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ABSTRACT

IIERBTCTDAL EFFECTS OF CHLORFLURAZOLE

CEREAL CROPS AND FLAX

J. R. Anderson

Pl-ant Scíence DeparËment
UniversiËy of ManiËoba

A two year project T¡Ias underËaken Ëo sËudy the poËentÍal use-

fulness of chlorf Lurazole (4 r 5-díchLoro-2-Ërífl-uoromethylbenzirnídazol-e)

for weed control Ín cereal- crops and f1ax. The weed species studied

were Ëhose generally considered resístant Ëo the phenoxyacetic acid

Ëype herbicídes.

The resulËs of this study indicate that chl-orflui:azoLe Ls

suiËable for Ëhe control of eerËaín serÍous weeds, notably Pol-ygonum

convolvulus and P. scabrum in cereal crops. However, íts selectivity

in flax ís subject Ëo considerable variatíon.

ChlorflurazoLe appeared Ëo have a wide margín of crop safety ín

cereal crops. Rates of twice Ëhe amounË required for weed conËrol- were

applied T¡riËh little or no crop ínjury. In flax, crop ínjury occurred

in the firsL year of Ëhis sLudy at all rates of herbícj-de and was

significanË Ín reducing yÍel-d. In Ëhe second year 1-ittl-e or no crop

ínjury occurred to flax.

Effective weed conËrol was achieved in cereal crops wíth

chlorflurazoLe and MCPA (2-rneËhy1-4-chlorophenoxyaceËic acid) at B+B

ounces per acre or chlorfLurazole and mecoprop (2-(2-methyl--4-chi-orophen-

oxy) propionic acid) at 5*4 ounces per acre. IË appears Ëhat application

should be made at Ëhe 2 to 3 leaf sËage of weed growth, as beyond LhÍs

IN



stage Ëhe species studied became somewhaË resisËant. Under conditions

of dense weed growËh íË appeared Ëhat, use of 1-arger vol-umes of díluent

would be advanËageous.

Results from deËermínaËíons of proËein conÉent of wheat and

oil conËenË of flax suggesË that chlorflurazoLe has no detrímenËal-

effect on crop qualíty.
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INTRODUCTION

During the past ËwenËy years, the use of herbicides for Ëhe

conËrol of broadleaved annual weeds in cereal crops and flax has been

a common farming pracËice in Inlestern Canada. The most commonly used

herbicides are 2,4-D (2,4-dichlorophenoxyaceËÍc acid) and MCPA

(2-inethyl-4-chlorophenoxyacetic acid) which are useful for Ëhe control

of many suscepËible broadl-eaved weeds. However, these herbicídes are

not consistenËl-y effective in the conËrol of moderaËely resistanË r¿eeds

such as Polygonum convolvulus L. and Polygonum scabrum Moench.

Approximately thirty millíon acres of farmland in InlesËern

Canada are nor^r infesËed wiËh weeds noË readíly conËrol-1ed with 2r4-D

or MCPA. The increase in Ëhe relat,ive abundance of these "hard to kill"

weeds has resulËed Ín considerable eurphasis beíng placed on the search

for more effecËive herbicídes. Thís search has led to the devel-opmenË

of such useful herbicídes as dicamba (2-methoxy-3r6-dichl-orobenzoic

acid), picl-oram (4-amino-3 r4r6-trichloropicolinic acíd) and bromoxynil

(3r5-dibromo-4-hydroxybenzonitritre). Each one of Ëhese has broadened

¡he spectrum of weed control under actual- farm condiËions but limítaËions

of some imporËance remain.

A sysËemaËic study of the bíological- behaviour of the

2-txifLaoromethylb enzimLdazol-es, and particularly Ëhose wíth halogen

substíËuenËs ín Ëhe benzenoid ring, has been undertaken recenËly" I^lhen

applied post-emergent to weeds, Ëhe Ëypical symptoms induced by active

members of thís series are rapid loss of turgidíËy, necrosís and death of

the plant rvíËhin abouË four days. It has been confirmed that the bío-

1ogical1y active 2-triÍ.Luoromethylb enzí^mj'dazoles are actíve uncouplers
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of oxidaËíve phosphorylation r¡ith linited translocatíon actÍviÈy. One

of Ëhese compounds, chlorflurazoLe (4, 5-dichLoto-2-txifluoromeËhy1-

benzímidazoLe), has shor¡n a hígh conËacË toxicíËy to many broadleaved

species a¡ TaÉes which may be safe to cereal crops and flax" A Ërue

synergísËíc effecË has also been noËed in mixËures of chlorflurazoLe

with MCPA or mecoprop (2-(2-methyl-4-chlorophenoxy)propionic acid).

Límited informaËion on the herbicidal- effecÈs of chlorfLutazole

in cereal crops and flax prompted the íniËiation of a project at Ëhe

University of ManiËoba in L966 xo determine wheËher chlorflu::azoLe

coul-d be used Ëo conËro1- Polygonr:m convol-vulus and P"

crops when grovrn under Manitoba condiËions.

scabrum in these

Experíments r¡rere desÍgned Ëo study Ëhe effects of chlorfl-u::azoLe

formulaËions (wíth or without the addition of MCPA) on crop injury,

yield and oil-seed qualíty (oil content and íodine value) of flax. In

L967 " the project \À7as altered Ëo study the effecÉ of volume of diluent

on the toxiciËy of chl-orfLurazoLe as measured by crop injury and yíeld

of fl-ax.

A further project was carried out in L967 Ëo measure Ëhe effect

of chlorflurazole-MCPA mixtures on crop injury and yiel-d of wheat' oats

and barley.

The effecËiveness of chl-orfLurazoLe formulaËions (with or

wiËhout the addition of MCPA or !üetting agenËs) for Ëhe conËrol of

Pólygonum convolvulus and P. scabrum was studíed in both years.
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REVIEI,J OF TIIE LITERATURE

RecenË surveys have shown thaË a large percenËage of the culti-

vated acreage ín I^Iestern Canada is infested with Pol-ygonum convolvulus

and P. scabrum. The former consËiËutes the most severe probl-em in terms

of exËenË of infestation with more Ëhan 30,000r000 acres affectedr while

the laËter ínfests some 6 ,440 1000 acres (1) . Friesen and Shebeski (6) ,

ín a survey conducted from 1956 Ëo 1958, found that 98 percenË of farm

fields in Manitoba contained P. convolvulus and 42 percent conËained

P. scabrum. IË is possíble thaË the exËent of these weeds will increase

because of their relative resistance to Ëhe commonly used herbicides'

2,4-D and MCPA.

The exËent of competiËion between P. convolvulus and cereal-

cïops has been shown ín several sËudíes. Friesen and Shebeski (6) found

thaË an infestation of 47 P. convol-vulus plants per square yard reduced

wheaË yields by L4.B percenË whíle L72 pLants per square yard reduced

wheaË yields by 25.7 percenË. Forsberg (5) found thaË l-5 plants per

squaïe foot. reduced oat. yíelds by 55 percenË. Símílar resulËs were

reported by Nalewaja (l-6) in North DakoËa.

Competitíon between P. convolvulus and fl-ax apPears Ëo be very

severe. Na1-ewaja (l-6) found ËhaË 4 B.convolvulus planLs per square foot

reduced flax yields by 22.5 percent whíle Forsberg (5) reporËed a

66 percent loss in flax yields wiËh an infesËation of on1-y 3 plants per

square foot. MarËin and Rademacher (14) studied Éhe effect of

!. persiearía on flax and found a 43 percent reduction in shoot growth

ef flax due to all-elopathic influences of the weed.

Based upon informaËion presenËed over many years in the annual
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Research ReporËs of the National trnleed Committee (trnlesËern

followíng recommendations were made for Ëhe cont.rol of P.

Section), the

convolvulus

and P. scabrum Ín cereal crops and flax f.or L966 and L967 (3) :

(1) ConËro1 of Polygonum convolvulus in cereal crops.

One applÍcaËíon of.2r4-D alone aË B to 12 ounces per acre acid

equivalenË or Ë\^ro applÍcations aË 5 ounces per acre spaced one week

apa:rt will suppress P. convolvulus and reduce seed productíon. Ilowever,

some crop injury may resulË from Ëhe síngle application, and Ëhere may

be considerable Ínconvenience involved in using the splít application.

Dícamba may be applied to wheat and oaËs at. 2 to 3 ounces per

acre acíd equívalenË alone or aL 1.5 to 2 ounces per acre rrrhen mixed with

Ëhe amine salËs of. 2r4-D or MCPA at 4.5 to 6 ounces per acre. In barley,

Ëhe raËe of dicamba should not. exceed 1-"5 ounces per acre. Applications

musË be made at. tlne 2 to 3 leaf sËage to be safe on the crops, and Ëhís

may involve diffÍcu1ty in some situaËions depending upon !üeather condi-

Ëions aË this stage of growÈh, or susceptibility of the crop to Ëhe

2r4-D formulation used ín the mixture.

Picloram may be used in barley and oats at 0.38 to 0.5 ounces

per acre acid equivalenË ín combínatíon with 2,4-D or MCPA at 4 to 6

ounces per acre, or ín r,¡heat aË 0.25 ounces per acre mixed wír1n 2r4-D

at 4 ounces per acre. However, difficul-ties may aríse wiËh this herbicÍde

because of very narroT^/ tolerance limits for safe application to Ëhe crop

and apprecíable residue acËiviËy associated wiËh its use.

Bromoxynil ester may be used aË 4 to 6 ounces actíve íngredient

per acre in a1l cereal crops T,,Iith l-iËËle or no crop injury. TreatmenË

may be made any Ëíme from tlne 2 leaf stage Ëo Ëhe early f1-ag leaf sËage

of the crop buË Ëhe mosË effective treatmenË would be made when the weeds
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are LrL the seedling stage.

(2) Control of Polygonum scabrum in cereal

In wheat and barley, 2,4-D ester aË B

2r4-D amine at 12 ourices per acre may be used

crops.

to L2 ounces per acre or

to conËrol P. scabrum" In

oaËs, 10 to 14 ounces per acre of MCPA amine or esËer may be used when

Ëhe r^reeds are in Ëhe seedlíng sËage.

Good to excellenË results may also be obtained wíËh dicamba and

2r4-D Ín a l-:3 ratio at 6 to B ounces per acre; bromoxyníl ocËanoaËe at

4 to 6 ounces per acre; or pÍcloram aË 0.38 ounces per acre mixed with

2r4-D at 6 ounces per acre. The latter should only be used on oaËs and

barley.

(3) ConËrol of Polygonum convolvul-us and P. scabrum in flax.

The control of these weeds in flax is more difficulË Ëhan ín

cereals because of the high sensiËivÍty of fl-ax Ëo most of the commonl-y

used herbícides" Both 2r4-D and MCPA may be used to suppress growth of

these weeds but only at. raËes whích are ínjurious to Ëhe f1ax. A míxËure

of dicarnba and 2r4-D at 1.5 ounces per acre or dicamba alone at 2 ounces

per acre may be used as atÌ emergency measure, but severe delay in maturiËy

wil-1 result. The crop should noË be Ëreated later Ëhan 20 days after

emeTgence.

Bromoxynil and MCPA in a 1:1 raËío may be used at B ounces per

acre but it should be recognízed tlnat severe injury Ëo Ëhe flax has been

observed, particularly under condiËions of stress to the plant, e.g. hot,

hurnid r,üeather.

Picloram aË 0.25 to 0.375 ounces per acre in mixËure with 2,4-D

aE 4 to 6 ounces per acre may also be used, but some delay in maturity

should be expecËed. The use of picloram also enËails the possj-bilíty of
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herbicíde residues in Ëhe soil or p1-ant debrís which may resulË in injury

Ëo sensitíve plants in Ëhe followíng years.

Dichloroprop (2-(2,4-díchlorophenoxy)propionic acid), 2,4-DB

(4(2,4-díchlorophenoxy)butyric acid) ' MCPB (4-(2-nethil'4-chlorophenoxy)

butyric acid), and mecoprop have also been evaluated for the conËrol of

Polygonum convólvulus and P. scabrum. ResulËs have índicaËed Ëhat these

herbícides offer no advantage over 2r4-D and MCPA when applied at

sími1ar raËes.

IË is evident that, there are límitations of considerable inport-

ance associaËed with the use of all of the recommended herbícÍdes ín

conËrolling semi-resístanË weeds in cereal- crops and f1ax.

THE 2JTRIFLUOROMETITYLBENZTMIDAZOLES

A sysËematie study of the synËhesis and biol-ogícal activity of

tine z-tlífluoromeËhylbenzimidazoles, and parËicul-arly Ëhose with ha1-ogen

subsËituents in Ëhe benzenoíd ring, I^ras undertaken by workers at Fisons

pesË Control- Ltd. in L962. The typícal symptoms índuced by compounds of

thís seríes, when applied Ëo planLs post-emergenË, are rapíd loss of

turgidity, necrosis, and death of the planË wiËhin 2 to 6 days (4).

They were shown Ëo be very actíve uncouplers of oxidaËive phosphory-

lation (11). Damage on spïayed l-eaves was localízed wiËh no sígnificanË

sysËemic Ëransfer, índicaËing that these compounds had an acËÍvíËy

paËËern resembl-ing Ëhat of many other conÈacË herbicides" Repeated

screening trial-s ín the field and Ëhe greenhouse have shown one of these

compounds - Chlorfl-uxazoLe - Ëo be superior in selecËiviËy for broad-

l-eaved weed control in cereal crops and flax (17).

pfeiffer (17) has shown that under European condiËions rlo annual
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broadleaved planË has been found resistant Ëo an application of chlor-

flurazole in Ëhe seedlÍng sËage. He reporËs an average reduction ín

growth of 89 percenË for seven connon European weeds when sprayed wíth

chlorflurazoLe at L6 ounces per acre active ingredÍent. Several Ëríals

in Canada have shown Ëhat chl-orfLurazoLe at 16 ounces per acre or íri com-

binaLion with MCPA aË B + B ounces per acre can resulÉ in up to 100 per-

cent conÈrol of Ëhe "hard to kill" weeds most. often found in cereal

crops (7, 8, 13, 2L). Horr¡ever, Ëhere has been a wide variation in degree

of contro| of some species including Polygonum scabrum and P. convolvul-us.

Some reporËs indicaËe only fair conËrol while oËhers indicaËe good to

excel-lent control of Ëhese weeds (2r 7, L2, L3, 15, 20,2L).

preliminary screening Ëríals ïeported by Pfeíffer (17) shorved

l-itfl_e injury to gramíneous specíes. RaËes of chlorfLuxazoLe in excess

of those required for weed control have shown l-íttl-e injury Ëo cereal-

crops in Ërial-s Ín Inlestern Canada (8). I^lTren crop injury was reporËed,

howeverr iË was found that no reduction Ín yields occurred (2, 9, 1-0)'

One reporË showed very 1-ítt1-e injury Ëo fl-ax Ëreated wiËh chlorfLurazoLe

aL B ounces per acre (tr5).

IË has been reporËed thaË chlorflurazoLe ín combínation wíth

hormone Ëype herbicides (MCPA, mecoprop), displays a synergistíc increase

in acËivity (17). ResulËs indícaËe thaË Ëhe degree of weed control

shown by L6 ounces of chl-orfLurazoLe alone may be duplícated by 8 ounces

of chlorflurazole in combj-naËÍon \,Iith B ounces of MCPA (2, Br 2L)"

Preliminary trial-s reporËed by Pfeíffer (17) suggesËed that

volumes of l-5 to 20 gallons per acre ËoËal soluËÍon T¡iere necessary for

adequaËe coverage of the planËs. Hornrever, Friesen (9) has achieved good

weed conËrol wÍËhouË crop injury using as low as 5.0 gallons per acre.
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MATERTALS AND METHODS

Six projects Iniere carried out to determine the effecË of

chlorflurazoLe" and mixtures containing chlorflurazoLe, on cereal crops

and flax and the efficiency of these compounds for Ëhe control of

Polygonurn convolvulus and P. scabrum. The projects \^iere as follows:

(a) The effect of chlorfLurazote and chlorflurazole-MCPA míxËures

applied to flax aL various growth stages.

(b) The efficÍency of three formulations of chlorflur:azoLe tor

selective weed conËrol in flax.

(c) The ínfluence of a T,^reËËing agenË and/or MCPA on the effíciency

of chlorfLurazoLe for weed conËrol.

(d) The effect of chlorflurazoLe and chlorflurazole-MCPA mixtures

applied to flax and wheat in various volumes of díluent.

(e) The effect of mixËures of chlorflurazole with MCPA or mecoprop

on oats and barley.

(f) The effect of chlorfLurazoLe and chlorflurazole-MCPA mixtures

on proËeíri contenÈ of wheaË and oi1 conËent of flax.

All experíments !'riËh flax were conducËed at the Glenlea Research

Station on suTnmerfallow land (Osborne clay soil). The experiments wiËh

cereal crops were conducted at Ëhe Uníversity of Manitoba (Riverdale

clay loam) on land which had prevíously been sown to flax. To ensure an

adequaËe infestatíon of weeds aË the Glenlea locaËion, a míxture of weed

seeds consisLing mainly of Polygonum _convof.t"1"s and P. scabrum was

broadcasÈ over the area and harrowed twice prior to seeding. The

UniversiÈy of Manitoba sit,e had been given símilar treaËment in late
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1965 and a uniformly heavy infestatíon of vieeds occurred in L967.

Field ploËs were seeded with a 6-foot press dril1, each plot

being 6 by L6 feeË in size and accommodatíng L2 rows of crop. All

herbicide applÍcations \^rere made wiËh a small ploË sprayer delíveríng

¡he appropríate volume of applicatíon at 45 p.s.i. Sprayer nozzLes

T¡rere varíed Ëo achieve Ëhe desired vol-ume of applicaËion.

Vísua1 estimates of crop injury and weed conËrol were made on a

0-10 basis (0 = no damager 10 = complete kil-l). AË maËuriËy' a 30

squaïe foot sample from Ëhe cenËer of each ploË was harvested with a

sma1l ploË harvester. Crop yields and the percent of weed seeds found

in Ëhe threshed sampl-e r^iere recorded, Data from each project l¡lere sub-

jected Lo statisËical analysís as outlíned by Steel and Torrie (18).

(a) The effecË of chlorf.Lurazole and chlorfl-urazol-e-MCPA mixtures

applied Ëo fl-ax at various growËh sËages.

Flax (varieËy Bolley) was seeded May 28, L966 at Ëhe rate of

35 pounds per acre. The following Ëreatments were applied in 5.5 gallons

per acïe ËoËal soluËion at Ëhree stages of crop growËh (dosage is ex-

pressed as acid equival-enË or ac,Ëíve ingredíenË) : chlorfl-urazole S*

at 4, 8, LZ and 16 ouÍÌces per acre; chlorflurazoLe S at 4, B, L2 and L6

ounces per acïe in combination with I4CPAtk* aË 3 ounces per acre; and

MCPA at 6 ounces per acre was i.ncluded as a sËandard ËreatmenË. The

first sËage \rfas tTeaËed June 20 when the flax was 1 to 2 inches Ín

heíght; Ëhe second stage r^/as Ëreated June 30 when Ëhe f l-ax was 6 inches

Sodíum salt formulation. FormulaËed by Fisons PesË ConËrol- Ltd.

MCPA (Sodium and Botassium salt).
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in height; and the Ëhird stage T¡ras Ëreated June 13 when the f l-ax was j-n

the bud sËage. trrleed control and crop ínjury vüere assessed visually on

July 11 and July L9 arrd Ëhe crop was harvested September 14" Percent

dockage was obËained for aLL treaxmenËs by screeníng the threshed sample

Ëo remove Ëhe weed seeds. To reduce varíabílity, all samples T¡lere

screened ín a similar manner. The experimenËal- design used in this pro-

jecL T¡ras a split-plot with 4 repl-icaËes. Stages of growËh consËituted

the main plots and chemical treatments Ëhe sub-ploËs.

(b) The effÍciency of three formulations of chlorflurazoLe for

selecËive weed control in fl-ax.

Flax (varíeËy Bo1-ley) was seeded May 28' L966 at 35 pounds per

acre. The follo\,Iíng ËreaËmenËs were applied in 5.5 gallons per acre

ËoËal solu¿íon aË t\,ro sËages of crop growth (dosage is expressed as acid

equi-val-ent or acËive ingredient) : chlorf LurazoLe S aÉ 4 , B, L2 and l-6

ounces per acre; chlorflurazole NH4* at 4, B, LZ and l-6 ounces Per acre

and chlorfl-urazole S aË 4, B, L2 and 16 ounces per acre ín combinaËíon

wíth MCPA at 3 ounces per acre. The fírst stage \nras ËreaËed June l-7 when

the flax was 2 ínches ín height and Ëhe second sËage !,Ias tTeaËed June 30

when Ëhe flax was 6 inches ín height. tr{eed conËrol and crop injury were

assessed visually on July 11 and July 19 and Ëhe crop \¡Ias harvesËed

SepËember 1-4. PercenË dockage was deËermined as outlined in the previous

experíment.. The experimental desÍgn used in this projecË r¡/as a spl-it-

plot wíËh 4 replicaËes. SËages of growth consËiËuted Ëhe main plots and

chemical treatmerits Ëhe sub-ploËs.

lc Ammoníum salË formulation. Formulated by Fisons PesË ConËrol Ltd.
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(c) The influence of a weËËing agenË and/ox MCPA on the efficíency

of chlorfLurazoLe for weed control.

A mixture of Polygonum convolvulus and P. scabrum was broadcast

seeded on May 26, L966 and soil incorporated by cultívating and harrow-

íng. Amaranthus retroflexue also grew in abundance in the plot area.

The follor¡ring treatmenËs were applied Ëo Ëhe pure stand of weeds in

5.5 gallons per acTe total solution aË Ëv/o stages of weed grol¡lËh

(dosage is expressed as acid equivalent or active ingredient): chlor-

fLurazoLe S aË 4, B, L2 and 16 ounces per acre; chlorflurazoLe InI* at

4, B, L2 and 16 ounces per acre and chlorfLutazoLe I'ri at 4, B, 12 and

16 ounces per acre in combínation with MCPA aË 6 ounces per acre. The

first stage r¡as treated June 24 when Ëhe weeds Ì;rad 2 Ëo 4 Ërue leaves

and the second sËage \üas ËreaËed July 13 when Ëhe weeds varied from 6

ínches in heighË to floweríng. i{eed control was assessed vísua11y

July 19 and samples of Polygonum scabrum, P. convolvulus and Amaranthus

reÉroflexus T¡rere harvest,ed by hand from square-]¡ard areas in each plot

on August. 25. The samples r¡rere Ëhreshed and yield of weed seeds was

recorded as a means of assessing control. The experimenËal desÍgn used

ín this project \^7as a splít-plot with 4 replicaËes. Stages of growth

consËituted the main plots and chemical treaËmenËs the sub-plots.

(d) The effecL of chl-orflurazole and chtrorflurazole-MCPA mixËures

applied Ëo wheat and flax in various volumes of dil-uenË"

Flax (variety NoralËa) was seeded May L7, 1967 at Ëhe raËe of

* ChlorflurazoLe wiËh wetting agents added.
Control Ltd.

FormulaËed by Físons Pest
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35 pounds per acre. The follol^Iíng treaËmenËs were applied June 14 in

Ëhree volumes of application (5.2, 7 "8, 15.0 gali-ons of T¡rater per acre)

when Ëhe flax was 2 inches in height (dosage is expressed as acid equiva-

lent or acËive ingredient): chlorflurazo1-e S at L2, 18 and 24 ounces

per acre; chlorflui:azo7-e S at B, 10 and 12 ounces per acre in combina-

Ëion wiËh MCPA at 6 ounces per acre, and MCPA at B ounces per acre r¡ras

included as a standard t.reatmenË. Inleed control and crop ínjury were

assessed visually on June 15 and June 28 and the crop \^Ias harvested

August 30. The experimental design used ín this project I¡Ias a split-

plot T,rith 4 replicaËes. Volumes of application consÈiËuted Ëhe main

plots and chemical Lreatment.s Ëhe sub-plots.

trdheaË (variety ManÍËou) was seeded on May LL, L967 aË the rate of

60 pounds per acre. The following Ëreatments were appLied May 29 ín

four volumes of applícaËion (2.2r 5.2,7.8, L5.0 gallons of water per

acre) when the wheat was ín rlne 2 leaf stage of growth (a11 ËreaËments

are expressed as chlorfl-urazoLe + MCPA* acid equivalent or acËive

ingredient): 4+4,6+4, B+4, B* B,L2 +8,16+B' L6+1-6,

32 + L6 ounces per acre, and MCPA aË B ounces per acre $Ias included as

a sËandard treatmenË. I{eed conËrol and crop injury l¡lere assessed

visually on May 31, June 9 and June 28 and Èhe crop T¡ras harvesËed on

August 22. The experimental design used in Ëhis projecË T¡las a split-

ploË with 4 replícaËes. Volumes of applicaËion constituted the main

plots and chemícal treaËments Ëhe sub-ploËs.

tc MixËure formulated by Fisons PesË ConËrol Ltd.
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(e) The effect of mixËures of chlorflurazoLe with MCPA or mecopïop

on oats and barley.

Oats (variety Harmon) at 56 pounds per acre and barley (varÍety

Conquest) at 76 pounds per acre were seeded May 1-L, L967. The follow-

íng treatmerits were applied May 29 in 7.8 gallons per acre total solu-

Ëíon rnrhen the crops were in the 3 leaf stage of growth (a11 treaËments

aïe expressed as chl-orflur: azoLe + MCPA"' acid equivalenË or active ín-

gredient)z 4 * 4, 6 + 4, B + 4, L2 + 8, 16 + I, L6 + L6, 24 + L6,

32 + L6 ounces per acre; (expressed as chlorflurazoLe f mecoprop* acid

equivalenË or active ingredient): 5 + 4, 10 + B, 20 + L6 ounces per

acte; and MCPA at I ounces per acre vras included as a sËandard treatmenË.

I¡Ieed control and crop injury r¡rere assessed visual-ly on June I and June 9

and the crops r,rere harvesËed August 23. The experimental desígn used in

this project r¡ras a randomized block with 4 replicates.

(f) The effecË of chlorf.tuxazoLe and chlorflurazole-MCPA míxtures

on proËein contenË of wheaË and oi1 content of fl-ax"

Samples of wheaË (variety Manitou) T¡/ere Ëaken from Lhe experj-menË

described in project (d) for proËein analysís. Samples were bulked ac-

cordíng Ëo treaËment and crude proËein was deËermined by the standard

Kjeldahl meËhod.

The oil contenË and íodine values of Ëhe oí1 r¿ere determíned on

samples of flax (varieËy Bo11ey) obËaíned from the experíment described

in project (a). The oil content (percent dry weight) determinaËions were

'å MixËures formulated by Fisons PesË ConËrol Ltd.
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carríed ouË by extracËíon vríth ether and weighíng of the extracËed oil

aecording to a method outlined by Tro8ng (L9). The oil collected from

the seed samples was pLaced ín an oil refractometer and readings T¡rere

taken at 35o Centígrade. Each reading was converted to a refractive

índex aE 25o Centígrade by use of tabl-es included in the ínstructÍon

booklet of the refractometer. The refractive índex was then convert.ed

Ëo the iodj-ne value by means of the fo11owíng formula (22) z

Iodine Number (I^Iijs) = B5B4 ,n, 4t - !2,51-3.83

where 4' t" the refracËive index at 25o cenËigrade.
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RESULTS A}trD DISCUSSIONS

(a) The effecË of chl-orf.LurazoT-e and chlorflurazoLe-MCPA mixtures

applied to flax at various grovTËh sËages.

This experiment was conducted Lo deËermine the mosË suitable

herbicidal- dosage and sËage of applicatíon of chlorfLunazoLe and mix-

tures of chl-orfLurazoLe and MCPA for use ín flax. DaËa on crop yÍelds,

weed conËrol scores and Ëhe percentage of weed seeds found in the

threshed samples (percenË dockage) are presenËed in Tables L and 2"

There is evídence of highly significant differences in the yiel-d

of flax (Appendix 2). AË sËage 1 and stage 2 it Ís noËed ËhaË, ín gen-

eraL, the lower ïaËes of applÍcaËÍon (4 and B ounces per acre and 4 * 3

and B * 3 ounces per acre) are not signíficantl-y dífferent from Ëhe weed

free check whí1e Ëhe higher rates are differenË from the check. However,

there is some variaËion Ín Ëhís Ërend. At sËage 3 a1-1- ËreaËmenËs \¡7ere

significanËly differenË from Ëhe weed free check buË Ëhere r^/ere rio differ-

ences beËween the Ëreatments which rnay indicaËe Ëhat aË this sËage of

gro\,üËh Ëhe weeds and crop hTere Loo far advanced to apprecíate any reduc-

tion in competíËion. The results appear too variabl-e to deËermÍne an

opËimum chemícal raËe and stage of applicaËíon from this experiment. How-

ever, iË appears Ëhat fair1..y high raËes (L2 to 16 ounces per acre) are

necessary to ensure adequate control of weeds and thaË the herbicide should

be applied as early as possible to ensure adequaËe coverage of the planËs.

IË became evidenË \üiËhín Ëwo days afËer sprayíng thaË crop injury

would be severe. Part,ial defolíatíon of Ëhe basal leaves and sËuntíng of

Lhe flax plants was noËed at al-J. rates and aË each daËe of applicatÍon.
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Figure 1 compares injury Ëo flax when sprayed at 6 ínches in height with

4, B, L2 and 16 ounces per acre of chlorfLutazoLe. At the lower rates

(4 and B ounces per acre) mosË of Ëhe flax had recovered wíthin a few

weeks and, in facË, T¡IaS noL delayed in maËuríty when compared Ëo the

check ploËs. AL Lhe higher raËes, however, many pl-anËs díd noË recoveÏ

alËhough Ëhose Ëhat did recover T¡rere noË delayed in maËuríty. Increased

branching of st.ems was noËíced ín ali- flax plants whích Tecovered aft.er

havÍng been severely damaged. IË is thought that the dísrupËion of

apical dominance l-ed to Ëhe release of inhibitíon and subsequent gro\,IËh

of Ëwo neT¡r stems from Ëhe buds aË Ëhe base of the coËyledons in Ëhe flax

planËs. This gror^rËh of new sËems resulted in the yield in plots treaËed

with the híghest raËes of herbicíde being greater than was expected on

Ëhe basÍs of the number of indívidual- flax planËs surviving ín each

p1oË.

Figure 2 correLates graphically the rate of applicaËion with

yield of fl-ax. IË is obvíous thaË Ëhere is almost a linear decrease in

yield of flax as Ëhe ïaËe of both chl-orfLurazoLe and chlorflurazo1-e in

combÍnaËion with MCPA is increased. This graph also shows LhaË the yield

of fl-ax \nras at best approxímaËely equal Ëo ËhaË of the unweeded check,

indicating thaË herbicídal darnage Ëo Ëhe crop T¡las probably the mosË

importanË factor in deËerminíng the yield of fl-ax"

There \^ras no general Ërend in eíËher weed conËrol assessmenËs or

percent of dockage when compared Èo ïate of herbicide. The exËent of

damage Ëo weeds \¡ias very simílar to Ëhat of flax and ít was noËed that

within a fer¿ weeks afËer sprayíng mosË of Ëhe weeds had also recovered.

At Lhe higher ïates, T¡reeds which did recover T¡Iere able Ëo Ëake advantage

of a decrease in compeËítion and Ëhis probably resulted ín the percenË
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of dockage in Ëhese plots being equal Ëo thaË found in plots treaËed

wíËh lower rates of herbícide"

No aËtempË rnras made Ëo determíne the cause of injury Ëo the

flax al-though two possible explanaËioris are presented:

(1) It ís known thaË the herbicidal propertíes of chlorflurazoLe

are dependent in part. on the csrditions of temperaËure and rel-aËíve

humídity aË Ëhe Ëíme of spraying (17). It is possíble thaË the rela-

tively high ternperatures and humidiËies encountered at all stages of

applicaËion (Appendix 1), combíned wÍth the somewhat decreased

resisËance of flax Ëo thís herbícíde, could accounË for more severe

injury to Ëhe flax Ëhan was expected.

(Z) ChlorflurazoLe is a contacË herbicide and as such it is desir-

able that very uniform coverage of the foliage be attained. These

applications r¡rere made ín 5.5 gallorls per acre total solution and Ít

is possible that at Ëhis relatively low volume uniform coverage of the

foliage \¡ras not attained wiËh the resulË Ëhat small areas of the leaves

were subjected Ëo relatively high concentrations of herbicide. Thís

could result in the severe necrosÍs noËed Ín both flax and weeds. The

competitive ability of flax would be decreased as a result of injury

and planËs whích hTere severely injured would not recover. Plants which

r¡/ere injured only moderaËely, however, would recover and grow in a

normal manneï because of Ëhe lack of systemic transfer of the herbÍcíde.

This could exp|ain, in part, Ëhe ínadequaËe conËrol of weeds and the

Lrend toward decreasÍng yield of fl-ax wiËh increasing rate of herbicíde.

On the basis of these results it was decided thaË in a subse-

quenË year Ëhe experimenË be altered to deËermine the effecË of volume

of applicaËÍon on Ëhe type of injury noËed ín 1966 (ProjecË c).
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(b) The efficiency of three formulaËions of chlorflurazoLe f.or

selective weed control in flax.

Thís project r¡ras conducËed to compare Ëhe sodium salt (S) formu-

lation of chl-orfLurazoLe, !üiËh or withouË the addition of MCPA, i,IiËh Ëhe

ammonium sa1Ë (M4) formulaÈion of chlorflurazoLe when applied to f1ax.

DaËa on crop yields, weed conËrol assessmenËs and percenË of weed seeds

in the threshed sampJ-es ¿¡spresented in Tables 3 and 4.

There \¡ras no evidence of any signíficant dífferences between

eiLher Ëhe daËes of spraying or the treaËments (AppendÍx 3). The only

check plot included was unweeded so iË must be concl-uded that. none of

the Ëreatments resulted in yields which were significantly great,er than

would have been obtained under untreaËed condiËions. There are trnro pos-

sible ïeasons for thís: (1) I,leed conËrol was noË adequate Ëo result ín

increased yields, or (2) crop ínjury r^las sufficÍenËly severe Ëo offset

any gain in weed conËrol. Injury to both the flax and the weeds fol-lowed

a paËteïn símilar Ëo ËhaË obtained in Project (a). Based upon assess-

mefits of weed control and crop injury, the low yields of flax in this

experimenË T¡reïe a result of a combínation of both inadequaËe weed conËrol

and excessive crop ínjury.

It is inËeresËing Ëo compare Ëhe performance of chlorfLurazoLe

alone wíth the chlorflurazole-MCPA mixËures as found in both Projects

(a) and (b). ProjecËs (a) and (b) both conËain Ëhe same raËes of

chlorflurazoLe and chlorflurazole-McPA mixtures applied under simílar

or nearly similar conditÍons, Ëhe only dífference being that stage 1

of Project (b) was sprayed June 17 when Ëhe relaËive humídiËy was

90 percenË and sËage 1of ProjecË (a) r¡/as sprayed June 20 when the
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relative humidíËy was 49 percenË (Appendíx 1). The average weed control

assessmenËs and crop yíelds for both dates of spraying are presented ín

Figures 3 to 6. It is ínterestíng to note that in almost all cases the

chlorflurazole-MCPA mixtures resulË in higher weed control assessments

and lower crop yíelds. This is also noËed ín Figure 2. This is thought

to be a reflecËion of increased acËivity provided by the addition of

MCPA to chl-orflurazoLe. However, as Ëhis is neíther a consistent nor

signíficant Ërend it cannot be concluded that the addition of a hormone

Ëype herbicide, in facË, resulËs Í-n a synergíst,ic íncrease in Ëhe

acËívity of chlorfLurazoLe.

I{eed control assessments and crop yields for the ammonium sal-t

(nll,¡ formulaËion of chlorflur:azoLe are also presented ín Figures 3 to 6.
+

Flax yields are quiËe variable aË the second stage of spraying vüíËh no

general Ërend observabl-e, whÍle aË the first sËage hígher herbicídal

rates resulted in higher yields. lleed conËrol T¡ras generall-y poorer Ëhan

Ëhat shor^rn by the oËher two formulaLions at a1J. TaËes and sËages of

applícation. There T¡Iere no significant differences in yíe1ds, so it

carinoË be concluded that the ammonium salt formulation of chl-orfl-urazoLe

is less suited for use on f1ax.
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(c) The influence of a weËtíng agent andfor MCPA on the effíciency of

chlorflurazoLe for weed control.

Thís experimenË was conducted to determine the efficiency of a

r¡/eËting agenË and/or MCPA in mixËure wiËh chlorf.LurazoLe for Ëhe control

of Polygonum coúvolvulus and P. scabrum. For Ëhis purpose, a pure stand

of weeds was established (see page 11). Comparisons r¡rere based upon

weed control assessments and yields of weed seeds.

Data on weed conËrol and yield of weed seeds +re presented ín

Table 5. There was evidence of significanË differences between Ëreat-

ments but noË between dates of application (Appendix 4). Figure 7 corre-

lates graphicall-y yíeld of weed seeds wiËh rates of chloxf.tuxazole

míxËures. Although Ëhe results are highly variable, ít appears ËhaË the

higher raËes of chlorfLurazole I^l (wetËíng agents added) wiËh MCPA result

in beËËer weed control Ëhan chlorflurazoLe alone or wíLh just wettíng

agenËs added. It is possíble, then, Ëhat the additíon of wetËing agents

or MCPA alone will not íncrease the activíty of chlorfl-urazole to a

signifícanË exËent, buË Ëhat Ëhe addition of both MCPA and lretting agents

is signifícant ín increasing Ëhe performance of this herbícíde.

The ínitial effecË of chlorfLurazole on broadleaved weed species

is very pronounced. tr{ithin Ëhree hours after spraying all broadleaved

species were wilËed to a considerable degree, and within tl¡io Èo Ëhree

days after spraying severe leaf necrosis was noted. However, there was

little or no ËranslocatÍon of Ëhe herbicide" On some plants the basal

leaves, whích may have been shielded from Ëhe spray application, appeared

healthy and enabled Ëhese planËs Ëo eventually recover. Two weeks afËer

ËreaËmenË pl-oËs showíng litt1e or no ínitial conËrol contained a dense
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stand of weeds while Ëhose showing a high degree of ínitial control

cont.ained very few weeds.

The yÍeld of weed seeds as a measure of control was subject Ëo

some varíation. Inleeds which survived in plots showing a high initial

degree of control were able Ëo Ëake advanËage of the decrease ín com-

petition, and produced vigorous growËh. Thís resulted in an increase

in seed productíon when. compared to the seed producËíon, per plant,

in plots showing 1itËle inÍtial control.

The variability ín resulËs noËed with the formulatíons of

chlorf lui:azoLe i^rith T¡reËting agents and chlorflurazoLe with MCPA may be

explained by suggestíng that re-growth afLer ËreatmenË, viith the

resultanË variation in degree of plant competitione gave results

inconsístent wiËh what would be expected had any orì.e Ëreatment resulËed

ín nearLy compleËe conËrol of rveeds.
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of a weËting agent
chlorflurazoLe for

andfor MCPA on the
weed cont,rol.

TreaËment
Dosage
oz/ ac.

trnleed ConËrol
(o-to) *x

Date 1 Date 2

Yield of Weed gssds'åxLr,r

gms/sq.vd"
Date 1 Daxe 2

Chl-orflurazole S

Chlorflurazole inl*

ChlorflurazoLe
I,J'å + MCPA

0

4

B

L2

L6

0

4

4

6

4

0

4

2

J

4

4

4

6

6

0

4

4

5

4

0

4

4

4

5

4

4

6

6

108.7 ab 7L,6

69.3 abc B2.O

23,5 c 35.0

55.0 bc 48.0

45. B bc L9 .7

136.5 a 94.3

34. B bc 40.3

52.3 bc 45.8

83.5 abc 93.5

48. 5 bc 3L "7

ab

ab

ab

ab

ab

a

ab

ab

ab

ab

0

4

B

L2

L6

0+6
4+6
B+6

L2+6
16+6

66.0 abc

64.5 abc

22"L c

L6.3 c

29"3 c

66.3 ab

49.3 ab

42.5 ab

L8.0 ab

1_5.5 b

* ChlorfLurazoLe (wetËing agents added)

*:'s 1¡..¿ ConËrol- (0 = no injury 10

'å"rc?3 PredomínanËly Polygonum scabrum, P.
reËroflexus.

= compl-ete kíl-l-)

convolvulus and Arharanthus

Yíelds fo1-lowed by
at Ëhe 5% LeveL of.

Ëhe same 1eËËer are not sígnificanË1-y differenË
probability"
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(d) The effect of chlorf.LuxazoLe and chlorflurazol-e-MCPA mixtures

applied to wheat and flax ín various volumes of diluent.

This project \,ras conducËed to deËermine Ëhe most suiËab1e

herbicidal dosage and volume of applícaËion of chlorflurazole and

mixËures of chlorfLurazoLe and MCPA in wheat and flax with Ëhe possi-

bility of explaíning more fully Ëhe resul-ts obtaíned ín tl:'e L966 project

(Project a). DaËa on cïop yields, crop ínjury and weed control assess-

menËs aïepTesented in Tables 6, 7 and B.

There 1üas no evidence of signíficanË dífferences beËween the

yields aË differenË volumes of applícatíon ín wheat (Appendix 5)

although Ëhere was evidence of dífferences between Ëhe ËTeatmenË yields.

It is dífficult Ëo esËablish signifÍcant Ërends in Ëhe ËTeaËmenË differ-

ences a1-Lhough ít, may be seen ËhaË, in general-, Ehe lower Tates

(4 + 4, 6 + 4, B + 4 ounces per acre) gave poorer weed control and

decreased yield when compared to Ëhe higheï rates which gave consísËently

betËer weed control and increased yiel-d. No crop injury r¡las visÍble Ëwo

days afËer sprayíng, so ít appeared that increased weed conËrol alone

resulËed in Ëhe higher yields. IË appeared Ëhat any tTeaËment of at

least B + 8 ounces per acre resulted in very good weed conËrol and crop

yield Ín wheat and thaË crop injury in wheat was insignificant even at

very high rates of herbícide. The facË Ëhat there \¡lere no signifícant

differences in yields aË different volumes of applicaËíon indicated that

volumes as low as 2.2 gallons per acre were adequate for uniform cover-

age of the plants and optímum selectivÍty of the herbicide in wheaË'

In flax there was evidence of ËïeatmenË differences (Appendix 6)

buË no evidence of yiel-d dífferences at various volumes of application"
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Crop injury ín the form of necrotic basal leaves was noticeable Ëo a

slight exËent for several days afËer sprayíng but had ful1-y disappeared

by harvest. IË appeared to have no effect on crop yiel-d.

The variation ín ËreaËment yields, especially at 15.0 gallons

per acre, was probably due to uneven germinaÊion v¡hich occurred in one

small sectíon of the plot area, rather Ëhan Ëo an effect of eÍther the

herbÍcide or Ëhe volume of applicaËion.

I¡leed conËrol was not. considered as an importanË part of thÍs

Ëest as both Polygonum convol-vulus and P. scabrum had reached the

4 to 5 leaf stage at, Ëhe Ëime of spraying. At this sËage of growth,

weed control was expecËed to be decreased. This is subsËantíated by

the data on yíeld. There ís no 1ínear increase in yield as a result of

better weed control with Íncreased raËe of herbícide as had been

observed r¿ith wheat (Page 32 ).

A comparison of this experimenË with Project (a) will serve to

point ouË Ëhe variable results obtaíned with this herbicide. In L967 '
although higher raËes of herbicíde were used, crop injury and yield were

not affected; while under similar conditions in 1966 crop injury r¡Ias

significanË in reducÍng yield. One possíb1e explanaËion for Ëhe con-

flícting results could be that different fLax varíeties were used in

Ëhe tr,¡o years.
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(e) The effecË of mixtures of chlorflurazole with MCpA or mecoprop

on oats and barley.

This experíment was conducËed to determíne the response of oats

and barley to chlortlurazoLe ín combínation wiËh MCPA or mecoprop, on

Ëhe basis of weed control and crop injury. Data on weed conËroI assess-

ments and yíe1d of oats and barley aïepresent.ed in Table 9.

There \¡ras no evídence of signifícant differences in crop yi-elds

(Appendix 7) and no general trend Ëoward higher yiel-d wíth íncreased

dosage of herbícíde as was evidenË in Project (d). A trend in yield was

expecËed on the basis of the inÍtial weed conËrol assessmenËs, buË in

the course of the growing season both the oats and barl-ey developed

vigorous stands, which probably elíminated signifÍcant vreed competition.

This is especÍally noËiceable in the MCPA check in which ï,ieed conËrol

was neglígibl-e, yet yield r¡ras not reduced. The chlorflurazole and

mecoprop combinat,íon resulËed in some leaf necrosis in barley but Ëhis

had disappeared T,riËhin two weeks of treatment and did not appear Ëo

affecË yield.

All of the treatmenËs except Ëhe lowesË rates of each combination

resulËed in excellenË r¿eed conËrol. trr]eed conËrol at Ëhe lower raËes

was inítially poor buË did not necessaríly result in lower yíelds"

IË can noË be concluded, on the basis of this experiment, that

Ëhe combínaLion of chlorfLurazoLe with MCPA ís better suited Ëhan the

combination of chlorflurazole wiËh mecoprop for use ín barley and oaËs"

Rather, it appears that eiËher combinaËion is safe to use in these crops

even at the highest rates encounËered in Ëhís experiment.. 0n Ëhe basis

of iniËial weed conËrol it appears Ëhat a minímum dosage of
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chlorflur:azoLe with MCPA at I + B ounces per acre or chlorflurazole wíth

mecoprop at 5 + 4 ounces per acre would be required for satisfacËory

resulËs in oats and barley.
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(f) The effect of chlorf.LurazoLe and chl-orflurazole-MCPA mixËures

on protein contenË of wheaË and oi1 conËenË of fl-ax"

The crude proËein of wheaË samples taken from Project (d) was

deËermined by the sËandard Kjeldahl- method. Results are presented ín

Table 10"

OÍ1 conËenË values for duplicaËe flax samples Ëaken from

Project (a) were determíned and are presenËed in Table 1l-. The Íodine

values were deËermíned from the same samples and are also presenËed in

Table 11. The íodíne val-ues are a measure of the degree of unsatura-

tion in Ëhe long chain fatty acÍds found in the oi1. A high íodine

value indicaËes a high number of unsaturaËed doubl-e bonds and hence a

rapidly drying, high qualitY oil.

SÊatistical analysís was considered of quesËionable value on

the data as presented. However, Ëhe results agree wíËh whaÉ would be

expecËed from unËreated samples. IË appeaTs, Ëherefore, thaË chlor-

fl:utazolre has no adverse effect on proteín conËent of wheaÉ or oí1

conËenË of f1ax.
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SUMMARY AND CONCLUSIONS

I{eed species resistant Ëo Ëhe phenoxyacetic herbicídes have

become íncreasingly serious ín l^IesËern Canada over the past trÀrenty

years. This has resulted in considerabl-e research aimed at developing

herbícides suitable for ËheÍr control. In víew of thís, a tI^7o-year

projecË was underËaken at the UniversiËy of ManíËoba Lo study the

effecËiveness of chlorflurazoLe as a possíb1e selectíve herbicíde for

the conËrol of cerËaín resistanË weeds ín cereal crops and flax under

ManíËoba condíËions.

The results of this sËudy indícaËe that chlorflurazo1.e is

suitable for the control of some serious weeds, noËab1-y Pol-ygonum

convolvulus and P. scabrum, in cereal crops. However, its selectivíty

ín flax is subject Ëo consíderable variation.

Chlorflui:azoLe and míxtures containing chlorflurazol-e appear

Ëo have a wide margin of safety to cereal crops such as wheat' oaËs

and barley. Rates of almosË three Ëimes the amounË required for weed

conËrol have been applied in this sËudy, with little or no crop ínjury

observed.

In the first year of this study, all- Tates of chlorfturazoLe

and mixËures contaíning chlorflurazoLe applied Ëo flax resulËed ín crop

injury which was significant ín reducing yield. In the second yeat,

l-ittl-e or rio crop ínjury T¡ras observed in f1ax, even aË rates whÍch were

higher Ëhan those applied ín the first year. FurËher evaluatÍon of the

selectÍviËy of chlorflurazole in flax would be desirable.
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ApplícaÈions of chlorfLui:azole in both years indicaÈed thaL

treatmenË musË be made as earLy as possible after weed emergence,

preferably at the Ëwo to Ëhree leaf sËage of weed growËh, to obËain

adequate weed conËrol. TreaËment of weeds aË thís sËage enabl-ed Ëhe

cereal crops to produce a vígorous sËand which elimínaËed weed com-

petiËion for the remainder of Ëhe season. Poor weed conËrol was

observed ín fl-ax Ëreated after the weeds had reached Ëhe four Ëo

five leaf stage.

The results indicate thaË in cereal crops an application of

chlorflurazoLe and MCPA at 8 + B ounces per acre or chl-orfl-urazole

and mecoprop aË 5 + 4 ounces per acre will result in adequate weed

control. In f1ax, ÍË appears thaË applícations of at leasË L2 to L6

ounces per acre of chl-orfLurazoLe alone or in combinaËíon wíth MCPA

at 10 * 6 ounces per acre will result in adequaËe weed control. How-

ever, these rates and mixtures may resulË ín serious crop ínjury.

Under condÍtions where Ëhe weed popul-ation has not been exces-

sive or the weeds have not become somewhaË resisËant due Ëo age,

the appl-ícaËion of chl-orfLurazoLe ín as l-or,r as 2"2 galLons per acre

toËaI soluËíon has resulËed in satisfactory weed control. However,

resulËs índicaËe ËhaË volumes up Ëo 15.0 ga1-1-ons per acre total solution

may give more saËisfactory resul-Ës, parËicularLy under more adverse

condiËions of rnieed growth.

ChlorflurazoLe appears Ëo have no detrimental effect on qualíty

of wheat or flax, as evidenced by Ëhe results obtained in a deËermÍna-

Ëion of Ëhe protein content of wheaË and the oí1 conËent. and j-odine

value of fl-ax which had been ËreaËed with the herbícide.



-I+5-

It was regreËfully announced by Fisons (Canada) Limited in

November, L967, ËhaË furËher development of chl-orflurazoLe f.or

herbicidal purposes has been suspended by the Company, despíte Íts

poËenËial useful-ness ín cereal crops. This decisíon T¡las apparenËl-y

based upon a consíderaËion of Ëechnical, toxologÍcal and economic

factors.
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APPENDIX 1

I¡ÍeaËher condiËions at the Ëime of spraying L966,

PROJECT (a)

STAGE 1 Sprayed June 20

!üind - 6-8 mph.
Humidiry - 49%
TemperaËure - TBoF

STAGE 2 Spxayed June 30

I,iind - 0-5 mph.
Humídity - 68"A

Tenperature - 86oF

STAGE 3 Sprayed July 13

tr^Iind - 7-10 mph.
HumidiËy - 657"

Temperature - 73oF

PROJECT (b)

STAGE 1 Sprayed June 17

ltínd - NIL
R. H. - 907.
TemperaËure - TBoF

STAGE 2 Sprayed June 30

ülind - 0-5 nph.
R. H. - 68"/"

TemperaËure - B6oF



APPENDIX 2

Analysis of Variance for the effect of Chlorf.LurazoT-e and Chlorflurazole-
MCPA míxtures on flax yíeld when applied aË Ëhree sËages of growth"

Source of Variation d.f. M. S. F.

Stages

Repl-icaËes

Error 1

Treatments

SËages x TreaËments

Errox 2

Total

2 4284"00

3 15840.91

6 20443.08

.27x n.s,

9329.39 6.29xrc

L482.r3

10 263L7.4L 17.7$z'sz\

20

B6

a27

* n.s. - noË sígnifícant

** SignífícanË aË Ëhe L% LeveL of probabLlity



APPENDIX 3

Analysis of Variance for Ëhe effecË of Ëhree formulaËions of Chlor-
fLurazoLe on yíeld ín flax L966.

Source of Variat,ion d. f. M. S. F.

SËage

Repl-icaËes

Error 1

Treatments

1 1872.30

3 120L7.84

3 16488"89

.1108 n.s.

L4 6442.63 1.515 n.s.

SËages x TreatmenËs L4 7553.98 1-.776 o. so

Error 2 84 425L.68

Total LLg



APPEND]X 4

Analysis of Varíance for Ëhe Ínfluence of a weËting agent andlox
MCPA on the efficíency of Chl-orflurazoLe for weed conÉrol.

Source of VariaËíon d.f. M. S. E'

Stage

ReplicaËes

Error 1

TreatmenËs

SËages x TreaËmenËs

Etror 2

Total

1 1463.0L

3 4432,36

3 2448.7L

L4 6359"89

L4 704.r3

84 2LZB.OL

TL9

"60 n.s.

2. 9Bx"*

.35 n.s.

** Signíficant at Ëlne L% LeveL of probabilíty.



APPENDIX 5

Analysís of Variance for Ëhe effect of ChlortLurazoLe-MCPA on wheaË
yield when applied in various vol-umes of water.

Source of VarÍation d.f. M.s. F.

Volumes

Replicates

Error 1

TreatmenËs

Volumes x Treatment.s

Ertox 2

ToËal

3 7 4280 .93 l-. 48 n. s .

3 664448.L4

9 50236.74

11 L21940.7 2.32x*

33 57205.5 l-.1 n.s.

L32 52359"2

L9L

""* Significant, at Ëhe 5% ].evel- of probabilíty.



APPENDIX 6

Analysis of Varíance for the effect of ChlorfLurazoLe and Chlorflur-
azole-MCPA mixËures on Fl-ax yíe1d when applied in varÍous vol-umes of
I47Atef .

Source of VariaËíon d.f. M. S. F.

Volumes

Replicates

Error 1

TreatmenËs

Volumes x TreatmenËs

Errot 2

Total

2 9654.62

3 21651.83

6 LL70L"96

.825 n.s.

B 36L7.98 2.L95rt*

L6 2062.92 1-.252 n"s.

72 L647.69

1-07

** SignificanË aË Ëhe 5"/" IeveL of probabil-ity.



APPENDTX 7

Analysis of Variance for Ëhe effect of Chlorf.IurazoLe in combínaËíon
wíth MCPA or Mecoprop on barley.

Source of Variatíon d.f. M. S. F.

Replicat,ions

TreaLments

Error

Total

3 98545 ' 90 3 '795x¡c

L4 29690"39 1.143 n.s"

42

59

25965.76

'xJs 51gn1¡icanË at the 5% LeveL of probability.



APPENDIX B

Analysis of VarÍance for Ëhe effecË of Chlorf.LurazoLe ín combination
wíth MCPA or Mecoprop on oaËs.

Source of Varíation d.f. M. S. F.

Replications

TreaËments

Error

ToËal

J

1,4

42

59

7L4322"0 5"66**

L26786.28 l-"00 n.s.

L26t79.26

** Sígnifícant aË the L"/" Level- of probability.




