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Rother, Wes1ey. M.Sc.,
The Effects of Increasin

ABSTRACT

The UniversÍty of Manitoba, l4ay, 1986.
Densities of Volunteer Cereal_s on the

Growth and Yield of FIai Linun usitatissimun) and Canolã
( Brassi ca napus )
Majon Pnofessors: George Marshall_ and Ian N. Morrison

Fi erd t,rials were conduct,ed at portage ia prairie ( 19g2 ano

1983) to determine the effects of Íncneasing densitiês (0, 7.5, j5,

30, 45 and 6otn2) of vol-unteer wheat (lritieun aestivun) or

volunteer banley (Horder¡n vulgare) on the grovrth and yieJ_d of f l_ax

(Linr¡n usitatissimr¡n) or canola (Brassica napus ) . Constanr

densities of wild oats (Avena feluq) at 3O-35/m2 and gneen foxtail
(Setaria viridis) at 150-180/n¿ were also seeded to simuLate a $ieed

flora which might occur under normal farming pnactices. The

graminaceous weeds were selectivel-y nemoved wit,h henbicides in onder

that erop growth and final yield could be assessed in the presence

and absence of weeds. Both the shoot vegetative dry weight and the

seed yield of flax and canola were increasingly reduced as volunteer

density increased. The greatest incremental reduction in oil-seed

yield oceurred between the weed-free situation and the finst densit,v

increment. vorunteen barley was more competitive than wheat in bot,h

crops. At densities of only 15 volunteer barLey plants/nz Lne yierd

of flax was nedueed by 35{" and 44% (1992 and 19g3, respectivety),

signfficantly higher than comparabLe reductions of j zl"-and 1\% (1ggz

and 1983, respectively) recorded in canola. The accuracy of
predÍctive assessments of the potential yield reductions caused bv

volunteer barley or wheat was influenced by the pnesence of mixed
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weed populations (including green foxtair and wild oat,s) and the

weather throughout the season. The nesul_ts obtained courd be used

to determine the cost/benefit relationship where known volunteer

infest,ations are to be selectivery controlled in croÞs by

gramini ci des .
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1. INTRODUCTION

Flax (Linun usitatissimun) and canol-a (Brassica.napus) are two

import,ant oil-seed crops grown in Canada (Tabtes 1.1 and 1.2). More

than 75% of Canadian flaxseed pnoduction is exported as seed.

canadian flaxseed is well received on t,he wonld market because it

has a higher oil content and iodine value than seed produced else-

where (Anon. 1976) . Canola is a major oilseed cnop gnovrn in Western

Canada. Fon Canada, canola has become t,he third most vaLuable field

crop, following wheat (Triticun aestivr¡n) and barley (Hordeirn

vul-gare) and ahead of flax (Adolphe 19?4). Canola has changed

canada's position from a net importer to an exporter of edibre

oilseeds (taOle 1.3).

Table 1 .1 Val-ue of production of principal cçops for
Manitoba and the prairie provincesr .

Mani toba Prairie provinces

Crop 1 984 1 983 1982 1 984 1 983 19Bz

($ fooo,ooo)

r¡rrheat 61 1 593 569 3g9Z 4059 31 10

Barley 216 191 227 1169 t1O8 1100

Canola 1 09 152 I 90 59U gT0 1 1 06

Flaxseed 1 04 96 1 31 1 81 1 U4 213

'1Anon. 
(1984a, b, e)



Table 1.2 Area planted to prÍncipal.crops in Manitoba
and the prairie provinces' .

Mani toba Prairi e provinces

Crop 1 984 1 983 19gz 1 994 I 983 lgïz

('000 ha)
hrhear 1801 1962 1619 11332 12161 11069

Barley 728 208 809 UjoT 3905 UT 1 u

Canola 486 384 344 zg9\ 22\6 lTzo

Flaxseed 405 304 364 TOU 431 627

lAnon. (1984a, b, e)

Table 1.3 VaLue of principal crops exponted
from Canada' .

Crop 1 984 1 983 1982

- 

/{ r^^^ 
^^^\\ V vvv t VVV

47og 46trg ' 4zg7llheat

BarI ey

Canola

Flaxseed

oJo

648

168

815

u?2

186

886

419

137

lAnon. (1984f)

-Both flax and canol-a are adapted to b¡arm, moist, regions of

western canada and ane capabre of producing high yields of seed

(Table 1.4). Methods of crop productÍon and equipment for sowing,

harvesting and threshing are the same for frax and canola as for



Table 1 .4 Avenage yields foç pnincipal crops for the
nnrinio nnnr¡in^ocl

Crop 1 984 1 0R? 1 982 Av 1O r¡o:n

lüheat

Bar'1ey

CanoIa

Flaxseed

r)o /

21 0R

1 080

960

/<I^

I UJ)

( xezha )

¿t¿)

2700

a 444t¿l I

1 167

1 849

¿L++ |

1 182

998

lAnon. (1984c, d)

othen small grains such as wheat and barley. Oilseeds are especi-

a1ly well s'uited to notation with wheat and barl ev onôns ll.oøoeoov

1982). However, t,he shedding of small grains due to excessive

combine-openating speeds and the straw trail may produce an

overwintering seed reservoir. such a resenvoir may nesul-t in

vorunteer cereals as a enop weed the folJ-owing spring. cussans

(1978) reported that a 0.75-5.0% loss in cereal- seed during hanvest

could reuslt in 70-470 potential volunteer planls/nz. Volunteer

cerears have been shown to compete wifh the crop being produced,

interfere with field operations and reduce the marketability of t,he

cnop (Soper 1978).

Historically, vorunteer cereaLs have noi been consÍdered to be

a problem in oilseed production: emphasis was on the contnol of

weed such as green foxtail (SetarÍa vinidÍs), wild oat (Avena fatua)

and broadreaf weeds. However, in the last decade, the advent of new

generation sel-ective granÍnicides (e.g. diclofop-methyl, flamprop-
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methyl, sethoxydim, fluazifop-butyl) fras resulted in a trend away

from summerfall-ow and delayed seeding as a means of weed contror !o

a mone eontinuous eropping scheme. The acreage of frax and canol_a

seeded into st,ubble is much greater than those seeded on

summerfallow (table 1 .5).

T:hle 1 6 Percentage of flaxseed and canola. seeded
on summerfall-ow fnom 1976 T,o 1985'.

Mani toba PraÍrie provinces

Year Canola Flaxseed CanoLa Flaxseed

(1")

197 6

1977

1978

1 979

1 980

1 981

1982

1 983

1 984

19852

48

40

</

</

3t
1/

to

1g

1q

12

IY

rl

to

rJ

t¿

9

7

7

I

4

oJ

59

)o

64

44

+¿

41

35

\6

53

48

44

44

40

34

31

35

1 Anon. ( 1 984c )

2Es t imated

This change in farming practices has resulted in an increased

pnominence of volunteer cereals in crop production anci wéed control

stnategies. rn cereal-oil-seed rotations in Manitoba, vorunLeer

wheat or volunteer barley frequently occurred in frax and canola

fierds (Tabre 1.6). rn the 1981 weed survey of curtivated Land in



Table 1.6 Ranking of the top 30 weed species fnom lhe
Manitoba survey of cultivated land, 1982' .

Rank Snani aq Rank -Qnoni oq

1 Green foxtail 16 Bluebur
2 tüild oats 17 Hemp-nett,le

3 Wild buckwheat 18 Fietd honsetail
4 Smartweed 19 Thyme-leaved spunge

5 Canada thistle 20 Shepherd's-purse
6 Lambrs-quartens 21 Volunteen wheat

7 !,¡ild mustard 22 Cow eockle
8 Sow thistle 23 Volunteer barley
9 Redroot pigweed 24 Prostrate knolweed

1 0 Catchf l- y 25 Dandel_ i on

1 1 Stinkweed 26 Round-leaved mallow
12 Quackgrass 27 Dog mustard

1 3 Barnyard grass 28 Chickweed

1 4 Volunteer fl-ax 29 Black medic

15 Russian thist,le 30 Rose spp.

1Thor"" (1982)

Manitoba (Thomas 1982), volunteer wheat and vol-unteer barley nanked

as the 11th and'l4th most abundant, weeds in frax and 8th and lTL|n

most abundant weeds in canora, respectively. l,¡ild oats and green

foxtail ranked first and second, respectively.

Volunteer cereals are well_ adapted to present agronomic

pract'ices, having been bred specifically for crop production.

volunteer cereal-s compete welJ- for available nutrients, waten and

light thereby reducing yÍe1ds and interfering with crop production

(Anderson 1976). GnamÍnicides (e.g. dichofop-methyr) until recently
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did not, seleetiveJ-y control volunteer cereals in oilseeds. However,

new herbieides such as sethoxydÍm and fluazifop-butyr, have enabl-ed

farmers to control common grassy weeds (wird oat and green foxtail)

as well as voLunteer cereals in flax and canola.

Researchers ult,imately wish to be abl-e to predict yierd reduc-

tions due to weed competition before they occur and in this way to

cost the economic neturns to be gained from weed control- pracLices

and in particular the use of herbicides. Friesen (i967), speaking

in vienna, posed a series of weed-crop ecology questions with negard

t,o the understanding of any weed species (Appendix 8.1 ). For many

major weeds which neduce cnop yields, information is insuffÍcient to

pnecisely calcurate expected reductions as demanded by Fniesen

(Sagan 1 968) .

This 4seanch was undertaken because no information reganding

growth and yield rosses caused by volunteer ceneal-s in flax and

canol-a was avairable. The primary purpose was to determine the

effects of increasing volunteer wheat and volunfeer barley densities

on the fÍnal yield of flax and canola. The resuLts obtained might

provide oilseed growers with a measure of the cost-benefit

reLationship where vo.l-unteer infestations are to be controrled by

herbi ci des .



2. LITERATURE REVIEW

!'leeds in crops reduce yields by competiting for nutnients,

moisture, light and space (Clements et aI. 1907). The growth of

such plants.in a multispecific community is infl_uenced at some or

all st'ages of development by biological and physicar processes which

are fnequently referred to as competition.

2.1 Definition of Competition

The literature on the subject of competit,ion is vast and is

equalled only by the number of defÍnitÍons given to the word (e.9.

de l/tit 1960a; MiJ.thorpe 1961; Donat-d 1963; Harper 1964) . The

definition of competibion put forward by clements et at. (1929)

remains a elassic in the study of the plant world. It was stated

that competition is punely a physical process. Competition arises

fnom the reaetion of one plant upon the physical factors aboub it in

relationship to another p1ant. Clements further clarified this idea

by suggesting that competition between two plants does not take

place as long as the water content, the nutnient material and the

light are in exeess of the needs of both. Thus, when the immediate

supply of a single necessary factor fal1s below the combined demands

of the plants, competition begins.

The term competition, however, remains open to furthen inten-

pretations. Harper (1961) noted the term's strong association with

human aetivifies such as sports and with certain principles of

economics and its lack of scientific meaning" Ha1l (197u) stated

that compet,ition is often used to describe ecologicar and agronomic



ö

phenomena in a rather loose manner with little scientific

foundation. Hall further acknowledged that, this might lead to a

misunderstanding of the actual processes involved.

2.2 Competition Vs- Interference

Harpen (1961, 1964, 1977) Ín a serÍes of papers proposed the

use of finterference' as a substitute for competiti.on. Harpen

intended this new term to comprise arl changes in the envinonment

brought about by the proximity of individuaLs. Interference wouLd

also include the effect of neighbours due to the consumption of

resources in limited supply, the production of t,oxins or changes in

condit'ions such as pnoteetion fnom wind and influences on the

susceptibility Co pests and diseases. Thus, plant interference

nerates to the nesponse of an individual plant on plant speci.es to

its total environment as this is modifÍed by the presence and/on

growth of other individuals or species.

Competition itself is only one faeet of intenference between

plants. However, at times it may be the most dominanf. competition

is the mosf commonly used term in agrieultural literatune

(Glauninger and Holzner 1982).

2.3 Non-competitive Vs. Competitive Competition

Competition, or interference, can be partitioned into two

processes: non-eompetitive and compefitive compet,ition (Hal1 1974).

Non-eompetitive processes occur when one species modifies the right

and temperat,ure microenvironment of anofher by virtue of its

differential growth characteristics. The growth of the associated
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specÍes could be eithen reduced because the level of illuminance

became too low for optimum gnowfh, op, in some cases, encouraged

because the plant was intolerant of high illuminance 1evels.

Competitive compet,ition is competition in the strictest, sense of

what is avail-able: nutnients, Iighf and space. Perhaps the use of

indirecl and dinect competition would be more appropriate. However,

research is often focused on t,he effeets of competitive (direct)

compefition.

2.4 Approaches to Studying Competition

Weed control measunes are focused directly or indirectly on

improving the competitive ability of the erop wit,h respect to t,he

weeds. Spitters and van den Ronoh (1aR)l rrlygg¿f,gcl a sysLem-

analytical approach for studying competition. Thein idea was ro

analyze the system as a who1e. Such an approach would be

particuLarly useful in obtaining an outline of the rel-ations withj.n

the system, their stnucture and rel_ative importance. They realized

that a simulat,ion model, vrhen developed, would enable t,he prediction

of results of situations not yet t,ested.

Researchers have three majon appnoaches for st,udying

competition: additive experiments, replacement experiments and

experiments designed to simulate competition in time. Other model-s

are usuaLly hybrids of these.

2.4"1 The AdclÍtive Model

Additive experiments are most commonJ_y used by nesearchers

known population of a weed is added to a known crop population.

A

rt,
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is common to express crop yield in weed infest,ed plots as a

percentage of weed-free yield. This model- is useful in helping

anshrer the mosL common agricultural. question,rfwhat will a given

weed density do fo my cnop yield?'r However, the main disadvancage

of this appnoach is the rack o.f adequate mat,hemat,icar models to

quantify and quarify the result,s of competit,ion and t,o make predic-

tions of various competifive situations (oe wit and Baeumer 1967).

2.4.2 The Replacement Model

The second approach is the use of a replacemenL on substitut,ion

model-. Here, a monoculture of species A is progressively repraced

with those of species B until a monoculture of t,he latter is

obtained. Many mathematieal models have been developed by de l,iit

and his colreagues Ennick and van den Bergh in a series of papers

(de wit 1960a,b; de lüit, and van den Bergh 1965; de wit et ar. 1966;

van den Bengh 1968) in attempts to quantify the eompetition effect,s

in replacement expeniments. Trenbath (1928) and Spit,ters (19g0)

have both shown that de wit's model published in 1960a is the mosc

adequafe. The major drawback of this expenimentar approach is that

it does nof direetly coincide with practical weed probtems in the

fi etd .

2.4"3 The Dynanic Model

-Baeumer and de lfit (1968) developed a model for dynamic

simulation of competifion, the third approach availabre to
researehers. This model was used to predict the competitive

nerations in a mixture of species at any gÍven time on the basis of
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parametens derived from a spacing expeniment with the species grown

in monoculLures and hanvested at set intenvals. The model is based

on the hyperboric relationship between biomass and plant densit,y.

As the degree of curvature increases, t,he species occupies a greater

pant of the availabre space. The authors used 'space' to embrace

all gnowth requisifes including light, water and nutrients for which

the species compete. The species which is able t,o oecupy the avaiL-

able space at an earl-ier time will be t,he stronger competit,or. The

model has been tested by Baeumen and de !'iit (1968) with mixtures of

oaLs and barJ-ey, oats and peas, long and short peas, by de wit
(1970) with a mixture of two barrey cultivans, and by Rerkasem

(1978) with mixtures of wheat and ryegrass. rn these experiments,

the model gave satisfactory pnedictions of the competition effects

obsenved.

2.5 Competition Experiments

clements gg al. (1929 ) studied interplant competition. They

cited four points eoncerned with a plant,'s competitive abiì_ity: (1 )

duration or penennatÍon--owing its effeets to occupation and height;
(2) rate of growth--most effectiveJ-y expressed by expansion and

density of the shooL and noot systems; (3) nat,e and amount of

germination--initial advantage; and (4) vigour and hardiness--

ability to survive under stress. Most competition studÍes t,end lo
focus on one or more of these points

Thomas Pavrychenko provided the foundation for many of the

principles of modern weed scienee through classic studies (Bubar and

Morrison 1982). rn one study,. he quantified t,he relative distribu-
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tion and lengths of noots of many prant species. pavlychenko and

Harrington (1934) oerined plant eompetition as a powerful natural

force tending towards the limitation on extinction of the wearer

competitor. The species on variety which j.s able to utilÍze the

environment most efficient,ry attains compet,itive supnemacy.

Pavlychenko (1935, 1937 ) extensively studied annuaL weed and cereal

cnop competition. cereal crops f¡rere found to vary in their
competit,ive effÍciencies. Barley was the most eompetitive smarl_

grain followed by rye, wheat and oats in descending order. Flax was

the poonest competitor. This ranking has been confinmed by ot,hen

researchers (Bowden and Friesen j967; Bell and Nal_ewaja 196ga, b).

Canola was not included in any of these studies.

To further quarify the nel-ative competitive abilities of the

ceneals' Pavlychenko and Harrington (1935) studied thein respective

root systems. The authors provided evidence of a close eorreLation

between competitive efficiency and development of the root system:

barley had the most competitive root system while the other cereals

foll-owed in the onder as mentioned before. rt was also observed

that plant competir"ion did not take prace whene the plants were

spaced flar enough apart t,hat their root systems did not meer

underground. competition was, however, observed as soon as the

spacing between neighbouring plants was reduced to the extent that

their noot systems began to overlap. rt can be surmÍzed that Ìevels

of wâter and nutrients, important environmental factors (crements et

aI. 1907) would be less than those required by the competing root

sysfems. vengris et al. (1953) reported that large quantities of

major nut,rient elements absorbed by weeds are the limiting factor in
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crop production.

l{ater and nutnients are available only at certain times and in

centain quantities in the soil zone. A farmer is able to manipulate

and optimize these only to a rimited extent. However, the amount of

avaiLable right, is a constant value to Lhe aeriar portion of the

plant. weeds can compete with cnops for 1ight, by growing faster and

highen, developing larger reaves and utilizing climbing devices

(Fogelfors 1972). Goodwin (1984) studied t,he effects of companion

crops, flax and rapeseed, on Lhe light penetration to alfalfa seed-

lings over the growing season. Goodwin noted a shanp decrease in

right penetration to alfalfa seedrings in plots sown to either

companion crop. The greatest amount of light neduction occunred 5

weeks after crop emergence. Flax reduced right, penetnation Lo 25%

of fu]l sunlight and rapeseed to onry 9%. Rapeseed reduced right
penetration to a greater extent than frax throughout the growing

season.

The use of different models and approaches fon studying compe-

tition fall under the umbrerla of expenimental ecology. rt has been

proposed by Donard (1958) tnat growth faetons such as right, waten

and various essent,iaL nutrients may be interrerated. Thus, resurts

obtained flnom competition research are difficult to intenpret and

fheir apprications may be limited. Donald neported nesults from

which he concluded that an intenactÍon between light and nutnient

competition was evident. However, other researehers (t<ing 1971;

snaydon 1971) using similar techniques were not, able to arrive au

the sane conelusions. It stÍ11 remains debatable whether differenu

faetors do actually ,interact' or are merely additive (Halt lgTu).
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2.6 Volunteers As Weeds

A vol-unteer ceneal ean be defined as a cereal plant growing as

a weed in a subsequent crop. several conditions can Lead Lo a

volunteen crop pnoblem, (l) shattening of the cnop prion to

harvest, often accentuated by Iate swathing; (2) grain passing

through the combine; (3) poor germinat,ion of the preceding crop; and

(4) poor germination of shattenerl ønain in lhe falr or before

planting in the spring.

Klinner (1979) tras described how losses occur before harvesc.

A standing crop is subject to progressive shedding and deterior-
ation. Actual harvest,ed losses also incnease wÍth time regardless

of t'he harvesting method used. Thenefore it, is eeonomically sound

to plan for minimal delay after the crop has reached maturify--

factors which slow down the speed of working of a normar combine

would contribute to the losses as much as would the use of slow

working machines (Be1t 1977).

some grain crops lack dormancy mechanisms. Moist, eJarm

conditions will eause most crop seeds to germinate befone the next

crop is planted. vorunteers usually suffer fnom winter kill or

uprooting by various tillage operations. However, cussans (192g) in
the united Kingdom found some volunteer cereal_ seeds were abl_e t,o

genminate up to 1 4 months after seeding.

2.T FIax

Pavlyehenko and Hanrington (1935) demonstrated flax to be a

poor competitor with weeds. Tests eonducted in Manitoba (Fniesen

and Shebeski 1960) showed average yieJ.d reductions of fLax due co



t?

mixed weed populations ulere 27, 31 and 22% for the years i956 to

1958, respectively. Yield losses due to weeds wene consist,ently

greater in flax than in barley, wheat or oats.

Gruenhagen and NaJ-ewaja (1969) studied compet,ition between wild

buckwheat (PoIygonr¡n convolvulus) and flax at various locat,ions in

Nort,h Dakofa. Maximum yi.eld losses of f lax sown at ta7.2 kg/ha were

11.1 and 12.\ bu/ha duning 1964 and 1965, respectively. r/,liId

buckwheat densities bet,ween 5.4 and 10.8 plants/mZ reduced flaxseed

pnoduction as much as did higher wild buekwheat densities of 216
ôplants/m-. However, t,he pereent yield reduction caused by P.

convorvuLus appeared dependent upon flax stands and their abirity to

withstand the stresses of compebition.

Wild oat compet,ition in flax was studied by Bei-I and Nalewaja

(1968a). Averaged over two locations and two fentil-izer level-s, 6Z

wil-d oatlm2 reduced yield 60.1% in 1964 and 1J4 plant,s tnz oy Bz.t

and 86.1jÚ in 1965 and 1966, respectively. Flaxseed yield compon-

ents, including bolls/m2, plants/m2 and weight/1000 seed vrere

reduced by wild oat competÍtion. A reduction in the number of

branches and boJls /m2 accounted for gO.T% of the yield loss.

Similar yield reductions of flax due to wild oat competition

vras reported by Bowden and Friesen ( 196T). Eight wild oats/m2 were

sufficient to reduce yields significantly on both summerfallow and

stubble 1and. Severe competition !{as found to have already occurred

prion to the 2-3 leaf stage of the weed in 1964. eompetitive

effeet's increased drastically with time and with wird oat density.

In 1966, a high rainfal-l- year, yield losses did not become

significant until wild oat density reached 33 plants/m2. The
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nesults suggested that wild oat control at an eanly stage was

essential t,o the successful production of a flax cnop.

Other researchens have conducted varying weed-enop compelition

studies and have obt,ained similar results, alI indicat,ing the

neratively poor competit,ive abirity of flax: Atex (1968) with eow

cockLe (Saponaria vaccarÍa), Burrows and Olson (1955) with wild

mustard (Brassica kaber), Dew (1975b, 1978a) with tantary buckwheat

(Fagopyrun tat,anicun), and Alessi and Power (1970) with green

foxtail. It can be concluded from the fonegoing review that flax is

less competitive than any of the cereal cnops. Although canola was

sel-dom incl-uded in expenÍments, the rel-ative competitive abilit,y

woul-d be expected to fall between that of flax and nye. The

distinction between the competitive abirities of the cnops, however,

is not as well defined and resulLs have vanied with different

climatic and cultural conditions.

2.8 Canola

The literature available on canola-weed competition is limited.

The majority of studies are reported annually in the !,lestern Section

of the Expert Commit,tee on Weeds.

competition work done by Dew with wil-d oats, t,antary buckwheat

(1975a, b) and wil-d buckwheat (1977) proved to be inconsisfent,

often due to adverse weathen conditions nesurting in enrat,ic seed

germination and poor competition. Similar resuLts were-Feported by

Keys (1975) wonking with wild oats. However, the data colrected by

both researchers indicated the relative abirity of canora to

withstand weed competition as compared to other crops.
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Separate expenimenfs involving tartany buckwheat competition in

canola (Dew 1975b) and flax (Dew 1978a) showed that, a minimum of 150

tartary buckwheat plants/m2 was nequÍred to cause a highJ-y signifi-
eant yield neduction in canol-a. However, only 25 tarlary buckwheat

plants were required fo produce the same effect in flax.

The influence of various densities of volunteen barrey on

canola yields was studied by de St. Remy and o'surrivan (19g4).

Westar (Brassica napus) and Tobin (q. campestris) yieJ_ds were

reduced proportionally as the density of volunt,eer bar]_ey was

increased. Losses were gneater in vlestar than in Tobin when

volunteer banley r¡ras present at a similar densicv.

Hühn and schuster (1975) quantitativery estimated the

competitive effects of neighbouring plant,s in winter rape (8. napus)

populations. They found that t,he yield eomponents plant height and

number of kernels per siliqua vrere insensitive to competition.

However, grain weight pen pJ-ant, number of siriquae per plant and

100O-kernel weight were very sensitive to competition.


