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ABSTRACT

Blackshaw, Robert EarL. M.Sc., The University of Manitoba, L979.

EnvíronmenËal Factors Affecting Green Foxtail (Setaria viridiÐ ComPeti-

tion in Spring Í{heat. Major Professor: E. H. Stobbe

The effect of green foxËail comPetition on the growth and yield

of semi-dwarf (c.v. Norquay) and normaL height (c.v. SínËon) spring

wheat was sËudied in L977 and L978"

Green foxtail competÍtion vlas found Ëo suPPress wheat growth as

v¡ell as fínal grain yield. Tiller number, leaf area, and dry weight

of wheat were reduced due to comPetitíon by green foxËaiL.

CompetiEion for avaiLable soil moisture and soil nutrients were

the major ways in which green foxËail competed with vrheat.

The íntensity of green foxtaiL competition ltas higher in the semi-

dwarf Norquay wheat variety than in the normal heíght Sinton wheat

variety. At comparable infesËation densities, grain yield reductions

and the amount of green foxtaiL seed produced were greater in Norquay

Èhan in Sínton wheat.

The intensity of green foxtaiL competiËion could not be determined

by density alone. The environmentaL conditions at seeding and early

groleth were important in determining the compeËitive abiLity of green

foxtail. Soil moisture and soil temperature were crítical parameters

affecting the time of emergence of green foxtail reLative Èo that of

:. : rl l:.
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!ùheat. When the soiL was moist (0 to -4 bars þ anð the soil temPera-

ture lias warn (20 to 25oC) during the energence Feriod, green foxteil

emerged 3 to 5 days after wheat. However' when Ëhe soil- was dry

(-4.0 to -6.5 barsÇ) ""a the soil temPerature was cool (15 to 20oC),

green foxtail emerged 1.0 to 14 days after wheaË. If the soil moisture - :;1:: :.

was less than -6.5 bars riater potenEial green foxtail- emergence was

completely inhibited.

I{hen green foxtail infestation of 200 to 400 plants per rn2 "*.tg"d ,,,,,,.,-
. 1,, :4.,r'..

within a week of wheat the potential competitive abil-ity of green fox- :

l;'..I:-l

ËaíI was great. Herbicidial control should occur by the tt'lo- to Ëhree- i,'r,,'.,i:

leaf stage of green foxtaiL to mÍnimize wheat yíeLd losses. When green

foxtail emerged 2 weeks aftet wheat, grain losses were usually smal-1"
:

Hovsever, these suPPressed green foxtail plants leere capable of producing 
I

t:

large quantiËíes of viable seed.

seeding of wheat should be done early to maximize yields. This

practice lengÈhens the growíng season and more effícient use ís made

of the long hours of sunlighË Ín June and Jul-y. Where green foxtail- is 
i

aprob1em,seedingear1yinMaywhensoi1temPeraturesarenorma11y

cool, wil-1 reduce the intensity of green foxtaíl compeËition by giving t;,:¡=."

,::t.: ...,:_.

wheaÈ the competiËive advantage of emerging several days before green ',j.,,'"'i-..,

foxtair "':''""

::;.: t:: 
' :



INTRODUCTION

Green foxËail, .@ viridis (L.) Beauv., ís a summer annual-

grass categotízed as one of the world's most corünon weeds. It is

thought to have origínated in Europe; being Present in Canada as early

as 1821 and was found to be reasonably wídely distributed by 1883

(A1ex et al. , L972).

Although distribuËed throughout Canada, green foxtail occurred in

prairíe fields in only lirnÍted areas (Groh and Frankton, 1948). They

found green foxËail Present in 15.6, 15.4 and 10.6% of fields surveyed

in Manitoba, Saskatchewan, and Alberta, respectively. Friesen and

Shebeski (1960) found green foxtail Ëo be the second most prevalent

weed in Manitoba, being present in 48% of fields surveyed. Beck

(1968) reporÈed widespread disËribution of green foxtaí1 in

Saskatchewan, with the largest densities being Present on sandy tex-

tured soils. Alex et al., (1972) reported green foxtaiL present in

84, 32, and 28% of fields surveyed in Manitoba, Saskatchewan, and

Alberta, respectívely. In recent surveys, green foxtail has been

found to be the most common weed in Manitoba and Saskatchewan, with

the average density in ManíÈoba being 396 green foxtail plants per

square meter (Donagh¡ personal communication).

Only in the last decade has green foxfail been recognized as a

serious weed in Manitoba grain fields. A contributing factor of

green foxtaiL a!üareness coíncided with the widespread use of selective



herbicides for control 0f broadleaf weeds and wild oats " Green foxtail

increased in distribution and density, untiL the poínt vhere it has

become a serious competiËor in wheat"

GreenfoxtailiscapableofproducingLargequantitiesofseed

and because Ít requires warm soil temPeratures for germination, it

usuallyescaPesspringcultivaËionintendedforweedcontrol.lhis

combination enables green foxtail to become established in large

enough infestations to reduce wheaË yields'

SËurko(197s)foundthatgreenfoxtai].cancausewheatyield

reductions aË relaËively low infesEation densities, but that the degree 
i1,.,

of compeËition varied with the environmental conditions Present at the

time of seeding and early plant gror,rtth'

The objectives of this study htere to determine a) Ëhe critical

environmental factors affectíng green foxtail competition, b) the

densíty of green foxtail requíred to reduce wheat yields under several

environmental conditions, and c) the effect of green foxtail eompetition

on wheat grovtth.

t; .'. 1 t.il



LITERATI]RE REVIET.I

Introduction 
i

pavlychenko and llarrington (1935) defined plant competition as a 
,¡ ',,:,,

natural phenomenon, in which certain plants of the same or unrelated 
:::; :'-: :

.,.i,:, -:,

species growing in close proximity, develop aË the exPense of their :,:''::

weaker rivals " Competítion for water and nuËríents commence under the
:

soiL surface !ì7hen the plant root sysËems overl-ap. CompetiËion

immediately manifests itself in the retarded development of Ehe top

growth and is intensified by competition for light after shadíng of

one plant by another takes Place

supremacy in competiÈion was atËained by the species or variety

whichwasbestab1e,byvÍrtueofgreaterphysio1ogica1activityand

rnorphol-ogicaL adapËabiLity, to exploit the environment most efficienEly
i:' ,:: :.,

(Pavlychenko and Harrington, L93t+). cereals inÍtially had a more :: '::
:: -

' :' ':'

extensive root system than did wil-d oaËs. Ilowever, 2L days after : : :

t. 
,,t ,t '

emergence the wild oat plants had the more devel-oped root system'

competítive efficiency \das due to the distribution rather than the

size of Lhe root system. Of cereal croPs, barley had the most exten- .

¡.:1=;.,

síve root system and was the most successful competitor with tteeds'

followed by rye' wheat, and oats

competition by weeds reduced root development in cereals

(Pavlychenko and llarríngton, Lg34). Itheat groldn in compeËition with
i.\.a:ri:



wild oaËs had on1-y one-half the root deveLopment of wheat grown alone'

In the canadian prairies, where light is plentiful and soil fertility

is reasonably high, moisËure vras generally the limiting factor'

Black¡nan and Templeman (1938) studied comPetition of annual weeds

in cereal-s. They found weed compeËition was variable from year to ,. 
",,

'-.: .-

year. lJeeds often had a greater depressing effect on crop yields

following a rüet spring than a dry spring. Theír studies indícated

weeds were competing for soil nutrienËs, primarily nitrogen. Compe- 
".,,:;':;:,,,';;;i:,,,

tition for water and light also occurred, depending uPon the weed 
'';';'1'1:;'

at.t.:.,j::,t'

species and density Present. i't;:;''':";::

The degree of weed compeËition was correlaEed to the density of

the weed infestation Present. As the density of the weed increased

the yield of the cereal crop decreased (Blackrnan and Templeman, 1938). 
,

The critical period of pLant compeËition occurred in the early stages

of growth, since weeds that developed rapidl-y reduced crop yields to
l

the greatest extent.

Ihake and Slife (1965) found Ehat giant foxtail emerging with the

crop reduced the yield of corn and soybean by L3 and 27%, respectively'
t.,.i-.','...

Hovlever, giant foxtail seeded three weeks after the crop did nOt cause ,,',',',,',,,"'',

a yield reduction in eiÈher corn or soybean. ',",;"r.,i"',1,,

I{illiams (L969) found that competitive inËeraction between croP

and weed depended upon when and how fast each started to grow in

relation Èo the oEher. Rel-ative speed of germinatíon, establishment, 
¡.i¡,.1,,'.: :.: i -

and earl-y growth were very important in determining the degree of

weed competiËion.

Godel- (1935) sËated that Ëhe reductíon in size of spikes or

panicles was the most important factor in weed competition with cereal 
,,_.::.,:,,.



crops. Second in importance $as Èhe decrease in tillering, and third

was the reduction in the weight of kernels. Pavl-ychenko and Harrington

(1934) similarly noted that weed competitíon reduced the number of

til-lers per plant in cereals. Blackman and Ternplernan (1938) found

crop yields could be depressed by weeds Èhrough a decrease in the

number of fertile shoots and/or seed head síze' Addition of niËrogen

to a weedy crop increased Ëhe number of tillers as well as the grain

yield 
"

Bowden and Friesen (1967) found thaË as fetr as L0 wild oat plants

per square meËer v¡ere sufficíent to reduce flax yields. However, 40

wíId oat plants per square meËer !üere requíred to cause sirnilar

reductions in wheaÈ yiel-d. llith 190 wild oat plants Per square meter'

ËíLlering of wheat was negligible.

I'fany researchers concluded that the íntensity of weed competition

depends on Èhe weed species and the crop ínvolved (Pavlychenko and

Harrington, L934; Black¡nan and Templeman, 1938; Bowden and Friesen,

Le67) .

ir:..j:..'
I: i,:,, I
! -rLfr:



Green Foxtail ComPetition

Friesen and Shebeski (1960) studied yield losses due to weed

compeËition in ManiËoba grain fíelds from 1956 through l-958. Green

foxtail competition in wheat resulted in yield reductions ranging from

2 to 25%. Green foxtail \itas not as comPeËitive in cereal croPs as

lrere comparable densities of wild oats or wild mustard" Barley and

oats were more tolerant to green foxtaíl infesÈations than wheat, wiÈh

flax being 1-ess tolerant than wheat. Dryden and l{hiËehead (1963)

simiLarl"y found that barley and oats comPeted better against green

foxtail than did wheat. In barley, 400 green foxEail plants Per square

meter hrere necessary to reduce crop yields (Friesen, 1965).

Corn yield reductions ltere not always positiveLy related !ûith the

densíty of green foxtail Present (Jorge and Staniforth, 196L). Com-

peÈition by green foxtail r,Jas not as easily predicted as íf the weed

present was wild oats or wild musËard, where density usually dictates

the degree of competition offered. Green foxtail competed primarily

for soil moisture and soil nutrients, especially nítrogen.

sÈobbe (1970) found that as few as 50 green foxtail plants per

square meter reduced corn yields when moisture was ample. Under dry

soil condiLions, green foxtail did not til-ler as well as greater den-

sities lvere required to reduce corn yields'

Staniforth (1964) noted green foxtail infestations of 500 to 600

plants per square meter reduced soybean yields by 24%'

Alex (1-967) found green foxtail compeËed well with wheat for

soil nítrogen. Sowing wheat at higher rates was ineffective in reducing

green foxtaiL dry weight. I'lheat yields were reduced by 35% wíth a

density of L575 green foxtaíl plants Per square meter"



Rahman and Ashfoú (L972) reported that green foxtail competition

in fLax was variable from year to yeat. Flax was sown on l{€y 7, L969'

and temperatures were cool during lday" The result was no sígnificant

reductions in flax yields due to the presence of green foxtail. In

Lg7O, flax was sown on YIay 22. May temPeratures etere warmer than in

the previous year; with the result Èhat flax yields v¡ere reduced by

green foxtail ínfestations.

Green foxtail lsas sovtn in pure stands aE three daÈes in 1970'

The fÍnal stand of green foxtail varied with the date of seeding,

even though the seeding rate was the same each time. There were 1140,

2830, and 2390 green foxtail plants Per square meter.when green foxtail

\Àras so\Àrn on May 6, YIay 20, and June 3, resPectively. It was suggested

that the lower emergence on May 6 was due Eo low têmperatures and

limited moisÈure in the surface soiL.

I{heat yields were reduced to a greater extent by the Presence

of green foxtail infestatíons when wheat was sown in late May or early

June Èhan if seeding oPerations occurred in early May (Rahman and

Ashford, Lgl2). Early sowing of wheat suPPressed green foxtaí1 com-

petition and Ëhe result was wheat yieLds were noË reduced by green

foxtail infestations. However, these supPressed green foxtail plants

still produced Large quantitÍes of viabl-e seed, causing the green

foxtail- popuLation to be increased two- to three-fold in the fo1-lowing

year.

A signifícant factor of green foxtail competítíon with vrheat was

the ability of green foxtail to comPete for and respond to nitrogen

fertiLízer additions (Moyer and Dryden, L976). Green foxtail growing

in the wheat crop lowered the nitrogen content of the wheat" Green



foxtail seed yields increased with nitrogen additions, creating more

dense infestations Ëhe foLLowing year'

'sturko (1978) studied green foxtaiL competition in normal height

and semi-dwarf spring wheaEs inL975 through 1976" As few as l-00 green

foxtail pLants per square meter reduced the yield of both semi-dwarf

and normal height wheat varieties. The normal height s¡heat was found

to be more comPeÈitive vJith green foxtail Ëhan the semi-dwarf wheat,

.possibly through a greater shading effect by the normal height wheat

on green f oxtail Pl.ants.

The intensity of green foxtaíl comPetition íncreased when the

seeding date was deLayed from mid-May to early June. The climatic

conditions at the Ëime of seeding and early gro$tth l^lere very ímportant

as affecting Ëhe resul-ting competition of green foxtail. Cool tem-

peratures during germination, emergence, and early growth reduced the

intensity of green foxtaiL competition.

I{heat sown earLy in May, when on the average, temperatures are

lower, reduced the inËensity of green foxtaiL comPetition by giving

the wheat a competitive advantage"

In a sËudy to evaluate Ehe effect of the stage of green foxtail

removal on wheat yíelds, it was found that green foxËail should be

kiL1ed by the one to four leaf stage of the weed to minimíze wheat

yield losses due to green foxtail compeËition.

- 1::-..:'

i'_l;:;;:.1

i:-: :'t:::Ì

i.- :'
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Foxtail C títion

Green foxtaíl seed collected at harvest was found to be com-

pletely dormant. Ilowever, in 85 to 90% of the seed, this primary

dormancy was easil-y overcome by moist storage at 6oC ttithin síx weeks

(Vanden Born, L97L; Banting et 41., 1973)"

Longevity of green foxtail seeds in the soil increased with the

depÈh of burial (Toole and Brown, L946; Banting et al", 1973;

canada DepartmenÈ of Agriculture, Research Report, L974; Dawson and

Bruns , Lg75). A small percenÈage (5 to 10%) of green foxtail seeds

were still viable after I to 10 years burial in the surface 15 cm of

soil. These seeds would provide a source for future infestations"

Green foxtail emergence was greatest at soil depths of 1 to 5 cm;

a greater depth in the soil markedly reduced green foxtail emergence'

At a depth of 10 cm, green foxtail emergence was compLeteLy inhíbíted

(Dawson and Bruns, '!.962; Vanden Born, L97L; Alex et a1., L972; Dawson

and Bruns , L975).

chepil- (1946) suggested soil temperature affected green foxtail

emergence. He noËed that although many weed seeds germinated in April

and early May, those of green foxtaíl did not germinate in Large

numbers until- late May or early June" l{olberg (1970,L97L) similarly

reported Èhat the largest flushes of green foxtail emerged during the

first 2 weeks of June.

Vanden Born (1971) sÈudied the effect of temperature on green

foxtail germination and emergence. Germination \^7as severely depressed

below l5og, while emergence sras markedl-y reduced beLow 20oC" The

optimum range for green foxtail germination and emergence was 20 to 30oC.

lir "
ì.il.:
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BanÈing et al. , (Lg73) found optimum temPeratures for green foxtail

germinaËion and emergence v¡ere 21.1 Eo 26"so9'

The requirements of soil moísture for green foxtail germinatíon

have not been clearly determined. Studies on other species have shown

Large differential moisture requirements for seed germination among I.

species (HunÈer and Erickson, L952l' co11in-George and sands, L959;

Hoveland and Buchanan, L973) -

The importance of the level of soil moísture for seed germination ,,i 
,:,,_: 
,.

as affectíng weed comPetítion !üas studied by Pavlychenko and Harrington 
1,1,.,,,.,

(1934). The majoriÈy of weed seeds required more moísture for germina- :r '::':

tion than did seeds of cereal-s.

Hunter and Erickson (1952) found differenËial moisture require-

ments for germination among species. For germination to occur, the 
l

soil should not have a lüater PoÈential of less than -12.5 atm' for corn, l

-7.9 atm. for rice, -6.6 atm. for soybeans, and -3.5 atm. for sugar 
ì

,,

beet seeds.

The rate of germinatíon of three l"tedicaEo species and of Juncus

vaginatus decreased as water potential was lowered; at -10.0 atm.' 
r

germÍnation ceased completely (Collis-George and Sands, 1959) . :"'':'

;.' :. :-'

l"tcGinnis (L960) studíed the gerrnination of six range grasses at 
,' ,',, ,'

!üater potentials of -1/3 to -15 atm.; using temPeratures of 10, 20,

and 30oC. He found that as moisture stress increased, both the

germination raËe and final Percentage germinaËion were decreased' At
ir'.'.::

3OoC, germinaËion occurred at a fasËer rate but the final- Percentage

germination Ítas less Ëhan at 20oC. AË L0oC, germination started

substantia11y1aterbutthefina1germinationPercentagewassimi1ar

l::û;:_:j
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to that at 2OoC. A strong temPerature-moisÈure interaction was noted;

all species lvere able to germinate more easily under high moisture

stress aÈ 20oC, as comPared to higher or lower temPeratures'

parmar and Moore (Lg66,1968) found thaÈ Polyethylene glycol 6999

vras very effectíve ín creaÈing osmotic solutions to simulate moisture

stress conditions, and had no direct effects on germínation' Germina-

tion of corn was progressively del-ayed and reduced !ùith decreasing water

potenLials to -10 atm., where germination ceased"

Pawloski and Shaykewich (L972) studied spring wheat germination

under simulated moisture stress using polyethyLene glycol 6000. Over

a range of -0.8 to -15"3 bars water potential-, wheat germination !üas

progressively delayed wíth decreasing water potential, but final

germination remaíned 1007. over the enËire range of water potentials

used" Dífferences ín the rate of wheat germination in moisture stress

conditions \¡rere noËed with sPring, winter, and durum v¡heat varieties

(Itoodbury, unPublished data) .

Iloveland and Buchanan (1973) studied germination of five crops

and 17 weed species under simulated drought conditions" the majority

of weed specíes were more sensitive than crop species to moisture

during germinatiør.

Air temperature and light inÈensíËy were found to be imporÈant

paraneÈers affecting the competitive abilÍty of green foxtail (vanden

Born, L¡TL). At løv temperatures (13 to 15oC) and lov¡ light intensities

of a greenhouse during winÈer, green foxtaiL grew at a heÍght of 14 cm'

Plants gro!ün under higher light intensíties of 17,000 lux and a 2z/l-Oo9

day/night temperature regime reached a height of 90 cm" Dry matter
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production, tiller number, and panicle production of green foxtail

increased vriÈh higher temPeratures of 20 to 30oC and reasonably high

f.ight intensíties of 15,000 to 20,000 lux (Vanden Born, 1971; Duke

and IIunË, L97 5) .

In green foxËail, photosynthetic carbon fixation is by the HaËch '

and sLack (c4) pathway (chen et al., 1970); whil-e in wheat the process

occurs via the Calvin (C3) pathway (Moss et aL., 1969). In C4 species,

Ëhe photosynthetic rate is maximum between 30 and 40oC (Downton, L}TL) ' 
"
:

üIith C3 species, the temperature optímum for photosynthesis is between

],

L0 and 25oC. C3 species continue PhotosynËhesis at temPeratures as

low as 5 to 10oC. With C4 species growing at temPeratures bel-ow L6oC,

the chlorophyll is subjected Èo photodecomposition and deveLoping

1eavesbecomech1oroËic.cheneta1.,(1970)foundthaËPhotosynËhesis

Ín C4 species díd not become líght saturated uP to intensities of fulL

sunlight or above, while C3 species saturaËed at 20 to 30% full 
l

sunl ight.

The adaptation of C4 species to warmer temPeratures and higher

f.ight intensitÍes would affect the degree of compeÈition of green fox-

tail with wheat. Green foxtail would have a competítive advantage over

wheat at higher temperaÈures when the more efficient C4 photosynthesis

would take full advantage of hígher light intensities" At Low tem-

peratures, C3 photosynthesis and growËh of wheat would be favored"

Photosynthetic rates of green foxtail woul-d be depressed by low tem-

peratures and photodecomposition of chlorophyll. These statemenEs

were borne out of studÍes of Chen et al., (1970). Under optímum light

intensÍty and temperature conditions, C4 species aEtained net photo-

synthetic rates of 60 to 100 mg of C0, assimílated per dm2 hr-l whiLe
:::1-'
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c3 species had net photosynthetic rates of 10 to 35 mg of c0, assimilated

per d*2 hr-l. Thus, C4 green foxtaiL would have a comPetitive advan-

tage over C3 wheat at higher temPeratures and light intensitíes.

'. ::. ..

t,t ,,..::.:.
...:: 

'

l': :' .:
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MATERIALS AND METHODS

General Procedures

Field experimenËs vJere performed at the University's tJeed Research i,, 
'

Station at Carman, Manitoba, Ln L977 and, L978. The soil is classifie U "'''
':t. j'

as an Almasippi very fine sandy loam: 79% sand, 7% siLt, L4% c\ay, and "r':'

3.6% organic matter. Soí1 fertility was determined from a soil testl

for each of the plot areas. Fertilizer was applied at rates recortten-

ded by the soil Ëest.

The green foxtail seed used in all experiments vùas collected at

the research staËion the previotts fal1. The germínation Percentage

was determined by placing 10 100-seed samples on moist filter PaPer :

on petri dishes. The petrí díshes were placed in the dark at room

temperature and germination counts were made for 2 weeks. According
,.:,.t

to the germination percentage and 1000-seed weight, seed samples were ,,'

;:.::..:

then weighed to give predetermined densities for each plot. 
t',;.-..::

The p1-ot areas were double disced and harrowed twice before

seeding. Normal height spring wheat (c.v" sinton) and semi-dwarf

spring wheat (c.v. Norquay) were so!ün at a raËe of 90 :Kg/ha with a 
,.

lAnalysis of soil fertiLity was done by the ProvinciaL soil TesËing
Laboratory, !{innipeg, Manitoba.



15

double disc press drill at a depth of 6 cm wiËh a rolv spacing of 15 cm'

Iumediately after seeding, the green foxtail- seed was broadcast by

hand and fertilizer t¡as applied using a Gandy fettíLLzer spreader.

the entire plot area vJas harrowed with a spíke toothed harrow to

íncorporaEe Ëhe green foxtaiL seed and the fertíLizet"

The green foxtail-free pLots !üere attained using triflural-lrrr2, a

post-pLant incorporaËed herbicide. In pLots tThere the soil vJas not

steril.ized with methyl- bromide, bromoxynil3 and a Carbyne-Endaven4

mixËure srere applied for control of broadleaf !ùeeds and wíld oats,

resPecËivelY.

After emergence, green foxtail plant counts were taken in two

I/tø n2 quadrants, randomly placed within each p1oÈ. Green foxtaíl

emerged at the predetermined densiËies (t fOZ).

MoisËure was moníÈored ín Ëhe soil to a depth of 75 cm. soil

core samples were taken and the moisture percentage T^tas deËermined

gravimetrically. Soil- moisture rttas then determined on a volume basis

by multipLying the gravímetric values by the bulk densiËy of the soil"

The leaf area of wheat !üas measured using six randoml-y selecËed

plants per ploÈ at each sampling tirne throughout the surmter. The leaf

area per pLant was determined using a Leaf area meters.

2T.ifl,rr"lín was appLied at .7 Kg/ha (active ingredient) ín 110 l/ha
nater, a product of ELanco Products.

3Bro*oryrríL was applied at .28 Kglha (active ingredient) in 110 1-lha

water, a product of AlLied ChemicaL Services Ltd.

4carbyne (.14.Ke/ha)-Endaven (.56 Kg/ha) tank mixture was applied in
L10 l/ha ltater, products of Gulf Agriculture ChemícaLs and SheLl
Canada Ltd., respectivel-y.

5Portable Area Meter, Model L1-3000, Lambda Instruments CorporaÈion.

iiì:l'

i:::j:j 11;:l
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The number of tillers for síx randomly selected wheat plants per

plotwerecountedseveral.timesthroughoutthegrowingseason.

Dry weight values of wheat were determined throughout the growing

seasonbyharvestíngtwodri].lrowsof50cminlength.Thepl.ants

$ere cut off at ground level, and overrdried at 80oC for a minimum of

48 hours. The wheat dry weights were then deËermined'

At harvest time, wheat was straight-combined using a Hege plot

combine. sieve and wind speed adjustmenÈs ltere made to allow the

greatest possíble coLlection of green foxËail- seed in the harvestíng

operatíon.Greenfoxtai].seedwasscreenedfromthewheatandËhe

weights of green foxtail- and wheat per plot were recorded. The seed

weight per plot was then converted to Kg/ha for yields of both green

foxtail and wheat.

All data taken was anal-yzed statisÈically and Tukey's honestly

sígnifícant difference test l{as used as the test of signifícance" Only

differences at g¡e 5% level of significance were considered meaningful.

Experiment 1 

:::,:.:::'.;'r:.": ,.Ï",,'"". ;""::" 

moisture on the

Sintonwheat,overseededwithgreenfoxtail't'assovJnatËhree

seeding dates ín L977 and 1978. The seeding dates were May 24, Jurte 2,

and June 17, L977; and May 28, June 5, and June L1' 1978"

soil Ëemperature was monitored for 6 weeks aÈ each seeding date

with the use of thermocouples buried aÈ soil depths of 0.5, 2.5, 5.0,

and g.0 cm. The Èemperature vaLues were recorded four times per day.

soil moisture !üas determined gravimetricaLly. Samples were taken

at2.5cmintervalsfromthesoil.surfacetoa15cmdepth.The

initíal sampling time was the date of seeding, with sampLing occurring
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lgeeklyfora3weekperiodafterseeding.SoilwaterPotentíal.was

calculaËed from the known water Potential- - moisture % relationship

(Appendix Figure 1).

ExoerimenÈ 2. The effect of soil ÈemPeraËure on emergence of green

foxtaíl at opËímum soil- moisture levels"

Green foxtail was soütn in pure sËands on t"Iay 30, June 3, June 7,

June 12, June L6, and June 22, Lg78. soil moisËure was maintained at

a constant -0.5 bars potential- by unnual waËering of the p1-ots' soil-

temperaËure was monitored during the emergence period of each seeding

date with the use of thermocoupl-es buried at depths of 1-, 3, and 6 cm'

The temperaËure values !üere recorded fourtirnes per day"

Experiment 3" The effect of controlLed ternperature and moisture on the

germination of green foxtaiL and wheaË"

Studieswereperformedinacontrol].edenvironmentusingan

apparatus shown in Figure 1. A thin lens of soil was placed on the top

surface of the membrane. The soil was saturaËed with water and then

allowed to equilibriate tor a períod of 2 weeks wíth the soluËion

beLow the membrane. The desired water poÈenËial- of the soil was

attained by using polyethyLene glycol- (P"E.G") 6000 to create an

osmotic solution of known water potential. Previous calculatíons

(pawLoski and shaykewich, lg72) using a thermocouple pychrometer and

varying concentraËions of P.E.G. 6000 in water, allowed the PreParation

of a concentraËion of P.E.G. 6000 versus waÈer poÈentiaL curve' Using

this rel-aËionship Ëhe desired waËer poËential of the equilibriating solu-

tÍon was prepared. I{ith the soil- lens in good contact Ítith the membrane'

the solution created suctíon on the soil lens, bringing it to the desired

$ater potential. After the 2 week equilibriation period, known viable

seeds were placed on Ëhe soil surface and gently pushed PartiaLly inÈo

i. :.:

i.:.,.'-

i9:
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the soil layer to ensure good seed-soil contact. GerminaËion counËs

$rere E1¿de twice daily for a perÍod oÍ.25 days. Seeds were considered Ëo

have germinated when the radicle emerged 3 mm in length.

The water poËentials used in Èhe study were 0, '2.8, -5.3, -6.5'

-7.8, and -15.3 bars. The temPera'Ëures used with green foxtail were

15, 20, and 25 t IoC, while Ëhe temperaËures with vrheat vrere 15 and

25 t loc. The consËant Ëemperatures were accomplished by placing the

whole germinaËion aPParatus in a conËrolled tempereËure cabínet.

Experiment 4. The effect of green foxtail removal aË various stages

on the Yield of sPring wheat"

The experiment was conducted as a randomized complete block desígn

with six replications. SeparaÈe studíes.!üere conducËed with Sinton

and Norquay wheat. The treatments were the varying sËages of green

foxtail growth at Èhe time of its removal. For each removal stage

green foxtail was esËablished at ínfestations of 100 and 600 plants

per square meter. The green foxtail leas controlled at Planting

using trifl-uralin; at the one- to three-leaf, four- to fíve-leaf,

six- Ëo seven-leaf, and heading sËage of Ëhe weed using diclofop6.

A treatment vtas included in which green foxtaíl was not removed

(weedy check). l{heat Ì,ùas so!ùn on May 30 and harvested on September 12"

Experiment 5. The effect of varying densities of green foxtail

the growth and yield of spring wheat.

The experiment was conducted as a randomized compleÈe block

design uíth six repLications in L977 and five replications in 1-978"

The treatments were the varying densities of Èhe green foxtail.

6li"l-ofop was applied at .7 Kg/ha (active ingredient) in 110 l/ha
water, a product of Canadian Hoechst LimiÈed"

.li:i:'.:.'
..:-:;:r:.

ì ':',1'ì]:.i

i,,:.:j r:r..
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infest.ations. The plot area ltas fumigated using methyl bromideT to

inactivaÈe all weeds and weed seeds prior to seeding. Sinton wheat

rdas sown in both Years on MaY 30.

Tn L977, the green foxtail densities used in the study were 0 
),,

1OO, 200, 4OO, 800, and 1600 plants per square meter; while ín L978,

the densities were 0, l-00, 200, 400, 800, and 1200 green foxtail

plants per square meter" 
.:.

The ploÈs were harvested on September 12, Ig77 and September 3, 
""::': ::.

1978 " 
i,,.,

f{heat and green foxtail seed yíelds were determined in both years '

of the study. In 1978, tiller number, Leaf area, and dry weight val-ues

of wheat were also determined.

Experiment 6" The effect of seeding date on the ability of green

foxtail to reduce the growth and yiel-d of spring wheat"

Separate studies were conducted for SinËon and Norquay wheat, in 
:

both 1977 and 1978. The experimental design was a split-plot, with

the main plots being the seeding dates and the sub-plots being varying

green foxtail densíËies. In L977, the Ëreatments were replicated
i,,'.

four Ëimes; and in 1978, they were replicated six timeso ',
.l':-:_

fn L977, wheat !ùas so!ûn on May 24, Jur¡e 2, and June 17. I'Iith l

each seedíng date the green foxtail infestation densities were

establ-ished at 0, l-00, and 600 p1-ants Per square meter"

In L978, wheat Ìrras sown on May L7, ltay 28, June 5, and June 11. ,:,

Tt"fetttyl bromíde applícation procedures as outlined by the Dow ChemicaL

Company Limited, ín the Dowfume I"1C-2 ínformatíon pamphlet.

ta".:41::
ii:i'::

' ':
I
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Densities of 0, 200, 400, and 600 green foxtail plants Per Square meter

nere establ-ished within each seeding date'

the plots were harvested as Ëhey matured' HarvesÈing r/eas on

SepÈember 11, September 12, and September 27' L977; and August 25'

SepËember 3, September 9, and September 23' 1978' resPectively'

Tiller number, leaf atea, and dry weight of wheat, plus soil-

moisture' were determined in weed-free and green foxtail-infested

wheat plots during both Years '

: :.: ..:. . .
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RESI]LTS

Experiment 1. The effect of soil temperature and soil moisËure on the

emergence of green foxtail and wheaË.

Green foxtail emerged veithin 7 to 2I days after seeding depending

upon the date of seeding ín L977 and 1978, while wheat emerged wíthin

6 to 8 days at all seeding dates (Table 1) " Soil temperature and

soil moisËure were monitored ín the field during the period of green

foxtail and wheat emergence. The emerge+ce of green foxtail was found

Ëo be more dependent than that of wheat on the environmentaL condi-

tions at the time of seeding.

Soil ternperature and soil moisËure were found to be critical

parameters affecting the emergence of green foxtail. At low soil-

temperaÈures and low waËer potential the raËe of green foxtail emer-

gence was decreased. T¡ L977, a Èemperature decrease from 26 to 22oC

and a moisture decrease from -5.0 to -11.0 bars accounted for an 8 day

delay in the time t,o 50% emergence of green foxtail" The imPortance

of soil moisture !'ras shoÍrn with the June 2 and June l-7 seeding daÈes"

With both these seeding dates the soil- temperature ldas 22oC during

the period of green foxtail emergence, however, green foxtail emerged

wiËhin 16 and 7 days after seeding, at the June 2 and June 1-7 seeding

daËes, respectively. The difference between the Ëimes of emergence

was due to soíl- moisture. Adequate soil moisture (-1.0 bars þ was
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TABLE 1. The effect of soil temPerature and soil moisture on the
emergence of green foxËail and wheat in L977 and l-978

Seeding lJater potential (Bars) Temp. (oc)l Days to 50% energence

date (0-8 cm) Green foxtaíl I'Iheat

a) t977

May 24

June 2

June 17

b) 1978

l{ay 28

June 5

June 11

86

L68

-5.0

-11"0

-1"0

-2.0

- 6.0

-4.5

26

22

22

T7 137

20 T5-2t2 7

24 L66

lTh"r*o.oup1e readings at .5, 2.5, 5.0, and 8.0 cm leere grouped to give
the average daily soil temperature during green foxtail emergence.

2Th. fir"t fLush of green foxtail (25%) emerged withín 1-5 days. On

June 10, 12 cm of rain was received, which aLlowed a second flush of
green foxtail to emerge within 21 days '
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present on Èhe June 17 seeding date whil-e soil moísture was much more

1-irniËing (-11.0 bars (¡D ot Ëhe June 2 seeding date'

A simiLar trend of decreased raËes of green foxtail emergence

with low soil temperature and moísture conditions was noted in 1978'

soil moisture aPPeared to be the more critical factor. Although soil

temperaEure was íncreased from 17 Eo 24oC, the time to 507. emergence

of green foxtaÍl did noE decrease. In fact, it occurred 3 days later'

This can be explaíned by noting that more moisture (-2.0 bars {) was

present on the May 28 seeding daËe as compared to that of the June 11

seeding date (-4"5 uars|).

Experiment 2. The effect of soíL temPerature on the emergence of green

foxtail at oPËímum soil moisture levels'

The effect of soíl temPerature on green foxtail emergence was

studied while the soíL moisËure was maintained at -0.5 to -1.0 bars

!üater potential , during six seeding dates in Ëhe spring of L978

(Table 2). A difference in the average daily soíl temperature of 8oC

accounted f.ot a variation of 6 days in the tíme to emergence of green

foxtaíL. In the temperature range studied, Ëhe rate of green foxtail-

emergence appeared to be directly related to average daily soil

temperatures during Ëhe period from seeding to emergence (Figure 2).

Experiment 3. The effect of controlled temperature and moisture on

the germÍnaËÍon of green foxtail- and wheat.

Soil temperature was found to affect the raËe of green foxtail

germination over the range of 15 to zOoC (Table 3). Altering Ëhe

temperature from L5 to 20oC was more criticaL ín increasing Èhe rate

of green foxtaíl germination than the alteration of temperaËure from

20 to 25oC. At a waËer potential of 0 bars, it took 88, 35, and 33

: :.,
i!ì: .'
l;,: r'.:1.
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TABLE 2. The effect of soil temPerature during emergence
of green foxtail at optimum soil moisEure conditions
in 1978

Seeding TemperaËure (oC)l Dty" to 50%

daÈe emergence

May 30

June 3

June 7

L4

L6

L7

13

11

10

8

8

7

June 12 20

June 16 20

Jl¡ne 22 22

1Th"r*o"ouple readings at 1r-3, and 6 cm

were grouped to give Ëhe average dail-y
soil temperaÈure during green foxtail
emergence 

"

i iil:i'i.:,,:i1lft
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FIGURE 2" The effect of soil temperature on green foxËail emergence
under optimum moisture conditions in L978
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hours to reach 507" germinaEion of green foxtail' aË temPeratures of 15,

20, and 25oC, respectivel-Y.

Soil moisture had a greaEer affect than soíl- temPerature on green

foxtail germination (Table 3). By decreasing the leater potential,

the rate of germinaEion was decreased at a1-L temperatures of the study.

At 20oC, 50% gerrnination of green foxtail occurred in 35, l-05, and

240 hours, at water potenËial of 0, -2.8, and -5.3 bars' resPectively.

At a vrater potential- of -5"3 bars, green foxtail germinaËion

was inhibited drasËicaIly. The final Percentage germination never

reached l-00 over tlne 25 days that germination counts were recorded

(Table 3) . At this T¡rater potential, Ëhe f inal germinatÍon was 69,

75, and 887", at 15, 20, and 25oC, respectively.

At a $raËer po¡ential of -6.5 bars, j.."r, foxËail- germination

was reduced Ëo zeto at 15 and 25oC, while aE zOoC, final germínation

was only 87" (Table 3). Germination of green foxtail was completely

inhibited at all temPeraËures with a water Potential of '7.8 or -15.3

bars.

TemperaËure and moisture were found to interact wiÈh each other.

At 0 bars water potential-, the time to 507. germination of green fox-

taíl v¡as sirnilar at 20 and 25oC (Tabl-e 3). However, wiËh a decrease

in water potentíal the Èemperature increment from 20 to 25oC became

more important. I{ater avail-abiliÈy for germination of green foxtail

was increased with a temPeraËure increase. At -5.3 bars' !üAter

potential, the time to 50% gerrnination of green foxtail- was 240 and

84 hours, at 20 and 25oC. The final Percentage germination at this

water potential \das also affected by the increase in temperature'

being 75 and 88%, at 20 and 25o, respectívely.
l''r



Soil- tenperature and soiL moisture had an effect on wheat

germination, but not to the same degree as with green foxtail. An

increase ín soil- temPerature s1-ightly increased the rate of wheat

germination. At a water PotenÈial of 0 bars, an increase of l-6 hours

in the time Èo 50% germination of wheat was found with a temPerature

increase from l-5 Ëo 25oC (Table 4). The same temPerature increment

with green foxtaiL caused an increase to 50% gerrnination of 55 hours

(Table 3). At a water potential of -5.3 bars, an increase in tem-

perature frorn 15 to 25o caused an increase of 228 hours in Ëhe time

to 50% germínation of green foxtail. while with wheat Ëhe increase was

on1-y 38 hours (Tab1-es 3 and 4).

The soil moisture requírement for germination of wheat was

markedLy different than that of green foxtail-. I{heat attained 100%

germination over the entire range from 0 to -15.3 bars ltater potenÈial,

at l-5 and 25oC (Table 4). Not only did wheat atËain L0Cl% gerninatíon

aÈ the low water poLential of -15.3 bars, but the rate delay to 50%

germinatÍon as compared to 0 bars, hras only 82 and 72 hours, at L5 and

25oC, respectívely.

The combined effect of soiL temperature and soil- moisËure on

the germination of green foxtail in relation to that of wheat can

be cl-early shown. At a water potentíal of -5.3 bars and a tempeta-

Èure of 25oC, the difference in the time to 50% germinaËÍon of wheat

and green foxtail was snal-l, being only 19 hours (Figure 3)'

However, the l-ag in germination was accentuated by a temperature

decrease from 25 to L5oc. At -5.3 bars lrater PotenËiaL and L5oC,

the time to 50% germination of green foxtail Lagged behind that

of rpheat by 199 hours, a difference of over I days (Figure 4).

1 .,!..i,;.,.:..:_.'.. :.!: l : .1 .1.1.:.-:¡;.i;r'':. :' ...::. : . : ..- .. .. ..,rJtj. ..., :
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DISCUSSION

In the present study, germination and energence of green foxtail

were found to be dependent on soil temperature. A decrease from 25 to

15oC was found to cause large delays in the time Èo reach 507. germina-

tion of green foxtail-. I'Ihile the germination raËe h?as markedly

reduced, the final percentage germination was l-00% over the temperature

range of 15 to 25oC. These results are in agreement with the studies

of Vanden Born (1971) and Banting et aL. i Q973), who noted in addition

thaÈ at temperatures beLow 10oC, the germination percentage of green

foxtail !,¡as severely or completely inhibited"

Field studies showed that a temperature decrease of 8oC accounÈed

for a 6 day delay in the time to 50% emergence of green foxtail in the

field (Table 2). However, ín the conËrolled environment studies, a

similar temperature decrease delayed the time to 50% germination of

green foxtail by only 2 days (Table 3). Thus, the process of the

emergence of green foxtail wouLd aPPear to be more dependent than

germination on soil temperature" Vanden Born (l-97L) found large

decreases in the raËe of emergence of green foxÈail- over similar

temperature ranges. However, he found that the final Percentage

emergence was markedly reduced at a Low temPerature of 15oC, while in

the present study, the fínal- PercenLage emergence vJas similar at all

temperatures studied in the field"

lji.r.. ,
l:-l '..:ll

''..-?.r
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The results present.ed here suggesÈ thaË soiL moisture could have

a potentially greater influence than soil temperature on Ëhe establ-ish-

ment of green foxÈaíl infesËaËions. I{ith decreasing water PotenËí41,

the rat.e of green foxtail germinatíon was markedly decreased" AÈ

-5.3 bars rrrater poËenËial, the percenËage germinaËion of green foxtail

was Less than 1007" and wíth a further decrease Eo -6.5 bars, germination

was reduced to nearly zeîo. Decreasing rates of germination and finally

complete inhibition brought about by decreasíng water potential, have

been noted with several- other species (Hunter and Erickson, L952;

Collis-George and Sands, L959; McGinnis, 1960; Parmar and Moore, L966,

1968; Pawloski and Shaykewích, L972; and Hoveland and Buchanan, L973).

The exËent of the raÈe reduction of germinaÈion with decreasing water

potential and the level where germination is completely inhíbíÈed,

was variable from species to species"

At a water potenËial of -6.5 bars, green foxtail germination r¡tas

completely inhibÍted aË 15 and 25oC. However, at 20oC, green foxtail

reached a final germínaËion of 8% (Table 3). Similarly, McGínnis

(1960) found wi¡h six range grasses, that germination occurred at a

higher percentage under high moisture stress at a temPerature of zOoC,

compared to higher or lower temperatures" Although minimal germination

at -6.5 bars and 20oC may seem inconsequential-, these green foxtail

plants could produce enough víable seed to infest the fiel-d the

foLLowing year.

Fiel-d studies in L977 and L978 showed that the effects of soil-

temperature and soil moisture on the germination and emergence of

wheaÈ vJere not as great as those for green foxtail. Laboratory
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sËudies, under controlled temperature and moisture condiËions, further

substantiate the reLative insensitivity of wheat germination to soil

temperature and soil moísture. Decreases in soil temPerature and soil

moisture caused slight delays in the raËe of germination and emergence,

but the final Percentage germination and emergence remained high.

Pawloski and Shaykewich (Lg72) also found that wheat germination !ìtas

delayed with decreasing water potentí41, but the final Percentage

germination remained 100% at the extreme moisture stress value of

-15.3 bars. Thus, decreases in temperaËure andfor ldater potential

from optimum conditíons woul-d be of far greaËer severiËy in esËablish-

ment of green foxtail compared Lo wheat.

The large differences in germination and emergence of green fox-

tail- and wheat relative to soil ËemPerature and soil moisËure may

cause great differences between the time of ellergence of green foxtail

and wheat ín grain fields. At lov¡ soil temPeratures of 10 to 15oC,

wheat would continue to emerge within 7 to I days after seeding whiLe

green foxtail emergence would be apprecíab1-y delayed or completely

inhibited. Similarly, if soiL water potentíaL v¡ere in the range of

-5.3 to -6.5 bars, green foxtail germination woul-d be delayed by

several days or perhaps inhibíted completely, whiLe wheat germinaËion

would continue at nearl-y optimum rates. Thus, in the siËuaËion vlhere

low soil temperature and/or soil moisËure conditions are Present during

the germinatíon and emergence period, wheaË is capable of emerging

several days before green foxËaÍl

The degree of competitiveness of a weed is influenced by the

relatÍve time of emergence of Ëhe weed and crop (Blackman and Templeman,

L938; Knafe and Sl-ife, L965; and l{illiams, L969) ' Therefore, if
liiai:'i . ..
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vrheat r,Jere able to emerge several days before green foxtail, Ëhe

potential competitive ability of the green foxËail infestations would :

be severely decreased. Ilowever, if the soil was moist (0 to -4 bars)

and Ëhe soil temperaÈure was moderately high (20 to 25oC) during

germinatíon and emergence, then green foxtail wouLd emerge 3 Ëo 5 days

after wheat. In this situation, the green foxtail infestations would

have the opporËunity to exert their full competitive potential.

Farmers should consÍder pLantíng early in May, when soil temPera- ;: ., :

Ëures are norflrally Iow. This would give wheat a competitive advantage 
: ': """

' ,'
over green foxtaíl, sínce the germination and emergence of wheat is ,. , ::r

not nearly as dependent as ËhaË of green foxtaiL on soil temperaËure.

Soil moísture values aË seeding must al-so be considered. There

must be enough moisture present for uniform germination of wheat, but 
I

if the surface 0 to 4 cm of soil is dry, then green foxtail- nay noË

readi1ygerminate,givingwheaËacompetitiveadvantagethroughear1ier
i

1

emergence. Thus, such practices as harrowing and pulling packers

behind the seeding equipment, which pack Ëhe soil and conserve surface

soil moisture, may contribute Ëo early emergence of dense infestations 
1.,:,:,:.:,,,:r,

of green foxtail. This v¡ould allow green foxtail to become severely ,-,:':1:,,:;i,

; ,t ,1. 
,:,:,',-

compeEitive with wheat., depending upon the environmental conditions :,, ,.,,::1,:'

during the remainder of the growíng season.

Soil temperature and moisture could be monitored during the

emergence period of wheat. By knowing Èhese values an estimate of 
i,.,,,,,,..,

when green foxtaiL would emerge relative to Ëhe wheat crop coul-d be

obtained. This knowLedge would enable farmers to judge the necessity

of using herbicides for control of the green foxtaÍl infesÈations" If 
..

dense infestations of green foxtail emerged within a week of wheat' 

''¡''r:.'1r;¡
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then control would be advisable. However, if the green foxtail

infesËations emerged 2 weeks after wheat, then the severity of green

foxtaí1 compeËítion wouLd likely be decreased. Rahman and Ashford

(Lg72) found that suppressed green foxtaíl plants produced enough

viabLe seed for the green foxtaíl population to be increased tvJo- to

three-foLd in the following year. Thus, herbicidiaL conËrol may sti1l

be advisable, depending on the infestation density present and Ëhe crop

to be grolrn the following year. Barley and oats have been shown to

be better competiËors with green foxtail than wheat (Friesen and

Shebeski, 1960; and Dryden and lthítehead, L963). If the field is to

be sown to barley or oaËs the foll-owing year or ít is Ëo be sunrner

fal1owed, then herbicidial control may not be economically jusËifiable

when moderate infestation densities of green foxtail emerge 2 weeks

after Ëhe wheat croP.

ì:1 ,:'
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RESl]LTS

ExperimenË 4. The effect of green foxËail removal at various stages

on the Yield of sPríng wheaÈ.

There were no significant yiel-d reductions in either Sinton or

Norquay wheat wiÈh the green foxtail densities established in the

study (Table 5). Thus, it was ímpossible to note any signíficanÈ

effect of Lhe stage of green foxËail removal on wheat yiel-ds. However,

Figure 5 does illustrate a trend of lower wheat yields aË the later

stages of green foxtail removal. The trend indicates that vtheat

yields may be decreased if green foxtail vras not killed before the

six- Ëo seven-leaf stage. The stage of green foxtail removal appeared

to be more criËical wiËh 600 green foxtail plants p"t *2 than wíËh 100

plants p"r *2. llheat yield depressions observed aË the six- to seven-

leaf sËage and aË heading may have been Partially due to mechanical

damage caused by the spraying operation.

Experíment 5. The effect of varying densiËies of green foxtail on the

growth and Yield of sPring wheaË.

sinton wheat yields were greater in L977 tÎ;lan in L978; however,

wheat yieLd losses due to green foxtail- comPetition were greater in

1978 than ín L977 (Figure 6; Table 6).

Tn L977, no significant yiel-d reductions occurred in Sínton wheaË

due to green foxtail (Table 6). f{hÍle not significant, there leas a

!t't'':

ir;t'j:',,::l
t - : i:ì.i

l-::r: 
- r ,
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TABT,,E 5. RemovaL of green foxtail at varying
stages and its effect on the yieLd of
spring wheat í¡ L977

Green foxtaiL

plants /m2

Stage of removal Wheat

(kelha)

a) Sinton
0

0

L00

100

100
100
L00

600

600

600

600
600

Tukeyrs HoSnD.

b) Norquay

0,
0

1_00

1_00

L00
L00
L00
600
600
600
600
600

Tukeyrs H.S.D.

weed- free
weed-free
L-3 leaf
4-5 Leaf.

6-7 Leaf
heading
weedy check
1-3 leaf
4-5 Leaf
6-7 Leaf
heading
weedy check

(o 
" 
os)

weed- free
weed-free
1-3 leaf
4-5 Leaf.
6-7 Leaf
heading
weedy check
1-3 leaf
4-5 Leaf
6-7 Leaf
heading
weedy check

(o. os)

2L7L

2236

2292

2L44

2258
2L82
2LLL
2357

2240

2445
2L26
1980
NoSo

3186
3036
3005
31 18

2792
2726
2863
2946
3036
259L
25L3
2847

593

ffia utltus¡

Gte lvl.Sf{lï.ûtsA
----%-*-.

!/&RnnrEs
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ÍJeed-Free Check

100 Green Foxtail/Meter2
600 Green Foxtail/Meter2

eedy
stage stage sËage stage Check

Stage of Green Foxtail Removal

The effect of varying stages of green foxtail removal
yieLd of Norquay wheat ín L977
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H Le77

G-{ LITB

2200

1_800

400 800 1200

Green FoxtaiL Pl-ants/Meter2

FIGTRE 6" The effect of varying densities of green foxtaíl on the yieLd of
SinËon wheat ín L977 and 1978
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TABLE 6. The effect of varying densities of green
foxtail on the yield of Sinton wheat Ln L977

ar.d 1978

Green foxtail

plants/m2

YÍeld of

wheat (kelha)

Green foxtail

seed (kglha)

a) L977

0

100

200
400
800

1600

Tukeyts H.S.D,

b) 1978
0

1_00

200
400
800

l_200

Tukeyrs H.S.D.

2280
2338
2292
2L26
2L84
2084

(0.05) N" s.

t47 6
L282
L27t
L224

838
682

(o.os) 3o4

24
24

109

93
L27

76

237
294
303
455
594

103

: :,,
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trend towards Lower wheat yields wíÈh increasing densitíes of green

foxtail Present'

In 1978, Sinton wheaÈ yields were reduced by the presence of

green foxtaiL (Table 6). As the densíËy of the green foxtail increased,

wheat yields decreased. At 800 and 1200 green foxtail plants ptt *2 
,'

wheaË yields were reduced by 43.2 and 53.8%, respectively.

The greater degree of green foxtaiL competition in 1978 was

reflected by higher yields of green foxtaiL seed produced in l-978 than 
",':1,: .::

at comparable densities ín L977 (Îable 6). Larget quantÍties of seed

were produced with increasing densities of green foxtail infestations

in both years. Hovuever, a densiËy of 800 green foxËaíl plants p.t *2

produced 93 kg/ha of seed ín L977, while. a comparable density ín 1-978

produced 455 kg/ha of seed, approximaÈely a five-fold íncrease.

In 1978, the effect of green foxtail competítion on the growth

of Sinton wheat was studied. It was found that competiËion offered'

by green foxtail reduced the tillering abílity of the wheat crop

(Table 7). A density of 400 green foxtail pLants p.t *2 reduced Ëhe

number of tilLers Per wheaÈ plant by 2L%" Increasing the density of

Èhe green foxtail- infestaËions caused furÈher reducËions ín the number

of tíLlers Per wheaË p1-ant. tJheat tÍllering was reduced by 42% wLtln

Ëhe presence of 1200 green foxËail plants Per square meter.

Green foxtaíl competítion was found to cause severe reductions in

the leaf area of Sínton wheaË (Table 8). As few as 100 green foxtail-

plants p"t *2 caused Leaf. area reductions in the Sinton wheat croP"

For example, on Ëhe July 26 sarnpling daÈe, 100 green foxtail Plants

p"r *2 caused a 28% reduction in the leaf area per wheat pLant.

i.'. ,.;

j+:
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TABLE 7. The effect of varying densities of green foxtail
on the number of tillers per plant of Sinton wheaË in
L978

Green foxËail pLants/m2 Tillers per

plant

0

100

200

400

800

1200

Tukey's H.S.D. (0.05)

3.4

2.9

2.9

2"7

2"3

2"0

0.5
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TABLE 8. The effect of varying densíties of green
foxtail on the Leaf area of SinËon wheat ín L978

Sarnpling time Green foxtail

plants/m2

Leaf area per

plant (sq. cm)

July 9

Tukey I s

JuLy 26

Tukey I s

Augus t

H. S. D. (o. os)

H. S. D.

2l

(o. os)

0

1_00

200

400

800
1200

0

100

200
400

800
1200

0

100

200
400
800

1200

191

170
155

L54

120
1_11_

24

92

66

48
53

38

39

18

4L

34

28

29

22

t9
8lukeyrs H.S.D. (0.05)

'i.r;.:-.a:.

L;J:T:
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Increasing the density of the green foxtail infestation further

decreased the leaf area of SinËon wheat.

Sinton dry weight values were decreased by the Presence of green

foxtail infesÈatíons (Table 9). upon sampling on July 7, approximately

4 weeks of growth, iË was found a density 1200 green foxtail planËs

per *2 !üere required to reduce wheat dry weights. However, at the

July 20 sampling date, as few as 100 green foxtail- plants p"t *2

caused a 36% reducLíon in the dry weight of Sinton wheat. By this

date, green foxtail had exerted its ful1 competitive effect. Increasing

the density of the green foxtail infestations caused further reductíons

in Ëhe dry weighË of wheat. At the Ju1-y 31 sampling daÈe, a density

of 1200 green foxtail plants p"t *2 caused a 46% reducËion ín the dry

weight of Sinton wheat.

Experiment 6. The effecE of seeding date on Èhe ability of green fox-

tail- Ëo reduce the growth and yield of spring wheat'

I,Iheat Tillers. In 1977, a density of 600 green foxtail plants per

*2 did not cause a significant reduction in Ëhe number of til-lers Per

plant of Sinton wheaË at any of the seeding dates (Table 10). However,

in Norquay wheat, 600 green foxtail planLs p", *2 caused a 34% reduc-

Ëion in the number of tilLers Per plant with the May 24 seeding date.

The ability of Norquay wheat Èo tiLLer was not significantly affecÈed

by the green foxtaiL ínfestatíons with the June 2 or June L7 seedíng

daÈes.

In 1978, the abiLity of green foxtail to reduce the til-leríng of

wheat was studied in SinÈon and Norquay wheaË sown at Ëwo seedíng

dates (Tabl-e lL) " The most striking asPect of the results was Èhe
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TABLE 9. The effect of varying densities of green
foxtaíl- on the dry weight of Sinton wheat in
L978

Sarnpling time Green foxtail-

plants/m2

I{heat dry

weight (grams)

July 7

Tukeyrs HoSoDo (0.05)

July 20

Tukeyrs H.S"D. (0.05)

July 3L

Tukey's H.S.D. (0.05)

August 16

Tukey's HoSoDo (0.05)

0

L00
200
400
800

1200

0

l_00

200
400
800

1200

0

L00
200
400
800

L200

0

100
200

400
800

1_200

36.2
32"6
3s"3
33.3
28.I
24"L
7.0

70"8
49.9
53 "6
47 "4
35"0
30.6

8"7

82.3
55. 1

49 "3
49.4
38.9
30 .0
LO.2

79.9
66 "5
63 "6
54"L
37 .0
32"8
L7.2 i;::.:

il::;i
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TA3I,E 10.
SinËon
L977

of green foxtaiL
wheats sottn at

on the tillering of
3 seeding dates in

ïhe
and

effect
Norquay

Seeding date Green foxEail

plants/m2

Tillers per

plant

a) Sinton
May 24

June 2

June 17

Tukeyrs H.S.D. (0.05)

b) Norquay
May 24

June 2

June 17

Tukeyrs H.S.D. (0"05)

0

100

600

0

100
600

0

100
600

2"4
2"5
2.3

3.0
2.3
2"6

3.0
3,L
2.3
N" S.

3"2
2"6
2,L

2"6
2"4
2.0

2"3
2.5
2"6
0"7

0

1_00

600

0

100
600

0

L00

600

.'.r
.;.'

.:. ':
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TABLE 1L. The effecE of green foxtail- on the tillering of
Sinton and Norquay wheats sovrn at two seeding dates in
L978

Seeding date Green foxtail

plants/m2

Tillers per

plant

a) Sinton
May 28

Tukey's H"S"D" (0.05)

June 5

Tukeyrs H.S.D" (0.05)

b) Norquay
May 28

Tukeyrs H.S.D. (0.05)

June 5

Tukeyrs H"S"D" (0.05)

0

200
400
600

0
200
400
600

0

200

400

600

0

200
400
600

3.2
2.0
L.9
L.7
1.L

2.8
2"3
2.3
2.4
o.7

3.3
2"2
2.L
I.7
0.8

3.0
2.3
2"2
2,0
o.7
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Large varíaËion in competition offered by green foxtail from the May

28 seeding date to the June 5 seeding date.

I{ith the May 28 seeding date, a green foxtaiL density of. 200

plants p.r o,2 reduced the tillering of Sinton wheat by 38"/" (Table 11).

Increasing the infesËaËion density to 600 plants p", ^2 caused a 47%

reduction in SínÈon wheat ti1-lering. However, with the June 5 seeding

date, 600 green foxtait planËs per 12 did not cause a significant

reducËion in the number of tiLlers per Sinton wheaE planË.

Similarly, in Norquay wheaË the intensity of the green foxtail-

competition varied from the l{ay 28 Ëo the June 5 seeding date (Table

11). t{ith the VIay 28 seedíng date, 200 green foxtail plants p.r *2

reduced Norquay wheaË tíllering by 33%; while with the June 5 seeding

daËe, a densíty of 400 green foxtail- p1.anËs were required to reduce

Norquay wheat tillering by 267..

The depressing effect of green foxtail competition on wheat

tillering appeared Èo be greater with Norquay than with sínton wheat

(Table 11). With the June 5 seeding date, a density of 600 green

foxtail pLanÈs per *2 did not cause a sígnÍficant reductíon in tiLlering

of Sinton wheat, whiLe a comparable infesËation densíty in Norquay

wheat caused a 33% reducËion in the number of tiLlers per r¿heat plant.

Leaf Area of frlheaË. Ín L977, as few as 100 green foxtail pLants

p"r *2 reduced the leaf area of both SinËon and Norquay wheat

(Table 12). Increasing Èhe density of the green foxtail- Ínfestation

Èo 600 plants p.t t2 caused a trend of further decreases in wheat leaf

area, although noË significantLy lower than at, the 100 green foxtaíl

plants p.r 12 density.

l :--,.::

,:.. ...
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TABLE 12. The effect of green foxtaíl compeËition on
the Leaf area of Sinton and Norquay wheats ín L977

T{heat variety Green foxtaíl Leaf area per

plants/m2 pLant (sq. cm)

SinLon

Tukeyrs H.S.D. (0.05)

Norquay

Tukeyrs H"S.D. (0.05)

0

100

600

0

100
600

90
7L

58
15

90

73
60
L4

i-.t,.,;-,:
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TABLE 13" The effect of green foxtail comPetition on the
leaf area of Sínton and Norguay wheat in L978

Sampling Ëime Seeding date Green foxtail

plants/m2

Leaf area per

plant (sq. cml

SínËon Norquay

July L5

lukey's H"S.D"

August 1

May 28

June 5

(o. os)

l"lay 28

June 5

0

200
400
600

0

200
400
600

0

200
400
600

0

200
400
600

0

200
400
600

0

200
400
600

L75

113

L26
r25

r_48

94
97

92
27

99

62

48
48

93

75

73

66
t_5

4L

30
23

20

36

32

26

29

6

L73

124
105

105

r42
90
79

66

29

99

52

49

35

r69
62

66

58
18

44
28
25

2L

33
29

27

24
7

Tukeyrs HoSoDo

August 21

June 5

(0.05)

May 28

Tukeyrs If.S.D. (0.05)
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rn 1978, 200 green foxtail plants per *2 effectively reduced the

Leaf area of sinton and Norguay wheat (Table 13). rncreasing

Ëhe density of green foxtail to 600 plants p"r 12 caused further

reductions in the leaf area of sinton wheat. However, with Norquay

wheat the depressing effect of 200 green foxtaíl plants p., *2 !ûas so

great that a furËher increase in densíty to 600 green foxtaiL plants

p"t *2 did not cause further significant reductions ín the leaf area

of Norquay wheat.

Leaf area reductions of sinton and Norquay wheaË due to green

foxtaiL comPetitÍon were of lesser extent with the June 5 seeding date

as compared Ëo the l4ay 28 seeding date. Larger infestatíon densi¡ies

were needed with the June 5 seeding date 
-Ëo 

cause reductions in Èhe

leaf area of wheat. For example, on Ëhe August 21 sampling date, a

density of 200 green foxtail plants per *2 caused a reduction (3g2.)

in Norquay leaf area wirh the ìday 28 seeding date; while wirh rhe

June 5 seeding date, 600 green foxtail plants per m2 rrere required to
reduce (267") the leaf area of Norquay wheat.

The leaf area of weed-free sinton and Norquay wheat were

similar vaLues at corresponding dates throughout the growing

(Table 13). Comparing the exËent of the leaf area reduction

of sinton and Norquay wheat at simílar green foxtail densiËies, it was

found that the l-eaf area reductions were greater in Norquay wheat than

in Sinton wheat.

Dry T{eight of l{heat. Tn L977, the dry weight of sinton wheat was

not significantly reduced ¡shiLe growing in assocíaËion with a green

foxtail density of 600 plants p"= *2 (TabLe 14). However, a comparable

very

season

ii:,:-:'îii



effect of green foxtail on the dry weight of
Norquay wheat ín L977

Green foxtail'plants/m2 I{heat dry

weight (grarns)

.... .- -\.. ..ri:riii.: . : :,.. ..:..1...i.j.....-.1.,..:
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TABLE 14. The
Sinton and

Wheat variety

'r-:,.,

a) Sinton

Tukeyrs H.S.D. (0.05)

b) Norquay

Tukeyrs II.S"D. (0.05)

0

100

600

0

100

600

67.L

67 "3

58.6

LL.2

65. 3

61.8

52.7

11" L
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infestation caused an 187. reduction in the dry weight of Norquay

wheat (Îable 14).

In L978, iË was found that a density of 200 green foxËail plants

p"r *2 couLd reduce the dry weight of both Sinton and Norquay wheats

(Table 15). Increasing the green foxËail density to 600

plants per *2 seldom caused further reductions ín the dry weight of

wheat, hcruever, a greater densíty occasionally caused the reduction in

the dry weight of wheat to occur at an earlier grordth stage.

Green foxtail-rs ability to reduce the dry weight of wheat was

found to be greaÈer in Norquay than in SínËon wheat. Competítion

offered by green foxtail caused dry weight reductions at an earlier

growÈh stage in Norquay as comPared to SinËon wheat; approxirnateLy

at 6 and I weeks of growth, respectively. Not only did reductions

occur earlier in Norquay wheat, but at comParable infestation den-

sities, the extent of the reductions htere greater in Norquay than in

Sinton wheat. For example, when sampling was done at 1l- weeks of

groÍ¡th with the l"lay 28 seeding date, 600 green foxtail plants p.t *2

caused wheat dry weight reductions of 54 and 35% ín Norquay and Sinton

wheat, respectively (Table 15).

Comparing Ëhe degree of green foxtail- competition v¡ithin Èhe four

seeding dates of 1978, the results of the June 5 seeding date varied

markedLy from the other three Seeding dates. The severity of competi-

tion was found Lo be much less at this date, in both Sinton and Norquay

wheat (Table 15). The largest variation in the degree of

green foxtail- competition rtras with the May 28 and June 5 seeding dates,

even though there was only I days beËween Èhe seeding dates (Figures

7 and 8). Tùith the June 5 seeding date, the dry weight of wheaÈ was

1.. ..,j"1

iì:ì:.::ì1.Ì.,i"



TABLE 15. The effect of green foxtail on Èhe dry weight
of Sinton and Norquay wheat in 1978
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Seeding date Green foxtail

plants/m2

!{heat dry

weieht (gramsl

Sinton Norquay

I{eeks of

grcnrËh

NIay 17

Tukeyrs H"S.D. (0.05)

8

Tukeyrs H.S.D. (0"05)

10

Tukeyrs HoSoDo (0.05)

L2

Tukeyts H.S.D. (0.05)

0

200
400
600

0

200

400
600

0

200
400
600

0

200

400

600

68"4
52.3
37.L
45 "6
19.6

89.2
65. 1

63.0
59,0
19 .5

111"0
67 "7
68.3
66.4
30. 3

96 "6
70 "9
6L.2
60 "7
23 "7

45 "5
2L.5
33. 1

33.2
L2.L

67 "7
43.8
37.0
37 .0
t7 "6

88.9
54.6
4r.4
40. 1
28.L

88.9
50.4
62.0
50. 5
27 "3

(continued)

l:;.:i. i.j
i.!l ::.r .'
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TABLE 15. (Continued)

Seeding daÈe Green foxtail

p1-anËs/m2

l{heat dry

weisht (srams)

Sinton Norquay

lteeks of

grovrth

l"Iay 28

lukeyrs H.S.D. (0.05)

7

Tukey I s H"S.D. (0.05)

9

Tukey I s H. S.D. (0.05)

11

Tukeyr s TT. S.D. (0.05)

0

200
400
600

0

200
400
600

0

200
400

600

0

200
400
600

39.2
38.9
34 "6
44.3
6.L

83.4
67 .3
53.3
56,8
20.2

L37 "6
77 .9
67 "6
72 "4
36.0

L26 "6
101.4

87 "6
82,6
34 "5

45"7
29.7
29.L
26.2
L6.3

83"9
6L.6
32"4
43.3
24"4

79 "5
48.4
60 "7
56.9
L6.9

120. 0

90.3
80"5
s4"5
32"6 i. .f.-: ,.: l

(continued)
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TABLE L5. (Continued)

Seeding date Green foxtaiL

p1-ants /m2

Wheat dry

weight (eramsl

Sinton Norquay

I{eeks of

groqtth

June 5

Tukey I s HnSoDo (o. o 5)

6

Tukeyt s II.S"D. (0.05)

I

Tukey I s H" S"D" (0 
" 
0s)

11

Tukeyr s H. S" D" (0"0s)

4 0

200
400

600

0

200

400
600

0

200
400
600

0

200

400
600

26 "8
22.L
27 .9
29 "O
4"2

75"0
63. s

66 "3
63.8
16"8

95.6
90 .0
84.0
76"2
L7 "8

I22.3
TL6.4

82"2
10L"2

23 "4

29 "4
19 .0
24"3
20.2

8"4

64 "0
57 "9
66.4
59.4
1l_.3

81 .1
79 "6
75"8
66.6
2L.4

LO6 "2
85.8
85"6
90.9
20"0

ì
I

li
I
L
I

i

i.:
t.. ..-

':::::.
(continued)
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TABI.E 15. (Continued)

Seeding date Green foxtail

plants/m2

I{heat dry

weight (erams'l

Sinton Norquay

I{eeks of

growth

June l-1

Tukeyrs HoSoDo (0.05)

10

Tukey's H.S"D. (0.05)

L2

Tukeyrs H.S.D. (0.05)

0

200

400
600

0

200
400
600

0

200
400

600

40.5
27 "2
34 "5
24 "9
9.1

96 "5
88. I
73"9
68.2
Lg,6

105.8
72 "5
6L.4
60"0
27 "5

4I.2
24.4
L4 "7
20.7
13. 0

69 "5
4L.8
36 "5
45,5
18.9

88. s
51.0
47 "5
38. I
25"9

liìì r
¡ 'r: ¡;'¡j
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reduced at a Later growth stage, and greater densities were required

to cause these reductions. The extenË of the reduction in the dry

weight of wheat was often smal-ler at 400 or 600 green foxtail plants
.,

per otz wiËh the June 5 seeding daËe than 200 green foxtail plants per

^2 ^t the oËher three seeding dates.

In weed-free wheat plots, the dry weight of Sinton wheat was

greater than thaÈ of Norquay wheat at comParable growt,h sÈages through-

out the growing season.

Grain Yield" The date of seeding htas found Lo affect the yield

of both SinËon and Norquay wheaÈ varieties (Figures 9, 10, 11, and

L2). Tn 1977, the greatest yield of SinËon wheat (2688 kglha) was

attained with the June 2 seeding daËe (Table 16). The May 24 seeding

dare had a slightly lower yield (2242 telt") while Èhe yieLd of the

June 17 seeding date (1024 kg/ha) rì7as severely reduced. llith Norquay

wheat, Ëhe May 24 and June 2 seeding dates attained the highest

yíeLds, being 2951 and 3088 kg/ha, respectively. The yield of the

June 17 seeding date was markedly reduced to L228 kg/ha.

Tn L978, the highest yields of Sinton and Norquay wheat were

atËained when the seeding dates were May l-7 and NIay 28 (Tables L7 and

18). Although not significantly less, wheat yields tended to be

depressed with the June 5 seeding date. A further delay in seedíng

tiLl June 1l- reduced the yÍeld of both wheat varieties.

The yíeLd of green foxtail seed was also affected by the seeding

date (Tables l-6 , L7 , and L8). The seed yield tended to be higher

at Ëhe earl-ier seeding dates. In L977 , green foxtaiL competition

reduced Sinton wheat yields to a great extent with the June 2 seeding

date as compared to the lúay 24 seeding date (Table L6), however' more

t i . ':. .1]--'] :, :]
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TABLE L6. The effect of seeding date in the abilíty of green
foxtail to compete with Sinton and Norquay wheat in L977

I{heat variety Seeding date Green foxtail

ptanrs/rJ

Wheat yield Green foxtaÍl

(kelha) seed yield

(kelha)

SinÊon

Tukeyrs II.S.D.

Norquay

May 24

June 2

June 17

(0.0s)

May 24

0

100

600

0

100

600

0

100

600

0

100

600

0

100

600

0

t00
600

2242

2L35
1981

2688
2670

2386

LO24

989

961

150

295r
2793

23L5

3088

2894
2628

L228

LLg7

1002

436

t,
L6L

t+4

59

33

61

28

130

273

93

220

25

73

69

June 2

June 17

Tukeyrs H.S.D. (0.05)

i:'.
i,,t.'

. :i'l
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Seeding date Green foxtail

plants m2

I{heat yield

(kelha)

TABLE 17. The effect of seeding date on
foxtaiL to compete with SinËon wheat

the ability of green
ín 1978

Green foxtaiL

seed yield (kg/ha)

l"Iay L7 0

200

400

600

0l"Iay 28
200

400
600

June 5 0

200

400
600

June 11 0

200

400
600

Tukey's H.S.D. (0.05)

2685

2292

2089

2L32

2703
2299

zLL6
2078

2245
2L63
2L56
2085

L697
L464
r493
L544

367

345

426

4L5

307

398
389

59

82
103

2s6

294
269

133

i.i '.:-ì:-:'_:,1
i: . .. :'
!.'.,''
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TASLE 18. The
foxtail to

Seeding date

effect of seeding date on the
cornpete with Norquay wheat in

ability of green
L978

Green foxtail

seed yield (kelha)

Green foxtail

plants/m2

I,Iheat yield

(kelha)

May L7 0

200

400

600

May 28 0

200
400

600

June 5 0

200

400
600

June 11 0

200

400
600

Tukeyrs H.S.D. (0.05)

2709

203L

L799

L924

27 46

2L4L
L7 56

L720

2356

2L07
2055
2002

L549

1036
L038

905

318

szg

580
763

453
560

610

1L6

L69
L52

398
429
472

1 l_1

t.

l'
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green foxtail seed was produced vrith the NIay 24 seeding date.

Similarly, ía L978, the amount of green foxtail- seed produced was

greater with Ëhe earlier seeding dates"(FÍgure L3). The yield of

green foxtail seed was markedly less wíth the June 5 seeding date

as compared to Ëhe other three seeding dates in both SínËon and

Norquay wheat. The Lower seed production of the June 5 seeding date

indicated that green foxtail was less competítive aË thaË seeding

date.

Green foxtail infestations were found to be capable of reducing

yields of both Sinton and Norquay wheat varieties. An ínfestation

of 1-00 green foxtaiL plants p", *2 did not lower wheat yields in

L977 (ta¡te t6). However, a density of 600 Sreen foxtail pLants per

m2 reduced yíelds of Sinton and Norquay wheaË lehen sovün on NIay 24

and June 2. l,Ihen wheat \,{as solvn on June 17, no significant wheat

yield reductions occurred due to the Presence of green foxtaíl"

In 1978, a density of 200 green foxtail plants p". *2 caused

reduced yieLds of both SinËon and Norquay wheaË (Tables 17 and 18).

Increasing the green foxtail density to 600 plants p.t *2 did not

cause further signíficant yield reductions ín Sinton wheat. However,

with Norquay wheat sown on I'Iay 28,

densíty fro¡n 200 to 400 pLants per

increase ín Èhe green foxtail

caused a further yield reduction.

As few as 100 green foxtail pLants p.t *2 were found Ëo be cap-

abLe of producing large quantities of seed (Table L6) " There $7as a

trend tov¡ards higher green foxÈail seed yields with increasíng

infestaËion densíties (Tables 16, L7 and L8)" The amount of green

foxtail seed produced depended upon Èhe seeding date and the

an

m2

rî1. :i.1

l ::::.:l

i.?lrrrt::ra
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compeËitive ability of green foxtail wiËhín that seeding daËe.

For example, with the May 28 seeding date of Norquay, 200 green fox-

tail planËs per m2 produced 453 kg/ha of seed, whiLe 600 green foxtail

plants p"r 12 with the June 5 seeding date Produced onLy I52 kg/ha of

seed (Table 18).

The degree of green foxtail- comPetition was greaËer in Norquay

wheat than in Sinton wheaE. At comparable green foxtail densities'

greater yield reductions occurred in Norquay Ëhan in Sinton wheat.

I,lhen wheat. was soltn on May 28, L978, a density of 600 green foxtaíl'

plants per m2 reduced the yield of Norquay and SinËon wheat by 37 and

23%, respecËivel-y (Tables 17 and L8) .

The greater degree of green foxtail comPetition in Norquay wheat

as compared to Sinton wheat was furth.t ",rU"tantiated 
by the amount

of green foxtail seed produced at comparable infestaËion densities in

the two wheat varíeties. For example, when wheat ltras soltn on May 17,

1978, a density of 600 green foxtail p1-ants p"r *2 produced 763 and

4L5 kg/ha of seed, in Norquay and Sinton wheat, resPectively (Tables

17 and 18).

The degree of green foxtail- competition varied from one seeding

date to another. lthen Sinton wheat vJas scrùrl on May 28, L978, a density

of 200 green foxtaiL planÈs per *2 reduced the wheat yield by L5%,

whil-e the yield of SÍnton wheaË so!ün on June 5 vras not significantly

reduced v¡ith any of the green foxtail- densiÈies (Figure L1) " Simi-

larly, with the June 5 seeding date of Norquay wheat the competitive

ability of green foxtail was reduced as compared to the oËher three

seeding dates of. L978 (Figure 12). I{ith the June 5 seeding date, a

density of 600 green foxtail plants p"t *2 were requíred Ëo reduce
.,rli:;..:!¡i";-
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Norquay wheat yields by L5%, while 200 green foxtaíl plants p". t2

reduced Norquay wheat yields by 22% when sown on May 28.

Soil MoisËure. In L977, soil moisture sËudies showed that there

was often Less soíl- moisture present in the wheat pLots infesËed wiËh

green foxtail- as comPared to wheat plots without weeds. This soil

moísture reducÈion due to the presence of green foxtail was noted in

both SinÈon and Norquay wheat varietÍes (Table 19).

similarly in 1-978, a green foxtail- density of 600 pLants p", *2

reduced the amount of soil moisture PresenË in r¿heat plots. These

results were found over varying sampling dates of the growíng season

wíÈh rwo seeding dates of sinton and Norguay wheat (ta¡te 2o).

Ithen the soil moist.ure vras sampled afËer a recent rainfall, it

was impossibte to deËect differences in ah. "*o,r.,t 
of soil moisture

in the wheat p1-ots that were inféeted htith green foxËail as compared

to the weed-free wheat plots. It leas occasionall-y observed thaf.

greater amounts of moisture r,üere present in the wheat stands infested

r,rith green foxtail-. This may have been due to green foxtaiL

sheltering Ëhe surface soil from the dryíng action of the wind and

sun, and if sampling occurred within 2 to 3 days of a rainfaLl then

more moisture might acËual-ly be presenË in the wheat pLots Ínfested

with green foxtail.

The ability of green foxtail to reduce the soil moisture of

wheat stands appeared comparabLe in the Sinton and Norquay wheat

varieties. For example, when soíl moisture sampLes were taken on

AugusÈ 15, Lg77, a density of 600 green foxtaiL plants p.t *2 caused

a L5% reduction- in the amount of moisture present ín both Sinton and

Norquay wheat (Table L9).
rr,,i'.:..t,-_r:_-:)
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TABI,E 19. ThC
a dePth of

Sampling date

effect of green
75 cm in Sinton

Green foxtaí1

plants/m2

foxtail on soil moisture to
and Norquay wheats ín L977

,Soil moisture .(% by vol.)

Sinton Norquay

July L8

Tukey I s

Júy 25

Tukey I s

August

Tukey's

August

Tukey I s

August

Tukey t s

Augus t

Tukey t s

[I. S. D.

H. s.D.

4

H" S. D.

9

H. S. D.

15

H. S. D.

23

H"S.D.

0

600

( 0. 0s)

0

600
(0. os)

0

600
(o 

" os)

0

600
(0. 0s)

0

600
(o. os)

0

600
(0.05)

20 "5
18"0

1.6

12 "3
10. I
1.3

22.7
2L.6
N. S.

19.3
15"9
2.4

L7 "9
L5.2

1"0

7"r
6"8

No So

13. 6

L3.7
N" S"

11" I
9.1
L.4

l_8.0

18.6
N. S"

13. 5
13.0
N. S"

L8 "7
15"9
2.1

6"5
6.6

N. S.

i'
i::.:
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TABLE 20. The effect
depth of 7 5 cm in

Sampling time Seeding date Green foxtail

plants /rn2

of green foxtail- on soil moisture to a
Sinton and Norquay wheats in 1978

Soil moisture 7" (by vol.)

Sinton Norguay

JuLy 26

Tukey's

Jul-y 31

Tukeyr s

August

IT" S. D"

H. S. D"

15

l"lay 28

June 5

(0.05)

May 28

June 5

(0.05)

l{ay 28

June 5

(0.0s)

l"Iay 28

June 5

(0.05)

Tukey's

August

H. S.D.

25

0

600

0

600

0

600

0

600

0

600

0

600

0

600

0

600

22.O

L9.5

22.0
L9.4
1.8

19.1
2L.3

17 .0
16"5

t_.5

13. 0

13. 5

15.8
13.8
t.3

9.1
12.l

L2.2

9.2
1.0

2L "0
20 "6

24.4
2L"6

L"6

2L"2
22.9

2L "9
20.0
1.5

16. I
15"0

16. s
L5.9
NoSo

9.7
10.5

13"8
10"3

1.5Tukeyrs H.S.D.

l, 'ì

l.:1 ,

l'-::

i '.:

, .,1.
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DISCUSSION

The seeding date of wheat influenced the yield potential of wheat.

Seeding ín May gave the hígher yields of boËh SinËon and Norquay wheat.

Delaying the seeding date till June resulted in lower wheat yields. The

Later the date of seeding in June, the lower the wheat yields obtained.

l{heaË should be sæ¡n before the first vreek of June to maximize the yield

potential of the crop.

Early seeding \4ras more critical in Norquay wheat Èhan in Sinton

wheat, since laÈe seeding resulËed in lower yields of Norquay wheat"

This difference in varietal response to the date of seeding has been

shown previously (Schmit, L96O; Beard, I96L; and Sturko, 1978).

Norquay, a semí-dwarf wheaË, \das Less tolerant of green foxtail

competition than the normal height Sinton wheat. Grain yield reduc-

tions at comparable green foxtail densities r^rere greater in Norquay

wheat than in Sinton wheat" In addition, green foxËail seed production

tyas greater in plots of Norquay wheat than in ploÈs of SÍnton v¡heat.

Sturko (1978) similarly found that green foxtail competition was greaÈer

in a semi-dwarf wheat than Ín a normal height wheat.

Initially, the difference in the competítive ability of Norquay

and Sinton wheat uray be due to the slæ¡er emergence of the semi-

dwarf wheat. Liver (1958) and AlLan g.1q 4,, G962) found that coleoptil-e

growth and seedling emergence qTas slower ¡¿ith a semi-duarf as compared

to a norÍlal-height winter wheat varieÈy" In the present study, it was



observed that Sinton wheat emerged a day before Norquay wheat. Since

early emergence and rapid seedl-ing growth resuLt in a more competitive

crop, the semi-dwarf wheat, with slov¡er emergence, fltay not be as com-

petitive ü'ith green foxtail- as the normal- height wheaË"

At l_ater grotvth stages of the crop, Ëhe differentiaL shading

ability of Sinton and Norquay wheat may have been an important factor in

their rel-aÈive conpetítive ability with green foxtail. In Ëhe present

study iË was observed that SinËon wheaË grevr to a height of 85 to 90 cm,

while Norquay grevr to a maximum height of 60 to 65 cm. Green foxtaiL

grew at a comparable height with Norquay wheat throughout most of the

growing season. At heading stage, green foxËaiI was 10 to 15 cm taller

than Norquay wheat. In contrast, at no time during Ëhe growing cycle

qras green foxtail as tall as Sinton ort"at. At heading, green foxtail

was found to be 20 to 25 cm shorter than Sínton wheaË. Green foxtail

shaded only the lower leaves of Sinton wheat whíle with Norquay wheat

a Large proportíon of the leaves were shaded. The phoËosynthetic

capacity of Norquay wheat woul-d be reduced to a greater extend than

that of Sinton wheat.

Not only díd green foxtaiL not shade Sinton wheat to a large

degree at any stage of Ëhe growth cycle, but Sinton wheat severely

shaded green foxtail throughout most of the growing season. Vanden

Born (L971) and Duke and Hunt (1975) found that green foxtaíL required

high f.ighË intensity for oPtimum growth. Ithen grown under low f.ight

intensity, green foxtaiL vegetative growth was decreased and l-ess seed

was produced. The abiliÈy of SinËon wheat to shade green foxtail from

direct sunlíght would limit the growth of green foxtail and thus the

intensity of competition offered would be Lowered. ThÍs Ís borne out

.!:a;,,!rr."ir._-:,\¡¡.r,j j irr¡J-J
:ì:+.'::t':+j':!:::.1:.'rij.'ìi-iiat::ï:;ti,:::a::::í'r'j:'::ìr:.1¿j.:"i.t-.':,:..!.a:t::::a:a:::.:

80

,.rtr!

..'. ';
.. :,-



81

in the field as Leaf area, dry weight, and grain yieLd reductions

rüere greater in Norquay wheat than in Sinton wheat.

Studies were performed Èo determÍne how green foxËail competition

affected wheat growth and uLtimateLy reduced grain yields. Previous

researchers (Pavlychenko and Harrington, L934; Godel, L935; and

Blackrnan and Templeman, 1938) found that weeds reduced cereal yields by

reducing the number of tillers per plant. In the presenË study ít was

determined that green foxtail reduced the number of tillers per wheat

plant, in both SinËon and Norquay wheat. The reduction in Èhe number of

tíLlers per wheat plant could be due to green foxËail competition very

early in the growth of wheat causing a reduction in the number of

axillary buds that are stímulated Ëo develop into tillers. At later

stages of the growing cycle green foxtaii competítion would cause some

of the til-lers to senesce before reaching nnturiËy. The reduction ín

the number of tillers that mature means that a lor,¡er number of wheat

spikes are formed, thereby reducing grain yields

Green foxtail infestations were found to reduce the l-eaf area of

Sinton and Norquay wheat. The leaf area reductions occurred wiËhin

4 to 5 weeks of wheat growth and contínued throughout Èhe growth

of the wheat crop. Reductions in the dry weight of Sinton and Norquay

wheat were also found due to the presence of green foxtail. However,

the wheat dry weight reductÍons vrere not noted tiL1 6 to 8 weeks

of wheat growth. IË appears t.hat the reduction i'n the leaf area of

wheat sufficientl.y reduced the amount of phoËosynthate produced to

cause the dry weight and ultimately the grain yieLd of wheat to be

reduced.

The compeËitítive abilíty of green foxtail in wheat varied between

l

i.'.

i.

i. .r,

i i.-.'
i,..:,
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and urithin Èhe two years of the study. The degree of green foxtail

cornpetition could not be determined by the density of the infestation

aLone. For exampLe, a density of 800 green foxtail plants p.t *2 did

not signifícantly reduce the yield of Sinton wheat v¡hen sown on May

30, L977; however, a comparable density of green foxtail reduced the

yield of SinËon wheat by 43% when sown on llay 30, 1978 (Table 5). The

fact that the intensity of green foxtail competition cannot be solely

determined by the infestation density present has been similarly noted

(Jorge and Staniforth, L96L; Rahman and Ashford, 1972; and Sturko, 1978).

The compeËitive ability of green foxtail was found to be dependent

on t.he environmental condítions at the tíme of seeding and earLy gro\¡lth.

As previously shown in Experiments 1 to 3, soil temperaËure and soil

moisture conditions during the germination and emergence period were

critical to the establishnent of green fqxtail ÍnfestatÍons. Decreases

below the optimum soil temperature and/or moisture conditions severely

reduced the rate of green foxtail emergence or inhibited iË completel-y.

However, over the same range of soÍl temperature and moisËure conditíons

wheat emergence was only slightly delayed whíle the percenÈage emergence

remained unchanged. If the soíl was moist (0 to -4 barsf) and soil

temperatures hrere warm (20 to 25oC), green foxtail emerged within a

few days of wheat. However, if the soiL was dry (-4.0 to -6.5 bars$)

and temperatures were low ( 15 co 20oC), green foxtail would energe

7 to 14 days after wheat. The tirne of emergence of green foxtail

relative to that of wheat was críËical to the potential competítive

ability of green foxtail.

ResuLts of the fíeld studies of Experiment 6 show the importance

of the time of emergence of green foxËaiI rel-ative to wheat as it
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affects the intensity of green foxtaiL competition. When wheat was

sown on l"Iay 24, L977, soil temperature and moisture condítions were

favorable for green foxtaiL (Table 2L) " These conditions allowed

green foxtail- to emerge 2 days after wheat" In contrast, with the

June 2 seeding date ín L977, soil moisture was limiËing for green fox-

tail germination and green foxtail did not emerge tíll I days after

wheat. It would be expected that green foxtail would be more competi-

tive if ít emerged a couple of days after wheat than if it emerged 1 to

2 weeks after wheat' This v'as the siËuaËion with the May 24 and June 2

seeding dates. Al-though 600 green foxtail plants p"t *2 reduced the

yield of Sinton wheat by L2% \,üith both seeding dates, Norquay wheat

yields were reduced by 22 and 15%, wíth the l4ay 24 arrd June 2 seeding

dates, respectively. (Tab1e 2L ) "

lJith the l4ay 28 seeding date in L978, the soil was moist but the

soiL temperature was cool and green foxtail díd not emerge ti11 6 days

afÈer wheat (Table 2 1). WiÈh Ëhe June 5 seeding daËe the soil tempera-

ture lvas more favorable but soil moisture rnras more limiting than with the

May 28 seeding date. Under these conditions green foxËail did not
l','¡ -...

emerge till 8 to 14 days after wheat. Strictly on the time of emergence i',' i,"

| \ "::.'.t. . :,

green foxtail competition would be greater with the May 28 as compared

Ëo the June 5 seeding date. This was confÍrmed by the wheat yield

reductions. With a green foxtaiL density of 600 plants per *2 the 
ir,.,1.
l.:rrj::l

yield of Sinton wheat was reduced by 23% wi-tl:' the May 28 seedíng date,

while wiÈh the June 5 seeding date no significant yield reduccions

oeeurred ín SinËon w.beat: (Te.bLe 2L). An infestaÈion density of 600
l

of green foxtail relaËive to thaË of wheat it would be expected that

i:.:.:: ;i :.1.
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plants per m2 reduced the yield of Norquay wheat by 38 and 157", with

the May 28 and June 5 seeding dates, respectivel-y.

Wíth the June l-1 seeding date in L978, the soiL temPerature leas

favorable but soíl moísture was in Ëhe limiting range and green fox-

tail did not emerge Ëill 10 days after wheat (Table 21). A density of

600 green foxtail plants p"t *2 did not cause a significant yield

reduction in Sinton wheat., however, the yield of Norquay wheaÈ was

reduced by 42% wíth a comparable infestation density. The large yield i,'. ', ':.'.':
lr..:

reduction in Norquay wheaË may be attributable to it beíng more sensi-
i1 : ,. 

".:Ëive to a long grotring season for optimum growËh and yield than Sinton 1.,¡i.,'

wheat. tlhen Norquay wheat was sotrn on the late seedíng date of June 11 
:

its yíeLd potential was already severely lowered and green foxtail

competition was expressed to a greater exËent in this situation, causing 
i
i

Large grain yieLd reductions.

Green foxtail may be expected to be the most conpetitive when Ít

emerges with or shortly after wheat. However, this is not always true. 
i

i

For example, with Ëhe June L7 seeding date of L977, Ëhe soil temperature i

and moísËure conditions were favorable for good emergence of green fox-

taíl- (Table 2L). Green foxtaiL emerged on the same day as wheaÈ. In

this siÈuation iÈ might be expecËed that green foxtail would be very

competitive. However, this vJas not borne out as 600 green foxtail

plants p.r *2 did not cause signifícant yield reductions in either

Sinton or Norquay wheat. This may be partially explained by the fact

Ëhat a períod of cooL, cloudy !ùeather followed Ëhe emergence

of green foxtail and wheaË. I{heat .ç¡ould have a competitive advantage over

green foxtaiL in those conditions.
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Although not always the case, the intensity of green foxtail

competition with wheat was higher when green foxtail emerged within a

week of wheat, t.han if green foxtail emerged 2 weeks afËer wheat. It

cannot always be predícted that green foxtail wil-L reduce wheat yields

if it eÍrerges within a week of wheat, however, it can be predicted with

a gteat degree of certainty t.hat green foxtaiL will not reduce wheat

yields if it does not emerge tíLL 2 weeks after wheat"

The time of green foxtaíl emergence reLatíve to wheat is not the

sole factor determining the intensity of green foxtail competition.

After green foxtaiL has emerged, air temperature and f.ight intensity

become critical- factors affecting green foxÈail competítion. In green

foxtail, photosynthesis occurs by the tftch and Slack or C4 path\,{ay

(Chen et 41., 1,970), whereas in v¡heat photosynthesis occurs via ËI¡e

Calvin cycle or C3 pathway (Moss et a1., 1969)" C4 species requíre

temperatures of 30 to 4OoC ;rnd light ÍntensÍties of full sunlight

for maximum photosynthetic rates to occur (Downton, I97L; Vanden

Born, L97L; and Duke and HunË, Lg75). Maximum photosynthetic rates

of C3 species occur at temperatures of 15 to 25oC and light inÈen-

sities of 20 ro 307" full sunlight (Chen er al., L970). Under

optimum f.ight intensity and temperature conditÍons for each species,

C4 species attained net photosynthetic rates of 60 to 100 mg of C0,

assimr¡lated per dm2 hr-l whiLe Ca species had net photosynthetic rates

of 10 to 35 mg of C02 assimulared per dm2 ¡=-1 (Chen er al., L}TO).

From these considerations, it could be predicted that green foxtail

wouLd be the most competitive vtith ltheat at high temperatures when the

more efficÍent c4 phoËosynthesis would take full advantage of higþ

light intensity. More vigorous growth of green foxtail would increase

ìirlr

,t',
:

.:.f_
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coropetition with lrheat through shading and the deveLopment of a more

extensive root system. At 1ø¡ temperaËures, wheat would have a competi-

tive advantage over green foxtail-. The photosynthetic rate of wheat

wouLd remain close to optimum whiLe that of green foxtail would be

depressed" This would induce shading of green foxtail-. Light ,l'

intensíties striking green foxtail would be decreased and phoËo-

synthetic rates would be depressed further, causing the inËensity of

green foxtail competition to be decreased. i,.-'::l.,,:,;:.,,,
rj,:^.;..-:--._. :i..

Green foxtail infestations reduced the yieLd of both wheat varieties, ,': 

'::':':"::'

. : :: :,.::i..
t.herefore, green foxtail competitíon lras Limiting one or more of the t,,,.1i,,,r.,,,r,.,

basic growth requirements.

Conpetítion for light accounted for part of the yield reduction" l

in wheat. Green foxtail was 10 to L5 cm taller than Norquay at heading, i

ì

causíng partiaL shading of wheat during a críticaL period when 1arg" 
,

amountsofphotosynthatewererequíred.However,thenorma1-heÍght

sinton wheat was 20 to 25 cm taLler than green foxtail at the grain 
I I .,

fi11ingstage.Greenfoxtai1wou]-dshadeon1ythe1ower1eavesof.

wheatandsincethemajoríËyofthePhotosynthateforkerne1.deve1op

ment is produced by the flag Leaf and Èhe spike itself, competÍtion for iltt,l.i"'.ì
l, :', r, . 1;.::,'. 

- t
light was probabLy not as important in a normal height wheat as com- '.:',ì:1 :'j;','': ::

:;t::::-:-:':.

pared to a semí-dwarf wheaÈ.

Green foxtaíL couLd be reducing wheat yields through competitÍon

for soil nutrients. By reducing one or more nutrients to a leveL below 
i;.,.: ,..r:r;::.:

that required for optimum wheat growth, grain yíelds could be severely |;'r-i;'$.

reduced. Green foxtail has been found to be a good competitor l¡iËh

wheat for availabLe soíL nitrogen (Alex, L967; Moyer and Dryden, L976;
' 

,t'

and Sturko, unpubLished data). The importance of green f oxtail compe- 
¡,.;:,.¡1.;.r,,.,_,i;:¡lìì¡-::,.' rì,i:
l: _'.::;:::::. : i
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tition for essential nutrients becomes more critical in soil-s of low

ferti 1-ity 
"

Green foxtaiL also competes with wheat for soil moisture. In the

present study it was often found that there was Less soil moisture

presenË in the green foxtail-infesËed wheat as comPared to the weed-

free wheat stands. These results indícate that green foxtail competi-

tion reduced the amount of available soil moisture present for v¡heat

grov¡Ëh. fJheat gror.tth may or may not be severely suppressed depending

on when in the growing cycle soil moisture becornes lirniting. Dense

growth of green foxËaiL and wheat may use most of the avaílable moisture

to produce vegetative growth leaving Líttle moisture during the critical-

grain fiLlíng period, thereby reducing wheat yields. CompetÍtion for

soil- moisture wouLd be accentuated with increasing densiÈies and

vigorous top grovrth of green foxtail. Green foxtail competition for

soil- moisture becorres more criticaL with increasíng aridity of Èhe

growing season.

Green foxtaíl competítíon rras not severe when wheat wás sown on

May 30, L977, as significant yíeld reductions rùere not noted in Sínton

or Norquay wheat of Experíment 4. However, there was trend of lower

wheat yíeLds when green foxtaíl vlas not kiLl-ed before Ëhe síx- to seven-

leaf stage. The stage of green foxÈail removal vlas more critical at

the larger infestation densities. Sturko (1978) reported that when

green foxtail competition q?as severe, the weed had to be removed by

the one- to three-leaf stage to minimize wheat yield losses. fJhen

green foxtail competition rüas of moderate intensity, it was possible

to leave green foxtail tiLl the four- to five-leaf stage before control

i'i _:-'.'
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$ríthout observing.wheat yield losses.

Green foxtail competition was found to be most inËense when the

infestatíons emerged within 7 to 10 days after Ëhe emergence of wheat"

Thus, if green foxtail densities of 200 -Èo 400 plants p"t *2 emerged

shortly after wheat, conËrol of the infestations should occur by the

trJo- to Ëhree-leaf stage of the weed" This action would minimize

grain losses due Èo green foxtail competition.

j:'ì::i:,!ait:
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SUMMARY AND CONCLUSIONS

Competition from green foxtaiL reduced the yield of Sinton and

Norquay wheat. The intensiÈy of green foxtail competition hras higher

ín the semi-dwarf wheat (Norquay) than in the normal height wheat

(Sinton). Grain yield l-osses occurred at l-ower green foxtail densities

in Norquay wheat. At comparabLe infestatíon densitíes, grain yield

reductions and the amount of green foxtaiL seed produced were greater

in Norquay than in SÍnton wheat

Green foxtaíl cornpetition was found to severeLy suppress wheat

growth as well as fínal grain yields" Tíller number, leaf area, and

dry weight of wheat !ùere reduced due to competition offered by green

foxtail infestations.

Green foxtail- competed more effectíveLy for light in Norquay wheat

than in sinton wheat. Green foxtaiL competed with wheat most effec-

tively for avaiLable soil moísture and soil nutrienËs"

The intensiÈy of green foxtail competition coul-d not be determined

by density alone. The environmental conditions, at the time of seeding

and earl-y grosrÈh were critical in determining the competitive ability

of green foxËaiL rùith wheat. I{hen the soiL was moist (0 to -4 bars f)
and the soil temperature was warm (20

emergence, green foxtail emerged 3 to

àituation, green foxËail densitÍes of

to 25oC) during germinaËion and

5 days after wheat. In this

200 plants per m2 severely
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reduced lrheat yields. However, when the soil was dry (-4.0 to

-6.5 bars) and soil- temperature was cool (15 to 2OoC)' green foxtail

did.not energe til-l 10 to L4 days afËer wheat. Ilnder these conditions

the potentíal competitive ability of green foxtail was reduced, so

that even at the high infestaÈion of 800 plants p"t *2, yield reductions

were smal1.

Seeding of wheat should be done early to maximíze wheat yíelds"

This was Èrue of both weed-free and green foxtail-infested wheat croPs.

By sowing early, the growing season was lengthened and more efficient

use vJas made of the long hours of sunlight of June and Ju1y. I{here

green foxtail is a problem, seeding early in May v¡hen soíl temperatures

are normalLy cooL, will reduce the intensity of green foxËail compet.i-

tion by giving r,rheat the competitive advantage of emerging several days

before green foxtail.

When green foxtail- infest-ations of 200 to 400 plants per *2 .*"tg"

within a week of wheat, herbicídíal control- should be done by the two-

to three-leaf sËage of green foxtail. ControL this early will minimize

v¡heat yieLd losses due to green foxtail compeËition. I,Ihen green fox-

taÍl infestations do not emerge tíLL 2 weeks after that of wheaË, grain

l!.osses r^ri11 usual-ly be smalL. However, even suppressed green foxtail

plants produce Large quantities of seed from which infestations may

deveLop in future years. In this situation, the necessity of green

foxËaiL controL depends on the infestaËion density present and the crop

to be gro!ün the foLlowing year. At infestation densities of over 1000

plants p"r *2, controL would be advisable in that it reduces the soil

seed popuLation. AE moderate infestaËion densities of 400 to 600

green foxtaiL plants p"t ,n2, the crop to be grown Èhe following year
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should be taken into consideration. If the crop is a

wíth green foxtaíL, like barley or oats, then control

visable. However, if the crop to be grown ís a poor

wheat or flax, then control may be advisable.

good competitor

may not be ad-

competitor, Like

'.:i. '.',: 
t

. -.i -'
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