraquaË treated Plots.
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the establishment of alfalfa in Ëhe natíve pasture pre-

2r4-Dt2,415-T prior to paraquat are presented in Table 10.

Coverage of alfalfa in the 2r4-Dt2,4,5-T pre-ËreaËed
spring pasËure proiect. L964-I965.

Treatment
Herbicíde

ALfalfa Coveraqe
RaËe Jr:ne 15 July 14 Aug. 12 May L9 June 22 Aug. L6

Lblae L964 L964 L964 L965 L96s L96s

ParaquaË

Paraquat

Paraquat

Check

r/+

U2

1

0

2.3

5.1

9,5 2.8

4.5

6.2

L4"g*r,

21.4**

NS

LSD 5%

LSD 1%

cv%

7.2

10.3

42.5

ín Ëhe native pasture

prior to paraquaË and

Establíshnent of al-falf.a was satísfactory

followíng 214-Dt2r4r5-! pre-treatmenË one year

sod- seeding ËreaËments.

Differences between paraquaË ËreaËmenËs assessed on August 12, L964

were non-signlficant, indicating inadequate establishment of alfalfa.

Re-treaËmenË wiËh paraquat and reseedíng wÍth alfalfa tn l-965 resulËed

in significanL increase in aLfaLfa on AugusË 16, L965, in Lhe plot,s

ËreaLed wiËh paraquat at I/2 and one pound per acre. Alfalfa conËent

increased as the paraquat rate íncreased from L/4 to one pound per acre.

The entfre 2,4-Dt2r4r5-T pre-ËreaLed spring pasLure improvement projecË

was clipped above Ëhe esËablíshing alfalfa seedlings on July 9, L965 to

remove some of the p1-ant competition. This resulted in more vígorous

and healËhy alfalfa planLs in Ëhe fall- of Ëhe reËreatmenË year.
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The effect of the 2r4-D22r4r5-T and paraquat on the boËanícaL com_

position of t,he natfve pasËure Ís recorded in Figure 5. IncreasÍng raËes

of paraquat resuLted in a slight but non-sígnfficant increase in the

woody perennials and herbaceous perenníal coverage.

Grass coverage decreased sígnífícanËly wiËh paraquat application,

buË the degree and the permanency of this suppressíon r.ras influerrced by

management. Alfalfa, seeded one year after treatment with phenoxy herbí-

cides, was present ín,inverse proportion to the amount of grass present

and, consequenËLy, the híghest alfalfa coverage üras obtaíned from pLoËs

Ëreat.ed wÍth the highest raÉe of paraquat.
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B. Pasture improvement studv. fall 1964.

Dalapon, paraquat, diquat, and mixËures cont,aining paraquat and

diquat were appl-ied in Ëhe fall of 1964 to suppress Ëhe resídenË vege-

tation the following spring. Data for the total pLant coverage

assessed on four dates duríng L964 and 1965 are presenËed ín Table 11.

Table 11 - Tota1 planË coverage in the fall pasture improvement
oiect. L964-L965

TreatmenË
IIerb icf de RaËe Sept. 12

Lblac L964

TotaL PlanË Coveraqe
June 9

L965
July 15

L965
Aug. 18

L965

Paraquat.

Paraquat

Paraquat

?araquat
DiquaË

ParaquaL
Diquat

ParaquaË
Diquat

Dalapon

Check

Ll2

l_

t-rl2
Ll 4 and
rl4

L/2 and
rl2

3/ 4 and
3/4

4

78.4

7 4,7

80 .7

77 .0

75.5

79.L

79,0

76,5

4s.8

45.7

44.4

46.8

48.4

43.7

36.4*

47 .4

52.r

57 .L

55,6

52.0

55 .0

s7 .3

6t,6

s6.1

s6.3

57 .2

60.3

55.1

56.2

sB.8

62.6

59.3

i",

LSD 5%

cv7"

NS

7.7
6.L
9.3

NS

8.6

NS

8.6

Difference between plots in total plant coverage príor Ëo herbÍcíde applí-

cation on September 12, 1964 were non-significant. Of all Ëreatments,

only dalapon resulËed ín significant reducËfon in Ëhe total plant coverage

on June 9, 1965. The plants recovered rapidLy and no significant díf-

ferences between ËreaËments could be deËected aË Ëhe Ëwo later dates.

.'l--' 

':
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The infl-uence

Ëhe daËa presented

of

in

da1-apon on grass coverage may be determined from

Tabl-e L2.

improvemenLTable L2- - Coverage
oiect

TreatmenË
Herblcide RaËe

of grasses Ín Ëhe falJ- pasËure
t964-L965

Grass Cover
SepË. 12

196t+
iune 9 July L5
L965 L96s

Paraquat

Paraquat

ParaquaL

Paraquat
DiquaË

Paraquat
Diquat

Paraquat
Díquat

Dalapon

Check

Ll2

I

L-Ll2

L/4 and
Ll4

L/ 2 and
L/z

3/4 ar.d
3/4

4

45.6

46.7

44.2

44.4

46 -2

34.7

36.4

32,L

36.1

38,g

34.0

25 "7x

35.8

3L,6

32.0

29.8

33 .1

32.6

32.9

25.4*

32.5

Aug. 18
L965

32 "0

32.0

32.9

33 .6

33.8

32.0

28.7

31,3

ac

LSD 5%

cv7"

NS

6.9

NS

L6.6
6"L 4.7

L2.3 10.3

OnIy daLapon of the 7 chemical treatments significantly reduced

grass coverage. Thís suppression r¡ras noted on June 9, 1965 and per-

sisËed through Ëo the July 15, 1965 reading. By Augusr 1g, L965 only

a slight, non-signifícant difference could be detecËed between Ëhis

and the remalning treatments-"in Lhe experimenL.
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ParaguaË and mixËures conËaíning paraquat had liËt1e effect on the

populaLíon of woody perenníaLs in Ëhe faLl improvement projecË. Data

of Ëhe assessments of the woody perennials recorded príor to treatment.

and at various lnt,erval-s following treaËment. are present.ed in Tab[e 13.

TabLe L3 Coverage of woody perennlals in the fali. pasture
improvemenÈ projecË, I964-L965

TreaËment tr'Ioody Perennial Coverase
Herbicide Rate SepË.12 June 9 Jul-y 15 Aug" 18

t".l
,r: ì Paraguat

Paraquat

Paraquat

ParaquaË
Diquat

Paraquat
Diquat

Paraquat
DíquaË

DaLapon

Check

Ll2

L

L.L/2

L/ 4 and
Ll4

L/2 ar'd
Ll2

3/ 4 and
3/4

4

8.8

5.6

L0,4

4.5

4.L

1,I.4

9.8

8.6

6.0

9.0

LL,0

6.L

3.8

10 .1

L3 .6

9.L

l_3.0

L3.6

L6.6

9.7

ï1 .8

L4.g

16 '5

L4,6

l_3.8

L4.2

L6 "7

8.9

L2.4

16.5

L8.0

L3.2

cv7"
NS

85.1

Differences between treaËment.s

This indicaËes that applicat,ion of

the population of woody perenniaLs.

NS NS NS

65.3 63.9 57.5

aË aLl daËes rüere non-signÍficant.

paraquat did noË effectively reduce

fal-1 didParaquaE and mixËures conËaining paraquaÈ appLied Ín

noË reduce the popuLation of herbaceous perenniaLs (Table

the

L4).



TabLe 14 - coverage of herbaceous perennials ín the falj. pasËure
vement o.jecË. L964-L965.

TreaËment Herbaceous
IIerbícide RaËe SepL, 12 Aug. 18

43.

June 9
L96sLb/ ac

July 15
L965

29.7

32.8

33. L

31.1_

33.7

3L,3

40.2

32.2

965

29.6

29.7

33.1

32.4

32.2

28,6

38.8

35 "o

ParaquaË

Paraquat

Paraquat

Paraguat,
Diquat

Paraquat
DiquaË

Paraquat
DÍquat,

Dalapon

Check

rl2

L

L-Ll2

Il4 and
L/q

L/2 and
rl2

3/ 4 and
3/4

4

22"2

22.4

25.3

26.9

24.9

23.6

24.8

2L.7

23,s

20,5

23.0

24.L

23.0

21.9

LB.7

23.5

NS

22.8
NS

18 "5

NS

15 '5
al-l dates r,rere

ineffective ln

NS

13.9

non- signlficant.

reducíng Ëhe

cv7"

Differences between treaËments at

This indicaËes paraquát, was reLaËfvely

populatíon of herbaceous perennials,
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ParaquaL, díquat and dalapon did noE suppress pLant growth suffi-

ciently to permit alf.aLfa esËablishmenË (Tabte L5).

Table l-5 - Coverage of aLf.aLf.a in the fall pasLure improvemenË
proiect. L964-I965

TreaËment
I{erbicide

Al-faLfa Coverage
RaËe SepË. L2 June 9

Lbl ac 196t+ L965
July 15

L96s
Aug.18

L96s

Paraquat

Paraquat

Paraquat.

ParaquaÈ
Diquat

?araguat
DiquaÈ

Paraquat
Diquat

Dalapon

Check

Ll2

I

L-tlz

L/ 4 and
Ll4

L/ 2 ar'd
Llz

3/ 4 arrd
3/4

4

a 7"3

10.4

9.0

8.7,

6"3

l_1.9

7"6

8"2

15.7

ts.8

L2.4

L3.2

9"6

20.0

l_4.0

14.1

NS

48.8
NS

31.9cv?"

AlfaLfa establishment foLlowing paraquat, diquat and dal-apon

treaLments rras noË signLfieantLy dífferent from the check. Parequat

and mÍxtures containing paraquaL were ineffecËlve in reducíng Lhe re-

sidenL vegetaLion to permit aLfal-fa establishment.

The effecË of paraquaL on Ëhe pasËure components one year."after

fal1 applfcation ís presented graphicalLy in Fígure 6. This figure

supports Ëhe data presenLed previousl-y which shows that increased

raLes of paraquat díd not change significantly the composiLl-on of the

gra6ses, woody perennials, herbaceous Perenníal-s, and alfal-fa com-

ponents in the pasture.
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II. WILÐ BARIEY CONTROL

A. EvaluaËion of herblcides to conËrol- wíLd barley

Good conËro1 of wild barley r^ras obtained wiËh paraquaL applicatíon,

partícularly the rates above one pound per acre (Tab1e 1-6). Ag the rate

of paraquat fncreased from 8 to 32 ounces per acre the controL of wÍLd

barley increased. Díquat and dicamba rüere relat.lvely lneffecËive for

wild barLey control.

Table 16 - EvaluaLíon of herbÍcides for wild barley control
Treatment Rste
ffiid" ozlac

l{iLd Barley Top Growth Control
Julv 13. L965

ParaquaË

Paraquat

?araquaË

Diquat

Díquat

Dicamba

Dicamba

Check

I

L6

32

I
.16

I

L2

6,5b

8.5

9.0

2.0

3r0

0,0

0.0

0.0
: i.:.



S!ì

B. trIild barlev foll-owed bv improvement of Ëhe area with a seeded :.::r.:.1'::

forage crop.

ParaquaË, applied on wild barley at various raËes and on varfous dates

Ln L965 resulted in suppression rather than control. Data are presenEed

in Table 17. 
., :¡,.,:..: .,: ::

Table 17. - Effect of paraquat on wild barLey
TreaËment ![ild Barley Top-growth ConËrol

Herbicide RaLe Dates of May 31- June 2L June 29 July 26
oz/ ae AppLj"caejo.- 1965 L965 L965 1965 

_.::::.::: ..:. :

paraquat 8 May L2 6,8b 4.0 2.0 0.5 l.rl,l:.:,',ìi:,.:];,..:.1:l: .:..

Paraquat L6 May L2 8.5 4"0 3.0 0.5 
¡.¡.,.,,,.,¡,:,.,,,:¡:',

paraquat 8 May 31 3 .0 z.o 0.0 
::::':; l:'::''"

)

ParaquaË L6 May 31- 6 .0 3 .5 2 .5

Paraquat, 8 June 15 8.5 8.2 3.0

Paraquat L6 June 15 9,0 9,0 5.0

ParaquaË 8 June 29 5.0

ParaquaË L6 June 29 6.5
i

Check 0.0 0.0 0.0 0.0

Regardless of the date of paraquaË applicaËiorÌ regroürth of wtld 
t,:ir..tr';ìi,ii

barley occurred. A higher raËe of paraquat resul-ted Ín beLËer iniËial ,,....'r.,r,,;,
:¡..'.t.tt",... r,.

wild barley suppressíon as wel-l as suppressl-on for a longer period :,:i'' ''':1

durfng Ehe summer. lhere does not appear to be a crl-tical daLe when 
ì

paraquat can be applíed Ëo conËrol wild barley. '
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SÍgnlficant, esËablíshment of aLsfke cLover occurred when chemical-

ËTeatmenËs folLowed by broadcasEÍng of the forage mixture was done

during the month of May (Table 18). The fact thaË the forage mixture

was broadcasË over the area, coupLed r¿1Ëh inadequate raínfall for such

seedíng, may expl-ain why reed canary grass and meadow fescue at all

daËes and alsike cLover at Ëhe June daËes faiLed Lo become esËabLished.

DaËe rather than rate of paraquat appLicatiorr üras signíficant in alsike

clover establishmenË. AdequaÇe sËands of aLsike clover were obtaineil

ln areas lnfesËed wtth wild barley foLlowfng earLy paraquat applicaÈion

and forage seedíng.

Table L8 - EsÈablishment of aLsike cLover followlng paraquat
ËreaLment

TreatmenË Rate DaËe of
Herbf"-i.d. oz/ ac AppLÍcatíon Alsfke Clover Coverase

Paraquat 8

Paraquat 16

Paraquat I

Paraquat 16

ParaquaË B

Paraquat L6

Paraquat, 8

ParaquaË L6

Check

NIay L2

May L2

May 31

May 31-

June L5

June L5

June 29

June 29

15 .9dnk

12.0*

l_1 
" 
6*

32,2**

2.5

L.9

0.6

0.6

0.0

LsD 57"

LSD 1%

9.0

1,2.9
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III. COUCHGRASS CONTROL

A. uation of mfxtures to control couch-
-Bfa,ss.

Of the 8 herblcides and herblcidal- mixtures evaluated for couch-

grass conËrol, only one míxture, paraquat. and isocil, resuLted in effec-

tive eouchgrass conËrol (Table 19). The effective couehgrass control

wíËh paraquat and ísocíL is ill_ustraËed ín plate 5.

Table 19 - Herbicíde e tion trial for couchgrass control.
TreaËmenËs Couchgrass Top-growth ConËrol

Herbicfde RaËe Ilerbicide Rate July 7 Aug, 6 Sept. 1-4

?araquat

ParaquaË

ParaquaË

Paraquat

ParaquaË

?araquat

TCA

Dal-apon

bl ac

I

1 pLus

Lil

1il

Lr

1il

60

25

Lb[ ae Lg64 L964

Fenuron TCA

Isocil

Amítrole-E

MH

Varsol

1

1

L

1

3 .0b

4.L

4.9

2.6

2.9

5,2

9.9

10.0

3,7

5.3

8.7

2.2

2.7

4.6

3.5

6,8

0.0

o"o

9.5

0.5

0.0

0.0

0.5

L.2

The data for July 7, L964 show that the combination of paraquat

aË one pound per acre and isocíl aL one pound per acre resuLted ín a

top-growth conËroL raËing of 4.9. HoTntever, when this Ínítía1- paraquaÈ

and isocil treatment vras foLl-owed by a reËreatment, when couchgrass

regrowth was 4 Ëo 6 Lnehes Ín hetght, a final score of 9.5 was ob-

Lained. rÈ appears that reLreatmenL wiLh Ëhe paraquat and. Ísocíl
mixËure ïras essentíal for the herbícíde treaËment t,o be LethaL.
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FenuronTCA, amitrol.e-T, MH, and varsoL fn combinatíon with paraquat

were relativeLy ineffective ín conËrolLing couchgrass. TCA and daLapon

appl-ication resulted in effective couchgrass conËrol foLLowíng ËreaËmenË,

buË exËensive couchgrass regrowËh occurred by septernber L4, L964.

B. Evaluation of p.araquat and bromacíl to contlol couchgrass

In Ëhis experiment the mixtures of paraquaË and bromacíl were evaLua-

ted for couchgrass controL. BromaciL was subsËítut,ed for isocil in the

1965 projecË because isociL \4las removed from the conmercíal- market l-n

favour of bromacil. Data are presenËed in Table 20.

Table 20 - The effect of paraquaË and bromacíL for couchgrass control
TreaÈmenË Couchgrass ToÞ-growth Csntrol

Bromacil
Lb/ ac

Paraquat
Lb/ ae

June 12
L96s

June 27
L965

July 19
L96s

00

L/4 0

Llz 0

L0
0 L/4

0 .0b

0.0

0.0

0.0

3.0

2.4

2.0

1-.5

6.5

6.0

3.5

5.0

9.2

6.6

9.2

8.5

0.0

0.0

0.0

0.5

1.0

0,2

0.5

0.5

3.0

3.0

2,5

3.0

7.4

4.s

7.9

6.0

0.0

0.0

0.0

0.0

0.2

0.0

0.0

0.0

o.2

0.5

0.0

0.0

1.8

0,2

2,0

1.5

ìrl':.i:
ii:!ir.ì

i:

Ll4

Uz

rl4

Ll+

, ,ro

0 L/2

Ll4

Ll2

Llz

Ll2

L L/2

01

L/4 L

L/2 L

l-1
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Immediate cont,rol- of couchgrass top-growth was obtained when mix-

Ëures of paraquat and bromacil contained high rates of paraquat. Regrowth

of couchgrass occurred regardLess of the mixtures of paraquaË and broma-

cil applied. The addítíon of bromacll to paraquat Ì^ras rel-ativeLy in-

effecËive in promoting an additive or synergistic effect between the

chemicals, A singl-e herbicide application contaíning a mixture of para-

quat and bromacil- \^tas not adequate to control couchgrass.

C. Evaluation of paraguaË and roËovaËion Ëo control couchgrass.

The effecËiveness of roËovaËion and paraquaL treatments al-one and

in different combinations for couchgrass conËrol may be deËermined

from Ëhe data ín Table 21 . RotovaËion T/üas more ef fective in controll-ing

couchgrass than combínaËions of paraquat and rotovation or paraquat al-one.

Good conËrol of couchgrass üras obtained following 2 iníËial rotovaËl-on

ËreatmenLs, on Yiay 22, L964 and on July 7, 1964 (Plate 7), but 2 addL-

Ëíonal roLovations r{ere required on SepËember 14, L964 and June 16, L965

to eradicate the couchgrass completely. AlËernaËe ËreaËmenËs with

paraquat and rotovaËion eradicaLed couchgrass but a t,otal of 3 paraquat

and 3 rotovatÍon treatments T¡rere required. Sirnílarly, eradication of

couchgrass was obtaíned folLowing 6 consecuËive paraquat ËreatmenËs,

each at 2 pounds per acre. RoLovation was the most effective method

to control couchgrass requiríng only 4 treatments for compleËe eradi-

cation.

te5.{4f+"¿
¡:1 :'-rÌ.14
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D. FaLl applicaËion of paraquaË Ëo controL couchgrass

Fall appLication of paraquat suppressed couchgrass growth in the

foll-owing spring for approxímately one monËh, afËer which couchgrass

resumed active growth (TabLe 22) "

TabLe 22 - The effect of fal-L paraquat appllcaËion for couchgrass
control.

Treatment Couchsrass Top-ErowËh Control
Herbicide RaEe

Lblac
May 1-9

L96s
June 5

L96s
June 22
L96s

Paraquat

Paraq-uat

?araquat

Check

Uz

1

2

7 ,gb

9.2

9.5

0.0

3.5

5.2

6.1-

0.0

1.0

L.0

1,8

0.0

Application of paraquat at one and 2 pounds per acre resuLted ín

effectíve couchgrass top-growth conËrol on }4ay 19, L965. The suppres-

síon of couehgrass followlng fal1 paraquat appl-icaËion is lllustrated

in ?Late 8. The amounË of couchgrass top-groT'r7Ëh conËrol increased as

Ëhe raËe of paraquat lncreased from L12 to one pound per acre. Assess-

ments recorded on June 5, L965 and June 22, L965 suggested that actíve

couchgrass regror¡rËh had occurred. Thus, Ëhe effectiveness of paraquat

appl-ied Ín the falL was limlted to one monËh in the following sprlng,
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CONCLUSIONS

The purpose of this study rüas to evaluate Ëhe performance of para-

quat in pasture improvemenË programs under Manitoba conditions.

Paraquat appLled aË one pound per acre ín Ëhe spring was effectíve

Ln suppressÍng residenË vegetaËion thus permitËlng alfal-fa establish-

ment. ?araquat, was effectíve in redueíng the population of herbaceous

perennials but had Little effect on the woody perennial pLanËs. 2r4'D',

2r4r5-T. appJ.íed at 24 ounces per acre prior to parquaË Lleatment had

líttle effect on the populatlon of woody perennials buL fair control- of

the herbaceous perennfals r,ras obtained. The results further l-ndicate

tJna| 2r4-Dz2r4r5-T musË be applied at least one year prior Lo paraquaË

applicat.lon and sod-seeding. Tf. 2,4-Dz2r4r5-T fs applíed during the

same year as paraquat and aLfaLfa is sod seeded, then phenoxy resldues

remaÍn in the soll and wt1-L prohibit seed germination of the alfalfa

seed r

Fal1- appl-icaLion of paraquat dtd not significantly suppress the

gïasses, woody perenníals, or herbaceous Perenníals in Ëhe native

pasture and therefore aLfalfa could not become establ-lshed.

During L964, païaquat successfully controlled wiLd barley. ConËrol

of wiLd barley lncreased as the rate of Paraquat íncreased up to 2

pounds per acre. Appl-icaËíon of Paraquat at various dates during May

and June in 1965 failed Lo contloL wÍLd barl-ey. However, Paraquat

applicatíon resulËed in wíLd barley suPpression for approximateLy 3

TÀ7eeks. The suppression of wil-d barl-ey ü7as Long enough to permit the
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,1,.,

establishmenË of aLsike cl-over provided chemicaL appl-ícation and seedíng

ürere acconpLíshed in May.

ParaquaË alone ü7as not adequaËe Ëo controL couchgrass whereas para-

quaË in combínation wÍth other treatments controll-ed the couchgrass. In
L964, a mixture of paraguat at one pound per acre and isocil_ at one ': :"'

pound per acre appl-ied on Nray 22, L964, folr.owed by a retreatment 6

weeks LaËer, resul-ted ín effective couchgrass control. In Lg65, a síngJ.e

appLícation of paraquat at one pound per acre and bromacil_ at one pound ..:.,.
¡::',-::.per acre failed to glve satísfactory couchgrass control. It appears ËhaË . ,'

retreatment wlËh paraquat at one pound per acre and uracil- (isoci1 and i..,.'

bronací1.)at.onepoundPeracreI¡7aseS.sentia1ÉoconËro].couchgrass.

Four rot:ovatlon treatments ï47ere the most effícíent method to eradi-
cate couchgrass. ConpleËe couchgrass eradicatÍon Ìras robËaíned wlËh

paraquaË at 2 pounds per acrer but 6 separate Ëreatments r^rere requíred. 
lAlso, when treatments consisted of paraquat and rotovation, 6 separaË" 
i
l

treaËments ürere required. 
l,

lFaLL appLicatíon of paraquaË wÍr-r. suppress couchgrass Ín the sprrng 
:

for approxímateLy one monËh. couchgrass suppressfon increased. as the
i.t'1.r'¡.'rate of paraquat íncreased f.rom L/2 to one pound per å.cre. 
.ì;.i,-
:., : ,:,,1.',
.:: i: :.::.
irì::-a:,':.j: -:

l:'i:','. l'
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Appendix I, I"treteoro logícaJ- data :
suumary for Portage
\964 and L965.

temperature and
1a Prairíe, April

precipitation
to September

ldonth Average lvf,aximum
1964 L96s
OF OF

ature Summa

Average l[inimum
Deviatíon

Mean Dailv from NormaL
L964 796s L964 196s
oF oF oF oF

1964
oF

L96s
oF

April

May

June

July

August

September

31,3 46*3

61"3 62 
"3

7r,3 74.1

79'.7 76,7

7!.7 76.3

63.5 55 
"7

30.9

42 "5

48e3

57 '4
50.5

39,B

30.2

38,5

5'J. q2

52 
"5

31.0

36 
"7

4L"L 38,3 +3.2 +0.6

54.9 5014 +3çg -016

59.8 62q4 - 1*3 +1,3

68 .6 64 "0 *O .7 - 3,9

61,1 63"7 -4,6 -2.0

5r.7 46.3 -2,1 -7,3

Precípit,ation Summary

Monuh Total Monthlv PrecipitatÍon Deviatíon from Normal

-

1,964
inches

t965
inches

1964
ínches

1965

Aprí 1

May

June

July

August

September

1.07

I,37

5,10

3r08

4"56

L.37

2 Ç09

4"05

1,14

3"77

1 ,51

3,6L

-0"04

-L rL7

+L,23

+0,10

+1.63

- 1.10

inches

+0,98

+1,51

-2.73

+0.79

-Le42

+1.14



kiri+':?ii
;1 /r.:'1.'\|

65.

Appendix 2. Percent plant cover in spríng pasture project L964-I965,

TreaËment Percent Plant Cover
Ilerbicíde
RaËe (1blac)

June 15
L964

July 14
L964

Lug. L2 May L9 Jlane 22
L964 796s r96s

Aug.16
L96s

Total Cover

Paraquax L/4

Paraquat I/2

Paraquat 1

Check

66.8

66,5

68 "5

47 .6

44.7

25.8

7 6.3

79.5

67 .4

56.5

59,2

62.9

77 12

7 6.4

79 '3

84"5

85.8

87 .7

80,563.0 73.6 86.9 46.L 83¿0

Grasses

ParaquaË

Paraquat

Parawuat,

Check

U4

1/2

1

5L.4

47 *7

44.2

48.4

37 .2

28,6

LB.0

47 .9

46.0

37.2

29.5

48.8

48"2

52.5

47 .8

42-6

50.5

47 .6

35.9

s2.4

51 ,0

46.3

3L.2

s6 -6

Herbaceous ?erennials

Paraquat I/ 4 13 "7

Paraqua9 L/2

Paraquat I

16 "2

2r.9

7"7

L3.2

3.2

20.2

19.7

73,2

1.5

Lo7

2,0

11.3

L3.4

4,9

14.0

8.0

6"0

Check L2,9 23"0 29.4 0.4 r2.o L6.4

trrloodv Perenníals

Paraquat I/4

Paraquat L/2

Paraquat 1

Check L.7 2.7 9.4

r,7

2.6

2,4

217

2.9

4.6

7.3

11.9

11.5

5,3

219

5"6

3.L

9.5

10,8

17 ¡9

18.6

3.4

7.7

4.9

7-5

Al falfa

Paraquat

Paraquat

ParaquaË

Check

L/4

rl2

1

2.8

5.7

13.2

1.5

1.1

7.5

5.9

4.6

20.6

16 .1

23.8

45 "6

0.3
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Appendix 3. Analysis of tot,al plant cover at varying dates for spring
pasrure projecr L964-L965.

Source qf variance D-E- M. S.

June 15. 1964

Replicates

Treatments

Error

3

3

9

r0.42

9.03

0,50

0.44

20 -6s

Julv 14. 1964

Replicates

TreaËments

Error

3

3

9

6 rO7

564.22

0 .19

18.21*n*

30 -98

AugusË 12, 1964

Repl-icates

Treatments

Error

3

3

32.7 6

L25.50

L5.I7

2.L6

8,27**

; Mav 19. 196å
l

I neplicates
:

Treatment.s

3

3

9

13. 18

67.75

r.42

7.31**

Error 9 -27

; June 22. 1965

n plicates

Treatments

Error

3

3

37 .27

3. l_8

7 .49

4.98*

0,42

August 16. 1965

Replicates

Treatments

Error

32.3L

31.L7

3s.84

0.90

o.B7

* Sígnificant at the 5% level of probabilíËy,
:* Significant at Ëhe 1% leve1 of probabílíty.
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Appendix 4. Analysis of grass cover at varying dat.es for spríng
pasture project L964-L965.

$ource of variance D.F, M. S. F

June 15. 1964

Replícates

Treatments

Error

3

3

L24,OO

11 .63

16.39

7 .57*

0.71

JuLv 14. 1964

Replicates

TreaËments

Error

3

3

9

L26.59

27 5 ,20

53,7 5

2,35

5.L2*

August 12. 1964

Repllcates

TreatmenËs

Error

3

3

302,-97

l-10.43

7 2-48

4.18tr

L.52

May 19. 1965

Replicates

TreaËments

28,81

2r.89

2.55

L.g4

Error 9 11-30

June 22. L965

Repl-icates

Trea@ents

Error 9

L47 ,7 3

7 6,88

29.73

4,97*

2.59

Aueust 16. 196!

Replicates

ÏreatmenËs

Error

3

3

9

L44.07

48,88

L.45

0.49

99.29

'ìk SígníficanË at r}:.e 57" level of probabilíty.
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Appendix 5, Analysis of woody perennial cover at varying dat,es for
spring pasËure project L964-L965.

Source of varíance D.F. M.S,

June l-5. 1964

Replicates

TreaËmenËs

Error

3

3

9

27 .35

4.34

r.52

0.24

18 ^04

Julv 14. 1964

ReplicaËes

TreatmenËs

Error

3

3

9

63 
"55

6.60

2.30

0 "23

27 .57

AugusË 12.1964

RepLicates

TreaËmenËs

Error

3

3

9

303.66

28.42

6 .09*

0.57

49 -97

Mav 19. 1965

Replicates

Treatments

Error

3

3

220,95

8.45

8.L5

27 .Lr*r<

I .04

June 22- L965+

Replícates

Treatments

Error

3

3

9

362.24

13,33

4"77*

0.L7

76-9s

Aueust 16. 1965

ReplÍcates

Treatments

Error

L67.36

24.40

53 -85

3.11

0 .45

* Signífícant, at the 5iú level of probabílity,
** Sígnificant aË Ëhe 1% 1evel of probabíLity.
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Appendix 6. Analysis of herbaceous perenníal cover at varying dates
for spring pasture project 1964-1965.

Source-of variance M.S. FF.

June 15. 1964

Replicates

Treatments

Error

3

3

2 11 .00

45 "20

45.73

4.6r*

0. gg

Julv 14. 1964

ReplicaËes

TreatmenËs

Error

3

3

9

277.39

2r5,63

36.72

7.55**

5.87*

,'a!i i

i :l:

August 12. 1964

RepLicaËes

TreaËments

Error

3

3

557 .42

L4L.66

43"72

L2,7 5**

3,24

Mav 19. 1965

Replicates

Treatments

78.9L

12.94

9.43*ik

1.53

Error 9 8.45

June 22. L965

ReplicaËes

TreatmenËs

Errór

3

3

39L"6L

46.7 2

4L.53

9.43*ilb

L "12

August l-6. 1965

Replícates

TreaËments

3

3

9

511.05

90.93

7 "52**

1.34

ro

* SignificanË at
** Signíficant at

68.00

of probabíliËy.
of probabíliËy.

rhe 5%
the 1%

leve1
1eve1
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Appendix 7, Analysís of alfalfg..9ygi ar varying dares for springpasrure projecr L96h_L965 .

Ausust 12. 1964

Replicates

TreaLments

3

3

9

12.32

27L.60

0,18

3. 89*

Err

Mav 19. L965

Replicates

TreatmenËs

Error

3

3

9

69

34.69

LLB.42

o.7o

2"38

49.7L

June 22. 1965

Replicates

Treatments

Error

3

3

9

67 ,86

425 "86

0,43

2,7 2

15 6 .30

Aueust L6. L965

ReplicaLes

Treatments

Error

3

3

9

91.55

1, 301 
" 

13

0.19

2.90

!

4t+3,66

* Significant ar the 5% 1evel of probabilíËy.
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Appendix 8. Percent plant cover in
spring pasture project

Ëhe 2, 4-D22,4,5-T pretreated
1964-L965.

T?eatment
Herbicide
Rate( ]-b/ ac)

Percent PLant Cover
June 15

L964
July 14

L964
Aug, L2 May L9 Jurre 22
L964 796s L96s

Aug. 16
1,96s

Total Cover

Paraquat L/ 4

Paraquat L/2

Paraquat 1

78.4

79.4

77 -7

30.4

21.2

L4.2

TOrg

72,0

69.5

56.8

52.9

56.7

49 "5

56.9

44.2

42.9

7 4.0

7 6,6

70.2

86 "4

7 6.7Check 79,6 63,8 83.8

Grasses

ParaquaË

ParaquaË

Paraquat

Check

54,6

59,3

53.3

53.2

24.L

13,3

8.7

59 -8

52.L

53.4

43.7

7L.9

54.7

50.2

54.2

46.9

43.3

24"2

24.5

57 .6

54.8

44"4

44,5

62.6

Ll4

Uz

1

tr{oodv PerenniaLs

Paraquat L/4

Paraquat Lf2

Paraquat 1

Check 3.2 2.6

1.5

1.5

L.2

1.8

1.8

J¡J

10.6

9r0

13,6

5,3

0.6

1.9

r.7

2"L

8.7

11'3

70.4

l_3.3

L2"L

12.0

L6,7

LL*4

Herbaceous PerennÍals

Paraquat L/4

Paraquat L/2

Paraquat l-

22.3

19.6

23"2

4.5

6.L

,2

9,0

8"7

9.5

1"5

0.8

016

419

8.1

9.0

3.1

8.1

6.2

L1,1

2.7Check 23.2 L.4 6.6 0.5

Alfalfa

Paraquat

Paraquat

Paraquat

Check

Ll4

Llz

1

0.2

0.9

2.7 0.2

0.6

1,6

7.6

14"L
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APpendfx 9. Analysis of tot,al plant cover aË varying dates for the
Z.a-O¡Z,a,S-f pret roject L964-I965.

Source of variance DoF. M.S

June 15. 1964

Replicates

Treatments

97 .05

1,13

L7.26**

0.20

Error 9 5.62

JuLv 14. 1964
'.

.ii RePlicates

.: TrealmenËs
::,
:.t.:l
.¡. i $rror

3

3

9

13.63

7 34,09

0.44

23 "89sr*

30.7 2

Ausust 12.1964

Replicates

TreaËments

Error

3

3

6,50

93,7 0

8.7 3

0.7 4

9.58**

Mav 19, 1965

i

neplicates

j Treatments

: Error

3

3

46.57

L6.L4

19.30

2"4L

0.93

3

3

.:,,ì

:.i
:1,

',.:

ii

June 22. L965

Replícates

TreaËments

Error

14.7 8

281.38

1g .14

0,81

15.51dr*

Aueust 16. 196å

Replicates

TreatmenË s

Error

45.83

47.0L

66.'26

o.69

0.70

drik SignífícanË at the 17. level of probability.
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Appendíx 10. Analysis of grass cover at varying for Ëhe
2.4-Dt2.4 5-T pretreated r1 ro íect 964-1965.

dates
ture

June 15, 1964

RepJ.icates

Treatments

Error

3

3

9

LgL.24

L0,64

L2.7 4**

o.70

15 .01

JuIv L4- 1964

Replicates

Treatment,s

Error

3

3

9

7 .39

227.27

r,07

33.03**

6-88

Aueust 12. 1964

ReplícaËes

Treatments

Error

3

3

9

75.93

200 .80

2.7 7

7 "33**

27 .37

Mav 19. 1965

Replicates

ïbeatments

3

3

47 ,25

18.21

3.46

1.33

June 22. 1965

ReplÍcaËes

Treatments

3

3

9

37.00

382.08

3 "95

40.86inÈ

Err

Aueust 16. 196å

Replicates

TreatmenËs

9.35

L20.07

L07.46

3.96*

3.54

Error 9 30.31

* Significant at the 5% leveL of probabiliry.
dí:k Significant at the 1% level of probabíliry.
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Appendix 11. Analysis of woody perenníaIs cover at, varying dates for
Eh.e 2,4*D¡2,4,5-T pretreated spring past,ure proiect L964-1965,

Source of varíance D.F. M.S.

June 15. 1964

Replicates

T?eaËments

Error

3

3

9

18.38

L8.7 6

L2.s6

L.46

L.49

Julv 14. 1964

RepLícates

Treatments

Error

3

3

1,00

3.73

42.84

0 "02

0.08

Aueust l-2. 1964

Replicates

Treatments

7.L8

45.74

0.08

0.55

Error 9 8L.7 9

Mav 19. 1965

Replícates

Treatments

Error

0.34

0.50

3

3

7 .9L

LL.64

23.07

June 22 196s

Replicates

TreatmenËs

Error

3

3

9

69.63

13.98

I 
"96

0.39

35.42

Aueust 16. 1965

ReplicaËes

TreaËment.s

Error

3

3

9

27 .77

L0.11

o *47

0.L7

58.67
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Appendix 12. Analysis of herbaceous perennial cover aË varying dates
for the 2r4-D22,4,5-T preËreated sprÍng pasture project
1,964-L965 

"

Source of variance D.F" M.S. F

June 15. 19.04

RepLicates

Treatments

Error

3

3

9

7 5.95

8.37

5.08*

0.55

L4.95

JuLv l-4. 1964

Replicates

Treatments

Error

3

3

9

L92.46

L6,09

3"40

0.28

56 -52

August 12. 1964

ReplicaËes

Treatments

Error

3

3

337,83

4.7 3

83.10

4.06*

0.05

Mav 19. 1965

Replicates

Treatments

Error

3

3

2"02

7.72

L9.34

0.10

0.39

June 22- L965

Replícates

TreatmenLs

Error

3

3

w9ç99

37,64

48,97

3.06

0.76

AugusË 16.1965

Replicates

Treatments

Error

L7 6.38

7 3.40

3.63

I .51

48,54

rr Significant at the 5% level of probability'
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Appendix 13. Analysis of arfal--fa cover at varyÍng daËes for the
2,4-Dt2,4,5-T pretreaËed spring pasture project Lg64-Lg65.

Source of variance

Aueust 16. 1965

RepLícates

TreaËmenËs

Error

3

3

60.23

354.23

2.95

17 "38irì*

20 -38

dr* SígnificanË at the 1% level of probabílity,
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AppendÍx 14. ?ercent pLant cover in Ëhe fall pasËure project L964-L965.

TreaLment
Herbicide
Rate ( 1b/ac

PercenË ?lant Cover
SepË. 12

1964
June 9 July 15 Aug. 18

L96s L96s L965

Total Cover

ParaquaL I/2

Paraquat L

Paraquat 7-L/2

Paraquat L/4 + Diquat

Paraquat I/2 + Díquat

Paraquat 3/4 + Diquat

Dalapon 4

L/4

Ll2

3/4

72-7

69 "7

74"0

7 2.8

7 L.7

70*0

69 "g

sr.4

s1.1

48.g

53.0

56.0

48.7

35,4

s4-2

62.L

70.3

67 .g

62.5

67 ,0

7o -B

7I.5

68.8

6g,g

7 0.7

75.2

67 .8

69 "0

7 2.9

7 8.4

73-BCheck 70.5

Grasses

Paraquat

ParaquaË

Paraquat

Paraguat

Paraguat

Paraquat

Dalapon

Check

u2

I

T-L[2

L/4 + Diquat

U2 + Diquat

3/4 + Diquat

4

U4

L/2

3/4

54.4

53,3

50.0

50 "9

52,8

48.5

48.8

33.0

35.4

28.3

34. B

39.5

31.3

19,0

27 ,7

28.4

24"4

29.7

29.L

29 "5

18 .4

29.0

29,6

28.4

29.5

30,8

31,0

26.6

23.L

27 .O52.L 34.2
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Appendix 14 (cont.)
Sept. 12

1964
June 9

L965
July 15

L96s
Aug, 18

L96s

tr{oodv Perennial-s

ParaquaË L/2

Paraquat 1

Paraquat L-1,/2

Paraquat I/4 +

ParaquaË L/2 +

Paraquat 3/4 +

Dalapon 4

3 "4 2.\

DLquat Ll4

Dlquat L/2

DíquaË 3/4

1.3

5.0

L.4

1,0

4.r

3,1

3.3

5,1

1.3

0"9

317

5.8

7.3

8.6

10 .8

3"2

5.6

8.8

9.0

8.0

9.L

l_0 .9

2.7

6.2

9,8

10. L

Check 4.4 3 "7 9 .L 7 .9

Herbaceous Perengials

Paraquat 7/2

Paraquat I

Paraquat L-L/2

Paraquat Il4 +

ParaquaË U2 +

Paraquat 314 +

Dalapon 4

14.9 L6 ,3

Díquat L/ 4

Dlquat I/2

Díquat 3/4

15.1

19,o

20.5

17 "9

L7.4

L7 .9

L2.4

15 "5

L6,9

L5.6

13.7

10.6

25.5

29.5

30.1

26.9

30.9

27 .L

4L.7

28.6

24.9

24.8

29.g

28.8

28.7

24.0

39.2

32.9Check _ L4,0 16.3

Alfalfa

Paraquat

Paraquat

Paraquat

Paraquat

Paraquat

Paraquat

Dalapon 4

Check

Ll2

1

L-T/2

L/4 + Diquat

L/2 + Diquat

3/4 + Díquat

Ll4

Ll2

3/4

t.6

3.8

2.5

2,7

1.4

5.4

2.4

2.L

7*4

9.4

419

5.5

3,1

L2.5

6*0

:::::>

6.0
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Appendix 15. Analysis of total plant cover at varying dates for the
fa11 pasture projecE L964-1965.

Source of variance

September_l2. L964

Replicates 3

Treatments

L3,7L

L6.90

0.43

0.52

Error 2L 32.24

June 9. 1965

RepLlcaLes

Treatments

Error

3

7

2L

8.99

55.32

L7 -2L

0.52

3.2L*

Julv 15. 1965

ReplícaËes

Treatments

Error

3

7

2L

34,57

36.7 5

23-0L

1.50

1.59

AueusË 18. 1965

ReplicaLes

TreatmenËs

Error

3

7

2t

TL.32

24.67

Ls.67

0.7 2

L "57

* Signiflcant at the 5% LeveL of probability.
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Appendíx 16, Analysis of grass cover at varying dates for Ëhe falL
pasture project L964-I965.

Source of variance D,F M.S

Septernber L2. 1964

ReplicaËes

Treatments

Error

3

1

2L

84.68

5.84

10,0L

8,46*rlÈ

0.58

June 9. 1965

ReplicaLes

freaLments

Error

3

7

2L

2L.32

62,4

L7 .53

L.22

3,56*

i Julv 15. 1965

ReplicaËes

TreaËment,s

Error

3

7

2L

41.7 6

26.7r

4.r2*

2.63*

10.14

AugusË L8.1965

RepLicates

TreaLmenËs

L4.04

LT.L2

0.7 6

0.6

Error 2L 18.46

* Sígnificant aË the 5% level of probabiLiÈy"
*ik SignificanË at Lhe l-% level of probabiLity,
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Appendix 17. Analysis of woody perenniaL cover aË varying daËes for
the falL pasËure projecË 1964-1965,

Source of variance D.j'* M.S- F

September 12.1964

ReplÍcates

TreaËments

Error

3

7

2L

L5.07

3L.14

44.98

0.34

0.69

June 9. 1965

Repl-ícates

Treatments

Error

3

7

2T

84.L4

40ç06

30 "51

2.7 6

1-31

Julv 15. 196å

Replicates

TreaËments

Error

3

7

2T

242.89

2T.89

74.79

3.25)k

0.29

August 18. 1965

ReplicaËes 3

TreaLments 7

Error 2L

260.96

33 ,98

66.7 4

3.91*

0.51

* Significant at the 5% level of probability.

i.f -i: r.:: ;.:
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Appendix 18. Analysís of herbaceous perennial cover aË varyíng daËes
for Ëhe fall pasture projecE L964-I965.

Source of variance D.F. M.S.

September 12, 1964

Replícates

TreaLments

Error

3

7

2T

59,37

13.09

1,98

0,44

29 -98

June 9. 1965

Replicates

TreatmenËs

Error

3

7

2L

31.94

L3.7 2

16.77

1 "90

0.82

Julv l-5. 1965

RepllcaËes

TreatmenEs

Error

3

7

2l

6. Ls

40 *08

26,3s

0.23

r.52

3

7

2L

AugusË LB.1965

Replicates

Treatments

Error

9,46

43.39

0.47

2"LB

20.11
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Appendix 19. Analysis of alfalfa cover at varyíng dates for the fall
pasture project L964-I965.

Source of varíance

Julv 15. 1965

Replícates

TreaËments

3

7

20.50

L2,96

I .15

0.73

4ggust 18. 1965

Replícates

Treatments

Error

3

7

27

9.74

3s.97

0.47

r.7 2

20.98

l

1

ii:i'. 1.



Appendix 20. Analysis of alsike clover cover
ment on wiLd barley.

Source of variance

Replicates

Dates

Error (a)

Sub- Ëota1

TreatmenËs

Dates X Treatments

Error (b)

ToËal

D.J"

L

4

4

9

I

4

5

19

::,:,-::t.:- .t
]; . l ir', ..r: -:-i.:..:.:..,..',. ...i
. .,.. -.i

- ''' -''' J, ,.-' : ]

** Significant at the 1% level of probability,

foJ-lowing paraquaË treat-

M.S.

2.06

629.s8

20.39

84,

18"11

82"37

17.79

30,87**

1"01

4.63

bi.ro**i---l


