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couaøTrrrotv oF trrr.Ð oArE (AvEuA FÀTuA t.)
ifITH }üHEAT AND HTAtr

TIüBODUCTION

The presense of a nunber of, plant speeies ín a aoroon erea is com.

nonly oluraeterized by a condi.tion detrinentaL to the reLfare of one,

several or a}l" species coneernedr Thls adverse condltÍon occurs nÌ¡enever

ühese species must eonpete f,or the eomon r"equir.enents of noist¡re,

ni-aeral nutrients and lightc Shese three baslc requlrements of plar.rt

gronüh are seldom avetlable Ín proportions adequate fs¡r naximn crop

productione If any one of these basic requirerents is present Í¡r on\y

rlnlüed supply dt¡e to weeds, ühen weed coryetitisn is active, weed

conpetition in agriculùuna.l crops is very dif,ficr¡Lü to eontrolr A uajor

dÍfficuLty i.n need sontrol praetices, is that the r¿eed,s are geaerally

uore adaptable to envlronnent than the crop plantsr lfeedy plants possess

ecologÍ.eal adaptatione which enabl-e then to grolr, sunrine and sonetimes

flLor¡rish in the sa¡re habftat as the crop, in spfte of a sequence of

agrononfc praetices d,esigned to f,avour crop estabLLstuaent and growbhç

The exbe¡rt to which weeds succeed et tlre e¡(pense of the crop is ref,Lected

ln the crop yield reduetùons wt¡ich are Ëhe eubJect of tt¡is studyl

although weed oompetitlon pnobabJ.y dates back to the bÍrth of

agrlculture Ítse1f, even in recent years l:lttle basic ¡"eseareh has been

devoted, to a bett'er understanding of n¡eed-crop competÍtiono Lltt1e is
kr¡oun of the biological ínteraetioRs of the orrop we uish to grow and ühe

¡leeds we wish to destroy, thís Ís a contributing factor to the weed prob-

lem. Aeer¡rate i¡f,oruation about the bioLogical capabilities, or @re

siryþ abor¡t the growbh charaeteristics ar¡d hsbitat requlrenents of crops

and reeds, is eesenüial üo r¡Ltlnate success in growing the one and
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e3.ùai.nating the other¡ Such research mlst be concetm€d r*ith the hebitat .l

reqtr5.renents and responses.of the plents individ'ullyr and uith ühe

patferns of conpetition rrùich developes in r¿eed ir¡fested o¡ops¡

ffÍld. oats uas selected ag the need speoies for ùhese studies,

, because little research has been reported on this rreed and also beeause

sf the economic Ínportance of rrrild oats to western Canadian agnicrrlture¡

The purpose of this süudy rvas to: (a) determine the eff,ect of various

arithnetie proportioned densltÍes of ynlld oats on the yield of flLa¡c and

' utreat, (b) strrdy the effeat of soÍI fertilíty on wILd oat oonpetitlsn

nrith rrheat end flax, (c) determine 1¡rfo¡nation on the gronbh stagee of

wheat a¡rd flax when aompetition fron wild oato begins to occur an¿ (O)

determi.¡re the effeet of seeding date on the conpetiüive effÍciency of
, rrild oatgc
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AEIÆEÛf OF LIIERAfl'NE

The Literature dealirg rd.üh conpetition of weeds a¡ld cereals nÍght

be grouped. into two categories¡ (a) absolute competitive effects between

weed specÍes and cereal crops, (b) physical and bioche¡nical factors

responsible for pla¡¡t conpetition¡

Pavlychenko (38) defined plant conpetition aE a neturar force

whereby eaeh livÍng organÍsm tends to obüain lna¡d-mrm advantages at the

expense of other livirlg orgauisns oecupying a coü¡¡on feeding êr¡Bå,¡

Favþchenko and Hamington (39, l¡t) uere, perhaps the fÍrst r¿or{<ers to
report on detailed conpetition studles bet¡¡een annuaL weed.s and cereal

crops' They found ùhat a healy ir¡festatfon of, wÍld nustard. r"educed the

yield of Hannchen barrey by 2za8 percent, tlet of l{arquis wtreat by U+*9

percent and th¿t of Banner oaüs by 45e3 percent in coryarison r,Éth a

clean crop ß9)r Pavþeher¡ko and H,arri,ngton (41) afso carried out

studies to deterui.ne the factors which cause the reductÍons in yleldsç

clenents et aL (r1), when stud¡ring plant coupetition and. ueed

eontro3-, reported ttrat a srna'll advantage in root, errln or leaf improves

the response and hence the chances for success of a parent plantr An

advantage in root, culm or leaf eLso enconreges the prod,uctíon of ti¡lers,
which are potential indivfduals ar¡d consüitr¡te what is virtuarþ a

reinforcement¿ Inportant features condÍtiontng suecess Ín com¡ætÍtisn

are duration of the plant, rate of top and root growbh, rate a¡d. amor¡nt

of geruf-nati.on and vigor and trardiness of the pllantç

According ùo BLactøar¡ and Tenplenan (3), SavJyctrerrko and ¡larrington
(4J-) anA HeLbanlc (5f) specÍes of pLants differ in their abÍlity to conpete

for the essential growbh ererentsn pavrychenko and, Harriruton (Al)

classified the coryetÍ.tive effÍciencies of vari.ous rrrced speefes ineluding

wild oats, seÙeral varieties of wheat, oats and. barley a¡¡d one varÍety of
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$re and flaxr They nade comparisons of the a¡nowrt of assiuilatíon surf-

ace, number of stonata per square centÍ¡eter of leaf surface, and ùhe

e:cbensíveness of the rooü system at periods of 5 and 2I days after

elrergencer With respect to top growth they classified. barley as ühe

best conpetitor of the cereals folloued by rye, wheat, oats a¡¡d flarco

they reported that the cereals had greater assi¡rilation sr¡rfaces, nu.uober

of stonata and length of root system than the weeds (excepü wild nustard)

at I days after errcrgenceo At 21 days the sltr¡stfon ¡,las reversed, as

the r,leeds then had the larger assl"uLlation surface, nore stonata and a

longer root systenn Pavlychenko and lfarrington (41) conclrrd.ed: (a) tt¡e

advantage cereals have over rdeeds at 5 days after e¡¡Frgence is of exbrere

importance, (b) lrrild oats, wild ¡nrstard and stÍr¡lrweed are very seri.ous

r¡eeds and (c) the eonpetltive efficiencies of the cereals was ín the

order of, barley, sprÍng r'¡re, wheat, oats and flano

Pavþchenko and llarrington (lr1) further reported thaü ræed seeds

require noÍst conditions for geruinat:ion¡ In a d4¡ spring therefore

cereals wor¡Id have a definite advantage over ¡¡eedsr Friesen and $hebeski

(Ló) also reported. that wILd oaùs require a soll tenperature of ?O d.egrees

fahrenheit for good genrination, gívfurg crops with lor,ver temperature

requirenents an advantage during cool- spríng seaeons¡

A greaù deal of work has been done on competitÍon of other r,¡eed.

specÍ.es end general aspecùs of eornpetÍtionc

Clenents et aL (Ll) for¡nd that plrysical facùors such as llght,
noisture, and nutrients are the controlling nechanisms of conpetitionç

They stated that, of the physical factors affeeting coupetition, urater

íe pararuount, Iight ne¡cb and nr¡trÍents third in i-rnportancer WÍth fÍeld
crops the problem is centerrd upon the reLative nerits of specÍes ar¡d

varÍeties i.n teru,s of conpetítive adaptation to seasonal and aruruaL
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cyclesr Korsno (e9) concluded in coupetition süudies carrled orrt in
Nomayr that conpetition betrleen r¿eeds and cnops ¡¡as aai¡Iy for water

ar¡d soil nutrients* Blacløar¡ and renprenan (3) Ín data coLlected from

L932*L935 for¡nd variabiliüy in ¡rierds fron ¡rear to year, possÍbþ due to

seasonal dlfferences¿ They reported. that the pnesence of r,æeds had a

greaten depressing effect on the yield of a cereaJ- crop in a net spring

than in a dry sPringr as vleed seeds do not germinate r¡e1l Ín a weü ¡re&ro

TÌ¡eir e:çerinents inùicated that conpetition betr,reen weeds a^nd crcps rrere

for soil nutrientsc They concLuded that other factors such as conryeti-

tion for l:tght and r'ater were eJ-so invoJ.ved, u:ith conpetition for ligbt
depending on the r,æed speeies and on the denoS.ty of the ryeed infestation.

Favþchenko and tlarrington (4o) found Ín the prairie portion of

r¡estern Canadar where light is generalJ.y pJ.entiful and soiL fertitity is
high or nay be correoted, that water is usualJ¡ the ]írni¿ing factor¡
Forro¡ri¡g an investigatÍ.on into the r,rater requÍrenents of crops in
westem Canada, Barnes and Hopkins (e) concluded that a crop is abLe to

utilize as rnrch uater as it cêr¡ secure*

Blacknan and. Tenplenan (3) in conpetition studies for¡nd. thet the

presence of weeds d.epressed the r¡itrogen and potassium contents of ühe

cereal, bud did not affect the phosphorous contÆnt* AddLtional nJ.trogen

fertilizer raieed ühe nitrogen a¡¡d potassium contentso They also for¡nd

that the applicatfon-of nitrogen fertiLízer increesed tirrsri¡rg and ¡nleld

of barley growing in cãryetition wÍùh wild mrstarr:lc They concluded th¿t

the reoponse of a ræedy erop to nåtrogen fertilizer is dependent upon

tbe reLative anounts taken up by the r+eed.s and crop, also the crftical
perfod i.s confined to the earþ stages of developnent of the cerealc

They also found that by ÍncreasÍ.ng nitrogen suppry one could brlng the

yÍeId of a ueedy crop up to the level of a cLêan unfertillzed cropr Gregory
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(24) and Brenctrley (5) afso fou¡rd that nitrogen, potassir:n ånd phos-

phorous are taken up rcsü activeþ during early stages of growth of the

cereal.

Nakonshny and Fri.esen (36) in studj.es on the inflLuenee of f,ert-

ÍLiøer on rceed conpetitÍ.on lrÍth sprlng sowri wheat found that l-osses due

to rveed conpetition Ln the fertili-zed plots rrcre consistentþ louer tharr

Ín adJacent u¡rfertÍlåzed plots. Average loss was Ir.8 bushels per acre,

or 1lr7 percent of total yield, in the fertilized pJ-ots as compared to

an average loss of ó.ó bushelE per acre or 2015 percent of total yield

Ín the u¡¡fert{Iized plotsr They ooncLuded ùhat Losses due to rrced

conpetÍtion can be reduced considerably by the use of eomercial fer.ü*

iJ;lzers. ¡{c0urdy (¡4) r"epsrted on strrdies of the effect of crop conpeti-

tion on the nu¡nber of wild oats in a barLey orop. He found that a barley

pJ.ot sorn at 1å bushels ller acr€ and nithout fertilizer contaÍned 48 wild

oats per sçlua,re ¡¡ard while barley sown with fertiLízer contained only 23

wild oats per square yard¡ Godel (ef) an¿ MeNeil and Davis (35) sin'.

ÍJ-arJry reported fertiLizer red,uced Losses d.ue to need eoryetition¡

FertÍIlzer ldll reduce l-osses due to weed conpetítion¡ but the llterature

is not defÍnite as ùo the relaüionship bet¡een var{.ous densitiee of a

specific weed species and the response of crops to diffenent soiJ- fertil-
ity levels,

A nrrmber of csses have been reported of influences of higher plants

upon one another, wbích cannot be attributed to coryetition for nutråents,

ruater, l:lght, etc* (43). In the case of such m¡tu¿1 effects, for w]¡1ch

products of plant netabolisn night be held responsible the teru
Itallelopatlgrrt has been usedr The }lberation of organic conpounds from

roots of higher plants has been shonn, as for e:ra,nple the llberation of
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scopoletÍ¡r fron the roots of oat see¿LÍJ¡gs (3I). Under certain condi-

tions scopoletin is readlly ÌLberated from lÍviJâg noot aells+ These

v¡orkers aLso found that Fapaver rho-es uas nore inhibited by oats than

rler Also there was an inhlbiti.on effect of rye and oaüs on $inapis

an¡ensís. Potato a¡rd flax were sürongly d,epressed when grown together

rtith Polygonum persicaria. Beseareh uorkers have stud.ied the influence

exerted by species of 0aneX[na on f1a:c by reans of toxic substances (Zil,

other studLes have been nade on to:d.n production from Agropyron repens

$2)"

$everal- rrrcnkers have found th¿t weeds ¡reduce tillerír,rg of cereaLs

(3r 7r ?Jr 221., Carter et al (r0) roun¿ i¡ the case of wheat, that

ùillenlng and yield were reduced in proportion to the density of roeeds¡

Sir|tilar1y Burows ar¡d Olson (7), in r¡ork wi.th rsild mrstard. and nheaü,

forrnd increased density sf wiJ.d nrstard r"esrrlùed in a reduction of till*
ering and ¡leld of wheat¿ DÍfferent, ræed speeLes have varied, conpet-

itive efficÍency and slrnilarþ reduce tS.LlerÍ.rag and ¡rlelds in oereals by

various arcunts (¡¿). It is therefore very evid,ent that r,reeds have

adverse effects on cereals by reducing the number of tillers per pla.nt,

reduoÍng y:ield and bushel weight, often proteia contenü of wt¡estr Ìdeeds

na¡r effect the iodine nunber in flIa¡co

Nt¡¡nerous stuèies have been carrÍed out on rdld mrsta¡d in coryeti-

tfon with cereals¡ Tfork at the Begina &cperi.nenüal Farn indicated the

effect of wild mrstard colryetitlon (I¿)¡ Their sbsen¡aüions based. on an

average of nine years shon¡ed ttrat ¡rtreat yield ruas reduced 15 percent

wtren v¡1ld nustard, constLtuted up to 20 percent of ühe vegetaüion, ard lJ

percent reductlon in yield when mrstard constitr¡ted up to óO percent of

the vegetation presentç

Burrows a¡rd Olson (7, S) forxrd in conpetition str¡dies betr¡een wild
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m¡sfard and flalc and wt¡eat, Èhat 10 Írild mrstatd plants per square yard

$¡ere õufficient to signifisantlf reduce the yield. of fla:c¡ ard 50 wild

rnrstarrl plants per s$¡êre yard wor¡ld reduce signifieantly the yield of

wheaü¡ rn frax 25, 50 and r0o ¡rild mtrstard pLanùs per sqrrar"e yard.

¡reduced yields by 2rJ.¡ 2.7 and l¡.0 bushels per ac¡re respectiveþ. The

identical- wild mrstard densíties Ín wheat r"educed. yíeLds by 2.62 5J+

and 12"0 bushels an acre respectinely. Burrows a¡¡d olson (?, B) also

investÍgated the effect of tine of renoval on the coryetÍtive effects of

wild nrsùa¡d on ¡rt¡eat yields¡ Reuoval $rith Z, 4*Ð of 2OO ü'ü.ld nrstarrl

planùs per squå.ir€ yarrrt at 19 days after e¡¡Frgenee resulted Ín a 5.8

bushel per acre loss in yie1d, while rernoval at zg days produced a 8o/+

bushel per aore reduction in yield." In treaùænts where the nrsÈard

plants were not treeted unüÍl 35 days after eüþrgence a yield reduction

of, 28*9 bushels per aere occurred,

FrJ.esen, Shebeski and Bobinson (fg) for¡nd th¿t r.eductíons in y.i.eld

resultÍ.ng from ræed. cornpeüitfon atre generalþ aocoryanied by reductions

Ín proùein content of the hanrested grain¡ Burows ar,rd Ollson (?) shor¡ed

a si-nilar reducÈion in proüein as ¡ùeed conpetition increaseda Friesen

and ltÍakonshr¡y (3ó) r"eported that, ir¡creases in crop yield, as a r.esul,t of

fertilizer treatænt rære soneùiæs associated rcitb decreases in the

proteÍn contenù of harvested grai¡,ro They also state thaü these reduc-

tíons in protein content cor¡Id be offset, to a certain e:rtent, by weed

control' Obher research r.¡orkers f,or¡nd. that j.ncreases in yield from use

of fertili.zer does not increase the pnotein content of the cereal (2ó,

28, 35)"

0onsiderable work has been doae on coupetítf.sn beùireen weeds a¡d.

vegetable or specÍa} crope¡ Stanlforth and l{eber (50) found that whene

r'reeds nere present for the entire season ¡rieLd redt¡ctioas ave1:aged 3."?
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bushels per acre or approximately J.O percenü of yields of r¿eed-free,

soybeanse $ùaniforth (46) also reported on need conpetitíon in corn,

Trlhen weeds $ere renoved six ueeks after corn planting, 15o3 bushels per

acre or 13"7 percent rvas lost, if weeds uere rerþved at ùhe tine of corn

tassellf-ng, 26.'l bushels per acre oî 2J+ percenü of the total corn yield

was lost. He coneLuded tÌ¡st conpetitÍon mrst be controlled earl-y i.n the

growing seêson Ín order ùo reduce losses due ùo ræed.s. Numerous erçeri-

nents have been carnled out on weed coupetition r¡:tth crops such as corn,

sugar beets, soybeans and beans, d.ercnstrating losses due to v¡eed

conpetf.tion (4r,6, ]..2, 3Q, 33, t+7).

ûnþ a very ïld.ted arn.'unt of researolr has been reported on the

conpetiùive effecùs of rrild oats on cereal crops and f,La:cc

Pavþchenko and Harrington (39 t lù) for¡nd ùhat ¡nild oats ín

conpetition wfth cereals will reduce tillerir¡gr dry r.leight of straw and

yield¡ Pavlychenkors results shor¡ed t'hat an infestation of 2O to 40

rrj.ld oats per sqt¡¿r€ ¡rard reduced, ylelds in barley¡ the best eoryetiton,

by 16 pencenü, wl¡eat by 33 percenü and flax, whLch provides rittre or no

cornpetiùion, by 8l¡ percentr These e:çerircnts ar€ inadequate a s

Favþchenko did not define specifie r¡j.ld. oat d.ensities.

Friesen and $hebeskÍ (L7) nade ¿ etu{y of weed, conpetition Ín

Ma¡uitoba grain fiel-ds during L956-y1958, In their surrey r*ild oats rære

found to be present in a¡¡or¡nùs exceeding 10 plants per 6qu¿re yard ia
over 43 percent of alr fÍelds suwe¡redr Also they f,ourd 3ó r¡ltd oats

per sguare yard rrrculd red,uce wtreat yields by 12;6 ¡rercent, whiLe lùó

r¡ild oats per square yard aLong uc.th 62 other weed,s per squsre yard of

various other rreed species, wouLd red,uce r¡Ère¿t yield by 4916 pereent, of

total y:leJ.dç fhey concluded, that yield reductions dr¡e to ïeed compet-

itlon Ï¿ere as high as 1712 busheLs per acne in wtreat (50.616), t"f bushels
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per acr€ 5n barley (6].,o5fi), 18,,6 bushels per acre in oats (25. ¡Í6) añ

5oll bushels per acre in ftalc (¿+5.81). The average loss of Ljr25 percent

of total ¡ieLd for al-l- crops r,¡as Ín agreenenù rvlth previous estfeates by

.Andereon (1) a¡ra $oo¿ (¡¿)r The yield rçductions reported by Friesen

and ShebesU (17)r due to r¡ild oaù conpetltion, Here nst entírely acc-

urate in thåt other rrreed, species rere also presenù Ín ùhe e:cperiæntel

p1oüsc

IntroductÍon sf rvild oat herbicÍdes in necent ¡rears has pernritted,

the reasr¡re@nü of rr¡íld oat conpetition to sorne e¡rtenù. Ðqrden (13)

whiLe dotr€ vrild oat pre-eærgence herbicide studies, found thst 7L hrj.ld

oats per sqÌrare yard would reduce the ¡rlelds in barleÍ bI I[*4 bushels

per acre6, In l-96L FrieEen (eO) reporùed a Loss of 1fu2 bushels per acre

L¡ wl¡eat vrith a wj.ld oat density of 229 per sqì¡årrc lardr with a densi.ty

of 403 wlld oats per squêre vatt 33o5 bushels per aere r.¡er"e l-ostc

lÍolberg (3Zl revea"Led .IO r,¡i.ld oats per squårÂe yard on surerfeLlow re*

duced the yi,eld of barley by 2*1 bushels per acr€¡ Corby (43) working

ulth a postñerergent herbLcide reporbed 298 wi-ld oat ülllers per square

yard reduced. ulreat yields frou 8*1 üo 2Lr6 bushels per acre. A great

number of sim{Lar studies lpne been oarríed, out in r¡esterr¡ Ganada over

the past sÍ:c ¡rears snd results l¡dicate thåt wtld oat coryetttj.on causeg

severe losses in cereal crops, brrt nay be offset by usùrlg pre,-energent

and post'ærergent herbicides (9, 1&, L5, 2Q, I+4, h9). In the ercper{.ren-

tal nork nentioned Ebove no consistent or definite r*1ld oat populaùions

r.¡ere evah¡ated and often no nention is nade of specffi.o ¡rrlld oat

densities¿

.ås nentioned prevÍousJy }tttJ-e experi-renta1 work hae been oonducted

sn wild oat conpetition r¡ith cereal cropsç No Ínvestigation has been

nade to d.eterniae the speciflc nrrriber of wiLd oats required to neduce
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¡rields¡ or ttre interrelatÍonships between popuIêtiong of rrild oats end

fertilizer üreatnents in yield reducü.onso ALso an i-uportant aspect

requiring investigation is the period, or stage of, grovrüh at ¡rhlch

eonpetiti.on from w1ld oats Gornrænc€s¡
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MAlffiIAI$ AND METIiODS

Seven experJ-menüs ¡rere included in ùhis sùudy, three involving

wheat and four involving flax, in each of the two ¡rears, Lg6l+ and 1965o

The experS-rents were conducted at the GIenIea Research Station on a

healãr elay soil (Osborne tlay). Wheat and. flax were selected because of

their dif,ferenees i.n soñ'peùitirre efficiencies and because sf their
econoulc r¡alue to tdar¡itoba agrÍculture¡

ALL experiments were of a sfmple faatorial design replicated four

tines* Each plot r'ras 6 feet rride by 16 feet longG Tfild oats were broad-

cast by hand at two ar¡d one*harf ti-nes the density reqrrired¡ By usÍng

thls seedíng raüe it was fsr¡nd that they emerged at aLnoet ùhe required

densi.tyr although some hand picking at energence lúÉts necessar1r to obtain

the exacù density required. The soiJ. r¡as double disked, prior to broad-

casting and this operation leas repeated. Ímediateþ following broadcast-

ingr Ðisking l¡as followed by harroning and packing+ In Lg6h, irrigatlon
was required fsr wild oat germination¡ Fenbf¡¿ wheat úÊs sorûï¡ at ?5

pounds per a"cre uith a 6 foot porry press drill¡ and RaJa flarc ¡¡as seeded

ab 35 pounds per aerec The wheat and flax were soîrn so aE to emerge at

apprord.uately the sa,me ti.me as the ïrÍId oatsô AIL weed species ¡d.th the

exceptlon of wild oats were renoved as soon as they emerged.* A.s the

crop6 reached naturÍty a j-foot by l0-foot s¡rath fron the center of each

plot roas hanrested for yield determi¡¡atlons*

In the first e:cperiment¡ the effect of vari.ous poprr.lations of rvild

oa'ts were compared on fertilized and r¡nfertilized spring sorm wheaû*

The uild oat populations used were as follsws! o¡ ro, À0, ?0, 1oo, L3o,

tó0, 19O wild oats per square yard¡ One-half of the ercperirnent was left
ur¡fertilåzedr ùhe renai:ring hal:f received, 50 pounds of L[=49-o fertilizer
drilled. in wlth the seed¡ The fj.rst experi.ment was conducted on land
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previol¡.slðr gu¡Ilüþrfalloï¡ed, rr¡hile the second etçerf-nent, Ìras on stubble

Land, using l0O pounds of 16-20-O fertiLizer on one-half of the experi-

ment. llarvested grain nas anaþzed f,or yleld and percenù proùein eon-

tent (27). lhe ¡'¡rrmber of tillers per plant were deterni.ned prior to
harvestr

$.6,imiìax' e:çeri.nent, testing the effect of various populatLons of
v¡"ild oats on fJax, r'ras done wtth siniler densiüies, but no fertilizer
treat¡nents hrere involvedr fhe fl¿x experiments were conducted, on both

sunnerfallow and stubble lårid. The harvested seed uras anaþzed for yield
and oil conùenù (37, t*j)"

The effect of stage of lrild oat groroth at tirne sf renor¡al on wheat

qÊs alss studiedr In this experiment, each repllcate vras dirrided into
four ra¡¡dø¡ized blocks r*iùh densities of 0, 1OO, 200 and 300 ni1d, oats

per squ€,re yard constltuting the nain blocks* Each nain bloek ¡ras sub-

divided into sit( rand,ourized treat¡nents each representing a dtffere¡,rü

date of wild oat remor¡al. I¡e the fÍrst treat¡nent, wild, oats were renor¡ed.

with a pre-emergent herbicid.e (trial[aùe), appried, at lft pound,s per acre

(active ingredient) and soil i¡corporated ryitt¡ a harûd. rake imediateþ
after appJicatÍon¡ In aLL srrbsequent treatnents the lsild oate were trand

pi.cked at the prescribed stages (e to 3 leaf stage, t+ þo j leaf stage,

5 Ls 6 leaf etage a¡¡d shot..blade stage)" The f,Ínal treatnent represented

a weedy checko

In 1965 barban, a post-energence herbicide, lras atso included Ín
the experi-nent" Thie herblcide r,ras appried at the rate of 4 or¡nces

(actÍve ingred:j.ent) per acre at the one ar¡d one-helf leaf stage of ùhe

wheat, Hand, needingr in L965, was d.one at tt¡e L to 2, Z to J, L +.o 5

and 7 to S leaf stage. In adùitLon to yields, the protein content of
wheat was detqmi¡red. in these two erperinents {¿?).

:'.': t.:,



-14-

Similarþ studles were nade on the effects of various stages of

¡yild oat renoval on fJax, In the flax stutj.es densitles were reduced ts

0, 50, 100 and I5O wlld oate per squôre Jêrdo Treatnentg were identical

to those i¡ the uheat e:rperimente nith the exceptíon that diallate at

one a¡rd one-half porrnds per acre rras substituted for triallateo lfild oat

removal at the one and a half leaf stage uas accompllshed rrith barbar¡ at

the rate of 4 sunees per acre (aetÍve ingredient) Í¡ lg65r [{and needing

dates were si.nilar to those described. for wheat.

&çerimenüe were also carried out to test the effeet of rrild oat

aonpetition on yield of fl¿x wher¡ eeeded at ùlfferent dates, Th-le test

was diy:ided i¡rto lr blocks, eaeh representing a different seeding d¿ter

Itn 1964r ùhe fl¿n was eeeded as to emerge three days prlor to wild oat

enþrgence¡ three dayo after rclld oat emergence, eeven days afùer wild

oaü emergence and. eleven days after wlld oat emergencer The rrild oat

densities were o, 50, 100 and 1-50 planto per squ.are ¡rard" rn 1965 ühe

seeding dateg were aE folloürs: flax emergenee three days prÍor to rrild
oats, five days after wild oat emergence, üen days after uild oat emer-

gence and fi.fteen days after ¡ríld oat energencee Boüh erçerÍ.ments weïìe

eonducted s¡r surnerfallow 1and*

ríeLd data ln arl errperimer¡ts were subJeeted to statistical
a'rnlysls accord:i.ng to methods outli¡led i"u steer and forrle (rÉ). An

anarysis of r¡ariance followed. by Dnrneants anlüipLe range test, was

aalculated for eaoh e:cperi¡entr
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AffiUT,1$ ANÐ DISCUSSITN

I.
trfheat

4.. &merLm.ent Lgcated oa st¡merfallow land

Eata on the effects of r¡arious densiùies of ¡rild oats on the yield,
protein content and ùillering of ¡rheaü is presented, in Tab}es I and II.
Data on wheat yield are also presented graphically in Elgure r. In lg64

onJy lO rsiLd oaüs per squtare yard, rære requÍred to reduee wheat yields

slgni.fioantþ where no fertiliøer rfa6 used, wtrlle on plots r¡ith fert-
iU.zerr 40 wild oats per square yard rrcre needed to significantly reduce

wheat ¡Éelds, It ¡ms observed from data in lg64 that fertillzer would

offset yield reduotÍone due to wild oat competitÍono llifferences between

fertillzed. a¡¡d r¡¡¡fertillzed ploüs are vety sl;lght on ¡ceed-free treatmenùs,

bt¡t differences increased as wild oat d.ensities increåa€dr, At IOO ì¡'jld

oats per square Tadr the differenee in yie3.d nas ss.gnificantJy different

between the f,ertil.ized and the r¡nfertiriøed. treatnentse gim{,t¿¡ ylelds

were obtaLned with 40 wild oats per square yard in an r¡nf,ertillzed p].ot

and LO0 rild oaüs per sq[rare yard Ín a fertilized plot.

rn L965t 40 r*ild oats per Bqr¡are ¡rard ruere requi.red.to rodu,ce

yJ.elds significar'rtfy in both f,ertilized and unfertllized plots. ttÉo

nay have been due to higher precipi.tation receÍved in rg65 (Appendtx 1?).

IlÍ.fferences bet¡rcen fertÍ l-ized, and unfertillzed pLots were not signif-
icant in r9ó5 r¡¡rùí1 the densÍüy reached I3o wild oats per sqr¡sre yard,*

Fron èhese figures it rould appear thaü trS.gtrer preeipiüation may reduce

wild oat conpetltior¡ at lower densities, but at densities of l3o ùs 190

¡rj.ld oats per square ¡rard,, anailÊ,ble nolsture again beca¡ne ¿ limid,j¡¡g

factor.

Percent proteLn ln harvested wheat s*îíFles ¡ras nst sigrúficantþ
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affected by nild oats ln both 1964 and 1965f

Wild oats redueed tlllering in wheat aLnost ln proportion to the

rrrild oat density, A greater degree of tiAlerlng rsas obsenred in 1965

tha¡o Ín L96b, strich lras possibþ du.e to more available moisture in 19ó5'

This is in agreement ryith research workers who have reported crops grown

on weedy land produeed less tillers tha¡¡ those grown on weed-free land.

and fü r¡as Ehordn in one case that ühe nr¡mber of wheat cuLns produeed per

unlt area decreased. proportlonately with inerease i.n weed density (10,

ù, 2)*
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TABI.E I

!{'ild oat d,easÍ.ty
plants p€r squå.re
yard

o
l0
40
7O

100
130
160
190

ïield
Fffi
Eüæ---"rutG¡c
27.8 u.7"5
25..6 22.L
2f"¡+ L7*6
16.3 1J+,3
18.3 lL.2
)J+.h L2'.5
IT.? 1T.6
L3.3 10,9

Proùei¡r content
of rheat
Fert.n Unfert.ffi

lillers per 10O
wheat planüs
Ferb"åt Unferto

15o8
L5.9
1ó.0
16.5
16.1
L6.2
16"I*
L6,5

L5*6
Ló"0
16f1
L6.5
L6.2
L6''2
Ió19
1ó,ó

Iilo.
351+
295
25L
185
190
L35

lilo.
325
2l+O

20I+
160
J25
13r
108
u0

I10
L8

* þ0 pounds of ll-l+8-0

Ðuncg¡¡ls q¿ltiple ranse table testine for
El@iliqê¿t differences of wheat :¡:Lelde

lfild, oaü density ïi.eld+r
plar¡ts per square vard

FerüiLized bu/ac
0 27.9

10 25,6
40 T*l+
7A L6+3

lOO 1Ê*3
130 14*4
160 LL.?
190 13*3

U¡¡fertllized

a
ab

b cd
efg

cde

o
10
,10

?o
100
130
róo
190

27.5
22.L
L7,6
U+*3
rr.2
L2'5
Lr.6
lo'9

bc

efgh
gh

fgh

def
efgh

h
gh

h
h

t{ote:rÉ .Any ¡ri.eld valr¡es with the sane letter are
not signifieantþ diff,erent at ùhe jlt LeveL.
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TABTæ II

ï{ild oat densÍty
plants per sqlråre
yard

0
10
40
7o

100
L30
160
190

field
!'ert. Unfert.æba/ac bu/ac
3L.7 3L.6
3Qc6 29.2
27"2 2&,L
25.L 23"1
25cO ?2.2
23og L7"6
18"9 18"3
19'8 L5"3

Protein content
of wheat
Ferù.# Ilnfert.ffi

ÎiIlers per 100
wheaù pl¿nùs
Ferüo¿É ltrnfertc
No. No.
385 3t+4
360 296
345 257
253 24Ê
250 198

14.'4
U..3
14n2
14.4
h"5
lJ+*2
U]5
IÀ.3

L4.5
14.8
14.4
J,4#
JJ+r6
7h.6
u.3
u.5

Jh5
L32
IO8

205
u5
15r

x lO pounds of LL*/+.&-O

ïlÍld oat density lield¡t
PLånts Per sguare yard

Fertilized bu/aco 3L"710 30,640 2?.2
?o 25*L

lOO 25oA
L3A 23.8
1ó0 tB.9
19O 19.8

Unfertilized
o

10
40
?a

r00
L30
1ó0
190

3L"6 a
29*2 a b
2h"L
23"L
Æo2
L7*6
I8"3
L5"3

a,
ab

be
od
cd
ed

efgh
efg

cd
cde

def
gh

fgh
h

Noüe;-. Any yield nalues rith the sa¡ne letter are
not sÍgnificarrtþ 4ifferent aù the jfr LeveL
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Unfertilized
Unfertilized
Ferîilized

Fertilized

r964
r965

t964
t965

30

UJ
fr()o25
E
t-tj
fL

3zo
tlJ
-v)
3
û)

t5

þ
t¡.JIrot

o

J5
tIJt

WILD OAT PLANTS PER SQUARE YARD

Figure I The Effect of Vorious Densilies of Wild Oots

on Spring Sown Wheot Grown on Summerfollow Lond.
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FÍgure 2

Upper lefù:

Llpper rfght:

Lower lefts

Lower right:
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Tfeed-fr"ee cheek 1n wheat

10 wj-I-d oats per squâr€ yard in wt¡eat

40 wild oats per squåre yard in wheat

?O Ìd"}d oats per square yard in wlreat
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Figure 3

Upper left:

Upper right:

toner left:

Lower right:
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i"OO hrild oats per square yard in wheat

130 tt:ild oats per square yard in wheat"

IóO wild oats per square yard in wheat

190 ÏriLd oats per squar€ yard 5'n ui'¡eat



, , the results in fhese øçeri-uentsrtÎables IfI & IV, Figure l¡,

followed patterns very sirn{ l¡r to those earried. out on sumerfallown

Tields declined progressively as wild oat populations Í¡rcreasedr In

L96b,40 ¡rild oat plants per square yard were sufficient to cause signif-

Ícar¡t yield reductions vrhen the soil rlas fertiliøed,, In L965t onþ 10

vrild oat plants per square yard, caused similar yield reductions when the

soil was fertili.zed* In unfertilízed ploüs, l0O and ?O rrild oat plants

per square yard were required before yields were signiflcantly depnessed

in 196t| and 19ó5r respectiveþ* Orl weed-free plots the response to

fertilizer wee similar in boÈh yearse ï/tith densities ranging fro¡¡ 10 to

190 nild oats per sguare J¡ard., a1l fertflized plots had yields of 2 to 4

bushels per acre higher than tt¡e unfertilized plots¡

Tielde in 1965 were considerarbþ hÍ,gher than ùhose reeorded in

L96h, perhaps due to nore favourable growing eonditlonsr It ls interest-

ing to note that once ühe rrÏLd oat density increased to IO0 pl-ants per

sqrrêre yard no significant differences in yield occurred between fert-
illzed and u¡ferüili.zed plots. The need popr:J.ations appeared to canoel

ouü arry adrrantage the fertilizer ni.ght have provlded¡

Again, in both years the presence of wild oats i¡ the crop dld not

significantly affect the percent protein content of the harvested wheat,

Wild oats, however, seriou.sþ affected crop tillering¡ as the

density of the vrild oaù otar¡d increased the a,nonnt of üillering of the

wheat pJa,nts decreased" At densities of 1óO ar¡d 19O rrild oats per square

yard tfllering was negligible in 1964.
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TÁBI.E TII

tr'Iild oat denslüy
plants per sçprare
na.rd

,0
10
l+o

70
IO0
130
ró0
190

Fert.tå Unfert.

-

bq/ac bdac
2Lo7 r4r4
18+l L3.5
l4o3 12cO
L5.h rL5
I0r8 9.011.8 9.6
g.ó
9.6

ProteÍn content
of wheaÈ
Fert.rl Ur¡fert"ffi
14.4 JJ+,5
u.3 l¿.8
L4"2 14.4
14.4 Ll+,3
u.5 14.6lh.z u.6u.5 Jh.3
fJ++3 Jh.5

Tillers per 100
wheat plar¡ts
Fert.* Unfert.
No* No,
25L L52
205 L8
150 13rLr6 Lz5
L30 110r3r 10ó103 r0rro5 103

ïield

5.5
6.3

â+ 100 pounds of 1ó-20.0

Dgnc?E.ts úFlt.ip,le ranee table testine for
siqúfica,nt tifferenees of iltreaù viF

ÏIild oaü density ïield¡*
Þlånts per square yard

Fertili.zed ba/a,c
O ZL'T

10 1g"l
40 Lh,3
70 15.4

lOO l0"g
130 rl.g
160 8.6
190 g.ó

Unfertilized

a
ab

bed
bc

d.e
cde

ef
ef

bcd
ad
cde
cde

ef
ef

f
f

o
10
40
70

100
L3A
160
190

14.4
L3,5
12.O
rl.5
9.0
9.6
515
6.3

Noüe;tr Any yield values with the saee letter are
not signlficantly dlfferent at iùhe 51" Ieve1
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TABTõ IV

ti.ee of
wheat

fect of
number

ltild sat density
plants per sqrrare
nard

o
10
40
70

100
130
160
190

Proteln content Tilter per 100
of wl¡eat Hheat pLanüs _Fe*.x Unfqrü. Ferb.tf Unfert,

fi f¿ Noo - -To;
L3"7 f;5,3 35L 285
L3t5 r5"2 330 288
14.0. L5"h 2?6 255
L3.5 t6.o 260 L65
L3.3 L5.7 258 L59
14.O L5.4 L65 L53
u.2 L5.g L64 159u.3 L5.5 uo L33

ïield

Fert'.JÉ Unfert.

-

bu/ac bu/ac
36"7 26"5
32n7 26"0
25o9 25o3
2Lo2 I8.5
20.I L6.g
1l+.ó JA,z
14.9 1,J+.7
L2.? 13.0

,r 100 porrnds of 16*20-O

o
10
4o
70

100
130
1óO
190

Dgncg,+ls m¿Itiple ranse table testinE for
sÍenlficant differenoes of xrhett-yieG-

lfild oat densÍty TieId¿+
plê,nts per square rrard.

Ferüilized bu/ac
0 3,6.T a

10 32.7 b¿r.0 25"9 c70 zr.z
100 20.I
130 14.6
1ó0 Lt+*g
190 72.'l

Unfertili.zed
26.5 c
26.0 c
25.3 c
18.5
L6.g
L4.2
u.7
13'o

d
d

ef
ef

f

d
de

ef
ef

f

tùote:Jl Any yield r¡alues ruith the same 1etter are
nof significantly different at the 5% LeveL
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A---A
H
H
)H(

Unfertilized
Unferlilized
Fertilized
Fertilized

r964
t965

r964
t965

td(r
o<25
E
UJ
fL

320
UJ
E(n
fg¡

t5
.E

F-

bJ

Ero
=
o

oJ5
ul
;

:::.4' :ì:.:

:: :: 
j:

...4 a.

l'..'. : i :

roo

Figure 4
on Spring

40

WILD OAT

The Ef fecl of

Sown Wheot

70 roo t30 t60 ¡90

PLANTS PER SQUARE YARD

Vorious Densilies of W¡ld Oots

Grown on Slubble Lond',
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The purpose of this erqgerÍ-nent was to deterroine, if possible, the

parti.cular stage of growbh wtren coryeti.tion betræen wild oats and wheaü

beginso lield conparisons vrere nade with weed-free check pJ-ots and pr"e*

emergence herbicidal treatnenùso Data are presenüed in Table V and

Figure 5o In 1964 it r.sas for¡nd that considerable conpetition i¡l the

fo:m of wheat yield reductions had occured at the 2 to 3 leaf stage of

wild oat removal. This ¡rras apparent at all density levelsr The full,

inpact of competitive effects, or rnaxim¡m conpetition, trad oceurred by

the tire the shot-blade stage uas re¿ched. In the case of lOO wïLd oat

pLants per square Tardr this had already occurred by the 4 to 5 leaf

stage.

Data for experirents carried out Ín L965 are presented ín lable VI

and. yields lllustrated grapbically in Figure 6* These süudies were

similar to those earried out in L96/i,, r+åth the exceptÍ.on that post-

energent herbiclde was includedo In Lg65 the applicati.on of a pre";

ernergent herùicide (dia[ate) dld not result in complete control of wild

oatsç Thi-s r,¡as perhaps due to very wet cond.iüions at ühe t1æ of applica*

tion, resulting ln poor incorporation ínùo the heavy clay soiL. The post-

euergent herbicide (barban) sfur,rlarly did not provlde adequate control of

wild oatsn espeeÍalfy in the hearry wild oat poErlatlonsç In 1965r eonpeti-

tion r',¡as found to have comenced prior to the L lo 2leaf stage of the

rvild oatsc A loss of 4 busheJ.s per acre t'Jas evident fn plots contafnÍ-ng

100 ïrild oats per square Xardr wt¡ile ín the higher densiüies 8"0 a¡rd 6ró

bushels per acx"e, respectively, had been lost prlor to the I to 2 leaf

stage of wild oat rernoval. A€ain the fi¡Il lupact or &atci.mum cornpetition

had occured at approxlnately +,he 7 ts I leaf stage¡
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r¡Íheaü yield redr¡etlons were not as severe in 1965 conpared to thsse

in 1964. Iù is seen (Flgure 6) thêt yields did. not decrease as rapidþ

with delayed renor¡al as they did in L964. These differences corlId be due

to variations iJ¡ preeipitation in the two yearse

rn 1964 the percent protei.ro was at i.ts rov¡est level in the pre- 
,,:it:.,,,,

energent treatmentr whil"e there Has an i¡ocrease in percent proteln at the

2 þo 3 leaf stage of wild oat renorral. thÍ.s upard trend conüinr¡ed in
the 4 ùo 5 leaf t 5 to 6 leaf a¡¡d the shsü-blade remonal stages, but in , 

,,1,,,,,
the weedy eheck the Bercent protein conüent dropped sharpþ* This trend :,:,,':,:,--,

Y¡as for¡nd to be evid,ent in ühe IO0, 20CI and 300 wild oats per sqluare Jênû "'
densitieso As the yield of wheat deereased, due to a later date of ¡rild
oat renonal, the peroent protein content increased. This is i.n agreenent

r,rith nibon et aL (53), who for¡nd experi.mentalþ that when noisture

supplies are hi.gh plants produce more vegetative growbh. A great deal of

the available aitrogen is utilÍzed for vegetative parts¡ resulting ln
higher yieJds and lower proteÍ-n conüent i¡ harvested grainr The protein

conte¡rù of the wheat seed in the narious dates of remor¡a1 in I9ó5,

displayed sÍ.Eilar trends to those reported, for 1964* A,lthough of sone- 
,.:.:...,:

what lower magnltude, the pereeRù proteln content jn ühe eeed ¡ras closely i:,.,','..,,,.,

rel¿ted ts the yield of rrheat seed i.n that particr¡Iar treatment. ,i',',:,..r ,
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TABT,E V

The effect of stase of wild oat erowbh at ti-ne of
renoval on yield and protein conüent of wheat, 1964

t$ild oat densíty
pJ.ants per square
yard

0
0
0
o
0
o

L00
100
r00
100
100
100

$tage of wild.
oat renoval

lfeed-free
check

pre-energenceiÉ+Í
2-3 Leaf stage
4-) leaf stage
5-ó leaf stage
shot-blade stage
weedy check

pre-energenceü#'
2-J Leaf stage
4=5 leaf stage
5-6 Leat stage
shot*blade sùage
rueedy check

pre-emergegçglftÉ
2*3 l.eaf stage
l+-5 leaf stage
5-ó leaf stage
shot*bl-ade stage
reedy cheek

Protein content
Ín wheat seed

Yield¿+

a.
a
4

a
a
a

ab
bc

cde
cdefeh

defgh
cdefeh

200
200
200
200
200
200

300
3oo
300
300
300
300

15.O bcd
8.8
5.5
5"2
3.6
5.8

cde
cd,ef

efghi
ghi

fghi

efghi
ghi

hi
i

shÍ
NotelrÉ Any yietd rralues ¡rith ühe sa,ne letter are not significantþ di.fferenü

at the 5fr LeveL
v^ll' Benoval with pre-emergent herbici.de

1ó"9
15.9
L5.7
ló.0
L5.9
15.8

Ióû1
1ó.4
L6.7
16.9
L"|,2
L6.5

16.0
L6.5
L6,3
w.5
L7,6
L6,h

Jh,h
L6.7
1ó.9
u.5
18'4
16.4

2L"5
2L.3
22.3
?2.1+
21,0
23.9

Lg.3
t5.7
ïL.g
10.5
ro.4
10.8

L9.7 a b
L2"5
[.1
7.8
5"7
6.5
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Weed -Free Check

IOO W¡¡d Oots Per

UOO Wild Oots Per

3OO Wi¡d Oots Per

Squore

Squore

Squore

Yord

Yord

Yord

UJ
E,
(-)

É,
IJ

t5
U'
J
t¡J

CN
:)
(D

.c lo
t-
l¡J
4

= 5o
o
g

2-3
Leof
Stoge

4-5
Leof

Stoge

5-6
Leof

Sfoge

Shot
Blode
Stoge

Weedy
Check

Figure 5
Time of

STAGE of WILD OAT REMOVAL

The Effect of Stoge 'of Wild Oot Growth

Removol on Yield of Wheot, 1964.

ot



ltlild oaù density
plants per square
yard

Stage of r.¡ild
oat renoval
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IABI,E VI

Prot'ein conùent Tleldx
i-n r'¡heat seed^

T,{iÆ
L3"3 26,L a
L3o2 2A.5 cdef g
L3.3 23"5 abc
L3.2 23.2 abc
I3"2 23.O abc
L3"3 22"7 abcd.
L3.2 25"7 a b

0
0
0
0
o
0
0

IqIeed-free
check

pre-emergs¡sså?ã'
Post-emergence4#å+
1-2 leaf sùage
2*j Leaf stage
4-5 leaf stage
7*8 leaf süage
weedy check

preHemergence#¿f
Posf*encergenee*#cl
1*2 leaf stage
24 Leat stage
þ5 leaf stage
7-8 leaf süage
weedy check

PreÇ€mergg¡g6tÊtÉ
post-emergsngE##*
1-2 leaf stage
2-3 Leaf sùage
4¡.5 leaf stage
?-8 leaf stage
weedy check

I00
100
100
100
100
I00
I00

72rg
13.O
13oo
13.1
L3.7
l4"r
12.8

L2"5
L3n3
J'3+3
L3.l+
13oB
14oó
L2"5

L2"6
13.1
13oO
13.1
14*2
L5"h
L2o3

20.6
20.L
23.L
2O*9
L7"2
16.2
16"r

t7"9
L5o6
L5.5
14.9
14*O
12"8
10.2

u.5
L3,5
16,g
15o9
lecl
9*5

Ll"?

cd.ef
cdefg

abc
bcde

defgh
fghiJ

shijhiJk
hiJkr
hiJkl

KI
hijk :.'','.

hijkr
e f g h i ",ef ghiJ '

iJkr
I

jkL

efghi
efghiJ
efghíJ

e00
200
200
200
2æ
200
200

300
300
300
300
300
3W
3@

Note:+s Any yield vallres rrith the sane letter are not eÍgnlficantly dífferent aÈ the
5ß Level

+ç* Reuoval with pre-emergent herbicide
#ttv'c ftenoval with post,,emergent herbicide
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Weed - Free Check

IOO Wild Oots Per

2OO Wild Oots Per

3OO Wild Ools Per

Squore Yord

Squore Yord

Squoro Yord

u-l 25
0É()

E
Hzo
(n
J
lrl
:tr

3t5
fD

.g

l-
trro
-
=
o
6¡5J
LrJt

Pre. Post
Emcrgence Emergence

l-2.
Leof

Sloge

2-3
Leof

Sfoge

4-5 7-8
Leof Leof
Sfoga Stoge

REMOVALSTAGE of WILD OAT

Figure 6 The Ef fect of Stoge of W¡ld Oot Growfh

ot Time of Removol on Yield of Wheot, 1965
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III' Effect, of VarÍous Por¡ulatÍons of "!üild @ts on Fl¡x

A. E:cperi-ment located on sr¡nmerfallow land

Flax is generally considered, a poor conpetitor with respect to need.

infestaüions. fhis soon became very evident in experinents involrring

r¡arÍous densities of ¡rird oats (tabre vrl & Figure ?). rn I9ó4 as few as

10 wÍld oats per sguare yard significantly reduced fJax yield.s as compare¿

to a weed-free checkc tr'urther i¡lcreases in weed densities resulted in
corresponding decreases in flax yieldso However, when wild oat popula-

t'ions reached 130 per sguare Xardr then any further increase in densiùy

did not significantly reduce yields furthero Tield reduction totalled
16"3 bushels per acre at a densÍty of r3o ¡rÍLd oats per sqlrare yardo

lhis appeared to be the point where furüher i¡rcreases in ¡¡eed populations

had litt1e firrbher ef,fect on y:ield.

glnil¿rly in L965t 10 hrild oats per sqnare ¡rard r,¡ere sufficient to
reduce the yield significanùþ, A ïrild oat population of 40 per square

¡rard reduced ühe flax yield by al-nost 12 busheLs per acre, while i.ncreas-

ing the wild oat density to t9O per square yard, further reduced the yield

by only an additional 7 br¡shels pêr êcre¡

Flax seed harvested in 196r+ was analyzed for percent oil conùent

and iortine ntmber. As no signifícant differenees were forrnd, oil seed

anaþsis were not caruied out on other experi.ments¡
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TABÏ,8 WI

Iodi¡e
No.

lfild oat density
planfs per square
t¡ard

o
10
40
7O

100
130
1ó0
190

oil

t¿o3 Lg¿tg
43,2 L92.9

hå"L 190*2
l+L,5 191a1
h2"3 190.2
lQ"5 l9lol
I+L.Z L9O.2

ïieldr*

22.8 a
I8"2

9.2
9.6
oo)
5.3
5.h

LeE5
bq,/ae
25,6 a
20'3 b
L3"6
12"I
9.9
8.0
6"7
6.2

lield+
---1e=6tr

42.5 191"0 L2.? c
cd

de
e
e
e

d
d
de

e
e

Witd oat density
plants per equare
yard

o
10
4o
70

r00
130
160
rgo

ïieldx
.':

L96l+
.,rüæ
6.6 a
Ê*8
L.'l
2*h
1"2
IrO
.8

1o0

b
b
b
b
b
b
b

c
cd
cd

de
de

e

Notelrf Ány ¡rield r¡alues with the sa,ße leùter are noù signiflcantþ
different at the 5É level

TABI,E VÏII

the effect of various d.ensitles of wild oats
on yield of fl¿x srown on etubbLe land

ïieldi*

wËw
L5"9
L2.6
7.2
601
6.2
h.9
5"0
l+.I

Noùe:+ Any yield values wlüh the saüe letter are
not si.gni-fiaantly different at ùhe g$ Ievel
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Figurc I

Upper left:

Upper right:

Lower left:

Lower right:

î35*

V{eed-free check in flax

10 wil"d oats per sguare yard in flax

40 wild oats Per square Yard in flax

?O Ìrild oats per squar"e yard i:r flax

- " ;73. 
" " r:n;,'...1 |¿
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Upper lefte

Upper right:

Lower left:
Lor'rcr right:
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10O r*ild oats per square yard in fiax
l"3O r.rild oats per squane yard in flax

160 $/ild oats per square yard in flax
190 wÍId oats per square yard in flax

.'-r, , ,þ@ ," , *;*ø¡r.r;A_ 
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B. E:merinent located on stubble l¡¡rd,;.''1,..'..i,l',.'..,

' Fl¿x germination l¡as very:lolr:in'1964:due to very dry soil condi-
..'i

tions. The e:cperi"nent nas reseed.ed at a Iaüer date but the yields,

nevertheless, renajJred nery low. A densÍty of 10 wiLd oats per square

yard was again suffÍcient to reduce yields significantb¡ (Table IIIII).

Increasing the density of wild oats had little additional effect on

3rield"

In a si¡il¿r test in 19ó5 (taUte 'iÆII) it is interesting to note

that the greatest reductions in yield occuned between the rn¡eed-free

check and, ühe plots contai¡rirng IO and 40 Lrild oats per square yard.6 This

would suggest that very snall nunbers of r+tld oats wil-[ seriously reduce

flax ¡råelds. After reacLri-ng a density of 4O wild oats per square ¡rard,

then an¡r additlor¡a1 increase in density had very Li.ttle additional effect

on flax yieldso

rìi:::..*iìì:ìii:irì!:ìi

'. !r.-:

l,ìl: ,1: r:.i.::,illr' :

:: t'.'.
rr|i:
'.:t:t:l
|:t!tî'.

it:
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Effect of Vorious Densities of W¡ld Oots on

Grown on Stubble Lond.
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Ðata for 19ólr are presented ín Tab1e Dt and illustrated graphicalJy

in Figure 11. Virtually complete control of wild oats was obtained. in
1961e T{ith the pre-energent herbici.de, d.iallate, resulting i¡ ylelds of
L5."1+t 14.8 and 16.r bushels per acre Ín the ùhree densities of !o, roo

and 150 rrrild oats per square J¡ardo These ylelds eoü¡pare favourably to
the average yield of 14"ó bushels per acre recorded for the weed-free

check plots. The results indicate that conpetition had con¡¡enced. prlor
to the 2 to 3 leaf stage of rild oat remor¡alr Tields recorded, for ploüs

i¡ which r¡ild oats were removed in ùhe 2 to 3 leaf stage were signif_

icantþ lower thar¡ in the weed.-free check plots. A slight increase i¡r
yield r'¿s noted r+hen wj.ld oats were removed at the l+ to 5 1eaf stage¡

thi.s is dif,ficuft to e:çlain, although it ls possÍ.bre that removal at
this stage êisturbed a hear,6r erust Jayer whioh had, developed on the soj-1,

surface follorring heavy rains. $ince the urild oats were pr,r]-led by band,

such dÍsturbance uÊs unavoidable. This oor¡.rd have resulted i¡r ìmproved

soil aeration and conseguentþ sIÍghtþ lulgher flax yieldsn rhe furl
conpetitive effects appear to have occumed by the ti¡e the 5 to 6 leaf,

otage rras reaohedç

Ín 1965, the results were not as crearþ deflned (taule x and

Figure I2). This ¡ras furùher complÌ.cated by the inconpleüe r¡C.ld oat

control obtaj¡ed r,¡lth the pFe-emergent a¡ld Flost-emergent herbicid.es. It
would appear, however, that sone lrlLd oat conpetitlon l¡ad again occurred

before the 1 to 2 teaf stage of grovrth, at reast in tl¡e plots vrith

densi.ties of 10O and 150 rrl,ild oats per 6{tr¡åre ¡rard. á,Iso there rÍas

evidence that the fulr impact of conpetitÍ.on had occurred at the ? ts g

leaf stage, the lasü date of renorraL Ft¡rther deeli¡res ¡rere noted for

:":.::r

:_".:,:. i'



-40-

the rcedy check üreaùrents.

Conparing the üwo erçerLuents, in 1964 data indicate ùÌøt yield

r"eductions due to wlld oat conpetition had corunenced at the J to ó leaf

stage of wild oat rernoval, wtrlle on ühe eontrary ín L965 yield reduc-

tions dtre to wild oat conpetiüion continued until the fina-l date of

rernovale Perhaps this discrepancy betr¡¡een 19ó4 and 1965 resr¡lts cor¡Id

be e:cplained by exaroining d.ifferences irù precipitation durÍng ùhe two

seasonsù In 19ó4r there was noü sufficient soil ¡noisture to pernit fJ.a:c

to recover wtpn wild oats were left in the crop r.mtil the 5 to ó leaf

stage. Besen¡e noiEture r'las rnintained at a trighe¡" Ievel ln L965, possx

ibJy contributing to the parùia1 recover1r of flax pllants after conpeüi+

tlon was renoved at the 7 to 6 leaf stage¡
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TABËE I[

Stage of ¡rild
oat renoval

Tíeldn

L5.b a'
I0.5 c
Ll.¿r b c
9.5 e
8.9
6.6

L4.8 a b
8"6

1Oo4 c
6"5
5nB
l+.5

1ór1 a
8"O

IOoI e
6.2
5o3
5"L

.îqãã
1l*.5
u,g
L5.2
13cO
u,3
L5.6

d
d
def
defg

efghÍ

ab
ab
a
abc
ab
a

o
o
o
o
o
0

50
50
50
50
50
50

Weed-free
check

Pre-e¡rergenggJ*âF
2-3 Leat stage
4-5 leaf stage
5-6 le¿f stage
shot-blade
reedy check

pre-eütergenCeälf
l*] leaf stage
lr-5 leaf stage
5-6 leaf etage
shot*blade
weedy check

Pre'€tsefgeneet*lÉ
?-3 Leaf stage
þ5 leaf stage
5-6 leaf stage
shot'*blêde
reeEy eheek

defghi
de

100
Loo
100
100
100
t-00

150
150
150
r50
150
150

defgh
d

fghi
ghi

i

fghi
ghi

hl

Note¡+ .Arry yield values wiùh the sane letter ane not signi.ficantJy
different at the 516 LevøL

x+$ Bemonal with pre-emergent herbicide
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X--X Weed-Free Check

H 50 Wild Oots Per'€quore Yord

Al--A IOO W¡ld Oots Per 'Squore Yord

H|SO Wild Oots Per Squore Yord
l¡J
fr()

É.

õ15
(.f)
J
lrjr
c.r)3mlo
.g

X
J
ll.
Þ50

oJ
lrJt

Pre -
Emergence

2-3
Leof
Sloge

4-5
Leof

Sloge

Shot
Blode

Stoge

Weedy
Check

5-6
Leof

Stoge

STAGE of WILD , OAT REMOVAL

Figure ll The Effect of Stoge of Wild Oot Growlh

Time of Removol on Yield of Flox, 1964
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TABIE X

Éw
21.8
22.9
23rh
22.6
23.6
?3.2

L2.9
L5.2
20.8 a b
19.È
l8.l
L2.6
7.8

lL.8
l-5.5
Lg,6
20.0
15.1
9.8
5"6

lfi1.d oat density
planùs per square
yard

100
L00
IOO
100
100
100
100

Stage o"f wild
oat remor¡al

tr[eed-free
check

pf e-emergs¡ggãlr
Post-emergence#*¿t
lr.2 leaf etage
24 Leaf stage
l¡*J leaf stage
?-8 leaf stage
wee$r cheak

preåelnerggr¡gg#Cf
POSt*emergsngstt*9l
I-2 leaf stage
2*3 Leaf stage
4-5 leaf stage
?-8 leaf stage
weed¡r check

pre-energe¡ss*r+
po st-emerge¡¡ gslfåFâÉ

1*2 leaf stage
2-3 Leat stage
4-5 leaf stage
7-8 leaf stage
weedy cheek

ïieldx

I

abcde
abc
Al

abcd
a
ab

22.7 abcd
L6"6
20.1 bcde
22.5 abode
2]-.6 abcde
2O"5 abcde
L6.4
L2.2

gh

lt
Jkl

ijk
hi

ijkl
mn

k1
hi

hij
1m

n

0
0
o
0
0
o
0

50
5O
50
5o
50
50
50

L5o
L50
r50
150
L5A
150
L50

cdef
efg

fgh

def
cdef

Note:# Any yield values ¡cith the sane letter are noü
different at the 516 Level

x+ Remorral with pre-emergent herbicÍdeffi Bemoval r+ith post-emergent herbicide

significantþ
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Weed - Free Check

50 Wild Oots Per

IOO Wild Oots Per
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Yord
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E
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f
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o
J
t¡Jt
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STAGE
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Stoge Stoge Stoge

of WILD OAT REMOVAL

The Effect of Sfoge of W¡ld Oot Growth

Removol on Yields of Flox , 1965.
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V.

The purpose of these e)eeri-ments was to deterntne the nost optÍm¡n

seeding d¿te for flê>c in order to reduce losses fron r¡ild oat competition.

Data are presented in table XI and XII and comesponding histograms ln
:.'', Figure 13 and 14. In 1964, the highest flax ylelds of 18¡4 bushels per , .,.,.'

acre were recorded nhen seeded on Þlry 22. Yields steadiþ decreased, as

seeding rvas delayed ar¡d tbe fjnal seeding date, June lJ, yielded onþ

,' IOr3 busheLs per acre. IieLds deali¡ed very rapídþ as seed.i.ng r,ras ' ,

delayed and wtrere rrild oat populaùions i.ncreased.
'': dL- -.- 

- ---the optimu seedfu.rg date in L965, under weed-free condltions,

appeared to be on June 7. Flax ylelds deoreased with delayed, seeding,

but nst to the sa,me degree as occumed Ín 1964. Results from this

ercperinent further substantiate that fla¡c is a very poor coûnpetitor irÍtb
: lrild oats" For exanple, a treatment containing only 50 wild oats per

i sqluare yard and, in whi.ch the fl,ax plante emerged three days príor to

wild oat emergence, still suff,ered. a yleld reductlon of aLmost I bushels

' per aerer lields of fLax, when ¡rild oaüs !úere allowed to emerge prior

:::: to the fLa¡(r decreased to virtualþ nothlngr The results fnrther suggeet ; ::. .:l

that earþ seedlngr and r,¡ild oat conùrol at an earþ stage are essential. .. ..:.:.'
':,,':. to the successful production sf a fLax cropr . 

'
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SUMMARÏ AI{Ð OONCIUSTOTE

This project rrras desÍgned to study various aspects of 1rild oat

conpetÍtion in wheat and flax. Ttre maln purpose r¡as (a) to detelsÍne

the effect of various densities sf wiJ-d oats on wtreat a¡rd flarr grown on

sumerfarlow and süubble land, (b) to deternine the effect of soÍl

ferüi]-íty on wild oaù competition rriüh wheat grown on sumerfall-ow ar¡d

stubble land, (c) to deternine the stage of growth of ¡sheat and fla¡c

when rrild oat competition connences arrd (d) to deterrÍne ùhe effect of

seed5.ng date on the conpetition efficiency of fla:cc

Ðensiùies of o, Lo, ilat ?or 1o0r 130, róo and L9o wÍld oats per

squa$e ¡rard tære established Ín wt¡eat ¿nd flax to dete¡sine the effect

of this r"æed on crop yields and oüher agrononic factorsr The e:çerl*

nents were duplicated on su¡¡merfallow and stubble lard* In 1_gólr. only

10 lrild oat plants per square yard r,ære needed to significantþ reduce

the ¡zield of wheat wtpn no fertilizer vras added to the crop and when the

erçerÍ-uent was conducted on sumerfallor'r* I{oræver when ühe crop received

the benefit of a co¡uuprcial fertilizer treaünenù i-t took 4O wild oat

plants per square yard. to signíficantþ reduce wt¡eat yield.s6 In Lg65,

40 Ïrild oats per square yard were needed to reduce r.rtreat ylelds regard*.

Iess of fertili,.zer treatrnent¿ lrihen siñi]¿¡ erqperiænts ¡rere conducted

on stubble lar¡d, the j.nflLuence of a connþrcia1 fertilizer treatnent, Has

l¡ore pronounced* rüith 16-20-0 ferùilizer at 100 pounds per acre, t0 to
40 wild oats reduced yields significant\r, ¡'¡?rereas wlthout the benefit

of fertilízer densities of 7O and 100 lÉld oats pr square ¡rard were

needed to suppress wheat yields significantly* this irßdicates that on

süubble land soil ferùility ï¡as a aore ilFortar¡ù factor ttran moderate

densfti-es of wlld oats in dete¡mi¡ring eventual cr"op yieldsç In all
e:rperi.ments, wild oats reduced the nruober of üj.llers produced per pilant,
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but did not significantly effect the proteín content of the hanrested

grain¡

Sinilar e:<perinents r¡¡ere conducted with fIæc on sunmerfal Ìow and

stubble landr In 1964 and 1965¡ 10 Trrild oat plants per sqlrare yard roere

sr¡fficient to reduce flax yields slgnificantly on both the sr¡roerfa1low

and stubble land erçerinents¡ This confÍrns the general obsenrations

that flalc is a poor conpetitor with weeds*

ïn attenpting to determÍne the tirue when competition begins the

experirnental results suggest that u:lld oat coqpetition connnenced prior

to the 2 to 3 leaf stage i¡r 1964 and perhaps prÍor to the 1 to 2 leaf

stage in lg65t partícularly with the Ìrigher densities of wild oats* The

fuJ"l inpact of rviLd oat conpetÍtion had occurred by the ti-re the 5 to 6

l-eaf stage had been reached in 19ó4 a¡rd by the tíme the 7 to I leaf

stage had been reached in 1965,

In sinÍlar e:cperinents conducted raith flax, severe conpetitÍ.on had

cornnenced prÍor to the 2 i,o 3 leaf stage in 196l¡, and prior to the I to

2 leaf stage of rrild oat growth in 1965# In both years, the narci-uun

conpetitÍ.ve effects had not yet been reached by the ùi¡e the wild oat

pJ.ants r,.¡ere in the shot-blade stage,

In the fina-l serÍes of experirnents (¿) ttre results srrggested

optimn seeding date is, perhaps, the latter part of May or the first
weed of .Iune, as fIæc yield reductions due to wild oat conpetÍtion ¡rrcre

very severe in the later seedÍ.ng dates+
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Appendix 1

.Analysis of Variance. The effect of varíous densítj.es of
nild oats on the yield of ¡vheat grorún on su¡merfalloiu, 196t+

Repl:lcates
FertÍIizer
Error A
Main Plots

Ðenslties

Error B

Total

Ðensities x fertili.zer ? 2O.9h 2.63*

3 ló.98 .391 33"L8 .77
3 l+3.38
7

7 262.79 33,05#

h2 7.95

63

*rÊ $igpÍficant at 1Í leve1 of probability
')ú Significaat ab 5fi level of probability
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Appendix 2

The effect of r¡arious densiti,es
of wheat, grolrn on surunerfal-lowr

of
L965

3
I
3
7

7
7

ta

63

79,O3
99,76
2.9

2O5*A?
56.34

277.61+

37.35*íc
3h.55ffi

3L..ozx+
.82

xx Signtfieant
â+ Slgnificant

Ienel of probabitity
level of probabilÍ.ty

et Lfi
aþ 5fi

Replicates
Fertilizer
Error A
tr4ai¡r Plots

Ðensities
Densitles x fertllizer
Error B

Total
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Appendirc 3

The effect of various d,ensities
of wheat grown on stubble Iand,

of
L96t+

Replicates
Fertilizer
Error A
Main Plots

Ðensities
Iþnsitiee x fertillzer
Error B

Total

3
I
3
7

7
7

l+2

63

33,58
2ø3,06
n "77

L?2*W
6.14
7 ¿57

L.3g
?.3LM'

L6.t3t*
,81

*x Significant
* $fgnificant

level of probability
level of probabiJity

at Lfi
at 5%
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AppenùÍx À

llnaþsis of Variar¡ce. The effect of varioue denslties of
rrild oats on the yield of uheat grown on stubble land, 1965

Repllcates
Fertilizer
Error A"

l{ain Plots

Deasiti.es

Enror B

Total

Densities x fertilizer ? 41.89 8.64#*r

3 L7"86 .l+21 4r.óO .97
3 42.80
7

7 4roo14 8l+.56+x

4Z 4.85

63

*rr Significant at Lfi level of probability# Significant at 516 level of probabíIíùy
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Àppendi:c 5

Analysis of Varia¡lce¡ the effecü of stage of wild
oat growfb at the ti¡e sf removal on wheat yie1d, t9ó4

$ource of Variance Ð"F" M.S" F _

Replicates
Density
Error A
þIain Plots

Stages
$tages x densíty
Error B

Toüa}

3 h5o78 3o3L
3 95L.hz ó8.84xx
9 L3.82

L5

5 r5L.27 Jh.59#*
L5 2?.1+9 2.65
ó0 Lo.3?

95

¿nx' Significant at, Lîl level of probability.
* SÍ.gnifican+, aþ 5fr level of probabili.ty
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Appendix ó

Analysís of VarÍanee" The effecü of süage of wÍld
oat gronbh at the tine of removal on wheat yie1d, 19ó5

Replicates J ZLgJ& Zg,ltJ#HF.Density 3 ó04s18 8o.99xx
Error A I 7,1+6
Main Flots t5

Stages 6 50.81 5.49*
Stages x density 18 l4.OO L5l
Error B 72 g*2?

Tota,.L 'l1I

*x Slgniftcant at 1Í level of proba;biltty* Significant et, 5f6 J.evel of probablliüy
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Appendix ?

of Variancer The effect of
of removal on protei¡r content

stage of wild oat gror,rbh
of wheat seed, 19ó4

Replicates
DensÍty
Error A
Main Plots

$tages
Stages x density
Error B

TotaL

3
3
I

L5

5
5

ó0

95

.05
5"58

"02

3.h9

"60
ruo3

2"78
3r0.00xn

109.0ó**
l8.75xat

a# Signifiaant
* SignÌ.ficant

Ievel of probability
level of probabÍlity

at 1É
ar 5fi
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Appendi.x I

AnalysÍ.s of, Variance. The effect of stage of wild oat gronbh
at ti.ne of removal on protei¡r content of wheat Eeed, 1965

eD
Replicates
Density
Enror A
Mai-r¡ Plots

3
3I

L5

,02 1.00

'14 ?*oÛx*'
*02

$tages 6 5"L5 JJ4l o1¡þr"*-
Stages x density 18 o82 Zj.l+j#
Error B 72 .04

Tota]- 111

# Signlfieanù at l,É level of probability* Significant a+, 5fi level of probability
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Appendf:c 9

Anaþsis of Variar¡cee The effect of r¡arlous densities of
wild oats on the yleld of flax grown on sunmerfaJ.lor, I9ó4

Source of VariA¡¡ce Ð.F, M.$" F

Beplicaùes
Ðensities
Error

TotaI

3 26,77 6*Ð#
7 L63.33 laoOtr*

2L 3,gg

3t

*åÊ Sigrúflcant at l"% level of probability
n $ignificant at 516 level of probability

Appendix 10

l\,naþsis of Varia¡ree, the effecù of various densities of
wild oats on the yield of fl¡x grown on er¡amerfallow, 1965

Iìource of Varianc_e Ð.Fo M.$* F

Bepllcates
DensitieE
Errsr

Tsta].

3 3.5L 
"657 t9of59 35+Laxx2L 5.1+3

3L

*++'$igrúfica¡rt at 1$ level of probability
* Signifieanü al 5fi level of probabiltty
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Appenùix IL

Analysis of VarÍance. The effect of narious densÍties of
wild oats on ühe yield. of flax grorm on süubble land, 1961¡

t.: :.:.ìf

RepJ-icatee
Ðensities
Error

Total

2.20
5"1+Y*

3
7

2L

3t

5"9L
u"52

2*68

*x SignÍficant at LÉ level of, probability
* $ignificant at, 5fi }evel of probability

appen4ix 12

.Anaþsis of Varia,uoec The effect of v¡ri.ous d,ensltiee of,
wild oats on the yteld of fl¿x groun on stubble land, t9ó5

Replicates
Densities
Error

Total

3
7

2L

3t

l+r]-1
7Oot9
L"hz

2*9L
l+9.9W

#* SÍgni,ficant at LÉ level of probabiliüy
x $ignificant ai 5îâ leveL of probability
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Appendíx 13

Analysis of Variancec The effect of stage of rild
oaù growth at the ti.ne of removel on flai yield¡ l9ó4

RepU,cates
Density
Error A
Main Plots

$tages
Stages x density
Error B

Tota].

3 L95.66 6.jæx
3 2@o36 6.67x+
9 3O.O3

L5

5 IL8.oó ?A.Lgl*xL5 L5.5L 3.19*.60 4"88

95

# lienificant at 1$ level of probabilltyx $ignifÍca.r¡t ab 5fr 1evel of þrobabiliti

t_:: rlt-
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A.ppendfur lJ¡

Anaþsls of Var:lance. The ef,fect
oat gror+th at ùhe ùine of renor¡al

of stage sf rrÍId
on flei yield, 1g6!

ReplÍcateo
Densitles
Error A
l4ain Plots

$tages
Süages x density
Error B

ToüaI

3
3
9

r5

6
18
?2

111

rL9012
hl4J+e?L
2?.68

191.04
24195
3"66

4*30
L6.o7+x

49J+6#
5.7#

# $ignificant
* $ignificant

level of probabitlty
level of probability

aþ Ifi
at 5fi
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Appendix 15

Arnlysís of varianceo The effect of nild oat oonpetition
on the yield of fl¿x folJ-owing narious seeding daies, 196l+

D

7,9L
37L.33

ó"91

21óo38
3*h3
3.6o

F

1.1ó
5l+.5W

60.ILrÉx'

"95

j

Eeplicates
Densities
Error A
Main Plots

Dates of, Seeding
Een. x Dates of Seedíng
Error B

TotaI

3
3
9

L5

3
9

36

631

æ¿ SfgnùfÍeant
* $lgnificanù

Ieve1 of probability
Ievel of probabÍlity

?T Lfi
ar 5fi
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Appendix Ió

Anaþsis of Varianceo, The effect of r¡ild oat competitlon
on the yield of frax forlorving various seedíng ¿aües, 1965

fteplJ-cates
Eensities
Error A
FhÍn Flote

Ðates of Seedi,ng
Ðen. x Ðates of Seedlng
Error B

Total

3
3
I

L5

3
I

36

63

19,85
786*2A

1.91

86"53
L3"l+5

.3b

IO"39xx
lr1rr6¿xo

254.54¡r+*
39'56ãj*-

# $igpificant
& $igrùif,iesnt,

level of probabillty
leve1 of probabiLity

at, Lfr
ar 5fr


