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ABSTRACT

Bubar, Carol Jean. M. Sc. , The Universíty of Manitoba,

vtl-t

Oc Eober,

of Shade

1981.

Response of Gr and Yellorv Foxtail to Vglying--Leve.þ a

Fertility. Major Professor; I.N. Morrison'

The growth characteristics of green and yellow foxtail under varying

levels of shade and fertility were compared under field and controlled-

environment conditions. Field studies conducted at Graysville, Manitoba

in L979 and 1980 showed a differential response of the two foxtail

species to shade. Green and yel1-ow foxtail Tdere gro!'tn in full sunlight,

under polyethylene mesh tenËs providing 55 and 73% shade, and within a

wheat stand. In ful1 sunlighË, green foxÈail produced signifícantly

greater dry matter and numbers of tillers than yellow foxtail' Under 55

and 73% shade, dry matter production and total leaf area was símilar for

the tr,¡o species. Under 55% shade, Ye1low foxtail was significantly

taller and had longer leaves Ëhan plants grown in ful1 sunlight' Green

foxtail did not react similarly and instead responded to both shade levels

with a large reduction in tiller number which was ProporËionately greater

than the decreases seen with yellow foxtail. within Ehe crop, decreased

light availability and croP competition caused even greater effects on

foxtail growth. Green foxtail experienced greater reductions in til1er

and head number than yellow foxtail. Yellow foxtaíl grew Ëal1er than

green foxËail and eventually reached above the crop canopy'

Field studies which examined the response of green and ye1low fox-

taiL Ëo low, medium and high nitrogen levels while growing in competition
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vrith vTheat, failed to show any consistent trends ín L979 and 1980' Fer-

tility studíes were conducted in the growth room in which Ëhe effect of

síx levels of added nitrogen at 0, 50, 100, 200, 300 and 400 ppm on the

growth of green and yellov,r foxtail was examined. Results indicated that

at 1ow nítrogen levels, yel-low foxtail was more efficient than green fox-

Ëail since it produced an equal or greater amount of dry matter per unit

of nitrogen appLied. The greater dry matter production apPeared to be

manífested ín increased plant height. Head length was also longer in

yellow foxtail than in green foxtail and less affected by variations in

nit.rogen level. At the intermediate níËrogen levels, the two species

acted similarly. At higher levels of nitrogen, green foxtail utilized

the added nitrogen more efficiently and produced greater numbers of

tillers than yellow foxtail. Total protein content \^7as simiLar in the

Ëwo species except at the highest nÍtrogen leve1 where additional nitrogen

was not utilized by the yellow foxtail in increasing protein production'

Rootandshootgrowthpatternsofgreenandyellowfoxtailwere

studied under greenhouse conditions to supplement fiel-d and growth room

observations. No dífference in shoot dry weight between the two foxtail

species was found over the growth period. sígnificant differences in

root dry weight were found due to a l-arge increase in ye1-low foxtail root

dry weight just príor to heading. Visual observaËion of root aPpearance

noted that the root system of yellow foxtail was much coarser than green

foxtail.

A small additional study of two ManÍtoba biotypes and one Ontario

biotype of yellow foxtail was included to assess the potential for adap-

tation and spread of this species ín Manitoba' Field studies showed that

the two Manitoba biotypes from Carman and tr'Iinnipeg \^?ere not significantly



differenrinanyrespect.Theontariobiotypewassimilarinmostres-

pects to the ManiËoba biotypes except in the requirement for a Longer

time to heading and the observed abilíty to assume a prostrate growth

habit in less dense populations. The overall results tend to indicate

that yellow foxtaíl has the poËentiaL to spread Ín this province and

become a more seríous competítor than green foxtail r'vhere conditions of

moderate shade and low nutrient staËus prevail'



INTRODUCTION

In competition, supremacy may be attained by the
species or variety which is ab1e, by virtue of
greater physiological activity and morphological
adaptability, to utilíze the environment most
efficiently (Pavlychenko and Harrington 1934) '

This tenet pertains not only to species or varieties in direct com-

petitíon with one another, but may also refer to the rel-ative ability of

similar species to morphologically adapt and utLlize the environment most

èfficíent|y. It seems appropriate that two closely related weed species

uhich occur in similar habitats be investigaEed. In this category ate

the two foxtail species, green and yellow foxtail, which are widely dis-

tributed throughout North America.

Green foxtaí1 (Setaria viridis L. Beauv.) and ye11ow foxtail (Setaria

glauca L. Beauv., Terrell Lg76) rr. "o**on 
rqeeds of cultivated land and

waste areas that were introduced from the old world and spread by agronomíc

practices (Witliams and SchreLber 1976). The extent of this spread is

exemplified by the results of the L979 Manitoba weed survey where green

foxtail is listed as the provincers most abundant weed since it ç¡as found

on 85% of the fields surveyed, at an average of 65 plants per square meter

(Thomas IgTg). AlLhough yellow foxtaíl is much less abundant in Manitoba,

1979 weed survey reports from NorËh Dakota cite it to be the fifth most

prevalent weed in wheat fields with an average density of 24 plants per

square meter (Dexter, personal communicaEion). Since both these weeds

are known for Eheir ability to spread swiftly, it is reasonabl.e to exPect

t6at yel1ow foxtail may increase in abundance in Manitoba in the future.



HÍstory has shown that after the first detection of green foxtail

in Manitoba in 1883, infestatíons had become widespread only 50 years

larer (A1ex et al. Ig72). These researchers stated that by 1965 dense

ínfestations were comrnon in many areas of the Prairies with Manitoba

having a Eotal infested acreage of.53%, A survey carried out from 1963

to 1967 by Alex et a1. (L972) indicated that of the three prairie pro-

vinces, green foxtail was most abundant in Manitoba appearing i.n 84% of

the fields as comPared to 32% in Saskatchewan and 28% ín Alberta' In

fact the highest density observed r.¡as in a field in central llanitoba

and was an amazing 10,000 plants per square meter (Alex et aL' L972)'

The high densities of green foxtail in Manitoba have been ascribed

to several factors. FirsËly, the time the land has been under cultivation

may be significant. Since Manitoba was settled before the other prairie

provinces, t.here has been more opPortunity for spread of this weed (Alex

et al. Lg72). Secondly, the cropping systems in Manitoba may have influ-

enced the spread. Sunrnerfallowing, which is known to hinder build up of

seed, is a more common practice in Saskatchewan and Alberta than in Manitoba

where sufficient moisture al1ows for more intensive continual cropping

(Alex et a1. lg72). Thirdly, control methods used for other problem weed

species have been a contributing factor in the íncrease of green foxtail '

Since shallow tillage in early spring combined with delayed seeding used

for wild oat control is thought to favour germination of green foxtail,

Ëhese cultural practices may have aided in the build up of this weed'

A1so, the use of herbicides such as 2r4-D and other broadleaf weed killers

as well as the newer wild oat herbicides, which have been used extensively

across the Prairies for a number of years, may have allowed green foxtail

to survive and grow unchecked by competition from other weeds.



Regardless of whích factors were resPonsible for rhe spread of green

and yellow foxtail, the ímportant consideration is that both species are

present in ever increasing numbers sufficient to compete and cause crop

yield losses. Therefore, any information which would increase our know-

ledge of the factors affecting their relative competitive ability would

be beneficial. It is especially important to learn more about the growth

characteristics of yellow foxtail under Manitoba conditions before this

weed becomes well established ín this province. The most useful Parameter

of comparison is green foxËail whích has already been the subject of much

research in western Canada.

The main purpose of this sËudy was to examine and compare the growth

patterns of green and ye11ow foxtail under varying levels of shade and

fertility both in the field and ín a controlled environment. In addition'

a small sËudy of the growth characteristics of three biotypes of yellow

foxtail was undertaken to assess the potential for adaptaEion and spread

of this species in }lanitoba.



LITERATURE REVIEI,T

ComPetition

As early as 1960, Friesen and shebeski (1960) recognízed that although

green foxtail v,7as not as comPetitive as wild mustard (Sinapis arvensis L')

or wild oat (Avena fatua L.), yields of cereals could be significantly

reduced by heavy infestations of 3765 to 4840 green foxtail plants per

square meter. Dryden and I,lhitehead (1963) emphasízed that moderate infes-

tations of green foxtail of 1075 to 1615 plants Per square meter would

have little or no effect on barley or oat yields, but might harm wheat

since this crop offers less competition to green foxtail planLs' However'

some controversy exists in the lÍterature with resPect to the actual den-

sity of green foxtail required to cause significant wheat yield losses'

Alex (1-967) reported that 1575 green foxtail plants per square meter could

reduce the yield of wheat by 35"/", while Rahman and Ashfotd (L972) found

that green foxtail infestations of up to 1550 plants Per square meter

had no effect on the growth or yield of wheat plants' At the olher extreme'

Sturko (1978) noted that as few as 100 green foxtail plants Per square

meter reduced the yield of both semi-dwarf and normal height wheat varieties'

The degree of competiËion between green foxtail and wheat was shown

by Sturko (1973) to vary with the environmental conditions present at Ehe

time of seeding and early plant growth. Several other researchers have

also concluded that plant density is not as important in determining Ëhe

competitiveness of green foxCail as Ëhe clímatic conditíons that prevail

during germination and plant emergence (Blackshaw 1979; Rahman and Ashford



1gl2). According to Banting et al. (L912)' green foxtail must emerge at

the same time or a litËle ahead of the crop in order Eo provide highest

levels of competition. As Blackshaw (1979) outlined, green foxtail

requires higher levels of soil moisture and higher soil temPeratures than

does wheat for optimum germination and early seedlíng growth. Therefore,

the cool weather usually associated with early spring seedings will delay

emergence of the green foxtail and normally would allow wheat to become

established free from intense competition. Should seeding be delayed or

warm vreather prevail in early spring, there will be more comPetitive

injury due to green foxtail infestations (Vanden Born l-971).

Alex er a1. (L972) imply, however, that the relationship between

\,üeather and emergence of the crop and weed may not always be clearcut'

In their tesËs, \^rheat and green foxtail emerged together regardless of

the date of seeding. They concluded that since wheat is usually sown 5

to 7.5 cm deep and green foxtail plants generally emerge from close to

the soil surface, the difference ín temperature between these two leveIs

may al1ow the foxtail and wheat to emerge more or less together.

OËher facËors may also have a bearing. BanËing et al. (1973) indi-

cated that soil texture could be an important factor. Since coarse tex-

tured soils warm uP earlier in the spring than fine textured soils' green

foxtail may be a more serious problem in the former situation. Obviously,

there is no simple means of predicting the level of green foxtail comPe-

títion in a crop like wheat.

yellow foxtail has received considerably more attention in the

United States than Canada as a weed in corn, soybeans' sugar beets, wheat,

oats, sorghum and in first year plantíngs of alfalfa (Schonelet a1' L97B)'

I,Iork done by Huemoeller (1967) in North Dakota showed that a yellow fox-



tail population of 130 or more plants Per square meter was sufficient to

reduce vjhear grain yields. vengris (1963) noted that although early

seedings of yellow foxtail did not comPete well with corn; in later seed-

ings the height of the yellow foxtail approached that of plants seeded in

pure stands. He concluded that the competitiveness of yellow foxtail con-

tinues throughout most of the growing season'

In competition experiments with soybeans, SËaníforth (1965) observed

that the competition offered by green and yellow foxtail was aPploximately

equal since måture plant yields were essentially the same for the two

species. Yellow foxtail was not found to be extremely competitive with

sorghum since large numbers of plants \,rere required for durations longer

than 6 weeks from crop emergence to significantly affect sorghum yields

(Felrner et a1. Lg6g). It is readily aPParent that the degree of compe-

titíon offered by yellow foxtail, as wiEh green foxtail, is strongly depen-

dentupontheassociatedcropandthedurationofcompetitíon.

Thethreattocropproductionnaynotalwaysbemeasuredinterms

of imrnediate crop yield reductions. Vanden Born (1971) sLated that green

foxtaíl plants emerging as late as the middle of August are unlikely to

comPeËeandlowercropyield.However,thesegreenfoxtailplantsmay

still.produce a significant amount of mature seed in a short time' VengrÍs

(1963)foundthatseedingsofyellowfoxtailmadeínmid-Augustin

Massachusetts were able to mature and produce ripe seeds. Therefore,

itisimportanttoemphasizethatevennoncompetitiveinfestationsof

these v¡eeds are capable of producing enough viable seed to ensure serious

infestations the next year. Rahman and Ashfotd (1972) have calculated

Ehatifonly50EoTo%oftheseedsproducedbygreenfoxtailplants

growing in compeEition with wheat \^rere to germinate in the following year'



7

Ëhe infestation of foxtail would be increased two- to three-fold. As well,

seeds of both foxtail species have been shown to remain viable in the soil

afLer 13 years of burial (Dawson and Bruns L9l 5). It riüas shown by Banting

et al. (Lg73) rhat seed viability tended to increase víLh depth in the

soil and thus it is necessary to perform shallow tillage to avoid deep

burial of seeds.

Growth Characteris tics

Staniforth (1965) pointed out that although differences in competi-

tive efficiencies among various crop and weed species have been shown,

less is known about the dífferences between crop varieties or similar

species of weeds. This is especially true ín the case of green and yellow

foxtail. It is important to gain information about the growth character-

istics of these two weeds in order to predict their individual competitive

effects on crop yields. Peters et al. (1963) emphasized that such infor-

mation is needed to further our understanding of Ëhe biology and ecology

of these weeds to permit a more intelligenË approach to their control.

In both green and yeI1ow foxtail, photosynthetic carbon fíxation is

by the Hatch S1ack C4 Pathway (B1ack et a1. L969; Chen et al. 1970)'

Therefore, these two species belong to a group of plants which have charac-

Èeristic photosynthetic resPonses to light intensities and temperature

which will be discussed further in the next section. In this section,

the basic growth characteristics of green and yellow foxtail will be

reviewed and compared with those of other C4 Plant species including

barnyardgrass (Echinochloa crusgalli L. Beauv. ), fa11 panicum (Panicum

dichotomiflorum Michx.) and witchgrass (Panicum capillare L.), in order

to determine whether or not distinct deveiopment patterns exist within

the CO group.
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As far as germination of these C4 species is concerned, it appears

that temperature is the most ímporËant factor. Vanden Born (1971) found

that while green foxtail seed germinated readily over a range of 15 to

35 C, germination was significantly reduced at temPeratures above or

below that range. At 10 C there \^ras no sign of germination for a period

of nearly 4 weeks. Blackshaw (L979) noted in field experiments that a

Ëemperature of 14 C accounted for a 1 week delay in time to 50% emergence

of green foxtail as comPared to emergence at 22 C. Santelmann et a1.

(1963) observed that germination of yellow foxtail ín the greenhouse con-

tinued over a long períod with 60% of the seeds emerging within 1 week

after seeding. In field experiments conducted by Dawson and Bruns (L962),

ye1low foxtail emerged earlier in the spring than either Sreen foxtail

or barnyardgrass which led the authors Lo state Ehat ye11ow foxtail ger-

minates at lower temperatures and thus would be most likely to germinate

during short periods of warm lJeather in the winter or spring and suffer

cold injury.

Vengris and Damon (L976) pointed out that weeds whích are taller and

produce higher yields of foliage are better competitors. Therefore, it is

important to consider relative height and dry matter production of

different specíes. It was well established that plants emergíng early in

the season produced the highest dry matter yields and tallest plants as

compared to plants emerging later in the season (Vanden Born 1971;

Santelmann et aL. 1963; Vengris et al. L966; Vengris and Damon 1976)'

Vengris et al. (1966) noted that the later barnyardgrass seedlings

emerged, the shorter the plants. Santelmann et a1. (1963) found that

heighË of yellow foxtail plants followed a tyPical sigmoid grovth Pattern

regardless of plant density or location. They observed that all plants



had a slow initial growth period for 10 to 20 days after emergence v¡hich

was followed by a rapid growth period for up to 70 days before tapering

off.

I,Ihen tillering and heading characteristics of a number of C4 species

are examÍned, it appears that there are distinct differences in response

to environmental stimulí. rn yellow foxtail, faLI panicum and witchgrass

the greatest number of tillers and heads \^rere Produced on plants which

emerged early in the season (santelmann et al. L963; Vengris and Damon

:':976). It was felt that daylength was the controlling factor so that

the longer growing period and longer exposure to light helped to accumu-

latemoredrymatter.ontheotherhand,Vengrise!al.(1966)noted

a slighË but consistent increase in the number of tillers and heads for

barnyardgrass plants emerging laËer in the season. They hypothesized that

tillering of barnyardgrass Ís not controlled by daylength, but instead by

other unidentified factors. In the case of green foxtail, Vanden Born

(r971) observed that tiller number per plant was not affected by planting

dates ranging from May 15 to JuLy 24 in the field'

In seed production studies, Vanden Born (1971) found that the majority

of green foxtaíl heads were 7 to 9 cm long and contained from 350 to 500

seeds. Consequently, he felt that under good growing conditions with

limited crowding, a green foxtail plant could produce from 5000 to 12,000

seeds. In comparíson, santelmann et al. (1963) reported that each yel1ow

foxtail had an average of 180 seeds. with an average oÍ 47 heads per

plant under favourable conditions, a single yel1ow foxtail plant could

produce over 8000 seeds.
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Shade

Studies of a variety of plant species have established that light

intensity during plant growth affects overall plant and leaf morphology

as well as the photosynthetic process within the leaf (Boardman L971).

Gross plant morphology reacts to a reduction in light intensity by stem

elongation through etiolation. In general, leaves which grow under shaded

conditions are thinner with less well developed palisade and spongy meso-

phyll regions and larger chloroplasts t.han associated sun groT,vn leaves

(Boardman :.-g77). l"lore specifically, Friend et al. (1962) showed that a

decrease in irradiance caused an increase in leaf length and leaf area

with a corresponding decrease in leaf breadth and thickness. Although

their investigations were with wheat, they indicate that this type of

response is typical of other species within the grass fanrily.

PhotosynËhesis íncreases \'¡ith light intensity up to some maximum

level where diffusion of carbon dioxide becomes the limiting factor. Thís

maxímum level, known as the saËuration light intensity, is determined by

rhe genetic make-up of the plant. Black et al. (1969) have categorized

plants vrith the C4 cycle as 'tefficient" since they have the ability to

increase their photosynthetic rate as light intensity increases to ful1

sunlight. This maximum rate at full sunlight is t!üo- to three-fo1d higher

than the rate achieved by so-called f'non-efficíen!" c, Plants (B1ack eË

al. Lg6g). Moreover, the increased rate of photosynthesis is also

associated with increases in temperature so that the maximum rate is

achieved at temperatures between 30 fo 40 C wíth sharp decreases below

15 ro 20 C (Black et al. 1969). Therefore, C4 Plants like green and

ye1low foxtail are capable of increased growth and vigour which could

make them serious weed pests under favourable conditions of high light
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intensity and temPerature. However, Since both of these Ineeds are

chiefly a problem within crop stands lthere light intensity is reduced

to some exEent by crop shading; it is imPortant to know how they grow

and react under reduced light Íntensities.

Harper (1972) reported that one major effect of shade is to slow

down the rate of photosynthesis relatíve to respiration which may be

manifested in a decreased rate of growth. In the remainder of this

section the growth response to varying levels of shade of not only green

and ye11ow foxtail buË other C4 grass specÍes including fall panicum,

witchgrass, giant foxtail (Setaria faberii Herrm.) and itchgrass

(Rottboellía exaltata L.f.) as well as a nongrassy C4 species, yellow

nutsedge (CVperus esculentus L.) will be reviewed. For the sake of com-

parison, a C3 grassr timot.hy (Phleurn pratense L.), wiLl be included'

In all of the species studied, 1ow light intensities sígnificantly

reduced total dry weight although the level of shade required to bring

about dry weight reductions varied. tlith green foxtail, yellow foxtail,

giant foxtail and yellow nutsedge, the decrease in total dry weight was

almost directly proportional to the increasing shade 1evel (Vanden Born

L97I; Perers er al. L963; Knake 1972; Keeley and Thullen 1970). Huemoeller

(Lg67) found tna:_ 75% shade was requíred to significantly reduce shoot

dry roeight of Yellow foxtail.

l^iith respect ro plant height, both Ihake (L972) working vith giant

foxtail and Vengris and Damon (L976) working with fall panicum and

witchgrass noted that although height was decreased under shade, it was

less affected by variations in light íntensiËy than other morphological

characteristics. Patterson (1979b) found tlnat 40% shade actually stimu-

lated elongation of itchBrass, but greater shading limited overall growth
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to sufficiently reduce heÍght when compared to the unshaded control ' He

stated that other studies have shown plant height to increase with

increasing shade until photosynthate production becomes limiEing'

Shading reduced tiller production in green and yel1ow foxtail,

itchgrass and giant foxtail (Vanden Born 1971; Santelmann et a1. 1963;

PatLerson LgTgb; Ihake L972). However, Knake (L972) emphasized that even

wíth BO% shading, indÍvidual giant foxËai1 plants produced an average of

21 culms. He observed that i'rhile the number of basal tillers decreased

with increased shade, the shade¿pLants had more tillers produced along

the stems.

Regarding the c, grass timothy, Ryle (1961) found that shade decreased

til1er number markedly with a significant resPonse occurrLng 2 to 3 weeks

after the plants were shaded. Under 77% shade, new tillers were produced

but the plants \'rere unable to sustain them'

In growLh chamber experiments, vanden Born (1971) discovered that

reproductíve growth of green foxtail was ínfluenced more seriously by

reduced light intensíty than was vegetative gro\.'7th. At 60 days after

planting green foxtail at the lowest light intensity (252 UEn-2"-1) only

had an average of three heads per plant compared to 22 aË the highest

lighr inrensity (576 utrm-2s-l). Vengris and Damon (I976) noticed a simi-

lar sensitivity of head ni¡mber to reduced light intensity in fa11 panicum

and witchgrass. Not only were seed yields decreased but head appearance

and rnaturity were also delayed by shading with sígnificant differences

between shade levels aPparent in witchgrass (Vengris and Damon L976) '

I(nake (Ig72) not only found a linear decrease in head production with

.increased shade levels in giant foxtail, but also sar/'7 a trend toward

shorLer length of heads. A similar reaction to shade was noted by Ryle
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(1961) in timothy, with a decrease in head length from 10 to 6 cm as the

shading r¡ras intensifíed from 0 to 77% shade. These results seem to bear

ouË the general conclusion of Vengris and Damon (1976) that lorv light

intensities comparatively harm flowering and seed production to a much

greater extent than vegetative development'

Nitrogen FertiliEv

Plants díffer in their abílity to take up and respond to applied

nítrogen. According to Brown (1978) grasses depend primarily on inorganic

forms of niËrogen and growËh responds strongly to increased nitrogen

supply. However, he also feels that there is a difference within Lhe

grass farníly between C3 and C4 Plants in Ëheir use of nitrogen. Culti-

vated tropical C4 grasses respond to nítrogen to a much greaËer degree in

terms of dry matter produced per unit nitrogen applied than do temperate

C3 Brasses (Brown Lg78). Therefore, it would seem that green and yellow

foxtail would compeÈe strongly with C3 grass crops like wheat for nitro-

gen fertilízer additions'

Atex (1967) found rhat green foxtail competed r,¡ell with wheat for

soil nitrogen and a similar resPonse was noted by Moyer and Dryden (1976) '

They saw that green foxËaiI responded to nítrogen fertilizer additÍons

and was able Ëo compete successfully with wheat. They discovered that

green foxtail growing within wheat depríved the crop to the extent that

the nitrogen content of the grain was lowered. It rvould apPear that the

use of broadcast fertilizer and especially high rates of nitrogen encourage

the growrh of green foxtail and aid in its competitiveness. Sturko (1978)

concurs with this conclusion as he stated that the higher raËe of nitro-

gen rnay have enhanced green foxtailts vegetative grovrth and therefore

caused the weed Ëo be more competitive than at lower levels of nitrogen'
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However, yel1ow foxtail competition for nitrogen in wheat does not

seem to be so clearcut. Huemoeller (L967) stated that the addition of

f.ertíLízer allowed wheat t.o compete favourably with increased populations

of yellow foxtail over the unfertíLLzed p1ots. He felt the fettilLzet

raised the competitiveness of the wheat against Ehe foxtail by stimulating

early growth of the crop. This type of response has been shown for both

green and yellow foxtail in competition with corn. NieËo and Staniforth

(1961) and SËaniforth (1961) observed that the greatest effect of both

foxtail species on corn yields \^ras seen under conditions of low nÍtrogen

availability. After a high rate of nitrogen application, the crop was

apparently able to utilize Ëhe added fertility first to grow rapidly and

shade out the foxtail. The fact that corn is also a C4 species may have

some effect on its competitive efficiency at high nitrogen levels'

Brown (1978) proposed that the greater nitrogen use efficiency of

C4 Brasses may give them an adaptative advantage particularly in sites

low in nirrogen. Schreiber and Orwick (1978) pointed out the sígnificance

of Ëhis adaptability to low fertiLity sites since weeds growing in these

areas along fence ror,rs and roadsides serve as sources of infestation for

crop fields. This sËatement is especially true in the case of foxtail

and these two ínvestigators examined yel1ow foxtail, giant foxtail,

giant green foxtail (SeEaria viridis var. maior Gaud. Posp.), robust white

foxtail (Setaria viridis var. robusËa-alba Schreiber) and robust purple

foxtail (Setaria viridis var. robusta-purpurea Schreiber) to ascertain

whether or not differences in growth and response to 1ow, medium and high

1evels of nitrogen existed. It was noted for all five taxa that there is

a direct relationship between the âmount of nitrogen fertility and the dry

weight produced. However, wíth the exception of yellow foxtail, signifi-
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cantly more dry utatter was produced at the medium than aË the 1-ow niËrogen

Ieve1. This response seems to indicate that yellow foxtail is betËer

able to grow on low fertility soils than the other taxa. Schreiber and

Orwick (1978) discovered that ye11ow and giant foxtail had significantly

greater Leaf. area than the other taxa at all three fertility levels

studied whích led these researchers to suggest that these two taxâ should

be better competitors for light, especially at low nitrogen fertility

levels. Ye1low foxtail also produced significantly more root rratter than

Ëhe other taxa at the lowest nitrogen level with giant foxtail being equal

to yellow foxtaíl at the other levels. The root:shoot ratios followed a

similar trend, esPecially at the 1ow nitrogen level, with ratios for

yellow foxtail beíng greater than for giant foxtail-, whích in turn, was

greater than the other three taxa which were roughly equivalent' In light

of these results, it is not surprising that SchreÍber (1977) found giant

foxtail and yellow foxtail to be the dominant members of the same five

taxa studied on undisturbed areas of low fertility soi1s.

According to Bosemark (1954), there is an inverse relationship between

nitrogen supply and root development. Under 1ow levels of nj-trogen' roots

tend to be long, thin and sparsely branched while increasing levels of

nitrogen cause the roots to gro\^, shorter and thicker with more branches

(B1ack 1968). Consequently, vrhen examining the competitive abilities of

different species at varying nitrogen levels, it is necessary to be aware

of the possible effect.s on root growth.

Root Growth

Initial root grot/th and development of plants is extremely important

as it not only determines whether or not the plant survives but also has
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a marked effect on the ability of the plant to comPete with other plants

for water, nutrients and sPace (Evetts and Burnside 1973). As Pavlychenko

and HarringËon (1935) pointed out, competition between overlapping root

systems takes place long before the tops begin to interacË and shade one

anot.her.

Although several sLudies describing differential root grovTth between

unrelated genera have been carried out (Pavlychenko and Harrington 1935;

Dittmer I94B: Evetts and BurnsÍde 1973) variation in root growËh among

closely related specíes or varieties of a species has receíved litt1e

attention (Orroick and Schreiber 1975). In studies of differential root

growth of giant foxtail, giant green foxtail, robust white foxËail and

robusË purple foxtail, it was shown that the first 3 days of growth were

important to overall root growth patterns in foxtail (Orwíck and Schreiber

Lg75). Robust whíte foxtail showed the greatest rooE length followed by

giant green foxtail, robust purple foxtail and lastly, gíant foxtail'

Similar to the results of Hackett (1969), it was noted that the root sys-

tems of the four taxa maintained a constant relationship among root mem-

bers during growËh (orwick and schreiber 1975). It was also discovered

that robust white foxtail had the highest root mean extension rate (M.E.R.)

of the four taxa rohich illustrated its superior growth potential' These

M.E.R. values supported Hackettrs hypothesis that C4 Erasses have mean

extension rates five to eight times higher than those of C, grasses

(HackerË :l.g73). orwick and schreiber (1975) feel thaË higher mean exten-

sion rates nay be yet another identifying characteristic of CO grasses

inf luencing competitive ability.

Although very little information is available on the root growth of

green and yel1ow foxtail specifically, Schreiber and Orwick (L976) did
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point ouE that rooÈ dry \^Teight was higher in yellow foxtail under a 12

hour photoperiod than all of the other foxËail taxa studied regardless

of the fertility 1evel. Dittmer (1948) studied the root growËh of green

foxtail and found it to be the only species examined which had only

secondary branching with no tertiary branches evident. Since Pavlychenko

and Harrington (1934) emphas :zed t:hat competitive efficiency is due to

the distribution rather than the síze of the root system' the larger root

mass of yellow foxtail may noË necessarily be an advantage while the root

system of green foxtail may be at a disadvantage, if branching is restricted

under normal growing conditions.

Bíotvpes

VariaËions in morphology and vegetaËive growlh within a species have

been recorded for many plants (schoner et al. L978) ' Vanden Born (1971)

discussed the possibility of ttecologícal strains'r exisËing within green

foxtail whÍch had significant differences in length of seed dormancy'

In a collection of giant foxtail selections from Maryland and Connecticut,

Peters et a1. (1963) noted a substantial variation in height from 104 to

150 cm and in tiller number from 7.1 to 15.1 between the different selec-

tions. Roche and Muzik (L964) collected seed of barnyardgrass from

different areas of i^Iashington state vrhich comprised five separate bio-

type caËegories. The five categories varied in morphology from prostrate

to upright and in characteristics of the panicle rangíng from a tight

panicle with many short awns to an oPen panicle with ferv awns. In

studies carried out with six ecotypes of johnsongrass (Sorghum halpense L'

Pers.) collected from several regions of the United States, Mcl'Ihorter and

Jordan (Lgl6) discovered quiLe a variation in height between the different

ecotypes. However, this variaËion in height was only evident during the
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first 4 to 6 weeks of growth wíËh heighË differences decreasing after that

period. Differences ín time Ëo flowering were also noticeable and suppor-

ted the hypothesis of an existence of latitudinal ecoËypes within this

species.

In the case of yellow foxtail, PeËers et al. (L963) observed consi-

derable variaËion in size of planË, habit of growth, number of tillers

and time of flowering between seedlots col1ecËed from several sites in

Maryland and ConnecËicut. Perhaps the mosE noÈíceable difference was in

growth habit which ranged from prosËrate Ëo upright. lulore recent studies

by Schoner et al. (1978) compared yellow foxtail biotypes from Ëhree areas

in California with biotypes from ConnecËicuË, Masachusetts, Pennsylvania

and Iowa under uniform conditíons in Cai-ifornia. IË was observed that Ëhe

three CalÍfornia bÍotypes were almost identical ín every respect. However,

basic dífferences rùere shown to exisË betr,ieen the California biotypes and

those from the easËern states with the mosË notíceable difference being in

growth habit. All four biotypes from Ëhe eastern staLes were erect in

habit while the california biotypes were pïostrate. The authors suggested

that increased plant heighË would be useful when compeLing wit.h other weeds

or ta11 crop plants but the prostrate growth habiC mighË be advantageous

for the California yellow foxtaíl. Since Ëhe chief areas of infestaLion

of yellow foxtail in California are wiËhin aLfalfa fields, the prostrate

habit a[lows the weed to escape mowing and thus does not Prevent seedset.

Ïlith respect to reproductive capacity, a high nurnber of heads would

obviously be an advantage in maintaining and increasing Ëhe population

of the biotype. In Ëhis study, the California and MassachuseEËs biotypes

were found t.o be by far the uost prolific seed producers. The ConnecËicuË

bíotype, which produced the least number of heads was also Lhe earliest
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maturing which would undoubtedly be a necessity in areas where the

growing season is short (Schoner eË aL. I9l8). This research indicates

that yellow foxtail has the ability to adapt to very specific environmen-

ta1 and culEural conditions which gives it the potential to be a very

serious weed in a variety of locations, including Manitoba.
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MATERIALS AND METHODS

Field experiments !üere conducted at the Graysville I'ieed Research

Station ín L979 and 1980. The soíl is classified as an Almasippi very

fine sandy loam composed of 79% sand, 7% síLt, 14% cLay, 3.6% otgantc

maËter and a pH of 7.5. Weather data for L979 ar'd 1980 are presented in

the Appendix in Tables L and 2, respectively'

The plot areas were fumigated with methyl bromidel to eradicate all

weeds and weed seeds prior to planting. The application rate was based

on a dosage of six 6.8 kg cans per 84 m2 of plot atea. The exposure Ëime

was increased from the recommended 24 Lo 48 hour period uP Ëo 5 days in

19g0 as a result of cold weather. After the exposure period the plot

areas were aerated for a minimum of. 72 hours before seeding. Soil fer-

tility was determined from a soil testZ and fettíLizer \^7as hand broadcast

at reco'nmended rates at the time of seeding. rn I979t 176 kg/na ammonium

nitrate (34-0-0) and 94 kg/ha ammonium phosphaËe (11-55-0) were applied'

In 1980, soil ferËility was higher so that only 91 kglha 34-0-0 and 82 kg/

ha 11-55-0 were used.

unless otherwise specified, the green and yellow foxtail seed used

in all experiments q7as obtained in 1978 from a commercial seed cleaning

1*.ahyl bromide application procedures as outlined by the Dow Chemical

Compär,,y Limited, in the Dowfume lulC-2 informaËion phamphlet.
2Arrrlyris of soil fertility was done by the Provincial Soil Testing
Laboratory, I,IinniPeg, Manitoba.
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planL courtes)¡ of D. Lumgair, Thornhill. The germinaËion percentage l^ras

determined by placing two 50 seed samples on moist filter Paper in petri

dishes. The petri dishes were placed in the dark at room temPerature and

germination counts T/,rere made fot 2 weeks. According to the germination

percentage and 100 seed weight, seed samples were then weighed to give

predetermined densities of 300 to 400 plants p.t *2 for each pLot" In

Lg7g, the green foxtail had a germination Percentage of 90 which yielded

0.50 g of seed p"r *2. The yellow foxtail had a lower germination Percen-

tage of 80 which equalled 1.0 g of seed per *2. In 1980, seed weights

were based on a higher initial plot density of 450 plant" put *2 ' Soon

after emergence the plots were thinned to the lower densitíes. Both the

green and yellow foxtail seed had a germination percentage of 80 which

resulted in 0.64 anð. I.2 g of seed pet *2, respectively.

In 1979, after fertilízer appLication and just prior to seeding, the

plots were disced twice and then harrowed with a spike toothed harrow.

In 1980, only the harrowing procedure vras necessary. After raking the

plot areas to ensure even seed distribution, the green and yellorv foxtail

seed was hand broadcast. Immediately aÍ.tet seeding, Ëhe areas nere once

again raked lightly to incorporate the seed'

In 1980, due to broadleaf weed infestations, the plots were sprayed

with bromoxynil-/MCPA3 at a Tate of 0.56 ke/ha in 110 l/ha of \'rater'

Because of the very dry soil condítions in 1-980, the plots were hand

watered five times using a 1365 liËer tank and pump during the period from

June 5 to June 24. During this period, approximately l$ to 88 mrn of

vTater was aPPlied.

3Buctril M, a commercial formulation of 1:1 brornoxynil/MCPA, was supplied
by the May and Baker Chemical Company'
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After emergence, green and yellow foxtail counËs were Ëaken using

Ewo L/L6 m2 quadrats. Hand thinning was carrLed out where necessary Lo

ensure that densities were uniform from plot to p1ot. Tn 1979, it was

very difficult to ensure that plants selected were of a comparable age,

especially during more advanced stages of growth. Consequently, in L980

coloured ring markers \,vere used to indicate plants that had emerged at the

sametíme.oncetheplantsreachedthethree-Ëofour-leafstagesampling

was initiated and continued on a weekly basís unËi1 maturity. Sampling

involved selection of five representative plants per plot which were

placed in plastic bags. The plants were kept in styrofoam coolers with

ice packs until they could be measured. Within 48 hours, the five plants

were washed and the roots removed. Fresh and dry weight determinations

were nade on all five plants while measurements of Leaf atea, height,

til1er and head number were taken of the median two (1979) or three (1980)

plants. Dry weights were determined after oven drying the sample at B0 C

f.ox 48 hours. Leaf areas per plant lvere measured using a leaf area meter4'

All data was analyzed statistically and the Least Significant Differ-

erlce (LSD) Eest \,ras used at the test of significance. Only differences

at the 5% level of significance !,7ere considered meaningful .

Shade ExPerimenÈ

The experimental design was a split-p1ot, replicated four times with

the overall plot area equalling 89,6 m2 and each main plot measuring 2 by

2.8 m. The main plots consisted of. O% shade (control), 55% shade, 73%

4Portable Leaf Area lleter,
Lincoln, Nebraska.

Model Ll-3000, Lambda InsËruments Corporatíon,
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shade and the shade offered by a wheat crop under normal competitive con-

ditions. The subploËs rnTere green and yellow foxËail wiËh Ëhe fourth treat-

menË oversown Ëo Neepawa wheat. The wheaË plots were planted by hand, since

the design of the experiment did noË a1low the use of a seed drill. The

predetermined density of planting was 180 plants p.t t2 and 16 rows 2 m in

length and 15 .2 cm apart were planted in each plot. In 1979, the wheat was

sown on June 6, while in 1980, planËing rdas on June 4. In both years the

foxtail was hand broadcast t.he following day early in Ëhe morning when there

was little wind Ëo ensure even distribuËion of seed Ëhroughout the plot.

Once the foxËail had reached Ëhe two-leaf sËage, Ëhe shade tents were

erected on June 23 in L979 and June 26 in 1980. The shade tents consisted

of black polyethylene mesh cloths5 supported on a framework of aluminum

hoops. These hoops fit into metal pipes which in turn were inserted through

boards and driven into the ground. The tents were set up in a north-souËh

orienËaËion (see FÍgures 1 and 2). In 1-980, moveable mesh flaps were

added Ëo Ëhe souËh end of each tent to ensure thaË the plants on the south

end were not exposed to fu11 sunlight at nidday.

A light inËegrator6 r"" placed in the field to continuously monitor the

anounË of light reachÍng a pyranometer (400 - 1200 nm) sítting 5 cm above

the ground wiËhin the wheat canopy. Tn 1979, the integrator r,ias placed in

the field on June 26 as compared to July 9 in 1980 and weekly measuremenËs

and observaLions in crop stage and heighË were recorded. In addition,

weekly light measurements were Ëaken using a light meterT at trùo siËes and

5Supp1ied by Ball Superior Company Limited, lulississauga, onËario.
6Lignt Integrator, Model L1-510, Lambda InstrumenËs CorporaLion, Lincoln,
Nebraska

'i
'Light Meter, Model Ll-1854, Lambda Instruments Corporation, Lincoln,
Nebraska.



Figure 1. Close-up view of polyethylene mesh shade tenË. Note that in
1980, rope guidelines were removed and a moveable flap was
placed on south end of tent.

Figure 2. Field layout of experÍment with shade tents set up in north-
south orientation.
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three heights withín the crop canopy consisting of ground level (0 crn) ' mid-

way inËo the canopy (30 em) and near Ëhe Ëop of the canopy (60 cm) ' In

Lglg, only the quantum sensor (400 - 700 nm) v,¡as used while in 1980 readings

were taken with boËh Ëhe quanÈum and pyranometer sensors. The light reduc-

tion for each level wíth the canopy was calculated as:

% LL$nt Reductíon = 100

The light meter luas also used to

cloths. IË was found under both

- ¡Lísht Intensitv I'Iithin x 100)
'LighË IntensiËY Above

check the percent shade beneath the shade

bright and cloudy conditions that the

cloËhs were accurate (t L"/) "

ThermomeÈers \Árere placed under one of Ëhe shade ËenËs for each treat-

menË as well as in the full sunlight to determine whether or not varia-

tions in temperature occurred beneaËh the black cloths' It was found thaË

regardless of the weather conditions the temPeratures under the Lents

never varied more Ëhan 2 C from ouËside (Appendix Table 3).

Soil moisËure vJas measured on AugusË 6, 1980 after several days of

weË weaËher to see if Ëhe tents affected the amount of moisture reaching

the foxtaíl plants. Soil samples were Ëaken from depths of 0 to 5 cm and

5 to 15 cm using a soil auger" The soil samples were placed ín previously

weighed and 1abe11ed tins. The lset weight was taken and the soil samples

were oven dried at l-05 C for 72 hours. Soil moisËure as a Percent of dry

soil weighË was calculated as:

% Soit Moisrure = 1tr^Ier 
Soí1 Vleieht.: lry.$gi1 i.lgiehË )x 100

Dry Soil I'IeíghË

It was deËermined thaË Èhere was no sÍgnificant difference in soil æois-

Ëure betrveen Ëhe shade treatroenËs.

sampling was carried ouË weekly until the foxtail plants reached

maturity. Measurements included dry weight, fresh weighË, Leaf atea,
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extended length of the fourth leaf, height, tiller and head number.

The whea¡ plots were hand harvested at maturiËy. Samples from two

Il4 n2 quadrats per plot were sickled, dried and threshed with a Vogel

sËaËionary thresher. The threshed sample was cleaned using a Clipper

seed cleaning machine and the weighËs recorded. Harvesting Ëook place

on September 12, 1979 and SepËember 16, 1980.

Fertilitv Experiments

Fie 1d

The experimenË rÂ7as designed to determine the response of green and

yellow foxtail to low, medium and high levels of nitrogen while in com-

petíËion wit,h Neepawa wheaË. The level of nitrogen Present in the soil

vJâs determined by a soil tesË. Sufficíent quantities of ammonium nitrat,e

(34-0-0) were added to raise the soil niËrogen level up to the required

Èreatment levels of 30, 60 and gO ke/ha N ín 1979 and 50, 100 and 150 kg/

ha N in 1980. The experimenË I,las a split-ploË design replicated four

Ëimes with the overall plot area equalILng 2L6 m2 and each main plot

measuring 4.5 by 4 m. The main plots consísted of Ëhe Ëhree niËrogen

levels with subplots of green foxËail, yellow foxËail and no foxtail

(control). The wheat was sown on June 6, L979 and June 4, 1980, with a

double disc press drill at a rate of 98 kglha and a depth of 6 cm with a

15 cm row spacing. In both years, the foxtail v¡as hand broadcast Ëhe

following day. MeasuremenÈs taken included pLant counts and dry weighLs

of boËh the wheat and foxËail. To obtain final grain yields, the wheat

r,ras straight conbined uith a Hege smal 1 plot combine in L979, However,

since this method was not considered accurate enough for such sma1l plots,

in 19BO harvesting was done by hand sickling 1 m2 quadrats from each plot,
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Each sanple was dried, threshed,

vestíng occurred on SepËembet 17,

Grot^rth Room

cleaned and Ëhe weights recorded. Har-

L979 arld September 25, 1980.

The experimental design was a splít-plot, replicated four times'

The main plots consisted of six levels of added nitrogen at 0, 50, 100,

200, 300 and 400 ppm wiLh subplots of green and yellow foxtail. The

experiuent was carried out Ëwice in 1980 wiËh Ëhe first Ërial beginning

February 1 and ending April 15 and the second trial begínníng July I and

ending September 18.

Soil was collected for each trial from the Graysville Weed Research

SËation and the leve1 of nitrogen and other elemenËs presenË was deter-

mined by a soí1 tesÈ. Soil collected for the second trial was higher in

all three major elements (N, P, K) Èhan in Ëhe first trial buË the same

amounË of nitrogen \^7as added both times. In addition to the niËrogen

source, 50 ppm phosphate, 160 ppro potassium and 65 ppm sulfur was added to

each pot" The niËrogen source for t.he six treatments was lab grade ammo-

nium nitrate (NH4N03) and the amounËs added consisËed of 0, 0.43, 0.86,

!"72, 2.57 artd 3.43 g per 3000 kg of soil. The other nutrÍent require-

ments were satisfied by 0.61 g Ca (H2PO4)Z,HZO and 1.07 e K2S04.

Field capacity was deËermined by taking the wet weight of soil which

had been saturated with water over a 48 hour period and then oven dried

at 105 C for 48 hours. In a similar nÉ.nner, moisture ülas determined by

taking the wet weight of representative soil samples and then oven drying

the same samples. Both values were calculaËed as a PercenË of dry soil

we ight

After determining the field capacity to be 24% and the soil moisture

Ëo be 3 to 4"L, a consËanË volume of soil (3.S t<g¡ was weighed out for each
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poË. The soil was then ground by hand as uniformly as possÍble and the

nutrients were mixed evenly throughout the soíl. The fertilized soil

was then placed ín 3.8 I plastic pots with no drainage holes. The pots

were \Àl4Ëered by weight Ëo slightly above field capacity to ensure com-

pleËe wetting of Ëhe soíl" Once the soil equilibrated to fíe1d capacíty,

20 seeds each of green and yellow foxtail were sha1low1y planted to a

depth of 1 cm or less in separaËe Pots.

The pots were placed in the growth room under day/night temperatures

of 23116 C in the firsr trial and 2Ll 15 C in Ëhe second trial and f-ight

intensities averagíng 145 ¡rE*-2s-l at bench leve1. To coÌnPensate for

variations in light intensiËy across Ëhe bench, the Pots were sysËemaËical1y

rotaËed every 2 Eo 3 days withín the replicate and within Ëhe subplot. At

Ëhe end of Ëhe second trial, light readings were also taken Ëo determine

whether or not the light inËensity changed over Ëhe experimental period'

IË was found Lhat the light intensity was reduced Ëo apProximately one-half

of Ëhe original reading.

The pots \,rere watered every 2 to 3 days by weight to field capacity.

After the foxtaÍl emerged the pots were Ëhinned to five plants per pot and

observations were Laken throughout the growth period.

Harvesting of the foxËai1 occurred when Ëhe plants exposed to the

lower nitrogen Lreatments began to senesce. The plants Ttere cut off at

soil leve1 and measurements Ëaken included dry weight, height, til1er

and head number and head lengËh per pLant. Dry samples r,iere Ëhen ground

up and proteín contenL per shoot vJas determinedS. Soil samples were takeri

from each Ëreatment and analyzed to deËermine leve1s of nitrogen remaining.

Bprotein conËenË was determined by the Kjeldahl Laboratory, University of
ManiËoba, I,Iinnipeg, Manitoba.
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Growth Curves Experiment

The design of the experimenL lvas a split-plot with four replications.

The main plots consisted of eight sampling dates with subplots of green

and yellow foxtail. The experiment lnas run twice in 1980 with the first

t.rial beginning on Februaty 23 and ending on lfay LZ and the second trial

beginning on September 23 and ending on December 6' A greenhouse soil

míx of two parts sand, two part.s soil and one Part perlíte (V/V/V) was

used with 45 g of ammonium phosphate (16-20-0) per 280 kg soil mix. This

mix r.ras chosen to facil-itate washing of the roots. In the first trial,

filter paper was placed in the boËtom of each 15 cm plastic Pot to allow

for sufficient drainage of water and maximum retention of soil mix' How-

ever, since it was found that the roots were dífficult to separate from

this paper, Ëhe technique was modífied in the second trial. Masking taPe

was used to cover all but one hole which was covered loosely with a smal1

stone to al]ov¡ for drainage. Twenty seeds each of green and yellow fox-

tail were shaltor,rly planted to a deprh of 1 cm or less ín separate poËs.

In addition to the treatment Pots, guard row and replacement pots of both

green and yel1ow foxtail r'¡ere sovJn.

The pots were placed in a greenhouse bench under two high light

intensity banks. Prior to commencement of the exPeriment' the light inten-

sities of the two banks vrere made equivalent Eo an intensity of 170 to 180

UEm-2s'l during the daytime. llateríng was done on a daily basis.

After emergence, Ëhe foxtail were thinned to 10 plants Per pot' once

Ëhe plants reached the four- to five-leaf stage, sampling occurred weekly

until the latter stages of the exPeriment when growth diminished' Samp-

ling consisted of carefully removing Ehe soil from the roots \^tith a gentLe

stream of water. Observations Ttere made on growth sËage, ti1-ler and head
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number. Finally, the roots and shoots were separated and the dry weight

per 10 plants was recorded. Each time poLs were removed from the experi-

ment by sampling, all remaining pots were shifted systematically to the

left and replacement pots fil1ed the gaps when necessary'

After 7 and 8 weeks, t\"ro applications of full strength Hoaglands

solution was added to the remaining pots. In the second trial, the

plants were sprayed with morestan9 to control spider mites.

Yellow Foxtail BiotvPe Studv

The experiment was a randomized complete block design replicated

four Ëimes wiLh the overall plot area equalling 27 m2 and individual plots

measuríng 1.5 by L.5 rn. The three treatments consisted of Ontario,

l.Iinnipeg and Carman biotypes of yellow foxtail. The Ontario seed came

from seed which originally was obtained from Harrow, Ontario and was gro\^in

out for 1 year at the Graysville Research Station in 1978. The l{innipeg

seed came from seed which rdas similarly grordn out at Ëhe station in

Lg7B. The Carman seed was originally obtained from D. Lumgair in 1978.

Plots were so\^rn on June 11, L979 arLd June 5, 1980. Sampling began

when the pl-ants were in the three- to five-leaf stage and continued until

Ëhe l,Iinnipeg and Carman biotypes reached nìaturity. The Ontario biotype

was delayed in maturing. Measurements Ëaken íncluded dry weight, leaf

area) height, tiller and head nunber. As the bíotypes reached maturation,

the seed heads were harvested, placed ín cloth bags and dríed outdoors'

The heads were hand threshed and the seed cleaned with an air column.

The seed l.]as then divided into five different lots fbr storage and ger-

mination tesËs.

9Mot""tan, a product of Chemagro Chemical Company'
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RESULTS

Shade ExPeriment

As is reporËed in Table 1, Ln L979 green foxtail had higher final

plant densities than yellow foxtail in the control and 55% shade treat-

ments r.¡hile under 73% shade and within the crop densities r.lere more nearly

equal. In 1980, the situation was reversed vrith higher populations of

yellow foxtail in the control as well as in the 55 arrd 73% shade plots'

In both years densities of green and yeL1ow foxtail wíthin the crop were

quite 1ow.

TABLE 1. Final planË densities of green fox-
tail (GF) and yellow foxtail (YF) at three
shade levels and within the crop in 1979
and 1980.

Shade
1eve1

Dens ity

L979 19 80

GF

(Plants/m2¡ 

-

GFYF YF

0%

55%

73%

In Crop

424 364

326

408

436

416

314

342

386

308

356

432

412

416

260306

I,Iith fev, exceptions, ye11ow foxtail

plant (Table 2) than green foxtail at the

a higher fresh weight Per

55 and 73% shade levels.

had

0,
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High yellow foxtail fresh weights in the 0% shade (control) plots resulted

in significant differences occurring between green and ye11ow foxtail in

L979 whiLe in 1980 no differences in fresh weight were observed after the

first sampling date. Under 55% shade, ye11ow foxtaíl had a significantly

gïeater fresh weight than green foxtail toward Ëhe end of the season in

both years. No significant differences beËween the fresh weíghts of

either specíes gro\,rn in full sunlíght and under 557" shade were evident in

Lg7g. compared to the control plots, the 55% shade level caused a 60%

reduction in green foxtail fresh weight in contrast to a 40% reduction in

yellow foxtail fresh weight in 1980.

Under 73% shade differences beLween species only existed early in

the season. Under this higher shade level, yellow foxtail fresh weight

was affected to the same extent as green foxtail fresh weight' No signi-

ficant fresh weight reductions rdere found with green while with ye11ow fox-

tail significant differences occurred only at the end of the season in

Lgjg. In 1980, fresh weight reductions under 73% shade were very símilar

for the two species, increasing from 30 to 80% over the season.

Comparisons between fresh weights under the 55 and 73% shade 1evels

for each species showed that while there r^¡as no significant difference

in fresh weight of green foxtail under the two shade levels, the higher

shade level caused a significant reduction of up to 60% in yellow foxtaíl

fresh weight. FoxtaÍI growing within the crop showed a decrease in

fresh weight which !üas similar to those plants growing under 73% shade.

Significant differences between the two foxtail species existed early in

the season with yellow foxtail havíng a higher fresh weight Ëhan green

foxtail. However, as the season progressed the fresh weight of yellow

foxtail was reduced to the same leve1 as that of green foxfail'
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The dry weights of green and yellow foxtail under 55 and 73% shade

were not significantly different at any sampling date tn 1979 or 1980

(Table 3). In contrast, plants in the unshaded control plots showed a

signíficant difference in green and yellow foxtail dry weight by the end

of the season Ln L979 and throughout most of the season in 1980' No con-

sistent trend \¡ras Seen, however, as the fínal dry weight Per plant under

0% shade differed beLr,¡een the Ëwo species over the 2 years' In L979,

yellow foxtail plants showed a higher final dry weight than green foxtail

with the reverse situation occurring in 1980. In the second year, green

foxtail was able Eo attain a final dry weight which was twice that of

1979 while the final dry weight of yellow foxtail was very similar in

both years.

In comparing dry weights of foxtail growing under 0% shade wíth

those under 55 and 73% shade levels in 1979, significant dífferences

occurred only at the end of the season. In 1980, sígnificant reductions

in dry weight in the shaded plants T/'rere Present throughout the season.

The extent of reduction in dry weight occurring under 55% shade was simi-

1ar for the two species in both years with reductions of approximately 30

to 50% in dry weight evident over most of the season' Under 73% shade,

dissimilar results were noted between the 2 years with greater percent

dry weight reductions of approximately 50 to 80 occurring in both species

in 1980. This variation in the extenL of dry weight reductions in the

2 years might explain vrhy no differences 'l/üere seen between plants of

either species under 55 and 73% shade in L979 while significant differences

were evident by the end of the season in 1980 '

The dry weight of the two foxtail species growing within the wheat

crop was roughly the same for most of fhe season. As would be expected,
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dry weights were significantly reduced in comparison to the plants in

the unshaded control plots in both years. However, Lt L979 the differences

in dry weights did not show up until later in the season while in 1980

they were evident all season long.

Although variations in dry weight betr¡een green and yellow foxtail

occurred over the 2 years, the rate of dry matter accumulation or relative

growth rate (Table 4) showed a very consistent trend. The relative growth

rate, which is defined as the increase of plant material per unit of

material present per unit of time (Radford L967), r,ras not significantly

different for green and yellow foxtail at any shade level or in either

year, with a few exceptions in L979. Both species shorved a similar growth

pattern under 0, 55 and 73% shade wíËh the most rapid growËh occurring in

the third week v¡hich corresponded rvith the early tillering stage. Later

in the season, the growth rate gradually slowed. Although the 55 and 73%

shade leve1s did not appreciably affect the relative growth rate of either

species, the pattern for foxtail growing within the crop was quite differ-

ent compared to 0% shade. These plants had their period of highest growth

rate early in the season, before the initiation of tillering, after which

the growth rate diminished rapidly.

Measurements of total l-eaf area per plant (Table 5) showed no differ-

ences between green and yellow foxtaíl under Ehe 55 and 73% shade levels

in either 1979 or 1980. In the unshaded control plots, results were very

inconsistent and showed no conclusive trend in either year. Leaf area in

week 4 of. L979 \^ras at least twice as great as in the same date ín 1980,

regardless of the shade leve1. This indicates that in the early stages

of development, leaf growth was slower and less vigorous in 1980 than ín

Ig7g. Comparisons between plants in the conËrol plots and those under
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îABLE 4. RelatÍve grolrth rate of green foxtail (GF) and yellow foxtail (YF)

at Ehree shade levels and çithin the crop in 1979 and 1980''

Relative GrowÈh Rate

Growth
interval
(weeks)

Shade Level (%)

7355

YFGFYFGFYFGFvrGT

In Crop

( gg- rtt- 1 
)

L979

L-2

2-3

3-4

4-5

5-6

6-8

19 80

7-2

2-3

3-4

4-5

5-6

6-8

2.08

L.25

3.08

0. 87

0. 06

0. 11

1. 85

o.79

3. r0

0.38

0. 82

-0.1l

1.88 L.68

0.85 1.10

2.93 3 .43

1. t7* O.44

o.44 0.37

0. 03 0. 03

L.72 1.98

L.L7 0.10

3.O4 2.70

o.32 0.24

o.57 0.88

o.zLx -0.09

o.76

0. 69

r.7 6

1.00

-0. r0

0.38

0.96

0.75

L.28

t.1r

-0.03

o.47

1.45 r.52

2.27 2.62

L.96* o.g7

0.56 0.31

-0.01 0.34

-0.13 -0.04

2.L6 2 .r4

t.27 0. 89

0.92 0.79

r.28 r.2l

0.24 -0.09

-0.01 -0.04

L.34 0.98

0.91 0 .82

1.55 1 .56

1.23 1.11

0.61 0.66

0.37 0.32

]-r0

0. 69

r.76

1. 15

ñrq

0.36

I.15

0.77

r.67

1. 06

0. 41

0.31

lAsterisk indicates that mean is significanÈ1y greater. than comparable

species ¡nean at same shade level, õame growth lnterval (p = 0'05)'
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TABLE 5. Leaf area per plant of green
at three shade levels and within the

(GF) and yellow foxtaÍl (YF)
1979 and 1980.1

fox Èai1
crop in

Leaf Area
Shade
1eve1 Week I I.Ieek 2 lleek 3 Week 4

YTGFYFGFrFGFYFGT

(ctz¡
t979

o%

55%

In Crop

LSD (0.05)2

19 80

o%

55%

In Crop

LsD (0.05)

2.L 2.8

3.3 4.O

3.5 4.O

2.7 4.5^

6.3 6. I
5. 8 s,5

5. s 6.2

2.8 4. 8^

1.6

+13.r 19.3"

17 .0 20.2

L6 .6 19 .9

11.8 L2.8

48. 0 35.7

43.6 36.6

38.9 52.0

48. 8 LO6.7*

21.0

5t.u

35. 1

27 .3

49.6

15. 5

42.0

38.2

26 .4

6r.3

243.0 437.r*

502.9 573.5

4L3.7 46s.2

156.9 160.2

128. I

191.5 r77 .6

r37. 8 L67 .8

LL7.2 88.7

74.4 85. 8

43. 1

I.5 ), b

20.6 17.7

17.0 r5.4

L2.7 12.8

15.9 28.g*

6.2

l6sterisk indicates thår mean is significantly greater than comparable
species mean at same shade level, same date (p = 0.05).

?lSn (0.05) is used for colu$n comparisons betr.reen shade levels within
each species at same date.
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shade showed equally variable results for each species. At the end of

the 4th week in 1979, green and yellow foxtail under 55 and 73% shade

levels showed íncreased leaf area compared to control plants. However,

in 1980 both specíes sho¡,ved significant decreases in leaf area with up

to 507. reductions under 73% shade.

The response of the two species growing in the crop was also incon-

sistent. Although yellow foxtail had a greater leaf area at all dates

in both years, sígnificant differences vJere not always present. In 1979,

no trend \,ùas apparent while in 1980 differences in leaf area bet\^reen the

two species were only significant at the begínning of the season, afLer

which time the leaf area of green foxtail was the same as that of the

yellow foxtail. In comparing Leaf areas of foxtail growing within the

crop with those in the control plots, iË is evidenË that while green fox-

tail plant.s eíther showed no difference or a reduction in Leaf atea, yellow

foxtail plants showed significanË increases of approximately 40 to 60% in

leaf area early in t.he season.

The extended length of the fourth leaf of boÈh species was examined

in week 2 when plants were in the five- to six-leaf stage, just prior to

tillering. As shown in Figure 3, yellow foxtail had a longer fourth leaf

than green foxtail regardless of the shade level. However, significant

differences betvreen the two species only existed at Ëhe 55 and 73% shade

1eve1s. At these levels, yellow foxtail leaves were almost twice as long

as those of green foxtail. There was also a trend t.oward increasing leaf

length with increasing shade level from 0 to 55 ar'd 73% shade for both

species although trends were not consistent over the 2 years. In L979,

green and yellow foxËail responded similarly to changes in shade level from

O to 55% and 0 to 73% vrith increases in leaf length of close to 4O%. In



Fígure 3. Extended length of fourth leaf of green foxtail (GF) and yellow
foxtail (YF) at three shade levels and within the crop in 1979

and 1980.
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1980, yellow foxtail was more responsive to both 55 and 73% shade than

green foxtaí1 with proportíonately greater increases in leaf length. An

increase in shade leve1 from 55 to 73"/. was not sufficient to cause signi-

ficant increases Ín leaf length in either green or yellow foxtail' There

rlras a twofold increase in leaf length for both foxtail species growing

v¡ithin the crop compared to plants ín the unshaded control plots ' Ye1low

foxtail leaves were longer than those of green foxtail in plots sovrn to

wheat.

Measurements of total plant height \^rere Ëaken only on the last four

sampling dates Ln L979, while in 1980 data was collected throughout the

season. But since no major consistent dif ferences betT/,teen green and yellow

foxtaíl were seen at any shade leve1 in the first three dates in 1980,

only the last four dates are reported (Figures 4 and 5). In both years'

ye11ow foxtail !,ras always taller than green foxtail under the 55 and 73%

shade levels ivith significant differences apPearing by the end of the

season. In the unshaded control plots, Lhe results were less consistent'

In L979, the yellow foxtail was taller throughout the season, whfle ín

1980, there üras no significant difference between the two species until

the final sampling date at which time the ye1low foxtail was taller' In

the Znd year, yellow foxtail responded to the 55% shade level by a snnll

increase in height, but the green foxtail was unaffected. Under 73%

shade, the height of yellow foxtail was reduced to that of the control

plants while the heighË of green foxtail was reduced by up to 16% com-

pared to the unshaded plants, In L979, the results r'rere nuch less clear-

cut, due to the more vígorous growth of yellow foxtail under 0% shade'

However, green foxtail showed a similar resPonse as in 1980. Under 55%

shade, it was no different in height compared to the control plants while



Figure 4. Plant height of green foxtail (GF) and yellow foxtail (yf')
at three shade levels and within the crop in L979,
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Figure 5. Plant height
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under 73% shade its height was reduced sígnificantly. Growth of foxtail

within the crop was similar in Llne 2 years with yeIlow foxtail growing

signíficanËly taller than green foxtail by the end of the season. Yellow

foxtail continued to increase in height after green foxtail had attained

its maximum height in week 6 of both years.

In the case of tiller number per plant, Figures 6 and 7 show that

resulËs from the 0, 55 and 73% shade ËreatmenLs were quite different in

the 2 years. In 1979, there T^rere no significant differences in tiller

number between the two species under any of the shade levels, while in

1980 significant differences were very apparent. This is especially true

in the unshaded control plots where green foxtail had over twice as many

tillers per planË as did yellow foxtail at the end of the season. Under

the 55 and 73% shade levels, green foxtail had a greater number of tillers

per plant than yel1ow foxtail although significant differences were not

always evident. Shade reduced tíIlering in both species, but there were

no consistent trends over the 2 years. I.Ihen tillering of both species

under the 55 arrd 73% shade levels was examíned, neither species shor,¡ed a

significant difference between shade levels in 1979. In 1980, green fox-

Ëail under 73% shade had a 35% reduction in ti11er number from plants

under 557. shade and a 70% reduction from plants in the unshaded control.

The final riller number of yellow foxtail, however, showed little

difference under 55 or 73"/" shade. In the crop, green foxtail plants

always had more tillers than yellow foxtaíl plants all season. Yellow

foxtail, however, produced more tillers a1-ong the main stem comPared to

green foxtail which tillered from the base of the stem only.

Head number per plant followed a similar pattern as tiller number

with variable results over tine 2 years. The data in Table 6 shows that



Figure 6. Ti11er number per plant of
foxËail (YF) at three shade
L979 .

green foxtail (GF)
levels and within

and
the

ye1 1ow
crop in
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Week 5 lleek 6 Week B

YFGFYTGFYFGF

(No. /plant)

L979

o%

iJh

In Crop

LSD (0.05)2

19 80

0%

J5k

In Crop

rsD (0.05)

9.6 8.0

9.1^ 5.0

3.7 2.7

3.4 1.7

2.8

tl. 1

6. 5^

1.8

t-l

,t

r0.3

t2.L

8.5

?o

4.L

Lz.l 17 .r

lt.B 10.9

r2.r 7 .9

2.9 3.0

Ê1

2.8

1.0

0.0

1.5

2L.3^

6.2

2.2

3.9

4.9

I5.5^

10. 5

7.5

3.0

8.9

4.8

o.7

1.0

66 .6^

28.6"

17.7^

4.4

26.6

12.3

10. 5

r.6

8.3

lAsterisk indicates that mean is significantly greater than

comparable species t";; ;; ""tt 'hãdt 
level' same date (p = 0'05) '

2l,s¡ (O.OS) is used for column comparisons betçeen shade

levels loÍthin each species at same date'

TÀBLE 6. Head number per plant of green foxtail (GF) and yellow

fox¡ail (YF) at threL shäde levelã and wiÈhin the crop in L979

and 1980.r

tlead Number
Shade
level
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there was no significant differences in head number between green and

yellow foxrail under 0, 55 and 73% shade ín 1979, while in 1980 signifi-

cant differences appeared by the end of Èhe season. In the control plots

the green foxtail had two and a half times the number of heads as yellow

foxtail and heading occurred 1 week earlier. Under Lhe 55 and 73% shade

levels heading was delayed uniformly in both species by 1 and 1.5 weeks,

respectively, later than the conÊrol plots. In both years green foxtail

had more heads than yellow foxtail under shade but differences lvere not

always signifícant. While it is readíly apparent that increasing levels

of shade reduced ¡he number of heads produced by both species' a comParable

trend was not evÍdent over Ëhe 2 years. Head numbers of plants growing

within the crop were drastically reduced compared to control plants for

both species wíth reductions of.75 to 90% in the 2 years'

In addition to the growth parameters examined, tl.,o types of light

measurements were made to gain specific ínformation on light intensities

vrithin the crop canopy. The first entailed the use of an integrator which

continually monitored the amount of light reaching a sensor deep within

the crop. Results in Figure B indicated that the amount of light reaching

near ground level v,¡ithin the wheat crop declined dramatically over the

first 4 weeks of foxtail growth. Data from 1979 shor.¡ed that durÍng thís

period the average weekly irradiance experienced a sixfold decrease from

205.5 to 30.4 watts p.r *2 while the wheat grew in height from 25 to 90

cm and developed from the five-leaf to the heading stage. After this

date, the light levels decreased more gradually, finally reaching a value

at the end of the season which was only 12% of the initial reading'

lrleekly 1íght readings were also Ëaken at three heights within the

crop canopy to determine the actual shade levels existing viíthin the



Figure 8. Irradiance measured with a pyranometer sensor within the wheat
crop over 10 weeks in L979 and 1980.
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crop during the critical early period of foxtail growth

lg7g, a quantum sensor was used to measure the reduction

tically active radiation (PAR). In 1980, a pyranometer

(Table 7). In

in photosynthe-

sensor which

TABLE 7. Light reduction measured at three heights within
the crop with a quantum sensor in 1979 and 1980 and a

pyranometer sensor in 1980.

Week Height
(c*)

Light Reduction

Quantum Sensor Pyranometer Sensor

L979 19 80 19 80

(%)

BB

50

2

90

76

23

99

93

0

99

94

I

99

60

+J

0

30

60

0

JU

60

n

30

60

98

92

5

98

96

L9

99

94

44

B4

25

2

measures total irradiance, was also used to compare the effects of sensor

in light reduction values. ft was found that the pyranometer sensor did

not detect as large a reductíon in irradiance at any height within the

crop canopy as did the quantum sensor which was especially evident at

the 30 cm height. In week 2 of 1980, the quantum sensor detected a light

reduction Ëhat was three times the amount shown by the pyranometer sensor.
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In week 3 the pyranometer reading \^ras about one-half that of the quantum

sensor.

Results using the quantum sensor were quite consistent in tlne 2 years

with light reductíons close to 100% occurring at ground height (0 cm) as

early as the second sampling date. At the 30 crn height, reductions in

pAR averagirrg 95% appeared by the 3rd week. A decrease in shade occurred

at this level in week 4 of. 1979 due to flattening of the wheat crop in

some areas by heavy rains. In the 2 yeaïs both sensors noted very gradual

reductions in light at the 60 cm 1evel as the wheat crop increased in

height.

Fertilitv Experiments

Field

Because the results from tlne 2 year field study of the effect of Iow,

medium and high nítrogen levels on growth of green and ye1low foxtail ín

competition with wheatwerehighly variable and showed no consistent trends,

the data will not be presented. In both years the wheat emerged earlier

than either of the foxtail species. Emergence of green foxtail occurred

approximatei-y 2 weeks after the wheat while emergence of yellow foxtail

was delayed another 0.5 to I week. However, in 1980' noL only was fox-

tail emergence delayed and very erratic, but plant development was also

sLowed during early establishment despite the fact the plots were irri-

gated at the time of wheat emergence. Until the first major rainfall of

the season on June 29, the majority of the foxtail v¡as stil1 in the one-

to three-leaf stage, while the rvheat was 15 to 20 cm tall with two to

Ëhree tillers. After the rainfall, the wheat rapidly doubled.in size,

leaving the foxtail with litt1e chance to exert competitive effects.
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The plant counËs indícated thaË in both years there were greater

numbers of green foxtail than yellow foxtail at all three nitrogen levels.

In L979, the delayed emergence caused very few foxtail plants of either

species to become established and develop to maturity. In 1980, twice

as many planËs of both species were established, but few were able to

develop to maturity. This is reflected by the dry weight data whÍch

showed Ëhat foxtail dry weight p.t *2 was one-half as greaË in 1980 as in

L979.

As far as Ëhe wheat was concerned, no clear PatËern was seen in

eiËher year. Not only were there no consisËent differences between dry

weighË and final grain yield of the control plots and Ëhe foxtail-infested

plots but ín many cases Ëhe foxtail-infested plots showed significanËly

higher grain yields than Ëhe foxtail-free plots. The wheaË also did not

show any apparent response to nitrogen wíËh no significant differences ín

dry weighË or final grain yÍeld at any of Ëhe three níËrogen levels.

GrowËh Room

!'Ihen examining the results from the growth room studies, iË is impor-

tant to sËress that t.he six nitrogen levels represent the amount of applied

nitrogen and not the toËa1 amounË of nitrogen Present. In Ëhe second

trial, a different batch of soil was used whích had higher initial amounts

of all four rnacronuËrients (Table 8). However, in both trials Èhe toËal

amounË of niËrogen utilized by both species was similar aË the low (0 and

50 ppm) and inËermediate levels (100 and 200 ppm) while at the Ër,ro highesË

Levels (300 and 400 pprn), consíderably more niËrogen was uËilized by Ehe

green foxtail. Despite Ëhe differences in nitrogen utilization at the high

levels, similar amounËs of phosphorous and potassium v¡ere taken up by the

two species with increased growËh resulting in greaËer upËake of Ëhese
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nutrients.

Shoot dry weight determinations (Table 9) showed no significant

differences between green and yellow foxtail in trial 1 except aË the

highest nitrogen level, in whích case green foxtail had the greater dry

weight. In trLaL 2, green foxËail also had a significantly greater dry

weight than yellow foxtail at the 400 ppm level. But in this trial, there

was a signifícant difference at the three lowesË nitrogen 1evels as well

with yellow foxtail having the greater dry weÍght at 0, 50 and 100 ppm

added niËrogen.

TABLE 9. Shoot dry weight per
and yellow foxtail (YF) at
trial s . 1

planË of green foxtail (GF)
sÍx nitrogen levels in two

Shoot Dry ï.Ieight
NíËrogen

1eve1
(ppm)

TríaI 1 TrLaI 2

GF YFGFYF

(e)

0

50

100

200

300

400

LSD (O.os) 2

L.49

4.26

4.3r

6.04

7.08

6.72"

2.0L

4.39

4.69

6. 01

6 .56

s. 86

1.02

1.00

2.69

3.80

4 .66

4.35

4.89^

I.62"

3. 84^

4.77 ^

4.33

4.36

3.93

o.7r

lAsterisk indicates ËhaÈ
than comparable species
same trial (p = 0.05).

2lso (o.os) is used for
nitrogen levels wiÈhin
tria1.

mean is significanËly greaËer
mean aË same nitrogen level,

colr¡an comparisons between
each species in the same

Comparisons beËween nitrogen levels within each species showed that



62

both green and yellow foxtail have a similar trend of increasing dry

weighË vrith increasing nitrogen level. Ifaximum production of shoot dry

rnatter occurred at a leve1 below 400 ppm in the Ëwo species. However,

the result,s from Èhe second trial especially indicate Ëhat yellow foxtail

may reach maximum dry weight at a lower nitrogen 1eve1 than green foxtail.

HeighË Eeasurements of the two species at each nitrogen 1eve1 shown

in Figure 9 revealed that yel1ov foxËail was significantly tal1er than

green foxtaÍl regardless of the niËrogen level at LSD (0.05) = 5.0

(trial 1) and 6.0 (trtat Z). But significanË differences beËween the two

species vJere greatest at the lower nitrogen levels, which is shown clearly

in the second tríal. At 0 ppm nitrogen, yellow foxtail was almost twice

as tall as green foxtail while at 400 ppm the yellow foxtaíl was onLy L4%

taller Ëhan the green foxtail. SimÍlar resulLs vrere noËed in Ëria1 1 with

a 30% decrease in height differential beËween Ëhe Ëwo species over the

same range of nitrogen levels.

Clearly, the Ëwo species showed marked differences in response to

changes in nitrogen 1eve1. Green foxtaí1 increased in height at nitrogen

leve1s up to 200 and 300 ppm while aË the 400 ppm level, plant height

decreased slight1y. fn conLrast, yel1ow foxtail attained m¡ximum heíghË

at only 50 ppm nitrogen with significant decreases in height aË the higher

300 and 400 ppm levels. In tríal 2, the ye11ow foxtail plants in Èhe

ËreaËment wÍth no applied nitrogen were even Ëaller than plants aË Ëhe two

highesË nitrogen levels. fn both species, however, Èhe 400 ppm nitrogen

1evel caused depressions in height.

I^IíËh respecË to tiller number per plant, the situation was differenË

than for plant height for the two species. As seen in Figure 100 in both

trials green foxt.ail had a greater number of Ëillers Ëhan ye1low foxtail-



Figure 9. Plant height of green and yellow foxtail at
in two trials. Note that LSD (0.05) values
between nitrogen levels wiËhin each foxtail

síx nitrogen levels
represent differences
species.
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Figure 10. Ti11er number per plant of green and yel1ow foxtail at six
nd-trogen levels in two trials. Note that LSD (0.05) values
represent differences between nitrogen levels within each
foxtail species.
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aË all Ëhe nitrogen levels, although differences were not always signifi-

canr ar LSD (0.05) = 1.6 (trial 1) and 0.6 (trial z). In the first trial,

green foxtail had significantly more tillers at the low (0 ppm) and high

(200, 300 and 400 ppm) nitrogen levels while at 50 and 100 ppm, there

were no differences between the two species. The difference in tiller

number bet\^7een green and yellow foxtail was tv¿ice as large at the higher

nitrogen levels than at the low 0 ppm nitrogen 1evel. The results of trial

2 were less clear since at the 300 ppm 1evel the tiller numbers of the two

species \,rere very close. Since the values for yellow foxtail \^rere very

similar for all nitrogen levels over Ehe two trials, it is assumed that

the value for green foxtail at this level !'Jas abnormally 1ow.

The changes ín tiller number within each species in response to

increasing leve1s of nitrogen were similar. In general, both foxtaiL

species had increases in tiller number with each increment of nitrogen

up to the 200 to 300 ppm levels. It would aPPear thaË the 300 ppm nitro-

gen level is sufficient to cause maximum tiller Ínitiation for both species

wíth no sÍgnificant increases occurring at the hígher nitrogen levels.

Head number per plant was the only parameter which did not show a

consistent trend over Ëhe two trials. As can be seen in Table 10, in

tríal 1 green foxtail had a greater number of heads than yellow foxtail

at all nitrogen levels with significant differe.nces at 300 and 400 ppm

nitrogen. However, in the second trial, significant differences were

seen at the four highest nitrogen levels, wiËh yellow foxtail having a

higher head number than green foxtail. Although yel1ow foxtail consis-

tenËly had fewer tí1lers than green foxtail, in both ÈTials approximately

85 to 90% of these tillers produced viable heads. Green foxtail, on the

other hand, had more tillers but in trial 2 only about one-half of them
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TABLE 10. Head number and head length per plant
of green foxÈail (GF) and yellow foxtail (YF)

at six nitrogen levels in Ëço trials.r

Nitrogen
leve 1

(pp')

Head Number

GF

Head Length

Trial 1

0

50

100

200

300

400

LSD (0.05)2

TríaL 2

0

50

100

200

300

400

r,sD (0.05)

- 
(No./plant) 

- - 
(cm) 

-

3.0 5.3^

3.8 5.0^

4.4 5. B^

4.8 6. O^

5.3 5.7

4.8 5. 8^

0.8

3.7 5. 5*

3.7 5.1^

4.9 5. 6

5.4 6.1

4.7 5. 8^

4.6 5. 5

0.7

2.L

4.r

5.8

7.4

9.4^
+

s, 1^

1.0

4.8

7t

70

7.6

1.5

al

4.1

4.5

5.6

E'

1.1

aa

5.7^

ô. t
+

7.5"

t.4

t.3

lAsterisk indicates lhat. mean is significantly
greaÈer than conParable sPecies Eean at same

iittog"tt level, for sane Parameter (P = 0.05).

2Lso (0.05) is used for column comparisons
betvJeen nitrogen levels çithin each species
for the saüe Parameter.
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produced heads cornpared to apProximately 75 to B0% in trial 1.

The response of head number to increasing nitrogen leve1 within each

species emphasized that ye11ow foxtail showed a similar Pattern over the

two trials while the results for green foxtail were different. iÀIith

yellow foxtail, increases from 0 to 50 and 100 ppm niËrogen caused signi-

ficant increases in head number while at the higher nitrogen levels, no

significant differences were seen. I,trith green foxtail-, however, head

number responded the same as ti1ler number with significant increases

apparenË up to 300 ppm nitrogen. The higher nitrogen levels were also

responsible for a delay in heading of up to 2 weeks compared to the lower

niËrogen levels in both species.

Measurements of mean head length per plant (Table 10) showed yellow

foxtail to have longer heads than green foxtail at every nitrogen leve1

in the two Ëria1s. But significanf dífferences \¡iere evident only at the

lowest and highest nitrogen regímes in both trials. In between these values

differences tnere not always significant indicating that at intermediate

nitrogen levels yellow foxtail does not necessarily have a Longer head

than green foxt,ail. However, the difference between the two species was

most apparent in the treatment with no applíed nitrogen in whÍch case

yellow foxtaíl had head lengths that were 75 and 40% longer than green

foxtail ín trials I and 2, respectively. The clifferences between species

r.¡ere noË as great at the higher nitrogen levels. Head length of green

foxtail showed a much greater response to varying nitrogen levels wiËh

proportionately greater changes over the range of nitrogen additives than

did yellow foxtail. Yellow foxtail only showed an approximate 10% increase

in head length from 0 to 400 ppm while green foxtail showed an increase

of nearly 60"/" ín trial 1.
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The percent prot.ein content of green and yellow foxtail, which was

determined by multiplying the total nitrogen present in a sampling shoot

dry matter by 6.25, shorved a dissimilar trend in the two trials (Table

11). In trial 1, there \¡ras no significant difference in percent protein

between the two species except at the 300 ppm nitrogen leve1 where yellow

foxËail had the higher protein content. In the second trial, significant

differences vlere evident only at the three lowest nitrogen leve1s where

green foxtail had a greater percent protein content than did yellow foxtail'

Total proËein content \¡ias calculated on the basis of the amount of

dry matter produced and is shown in Table 11. No significant difference

was noËed between the two species in either trial excePt at the highest

nitrogen level where Breen foxtaí1 synthesized more total protein than

ye11ow foxtail. Both species responded simí1arly to increases in nitrogen

with increases ín total protein uP to 300 ppm. However, at the highest

nitrogen level, green foxtail contínued to show an increase in total

protein while Ëhe total amount of protein Produced by yellow foxtail

remained the same.

Growth Curves Experiment

Although ye11ow foxtail had a gleater root. dry weight than green

foxtaí1 over, the 9 sampling weeks in both trials, signÍfícant differences

between the two species were not evident until near maturity in week 6 of

trial 1 and week 7 of trial 2 (Figure Ll). Both species experienced steady

increases in root dry weight up until these dates at which time the root

weight of yellow foxtail underwent a dramatic increase while green foxtail

root weight continued to increase very gradually (trial t) or levelled off

(tr1a1 2), On the 9th week, ye11ow foxtail had a final root dry weight

that was nearly three and six times larger than that of green foxrail in
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TABLE 11. Percent
(GF) and yellow
in tvro trials. ¿

and tot.al proteirl of green foxtail
foxtail (TT) ac six nitrogen levels

Protein Total Procein
Ni trogen

I evel
(pp*)

Trial 1

0

50

100

200

300

400

LSD (0.05) 3

lrial 2

0

50

100

200

300

400

LSD (0.05)

(7.) 

-
4.65 3.77

/+.95 5.17

6.77 8.23

Lr.29 L2.47
+

L3.43 15.63

L5.77 16 .2O

1. 56

(s) 

-6.90 7.63

2L.34 22.60

2r.r4 38. 50

67.30 74.99

94.69 LO2.74

108.97i' 92.30

t9 .29

6.63 6.84

L6.55 L7.64

29.60 3L.94

6r.26 59.09

66 .92 68.7 2

78.93* 65.42

9.5r

6.73*

6.25^

7. 85*

13.3C

r5.43

16.40

1.51

4.23

4 .60

6.75

13. 83

15.80

16.73

IP"t"..r, protein = % Kjeldahl digestible N x
6.25. Total protei¡ = percent protein x dry
rDatter,

2Asterisk indLcates that mean is significantly
greater Ëhan coDparable species mean at 

-same
iittog".t level, for the sarne Paraneter (p =

0.05) .

3lso (O.OS) is used for coluurn cmparisons
betçeen nitrogen levels within each species,
for the same Parameter.



Figure 11. Root dry weight per plant of green foxtail (GF) and yellow
foxtail (YF) over 9 \^reeks in tr¿o trials.
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trials L and 2, respectively.

Root dry weights in the first trial were consistently greater than

comparable values in the second trial for both species. However, ye1low

foxtail showed a proportionately greater reduction in root growth in trial

2 compared to trial 1, except at the first and final two sampling dates.

It v¡as also observed throughout the two trials that the root system of

yellow foxtail was much coarser and the rootlets appeared to have a larger

diameter than the more finely textured root system of green foxtail.

Shoot dry weight measurements (Figure 12) showed no significant

differences between the two species except at week 6 in trial I and weeks

7 and 9 iî triaL 2. However, these differences did not appear to form any

consistenË trend over the two trials sínce not only did they occur at

different times, but in the fÍrst trial green foxËail had a greater shoot

weight than yellow foxtail while Ëhe reverse situation occurred in Ëhe

second trial. Green foxtail had proportionately greater reducËions in

shoot growth in trial 2 as compared to Ërial L than yellow foxtail which

might explain why significant differences between the species showed up

at the end of the second tTial but not the first.

Observations throughout the experiment showed that green foxtail had

more tillers than did yellow foxtail in trial 1 while opposite results

occurred in trial 2, with yellow foxtail having the larger number of

tillers. Head emergence was noted to be similar in the two Ërials with

green foxtail consÍstently heading 2 to 3 v¡eeks before yellow foxtail

which did not produce heads until the 9th week in both trials.

The shoot:root ratios, shown in Table 12, inËegrate the results of

the root and shoot dry weights. As was expected, green foxtail had a

greater shoot:root ratio than yellow foxtail at all dates in the two

triaLs. However, some variaËion existed beËween the two trials sínce in



Figure 12. ShooË dry weight per plant of green foxtail (GF) and yellow
foxtail (YF) over 9 weeks in two trials.
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TABLE 12. Shoot:root
ye11ow foxtail (YF)

of green foxtail (GF) 
- and

weeks in two trials.1
ratio
over 9

Shoot:Root Ratío
Sarnpling

date
(weeks) Trial I Trial 2

YFGFYFGF

I

2

J

4

5

6

7

9

1.59

2.77

4.79

7.54"

7 .92"

7.2L^

7.03"

6.93^

1.11

L.49

3. 13

5.L9

3 .67

3.33

4.3L

2.34

J.

3. 91"

4.45
&

6.12"

5.79"

6.23

8.2L^

L2.00^

2.4L

3.4L

3. 55

4.L4

5. 15

4. 84

4.52

2.39

lAsterisk indicates that
greater than comparable
date, ín the same Ërial

mean is significantly
species mean aË the same
(p = o.o5).

the first one green foxtail had a significantly greater ratÍo only from

week 4 to the end of sampling, while in the second Ëria1 green foxtail

had a significantly greater ratio at all dates except weeks 2 and 6. In

both Erials, yellow foxtail had an increase in root dry weight at the end

of the growing period which caused a corresponding decrease in the shoot:

root ratio. Green foxtail also had a small increase in root dry weight

at the end of trial I which simílarly caused the shoot:root ratio to

decrease rvhile in trial 2 Line decline in root dry weight at the end of the

season resulted in the ratio increasing markedly.
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Yel1ow Foxtail BiotvPes Studv

Final measurements of most of t.he growth parameters examined failed

to show any major differences between the three yellow foxtail biotypes

(Table 13). Dry weight determínations differed slightly in the 2 years

sínce ín L979 there Tdas no significant difference between the three bio-

types while in 1980 the l'Iinnipeg and Carman bíotypes had signíficantly

higher final dry weights than the Ontario biotype. Measurements through-

ouË boËh seasons showed a similar pattern with no difference between dry

weights of the Ëhree biotypes until mid-season when the Carman and lJinnipeg

biotypes had greater dry matter accumulaËions than the Ontario biotype.

By the end of sampling ín L979, the dry neight of the Ontario biotype was

equal to that of the other two biotypes. Since in 1980, emergence and

maturity of the Ontario bíotype was delayed to a greater extent than either

the Carman or Winnipeg biotYPes, it is probable that the Ontario biotype

would have reached a comparable dry weight had sarnpling continued.

Insofar as height and tiller number are concerned, in neithet yeaî

!üere there any significant differences beËween the three biotypes by the

final sampling date. However, differences between the biotypes were evi-

dent in both of these parameters earLy in the season. The Carman biotyPe

was significantly tal1er than Ëhe Ontario biotyPe until the 5th sampling

week, while the i{innipeg biotype did not differ in height from either

biotype. Simílarly, tiller number showed significant differences between

all three biotypes until near the end of the season with the Carman bio-

type having the greatest number of tillers in contrast Ëo the Ontario

biotype with the least number of tÍllers.

The greatest difference between the biotypes was seen in head number

since Ëhe Ontario biotype did not begin heading until at least 2 weeks



79

TABLE 13. Final
meters of three
and 1980.

measurements of
ye11ow foxtail

four growËh para-
biotypes Ln L979

Growth ParameterYel low
foxtaí1
bíotype Dry Weight Height

L979 19 B0 t979 19 80

2L.7

23.2

2L.3

7.2

7.9

9.8

10. 6

r.4

(e) (cm) 

-100. 1 60. 5

L06.7 63. 5

L09 .4 64.7

16.8 6.4

Ontario

Vüinnipeg

Carman

LSD (0.0s)

Ontario

l,Iinnipeg

Carman

LSD (0.0s)

Tiller Number Head Number

L979 19 80 r97 9 19 80

- (No./pLant) - - (No. /plant) -
27 .3

33.7

29.7

7.0

24.L

24.8

26 .5

4.5

16. 8

30.8

26 .5

8.5

4.8

23.2

23.3

2.0
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after the other two biotypes. Consequently, there were large differences

between the Manitoba biotypes and the biotype from OntarÍo in total heads

emerged by the end of sampling. Once again it is felË that had the grow-

íng season been longer and sampling continued until the Ontario bíotype

fu1ly matured, which \¡7as approximately l month after the other biotypes,

similar fÍna1 head numbers would have been recorded.
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D]SCUSSlON

Shade Experiment

An examination of the results of the shade experiment showed that

the Ëwo foxtaíl species responded differently in ti;,e 2 years and there-

fore much of the data does not lead to obvious conclusions and in some

instances may even appear to be conflicting. There are several possible

explanations for the variable results, one of which is the divergenL

weaËher conditions which occurred in the 2 years (Appendix Tables I and

2). After the exËremely wet spring

fel1 compared to the spring drought

1979, a moderate amount of rain

1980 which ¡¡as followed by a

1n

^E(JI

relatively \Âlet summer. Although this rainfall data helps to explain the

difference in overall plant vigour in the 2 yeats, it does not satisfac-

torily explain why trends vrere often dissimilar.

Another possible explanation might lie in the fact that although the

stands were quit.e uniform within each treatment, the final densitíes

differed in the 2 years. The reason for the lower than expected emergence

of yel1ow foxrail in some plots Ln L979 is not known but may be related

to differences in soil moisture content. Reduced emergence of yellow

foxtail in wet soil has been reported by Dawson and Bruns (1975) who

found a L5% decrease in emergence on irrigated soÍl as compared to non-

irrigated soil. Their results shoroed opposite results for green foxtail

with 30% increases in emergence on the írrigated soil. Blackshaw (1979)

also noÈed green foxtaÍI emergence to be very dependent on soil moisture

with optimum emergence occurring at higher waËer potentials. In 1980,
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although plots r/ûere hand-watered to overcome dry soil conditions, final

plot densities of green foxtail were lower than in L979. The reason for

this was because a subsËantial number of plants in the first flush were

injured after application of bromoxynil/MCPA to control broadleaf weeds.

Yellow foxtail, which emerged 1 week later than the green foxtail did not

suffer comparable reductions in plant populations and attained higher

final densíties. The only exception occurred within the wheat plots

where the slower emergence of the yellow foxtail allowed the wheat to

compete more sËrongly than with the green foxtail.

Regardless of the reason for the varying densiËies between the fox-

tail species and over the 2 years, it is evident that these differences

are at least partially responsible for the inconsistencies in the data

for the 2 years, especially for the conËrol plots. In L979, not only were

yellow foxtail densities low but plant to plant spacíng rtas non-uniform

which resulted in uneven growth wíthÍn the plot. !'Iork by Santelmann et

al. (1963) emphasized that spacing of plants greatly affects tiller and

subsequent head formation of yellow foxtail with plants spaced 30.5 cm

apart havíng a mean of 56 tillers compared to a mean of two tillers for

planËs spaced 5 cm apart. Consequently, Lhe lower, non-uniform plot den-

sities of L979 allowed deveLopment of some abnorurally large yel1ow fox-

tail plants which was reflected in the data. A similar resPonse \^ras

noted with green foxtail in 1-980 wíth lower plot densÍties resulting in

less crowding and the production of plants with greater numbers of tillers

than in L979.

The data collected in 1980 is general-ly considered to be more reli-

able. The greater reliability is reflected in the lower coefficients of

variation (C.V.) which are a measure of the rel-ative variation wíthin
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a set of data. For most parameters the C.V. values were twice as high

ín 1979 as in 1980 and ranged from 30 to 50%.

The lower variability of the 1980 data may be attributed to several

factors. Since the plots were initially seeded to higher densities and

then carefully thinned out, Ëhe result was more uniform plant growth

v,lithin stands. Secondly, because the sampled plants were marked with

coloured rings, Ít was assured that all plants which \¡iere samPled were

of the same age. Also, measurements of height, tiller and head number

were based on a Larger sample síze. Finally, the addition of flaps to

the south end of each tent ensured that all of the plants sampled exPer-

ienced the same level of shade throughout t.he season. Therefore, the

reduced sampling variability in 1980 supports the conclusion that the

second yeat data is the more accurate of tlne 2 years and consequently

more emphasis will be placed on these results ín the remainder of this

section of the Discussion.

Despite the differences observed in the 2 years of the study, certain

general trends of green and ye11ow foxtail growth under varying shade

levels can be discerned. It is important to note that only comparisons

between foxtail growth under the 0,55 and 73% shade levels can be made.

It is not possible to directly compare growth at 55 and 73% shade to

growth wíthin the crop, since in the latter situation it is impossible to

attribute the existing competition to shade a1one, The data seem to

indicate Ëhat the increased height of the yellow foxtail combined wiËh

Ëhe decreased tillering abÍlity of the green foxtail under shaded condi-

tions yields plants which are very similar in dry maËter and total leaf

area.

Height of green foxtail rvas little affected by 557. shade while there
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was a significant reduction in height under tJne 73% shade 1evel compared

to control plots (Figure 5). This response was very similar to that seen

by Knake (L972) working wiËh giant foxtail. He found that shade levels

of 70 and 80% were necessary to cause significant height decreases. In

the present study, a very different response was seen for the yellow fox-

Ëai] in 1980, ín Ëhat 55% shade caused an increase in height in comparison

to the control plots. At rlne 73% shade level, a reduction in height frorn

plants under 55% shade was apparent, but only to the level of the unshaded

planËs. These results are contrary to those of Santelmann et al. (1963)

who found tinat 60% shade caused a L7% decrease in ye11ow foxtail height

compared to plants gror¡7n under full light. However, the data are similar

to the findings of ?atterson (1979b) who noted that low levels of shade

stimulated elongation in itchgrass while higher shade leve1s limited over'

all growth and caused height reductions.

The effect of density on tiller formation noted by Santelmann et a1.

(1963) for yel1ow foxtail was rvell illustrated with both species in the

2 years. In 1980, growth of green foxtail, partícularly in the control

plots, \^ras abnormally vigorous and produced plants at the end of the sea-

son wirh a nean of. 73 tiLlers (Figure 7). In contrasÈ, Vanden Born (1971)

found that ti11er number of green foxtail growing near Edmonton could

range from 10 Ëo a maximum of 35 tillers under good growing conditions

with limited crowding.

Not¡¡ithstanding the very lush growth of green foxtail in 1980, iË

is apparent that thís species had significantly more tillers per plant

than yellow foxtail by the end of the season regardless of the shade

1eve1. Although both species showed decreased tiller numbers under shade,

it is evident that of the two species, the tillering abilíty of green
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foxtaíl is more affected by shade, with higher leveIs of shade causing

proportionately greater reductions in tiller number than in yel1ow fox-

rail. These data agree closely with the results of Vanden Born (1971)

who sholved that tillering and overall dry matter productions of green

foxtail was almost directly proportional to light intensity with the low

light intensity producíng plants with the fewest tillers.

The trend for head numbers per plant was similar to that of tiller

number, wiËh green foxtail having the greater number of heads. Green

foxtail heads appeared I week earlier than those of yellow foxtail regard-

less of the shade 1eve1. Perhaps the major effect of shade was to uni-

formly delay the production of heads in the two foxtail species by approx-

imately 1 and 1.5 roeeks under 55 and 73% shade, resPecËively. A delay

in headíng under shade \¡ras also found by Vengris and Damon (1976) in

witchgrass r,rhere 51 and 16% shade caused a sígnificant 3 and 6 day delay,

respectively, in the production of the first head compared to control

plots.

Dry weight measurements from 1980 indicated that under unshaded con-

dítions, green foxtail had a higher dry weight than yellow foxtail which

was growing under slightly more croúided conditions. This significant

difference in dry weight between the two species ceased to be evident

at either 55 or 73% shade. The two species showed a similar reaction

to the shade in that both experienced similar reductions in dry weight,

with t.he greatest decreases occurring under 73% slnade. The rate of dry

matter accumulation or relative growth rate was also found to show no

consistent difference between the two species, regardless of the shade

leve1. Therefore, although yellow foxtail is slower to germinate and

emerge than green foxtail, there are no appreciable dífferences in either



86

rate, pattern or quantity of dry matter produced under shaded conditions.

Studies of Ëhe Ëotal teaf area per plant failed Éo show any consis-

Ëent Lrend of differences beËween green and yellow foxtail in Ehe un-

shaded control plots. However, resulLs from both years showed LhaL

regardless of how the species grew in full sunlight, under eiËher the 55

or 73% shade leve1 Ëhey reacted similarly with no significant differences

in leaf area. Friend eË al. (1962) reported a linear response of íncreasing

leaf area with decreasíng irradiance in wheat. In Ëheir sËudies, leaf

area increased as lighL inËensiËy decreased from 200 to 45 watt m-2. At

lower irradiance, leaf production and expansion was restricËed, In the

present study, a similar trend was seen in 1979 but in 1980 a different

response was noted whereby the 0% shade plots had greaËer total 1-eaf area

than at either shade level aÈ all four sampling dates. On the basis of

these daËa, iË is not possible to deËermine whether or not the leaf area

of C4 species like foxtail show a similar response to decreasing light

intensity as do C, species like wheat.

In two of the parameters studíed, Ëhere appeared Ëo be an inherenË

difference between the two species under shade. Although dry weight of

Ëhe species under 55 and 73% shade was almosË Ëhe same, yellow foxtail

had a comparatively greaËer fresh weight than green foxtail indicating

Ëhat it is the more succulenË of the Ëwo species. Also, measurements of

the extended length of the fourth leaf indícated that yellow foxtail has

a longer fourth leaf than green foxtaíl regardless of the shade level.

Both green and yel1ow foxtail shorved an inverse relationship between leaf

length and light intensity which is similar to the resulËs of FrÍend et

al. (L962) for wheat. However, an increase from 55 to 73% shade did not

cause sígníficanÈ increases in leaf lengËh in either green or yellow
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foxtail indicating Ëhat the response is not linear (Figure 3). It would

appear thaË of Ëhe Ëwo species, leaf lengËh of yellow foxtaíl is more

responsive to íncreasing shade.

Ov'erall, íË seems thaË there is a difference between Ëhe two species

in whaË parameters are Ëhe most sensiËíve to Ëhe varying shade leve1s.

With green foxtail, characterisËics of reproductive growth such as ti11er

and head number are more affected, while with yellow foxËail vegetative

characËers including fresh weight, leaf lengËh and height are affected

more by reducËions in light intensiËy.

The within crop treatmenË was included in this sËudy as a means of

determining whaË leve1s of shade are exPeríenced by green and ye1low

foxtail growing within a wheat stand and the possible effecËs on growËh.

From the lighÈ integrator informaËion, it is apparent that in order for

eiËher green or yellow foxtail to provide adequate compeËition to the

wheaË, they must emerge very close to the time of wheat, as was the case

in L979, since available light levels wiËhin Ëhe stand decline very

rapidly once Ëhe rvheaË starLs to develop. In 1980' emergence of both

fox¡ail species was delayed with green foxtail emerging at least 1 week

1aËer than Ëhe wheat and 1 week ahead of yel1ow foxtail. The late emer-

gence of yellow foxËail resulËed in very 1ow densities and severe comPe-

tition from the wheat.

Insofar as the weekly lighË readings were concerned, there are con-

flicting arguments as to which sensor should be used in this type of

study. According to PaËterson (L979a) in sËudies of the effecÈ of light

on plant growth such as shading or light competition experiments, total

irradíance should be measured with a pyranometer (radiometric) sensor '
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However, information in Ëhe Licor ttI,ight Sensors and Accessoriesrr

Pamphletlo specifies that thÍs sensor should not be used within plant

canopies. Therefore, discussion will first cenËer on the pyranometer

readings which will be compared to the data obtained with the quantum

sensor.

In week 3, 50% lighË reductions r¡rere found at the 30 cm heighË \^7iËh

the pyranomeËer sensor (Table 7). Since on Ëhis date, green and yelIow

foxtail in the crop were a mean of. 46 and 48 cm Ëa11, respectively, it

seems probable that they were experiencing shade levels similar Ëo those

found under t}:re 55% shade treatment. By the 4th week, the light reduc-

tion at thís same height was 76%. Thus, according to t.he pyranometer

sensor, the artificial shade levels chosen closely approximated the shade

condiËions encounLered by foxtail growing wiËhin the crop. Results from

the quanËum sensor showed levels of phoËosynthetically active radiation

(PAR) Ëo be much lower at 0 and 30 cm heights within the crop than levels

of total irradiance measured by Ëhe pyranometer. These data indicate

thaË later emerging foxtaíl within the crop may have even less utílizable

lighË available for growth than was deËecËed by t,he pyranometer. A1so,

thís data points out that in years when wheat is able to emerge earlier

Ëhan the foxtail, shade levels wiËhin Ëhe crop during early foxtail growth

sËages rnay be much higher than Ëhe arËÍficial shade levels chosen.

Although it is not possible to atËribuËe characteristics of foxtail

growth wiËhin the crop to competition for light on1y, there can be no

doubt thaË the low levels of light occurring within the crop canopy do

1_0
Brochure R5L-279, Licor Inc., Lincoln Nebraska.
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have some effect on development of both green and yellow foxtail. Height

measurements showed that not only was yellow foxtail consistently taller

than green foxËail, buË by the end of the season it achieved heights

greaËer than that of the wheat which had a mean final height of 95 cm.

In both 1979 and 1980, yellow foxtail grew Laller than 95 cm, while green

foxtail never reached a height of 90 cm and was hidden within the wheat

canopy (Figures 4 and 5). Sturko (1978) noted that at no tíme during Lhe

growing season did green foxrail become as tal1 as Napayo wheat and, in

fact, green foxËail heads were 10 to 15 cm shorter than the wheat spikes.

As well, Blackshaw (L979) found that Sinton wheat also severely shaded

green foxËail throughout most of Èhe growing season.

Both tíl1er and head number of the two foxtail species were greatly

depressed which probably was a result of not only the increased shade, but

of far greater crowding than in the control plots. ALËhough green foxtail

had a larger number of tillers and heads than yellow foxtail, this species

also experienced larger reductions in tiller number compared to control

plants. Under the heavily shaded conditions, yellow foxtail had greater

numbers of tillers arising from the main sËem than did green foxtail.

This phenomenon in yellow foxËail is similar Ëo the fíndings of Knake

(L972) for giant foxtail wherein 80% shade caused over 50% of the total

culms to be produced along the main stem.

In terms of fresh and dry weight, boËh species were reduced in com-

parison to the control to an equal extent by the end of Lhe season. The

relaËive growth rate was also similar in the two species although it

differed from the control pLants.

Leaf area values were very ínconsistent over the 2 years' In

general, yellow foxtail initiaLly had a greater leaf area than green
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foxtail but by the 4th week, there was no difference between the species

(Table 5). There was also some indication that yello!ü foxtail within the

crop had greater Leaf. areas than comparable control plants on some dates.

The probable explanation for this occurrence is in the greatly increased

leaf lengths of both species within the crop. Both green and yelIow fox-

tail had fourth leaves that were at least twice as long as those in the

conËrol plots with yellow foxtail having the longer leaves of the two

species.

The characteristic growth of green and yellow foxtail within the

crop seems Ëo indicate that superior height growth of ye11ow foxtail may

give this species an advantage over green foxtail which could make it

the more serious weed, at least where competition for light is involved.

As wel1, t.he proportionately greater reduction in til1er number experienced

by green foxtaíl under heavy shade and in the crop suggests Ëhat the

reproductive growth of this species is more seriously harmed by competition

with wheat than ít is with yellow foxtail. Consequently, it would aPPear

that the implementation of management practices such as heavier seeding

that would increase the shading potential wiLhin the crop, might be bene-

ficial in reducing the vigour and competitive ability of green foxtail to

a greater extent than yellow foxtail.

Fertílity Experiment

Results from tine 2 years of Ëhe field trial looking at the effect of

varying levels of fertilíty on green and yellow foxtail competitíon in

wheat were also very inconsistent and did not conform to expectations

based on previous studies. The fact that in neither year \ârere the two

foxtail species able to successfully compete with the wheat for any level

of soil nitrogen is contrary to most of Ëhe previous results reported in
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the Literature Review" Numerous researchers have found that green fox-

tail is able to respond to additions of nitrogen fertLLízer and compete

aggressively with wheat, especÍa11y at high rates of níËrogen (A1ex 1967;

l4oyer and Dryden L976; Sturko L978). Although less information is avail-

able about yel1ow foxtail competition in wheat under varying nitrogen

levels, work by Huemoeller (L967) indicated that this species is compe-

titive with wheaË at low soil nitrogen levels.

The unexpected results of the field studies nay be related to the

relaËive time of emergence of the two foxtail species and the wheat.

Banting et al. (L973) emphasized that for best survival, green foxtail

should emerge at the same time as the crop or even a little ahead of it.

In both years of the present study, wheat emerged at least 2 weeks earlier

than either foxtail species. Emergence of green foxtail has been found

to be very dependent on the soil temperature and moisture condítions at

the Ëime of seeding, whereas wheaË is only slightly affecËed by similar

conditions (Blackshaw et a1. 1981). Blackshaw (L979) also noted that soil

moisture had a greater effect than soil temperature on green foxtail ger-

mination and emergence. Sirnilarly, Banting et al. (i973) found that peaks

in green foxtail emergence occurred after periods of high rainfall. In

1979, soil moisture levels were much higher early in the season than in

1980, but by the time of seeding in the lsË week of June surface soil

conditions r^rere quite dry in both years. There \r7as no major rainfall until

approximately 1 week after seeding ín 1979 and 3 weeks after seeding in

1980, although in the latter year the plots were irrigated 2 weeks after

seeding. However, in 1980 air temperatures were suffÍciently warm to

cause extensive drying of the soil surface after irrigation which pro-

bably led to reduced germinaËion of the foxtail seeds near the soil sur-
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f.ace, Similar results were noEed by Dawson and Bruns (L962) with 1ow

germination of bot,h green and yellow foxtail seeds on the soil surface

after irrigation. The wheaË was seeded much deeper than the foxtail and

probably was able to germinate more readily in the presence of existing

subsurface moist,ure as well as the irrigation \^rater v¡hich percolated

Èhrough the upper soil layer"

The results of the fertility sLudies illustrated quite clearly that

regardless of soil fertilÍty leve1s, in years Tdhen environmental,condi-

Ëions at the time of seeding are suboptimal for either green or yellow

foxtail emergence, competition Ëo the wheat crop may not be sufficienË Ëo

cause yield reductions. These results lend support, to the hypoÈhesís pro-

posed by Blackslnaw (L979) that soí1 Èemperature and moisLure conditions

should be monitored during the emergence period of wheaË Ëo gain an

estiu¡aËe of when the foxtail wouLd emerge relative to the wheat croP.

In years when environmental condiËions cause foxtaí1 emergence Ëo be

delayed at least 2 weeks after the wheat so thaË competiËion is greaËly

decreased, it may not be necessary or economically practical to implement

herbicídal control of foxtail infestations.

To augment the field sËudies, a more precisely controlled growËh room

experimenL was carried out to determine specific effects of varying nitro-

gen levels on foxtail rooË and shoot growËh. Unfortunately, it proved

impossible to accurately separate the rooËs of the foxtail from the

Almasippi very fine sandy loam soil which was collected from GraysvÍlle and

was used to more closely simulate Ëhe field conditions. Consequently,

only measurements of shooË growth could be Ëaken. For all of the growth

characÈerisËics examined, signifícant differences between green and ye1low

foxtail were apparent only aË Ëhe 1ow and high nitrogen levels while at
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íntermediate levels the response of the two species \¡ras very similar.

The differences beEween the two species at low and high nítrogen regimes

may be a direct consequence of their inherent abilities to take up and

utilize this nutrient. It is also important to emphasíze Ehat since the

volume of soil per pot available for five developing foxtail plants was

limiËed, nutrient depletion almost certainly occurred, especially aË the

low nitrogen levels, before termination of Ëhe study. Therefore, the

resulËs for these Ëreatments rnay be sLightly misleading and reflect a

greater deprivation and stress on the Ëwo foxtail species than would occur

under more natural field conditions.

Nevertheless, according Èo Ëhe nutrient analysis report, green fox-

Ëail utilized as much or more nitrogen than yellow foxtail at the two

lowest levels of 0 and 50 ppm (Table 8). However, when shoot dry matter

accumulation is taken into account, yel1ow foxtail produced an equal or

gîeater amount of top growth than green foxtail. At the Ë!'ro low levels

of nitrogen, it would appear that yellow foxtail had the higher nitrogen

use efficiency of the two species, at least in terms of dry matter produced

per unit of applied nitrogen. SchreÍber and Orwick (1978) similarly found

that ye1-low foxtail produced equal amounts of shoot dry matter at ilnormalr?

and "beIow normalrt nitrogen fertility leve1s whích further subsËantiates

iËs efficiency under 1ow nitrogen status.

At Ëhe highest applied nitrogen leve1 (400 ppn) green foxtail utilized

more nitrogen which was manifested in significantly greater dry matter

production than for ye1low foxtaíl. The data indicate that whíle yellow

foxtail may use niËrogen more effíciently at low levels, green foxtail

is better able t.o utílize additional increments of nitrogen at higher

levels in the production of dry matËer. In light of the hypothesis that
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C4 grasses have a higher nitrogen use efficiency than C3 grasses (Brown

1978), it ís interestíng to speculate on the basis of the work presented

here that rnarked differences exist between closely related species of

C4 Brasses as wel1.

Two of the growth parameters examined, namely plant height and head

length, reflect the greater efficiency of yellow foxtail compared to

green foxtail at low nitrogen levels. Maximum height of yellow foxtail

occurred at 1ow 1evels of nitrogen, whereas green foxtail required higher

levels of nitrogen to reach maximum height. Even at 300 or 400 ppm nitro-

gên, the green foxtail sËill did not aËËain the height of comparable yellow

foxËail planËs (Figure 9). An examination of head length revealed that

yel1ow foxtail not only had significantly longer heads under conditions

of low fertility Ëhan green foxtail but head length of yeL1ow foxtail was

relaÈively unresponsive to changes in níËrogen over the fertility range

studied. In contrast, green foxtail showed a distinct increase in head

length as nitrogen was increased except at the highest Level. Lt would

appear that head length of green foxtail is much more sensitive to varia-

tions in nitrogen 1evel than is head length of yellow foxtail and is con-

sequently affected to a much greater extent under 1ow nitrogen conditions.

The facËs that yellow foxtail reaches maximum height at low fertility

levels and thaË head length is relatively unresPonsive to increasing

nitrogen lends credibility to the proposition that this species is better

able to maximize its growth potential under nutrienË stress than green

foxtail.

However, it is clearly evident from the other parameters measured

including both ti11er and head number that under high nitrogen status,

green foxtail is more responsive to added nitrogen and is better able to
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exploit additional amounts Lhan yellow foxtail. Not only was green fox-

tail abLe to produce significantly more tillers than yellow foxtail at

high ferËility levels, but the difference between the two species were

almost twice as great as at low levels. This difference in ability of

the two foxtail species to produce tillers at high nitrogen levels is

not surprising in view of the fact that variation in rate of initiation

and maximum number of tillers produced has been shown to vary between

cultivars of wheat and is known to be influenced by the availability

of mineral nutrients (Milthorpe and Moorby 7974). Both species apPear

to have the ability to utilíze increasing increments of nitrogen to Pro-

duce increasing numbers of tillers up to a maximum at 300 ppm. However,

since the magnitude of the response is much less in yellow foxtail' green

foxtail showed a greater efficiency in total number of tillers produced

per increment of nitrogen.

Head number was expected to follow a similar trend as tiller number

wíth green foxtail having more heads than yel1-ow foxtail at high nitrogen

levels. While this was the case in trial 1, the results from tti-aL 2

showed that only one-half of the green foxtail tillers produced heads

(Table 10). A possible explanation for this anomaly is that Ëoward the

end of the second trial there was a short period when the plants suffered

a \,¡ater deficit. Consequently, many of the green foxtail plants, which

were generally less succulent Ehan yel1ow foxtail and had more herbage

ar high nitrogen levels, wÍlted badly. Milthorpe and Moorby (1974)

reported that a water deficit which occurs late in the developmental

period of wheat, nÉy cause a reduction in both the number and size of

spikelets produced. It is 1ikely that green foxtail responds similarly

although Ëhis has noL been confirmed.
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Head emergence of both green and yellow foxtail was delayed uniformly

at high levels of nitrogen rohich is consistent with the general observa-

tion that high nitrogen levels deLay maturity in many species. Although

both species showed a positive response of head number to increasing

nitrogen level, green foxtail was able to respond to higher levels of

nitrogen than yellow foxtaíl which once again indicates its Sreater

efficiency aË hígh nitrogen.

lJith regard to peïcent protein contenL of green and yellow foxtail,

iË was difficult to find any consistent significant differences between

the Ewo species. A very general trend may be extrapolaËed from the data

wherein it would appear that green foxtaíl had a hígher Percent protein

content than yellow foxtail at low nitrogen values while the reverse is

true at high niËrogen values, Furthermore, it was found that there \,Jas

no difference between the two species with resPecL to Ëotal protein pro-

duction except at the very highesË nitrogen level where green foxtail

produced more total protein than yel1ow foxtail. It would appear that

growth of yellow foxtail reaches a maximum level at 300 ppm after which

further additions of nitrogen do not result in greaËer amounts of nitrogen

taken up or increased production of proËein (Table 11). A similar result

was noted by Bosemark (1954) in wheat. He found that plants with a high

Level of nitrogen showed a pronounced inhibiËion in root growth whích

was manifested in a reduction in total plant growth.

In sumnery, it would appear thaË there are distinct differences in

the ability of the two species of foxtail ín the upËake of nitrogen and

in Ëhe utilization of nitrogen in the production of Ëop growth. In com-

paring relaËive efficiencies of shoot dry matter produced per unit nitro-

gen taken up, yellow foxtail seems to have an advantage over green fox-
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tail on low fertílity soils whereas the opposite situation exists under

high ferrility conditions. Schreiber (L977) simílarly observed that

the foxtail species wíth high nitrogen requirements such as robust white

and robust purple foxtail did not compete as well on soils of low fertility

as did yellow foxtail.

The greater efficiency of yellow foxtail at 1ow nitrogen was due

mainly to increased dry matter production and culm elongation. Also,

no change in head length ensured that the reproductive capacity of this

species was not harmed seriously. In contrast, the greater efficiency of

green foxtail at high nitrogen was manifested by enhanced reproductive

growth rnainly in the production of more tillers and heads than yellow

foxtail. Perhaps these differences between green and yel1ow foxtail may

ultimateLy mean that the two foxËail specíes will not a1-ways occupy

exactly the same niche in Manitoba. Yellow foxtail may be able to out-

compete green foxtail on 1ow nitrogen soils and be more Prevalent in

areas Like ditches and fencerows while S¡een foxËail may be Ëhe more

successful competitor and main inhabitant of highly nitrogen fertilized

areas like cropland.

GrowËh Curves ExPeriment

In order to gain informaËion on the comparative growth paËterns of

green and yellow foxtail under conditions wÍth no environmental stress,

a study was undertaken which measured root and shoot growth at weekly

intervals throughout the growing period. It was found that there is a

significant difference between green and ye11ow foxtail in root growth

but not in shoot growth. The difference in root growth between the two

species was not evident until the end of both trials at which time yellow
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foxtail responded with dramatic increases in root dry weight. These

results are similar to those reported by Schreiber and Orwick (L978)

who found thaË yellow foxtail had a significantly greater root nass

than four other Setaria taxa includÍng giant foxtail, giant green fox-

tai1, robust whÍte and robust PurPle foxtail. However, since visual

observation revealed that the root system of yellow foxtail is much

coarser than that of green foxtail, it is possible that the higher root

dry weight of ye1low foxËail does not necessarily reflect an increased

root surface area, but instead is merely a consequence of a larger root

diameter. It may even be that green foxtail- roots actual-ly have a greater

absorptive area but due to their finer texture, weígh less than that of

yellow foxtail.

Regardless of whether or not the root dry weight of yellow foxtail

is necessarily índicative of a greater absorptive capacity, it is inter-

esting that this species experienced a large increase in root weight just

príor to heading which was not sirnilarly observed in green foxtail.

Research done by Hackett (1969, L973) in sorghum and barley indicated

that although there may be large differences in root dimensions between

varieties of a species, within a variety, constant relationships are

maintaÍned between the total number, length, surface area and volume of

the root members. Therefore, if this same phenomenon exists in foxtail,

iÈ is unlikely that the laEe increase in overall yellow foxtail dry weight

is due Ëo an increase in any one of the aforementioned Parameters.

A possible explanation for the increased root dry weight of ye11ow

foxtail at the end of Ehe season may be, as proposed by llackett (1973) 
'

tha¡ the age of the plant has an effect on overall root dimensions.

Huemoeller (L967) outlined a general theory whereby the shoot, which
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receives 1-ight first, tends to satisfy its own demands before trans-

ferrÍng organíc nutrients to the root. Perhaps this mechanism occurs in

yel1ow foxtail whereby transfer of assimilates to the root is restricted

until the end of the season when shoot growth is close to maturity. It

is also conceivable that root growth of green foxtail may act in a similar

manner but not have been able to experience late season increases due to

restrictions from the pot. On the basis of these dry weight data alone,

it is very difficult to assess and interpret Lhe root performance of these

two foxtail specíes and more specific morphological root growth analysest

including root lengËh, diameter, volume, surface area and elongation are

neces sary .

It ís somewhat surprising that no difference in shoot growth exÍsts

between the species since Evetts and Burnside (1973) found that. vigorous

root gror,{th was positively correlated wíth vigorous shoot growËh. There-

fore, it would be expected that yellow foxtail, with the higher root dry

weight, would also have a significantly greater shoot dry weight than

green foxtail, at least at the end of the season. AlËhough this was the

case in triaL 2, it is felt that the loss of vigour in shoot grovrth

experienced by the green foxtail in comparison to trial- 1 is abnormal and

due to drought stress for a short period as well as an infestation of

spider mites (Figure 12). The yellow foxtail appeared to suffer to a

lesser extent from both the lack of rvater and the spider mites which is

evidenced by the fact that, at the end of the experiment, Yellow foxtail

had a greaËer number of tillers. Since under fieLd conditÍons, green

foxtail normally has a hígher shoot dry weight than yellow foxËail (see

Table 3, 1980 results), the facË that Ëhere was no difference .in shoot

growth between the species in this experiment may be significant. Per-

haps it is possible that the ímproved shooË dry weight of the yellow
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foxtail relative Eo green foxtail was due to the increased root growth of

the former sPecies.

The higher shoot:root ratio of green foxtail emphasized that there

is less root material present in this species than in yellow foxtail to

support an equivalent amounË of shoot gro\¡rth. Depending on whether or

not this lower root dry weight necessaríly is indicative of a lower

absorptive capacity, Ít may be that green foxtail would be less able to

withstand the restricted water and nutrient supply incurred through

severe competition.

Ye1low Foxtail BiotvPe Studv

The 2 year field study of Ëhe comparative growth of three yellow fox-

tail bíotypes failed to show any major differences between the biotypes

at the end of the season. Dífferences in growth found earlier in the

season viere mainly between the two Manitoba and the OnËario biotypes and

are attributed to the later emergence and slower development of the

Ontario biotype. The effect of Ëhe slower development was especially

evident in final head number wherein the Ontario biotyPe had signifi-

cantly fewer heads than both of the ManitoLa biotypes at the end of the

sampling season. Since the Ontario biotype continued to produce heads

and set seed long after the Manitoba biotyPes had begun to senesce, it

is felt that this later maturity reflects the comparatively longer grovT-

ing season which occurs in its native habitat of souËhern Ontario' This

finding is símilar to the results of schoner et aI. (1978) who found that

Ëhree California biotypes studied r,üere similar in all respects except in

time to heading and this difference was a direct result of variations in

latitude beLween the collection sites. However, in the shorter growing

season in southern Manitoba, the early maturity of the Carman and I'linnipeg
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bíotypes would ensure the production of viable seed to maintain and

increase the population. Since Ëhe Ontario biotype had not ful1y maLured

until the end of September, it is possible that planEs located \,rÍthin the

crop would be harvested before seed set and thus severely restrict popula-

tion growth. The requirement for the longer growing season would limit

the spread of this biotype in Manitoba.

Although in most respects the growth of the three biotypes was simi-

Lar, the lower densities ín some plots in L979 showed that under 1ow

1evels of intraspecific competition, the Ontario biotype assumed a more

prostrate growth habit which lvas not seen for Lhe Manitoba biotypes Ín

comparable densities. However, as the density increased, Ëhe Ontario

biotype developed Ëhe more erect habit of the other two biotypes. The

prostrate habit of the Ontario biotype might be indicatíve of an adapta-

Ëion to a low growing crop. In Manitoba, tall field crops dictate a

necessity for an erect habit for survival of yellow foxtail. However,

if the OnËario biotype withstands competition throughout the season, the

prostrate habit might ensure survival of enough heads to propagate the

biotype, which otherwise would be clipped during harvest. Sirnílarly,

Schoner er al. (1978) have noted that in California, yellow foxtail which

largely occurs in alfalfa, has a distinct prostrate growth habit which

protects the biotype from excessive defoliatiorr by alfaLfa harvesting

equipment.

On the basis of these datarit would aPPear that the morphological

differences beËween the three yellow foxtail biotypes is sma1l and there

is potentiaL for spread in Manitoba. However, the extent of spread of the

onrario biotype especially would be limited by the length of growing

season as well as temperature and moisLure levels which could have an



effect noË only on growth and

and germination requiremenËs.

to determine if dífferences in

gro$in at the same site do, in

LO2

development but may influence seed dormancy

Experiments are currently being conducted

germination behaviour beËween biotypes

fact, occur.
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SUMMARY AND CONCLUS]ONS

Green and yellow foxtail differed in theír relative ability to res-

pond to and utilÍze varyt-ng levels of shade and fertility. In full sun-

light, green foxtail r^ias more productive than yellow foxtail both in

terms of dry matter accumulation and tiller number. However, under both

55 and 73% shade, dry matter production and total Leaf area rvas similar

for the Lwo species. This response was found to be due to increased plant

height and leaf length of yellow foxtail under 55% shade compared to

plants gro\,{n ín full sunlight. Green foxtail dÍd not shovJ a similar res-

ponse to Ëhe shade regime. In this species, both 55 and 73% shade levels

caused a large reduction in Ëiller number which Tdas proportionately

greater than the decreases seen in yellow foxtail '

trIithin the crop, the combÍnation of decreased 1íght availability and

crop competition caused similar but more pronounced effects on foxtail

growth. Green foxtail expeïíenced huge reductions in til1er number com-

pared ro plants in full sunlight. Yellov¡ foxtail, which did not suffer

as great a decrease in tiller number also had large íncreases ín height

which enabled its heads and upper leaves Ëo grow above the crop canopy'

Iight measurements revealed that available light leve1s within the stand

decline rapidly once the wheat begins to develop so that late emerging

foxtail plants have 1itt1e chance of survival'

The amount of nitrogen uËili,zed by both species was similar at the

1ow and intermediate 1eve1s whíle green foxtail utilized more nitrogen

than yellow foxtail at the high Leve1s. At the Low nitrogen levels,

yellow foxtail produced an equal or greater amount of toP growth than
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green foxtail which indicated that it was the more efficient of the two

species under these conditíons. Conversely, green foxtail had a greater

dry matter production at the highest nitrogen leve1 than yellow foxtail.

This species is better able to efficiently utilize additional increments

of nitrogen. At the intermediate nitrogen levels the two species acted

s imi1arly.

The greater dry matter production of ye1-low foxËail over green fox-

tail at 1ow nitrogen 1evels was due to greatly increased plant height.

Head length was not only longer in yellow foxtail than in green foxtail

at 1ow nitrogen but also was much less affected by variations in nitrogen

1eve1. At higher nutrient status, green foxtail utilized the additional

nitrogen in the production of greater numbers of tillers than yeL1ow fox-

tai1. Despite the different relative efficiency of niËrogen use between

the Ëwo species, no difference in total protein conLent was found excePt

at Ëhe highest nitrogen level. Unlike green foxtail, it appears that

yellow foxtail l,üas not able to utíILze this 1evel of nitrogen in increased

production of proteín.

Under greenhouse condiËions there trlas no difference in shoot dry

weight between the two foxtail species throughout the season. However,

significant differences between root dry weight of green and yellow fox-

tailwereevídent by Ëhe end of the study. Just prior to heading, the rooE

dry weight of yellow foxtail increased dramatically compared Ëo the root

dry weight of green foxtail. Visual observations of root appearance noted

that the root system of yellow foxtail was much coarser than the more

finely textured root sysËem of green foxtail'

The snal1 study examining three biotypes of yellow foxtail failed

to show any signíficant differences between the two Manitoba biotypes.
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The Ontario biotype \^las also similar in most resPects except that it did

not begin to produce heads until aft,er both the Carman and tr^Iinnipeg bio-

Ëypes and begun to senesce. The inherenC ability to assume a prostraEe

growth habit may aid in the spread of the Ontario biotype into l"lanitoba

should iL adapt to the shorter growing season.

Thus, it would seem ËhaÈ yell-ow foxtail has Ëhe potential to be a

more serious competitor than green foxtail under conditions such as

modera¡e shade and low nutríent sËaËus which would be expected Ëo occur

within crop sËands. Since Ëhis species can increase in height to above

Ëhe crop canopy, it can util-íze lighË Ëhat would noË be available to the

shorter growing green foxtail. Since increases in height are also stimu-

lated by low nitrogen levels, yellow foxËail should be able to survive

and reproduce efficiently even when the available nutrient 1eve1s are

depleËed by crop competiËion. Green foxËaíl, on Lhe other hand, requires

more light and high levels of niËrogen Ëo grovr mosË efficienË1y. Depending

on water availabiliËy, it would seem Ëhat a decrease in either one or both

of Ëhese essential growth factors t.hrough crop competition would harm the

growth and reproducËive potenËial of green foxtail to a greater extent

than ye1low foxtail.

Since it is apparent ËhaË differences in growËh response exist between

the two foxtail- species, it is interesting Ëo speculate as to the reasons

for these differences. Although iË is impossible Ëo arrive at any defi-

níte conclusions after so preliminary a sËudy, ít would seem that the

dífference in shoot fresh weight seen in Ëhe two species under shade

may be a factor. But. perhaps the real difference lies in the root sysËems

of Ëhe troo foxËaí1 species, IË is possible Ëhat the larger root mass of

yellow foxtail compared to green foxÈail may also give this species an
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advantage under competiËive conditions when vJater and nutrient availability

ís resËricted. However, further study is required Ëo deËermine whether

or not the larger rooË -ass of yellow foxtail is necessarily indicative

of a greater absorptive caPaciËY.

The biotype study emphasized that yellow foxtail is a highly adapËive

species since Ëhe OnËario biotype was not only able Ëo survive in southern

Manitoba, but in most respects had similar growth characteristics as the

two Manitoba biotypes. It would seem thaË there is a good potential for

spread of ye1low foxËail across souLhern Manitoba. The combination of

this potential for spread and Ëhe high competitive efficiency under crop

conditions theoretically may nake ye11ow foxtail an even more serious

threaË Ëo crop production than is green foxËail at the present tíme.

From this study it rvould appear that several avenues lie open for

furËher research. In the area of shade studies, iË is known Ëhat not

only do changes in lighÈ inËensíËy occur as light passes through Ëhe crop

canopy, but changes Ín light qualiÈy happen as well which also affect

growth. Taylorson and Borthwick (1969) determined that lighË which is

filtered through green leaves has its spectral qualiËy altered so that

much more of the incident far-red is transmitted than Ëhe incident red.

Since only very preliminary work has been done thus far, it is imporËant

to know the exact implications of such spectral light changes on weed

seed germination, growth and competitive ability.

From a more pracËical viewpoint, since Ëhis study indicated that the

vigour and competitive ability of green foxtail may be decreased under

shade, it is imporËant to explore more specifically the 1eve1s of shade

required to suppress Ëhis species. Also, research should be done on
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Ëhe effect of varÍed rates and methods of seeding on the incident shade

Levels within the crop to determine if cultural practices could aid in

green foxtail control. At Ëhe same time, it would be interesting to find

out Ëhe effect of more than one competiËive factor on both species of

foxtail within a crop situation. It seems likely that several competi-

tive factors acting together would exert a greater effect on weed growth

so that less shade míght be needed to control green foxtail.

There also appears Ëo be a need for greater definition of root

growth within the two foxtail species. It may well be, as Pavlychenko

and HarringËon (1934) outlined, that roots are Ëhe key to Ëhe proper

interpretation of above ground development. Not only is further study

needed in the area of general rooË relatíons such as root length, volume,

diameËer and elongation but more specific research should be done on how

these root parameLers are affected by nutrient and water stresses. It is

possible that the greater efficiency of yello\^7 foxtail over green foxtail

at 1ow nitrogen levels is directly related to root growth under these

conditions.

In sumurary, there is a great need for further study of the biological

nature of boËh of these two foxtail species in Manitoba. Not only Ís

Èhis type of research essential to our understanding of how and why these

weeds cause croP losses, but it may Prove helpful in defining cultural

practices which could be used to augment or suPersede costly chemÍcal

control methods.
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27 .0 12.0

22.O 9.0

23.0 3.0

27 .0 3.5
22.O 7.0

22.2 8.0
25.O 4.5

29.O 8.0
30.2 12 . 5

36. 0 13.0
26.2 14.8
30.5 15.0
26.0 2.4
19.0 8.0
19.0 8.5
18.8 r0.0

24.? 10.4

28.0 12.0

23.O 8.0

3t.0 11.0

30.0 12.0
1.0 20.0 13.0

27,0 9.0

29,2 1r.2
4.7 26.0 15.0

29,O 20.0
34.0 L3.4

33.2 t1 .6

5.0 30.8 18.0

30.2 16.0

6.0 36.0 L6.2

2.2 25.5 ti.o
26.0 14.6

8.5 26.2 16.0
0.7 26.5 14.0

26.0 t3.5
23.0 lI.0
23.O rt.2

2.5 22.5 13.5

28.5 11.5

33.0 12.8
28.0 14.0
23.4 7.O
28.0 8.2
28. 5 10. 0

28.6 I3.0

32.5 I0.0
29 .O I 3.0

1.0 28.8 14.5

28.0

16.7 25.O

3.5 20.2

3.2 23.5

24 .5

25 .4

23.2

22. 5

3.0 22.8

o.5 21.0

26 .5

0.5 24.5

26 .0

26 .4

16.5
30.5

9.1 27 .2

31.2

6.1 22.2
6.0 22.4

22,5
24.O

31.0
20.o
20. 0

22.5
L.2 22.5

3.2 2t.0
22.O

2r .0

14.0

8.5 0.25

7.0 1.22

9. 6 o.I2
12.0

10. 0

12.5 3.00

L2.O 3.50
8.2

t0.4
9,0

10,2 i.00

11.0

8.2

8.8 2.50
11.5 8.00

8.2 8.00
9.0 7.00

16. 0

15.0 16.00

9.4
10.0 3.0
10. 0

t2.4
5.0
2.0

11.0

9.0
5.0

2L.2 7.2

24.5 6.0

26.5 14.5
2t.0 lt.5
25.0 8.0
32.0 6.0
36.0 8.0
23. 0 15. 4

20.5 7.5

27.4 't .5

22.t¿ 4.5

13.8 6.2

I9.5 5.8
20.5 2.0

18.0 5.2

r3.0 4.0
6.0 3.0

lr.5 -2.0
7.0 -2.O

1.3.4 2.0
11.5 4.5
10.5 5.0
8.2 1.0

I0.0 4.0
8.5 3.0

29

30

3t

o.2
2.0

8.36.32s. r8.7 63. I 25.3 3I.6 27 .9 51.2 24.0 9.7 59.6 I8. I
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APPENDIX TABLE 3, t'leekly temPeratures at
three shade levels in 1979 and 1980.

Te¡np era ture
Date

7" Shade Level

55

197 9

July L2

July 20

JuLy 24

July 26

July 31

Aug 14

19 80

July 9

July 14

July 23

July 30

Aug 6

Aug 13

Aug 27

24.O

35. 5

ta <

22.0

?< n

14. 0

aÔ <

23.O

32.0

27 .0

2s.0

22.5

22. O

24.0

33. 5

26 .0

23.0

24.0

14.5

32.0

22.0

32 .0

26.0

24. O

21.0

2t.5

23.5

??q

25.5

22.0

23.5

r3. 5

33. 5

t)\

33. 0

)a <

25.0

22.O

22.0


