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ABSTRACT

controlled densities of wild mustard in wheat were

studied bo deternine if the application of a commerciaL

fertilizer would affect the nurnber of wild mustard plants
that could be tolerated before yields of wheat were reduced

significantly. rn another eontrolled experiment, an attempt
was mad.e to determine when, in the growth of wheat, competition
from wild mustard became apparent uncler different levels of
soil fertility. The inffuence of a cornmercial_ fertj-rízer
on weed competition under actual farm fielci eonditions was

also studied"

Yield.s of wheat grown on surnmerfa]low hrere reduced

significantly by eompetition from 50 t,o 25 wird mustarrl

plants per square yard" When ammonium phosphate (ff-A8-O)

fertilízer uras applied at the rate of &0 pounds per acre,

the yÍe1d of wheat was not reduced significantry unless

75 to 100 wild mu-stard. pla.nts per square yard vrere present.

0n farm fiel-ds the application of ammonium phosphate

(11-/+8-0) fertilizer was effecti-ve in reducing losses caused

by weed conpetition. However, increases in yierd as a result
of fertiLízer treatment were often a-ccompanied by decreases

in protein content. Eemoval of weeds b)r hand. gave significanÈ

increases in both yiel-d. and protein cont,ent of wheat. The

combined effects of fertillzer treatment and- of weed removal

by hand produced the largest increases in yield of grain and

maintained protein contenÈ at a comparaËively high level-.



Bushel weight of wheat was not influenced by weed

competition under varying levels of soj.l fertility or weed

densities"
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THE ]NFLIIENCE OF A COMI\MRCTAL FERTTL]ZER TNEATI{ENT
ON WEED COIIIPETITTON II{ SPRTÀ]G SOüJN IgHBÀt

ÏNTRODUCTION

The existence of a number of plant species in an

association is commonry characterized by a conctition
detrimental to the weLfare of one, severar¡ or perhaps all
species concerned. This adverse condition prevai-Is whenever

these species must compete for the conmon requirements of
growth and reproduction. Often Ín nature, or Ëhrough the
practices of man, the suppl-y of required. growbh essentiars
is severely limited so that competition for these essentials
is inevitable. This competitive phenomenon need noi be

restricted to individuals of different species alone (inter_
specific cornpetition) . Tt is known to occur al_so, and
perhaps to an equar extent, between rnembers of the same

species (intraspecific competition) " However, from an

agricultural standpoint, interspecifie competition is of far
greater significance since it denotes a rivalry which is
almosb invar':l^e.bJ-y operative when crop plants and weeds inhabit
a common growing area" such competition between crops and_

weeds is specificall¡r known as trweed competítion?r.

Iiloisture, mineral nutr:LenËs and light are u.niversall5.
recogni-zed as the three basic requirements of plant growth,
However¡ ås already iniplied, selcì-om are these requiremenËs

available in proportions adequate for maximum crop product,ion,
ïn many agricu-ltural areas of the worlcl, plant grornrers must
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rel-y exclusively on seasonar preòÍpitation as a source of
soil moisture for plant grovith. rn the nore arid regions
very strict moisture conservation measures must be practiced
to rnaintaín soil moi,sture at levels satisfactory for crop
production. A full complj-uient of the essential minerals
(in forms available to plants and in amounts reoJrired. for
repeated cropping) normal-ly cannot be incorporated i-n an¡.

soil unless definite, and often very costly measures are

taken to maintain a favorable mínerar balance in the soil"
Light may become growth-l-imiting when erop plants become

thoroughly shaded in the presence of rarge numbers of broad-

leafed t¡¡eeds.

one of the principal objectives of every plant grower

is to ensu-re maximum utilization of the limitecl growth

essentials by his crop plants. since weeds demancl the sane

growth essentj-als as crops, weeds naturally tend to reduce

the availability of these essentials. lilhatever nay be the
fraction of availabl-e growbh essentials utilized by r'¡eeds in
fulfillment of their own functions, it is the sarne fractÍon
Èhereof which is lost entÍrely to crop production. 0bviously,
reduction or elimination of weed competition is a rogical
approach towards a maximizatj'on of returns from the restricted
supply of groiubh elements.

Although the phenomenon of weed competition probably

dates back to the birt,h of agriculture itself, only in recent
years has consi,derable basic research been devoted to a better
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understanding of that phenomenon. control_l-ed eompetition
studies initiated at the universíty of Maniüoba in lg5z
were designed (1) to deËermine the lowest density of wild
mustard that cause significant reductions Ín yield of wheat

and flax, (z) to determine when, in the growbh of wheat,

conpetition from wild mustard becomes apparent, (i) to
demonstrate that removal of weed competition by spraying
with selective herbicides prevents losses in yield of wheato

and, (+) to assess ühe actuar losses that might be attributed
to weed competition under farm fietd conditions, These stud.ies
demonstrat'ed that as few as ten wild mustard plants per square
yard i.n flax, or fifty wild mustard prants per square yard in
wheat, caused significant reductions in yield. l{eed

competition was found to conmence early in the growÍng season

and, therefore, the need. for weed. removal at an early stage of
crop growth was strongly emphasized. Experiments on lvianitoba

faru fiel-ds reveal-ed Ëhat all crops stud.ied (wheat, barleyu
oats and flax) suffered substantial losses Ín yield from weed.

competition, and losses in proteÍn conÈent of wheat and

barley were also noÈed,

However, the above-mentioned series of weed conpetition
studies carried out by the universj.ty of Manitoba were not
conducted under conditions of varying soil fertility" Resulbs

of controll-ed experinents reported by other investigaüors
demonstrated that application of minerar fertiLizers w-ith

grain very effectively reduced losses from weed competition.
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The effects of fertilizer treatmenü were cornmonly manifested
by reduced weed seed populati.ons in the soil, more rapid
growÈh of crop seedlings, earlier crop maturity, increased
Ëillering in cereals, inereased yields and Ímproved. quatity
of grain. NevertheLess, liütle is yet known of the true
importance of commerciar fertih-zer in weed competition
under actual field conditions with natural infestations of
weeds" Therefore, to evaluate the significance of commercial
fertilizer as a means of combatting weed competiti-on, Ëhe

project described in this thesis was undertaken in the spring
of 1958 and special emphasis was devoted to a study of the
infLuence of commerci-al fertilizer on weed. competition under
farn field condit,ionsu

',.: l';:
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BEVTEtr{ OF LTTERATURE

Because of the variations in growth habit, morphology

and other inherent qualities, species of plants vary in their
relatíve ability to compete for the essentiars of growth and.

development (7 , 8, 9 , 16, 36, 38, 39 , 4,0) . pavlychenko ( 3S)

stated that grain crops deveroped more rapidly in the first
few weeks of growth and generalry possessed. a stronger cuticl_e
and more fibrous tissue than did most of the conuaon weedso

He also noted that mosË of the inrportant grain crops produced

larger seeds which could germinate from greater soil depths

in a shorter time, in higher percentages and at rower

Ëemperaüures than could most weed seeds.

ïn a five-year study pavlychenko and. Harrington (¿p)

measured the relative competi-tive efficiencies of a nur¿ber

of annual weeds and cereal crops on the basis of character-
istics such as total assinil-ating leaf surface, height,
diameter and linear length of root system, and dry weight of
top growth. Rapid germination and abirity to deverop a large
phoËosynthetic leaf surface and an extensive root network

earry in the seedlÍng stage urere concluded to be significant
factors which enabled a plant to eompete efficiently. From

tlris i.nvestigatíon, the crops studied were arranged. in order
of decreasing competitive efficiency as follows: barrey,
wheat, oats and flax. llannchen barl-ey competed much more

successfully with wild oats and wil_d mustard. than did Marquis

wheat, principally because of the more rapicl root development
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of barley as compared to wheat, For a similar reason Marquis
wheat competed effecËively w:ith wild mustard buË was seriously
depressed by wÍld oats which had a total root length four
times that of wheat.

rn another experíment pavlychenko and Harrington (39)

observed the respecËive rates of rooÈ developmenÈ in the
seedling stages of four cereals (barley, rye¡ wheat and. oats)
and a number of annual weeds. Data record.ed aË 5 and 21 days

after emergence disclosed the folrowing salient points:
1. Boot development of weeds and. crops differed Ín growth

habiË, extenË and distribution within the soil"
2, g't 5 days afÈer emergence the root systems of atl l+

cereals exceeded in length those of the weed.s stud.ied,

3. At 21 days after emergence wir-d mustard. had the largest
rooË syst,ern of all plants exa¡ained.

I+. Barley had the highest nr.mber of primary roots per

plant"

5" The primary and secondary roots of rye and barley were

found to be comparaËively cLoser to the soil surface

than were ühose of wheaË, oats and wild oats.
6. RooË development in wild oats was found t,o be srow in

the early seedling stage but progressed very rapidly as

the wild oaËs beca¡le older" Tfild oats arso produced

more root material than any of the cereals and its
roots penetrated the soil to comparatively great depths.

From thís study Pavlychenko and Harrington conclud.ed that rate
and habit of root growth in crops and weeds were factors of
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considerable importance in weed competÍtion. AbilÍty to
produce prinary roots in large numbers and the rapid,
spreading habit of root growth enabred cereals such as rye
and barrey to compete effectively. ProducËion of abundant

root tissue and the deep peneËraöion of j-ts roots accounted.

for the severity of wild oats as a hreed,

From a two-year study conducted with wheat, barley,
oats and flaxo Friesen (18) obtaÍned results that agreed

closely with those of Pavlychenko and Harrington (&O),

whereby he stated that barley was undoubtedly the most

efficient competitor of the crops studied, followed by wheat,

oats and. flax in order of declining conrpebitive efficiency.
Nelson and Nylund (361 showed that white musËard

competed much more severely with field peas than did foxtail-
milIet. The aggressiveness of white nrustard as compared to
foxtail-milIet h¡as abËributed mainry to the ability of the

former to emerge more rapídly and to its greater tolerance

of 1ow temperatures at germination time.

Robinson and Dunham (l+l) demonstrated that winter
wheat or wÍnter rye, when grolùn as companion crops, r¡rere very

effective in reduclng weed competition in soybean stands.

under weedy conditions, soybeans drilled with either of these

cereals in non-cultivated rows 6 inches apart yielded as much,

or more, than soybeans wiÈhout companion crops, whether in
non-cultivated 6-inch dri1l rows or in cul-tivaËed rows l¡0 inches

apart"

'a.:::.:|:.'.':.:
ri : r,t : :.r:.a : :a:.: j'.:
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Arny et aI" (/*) demonstrated that wheat may be gro'nrn

advantageously as a companion crop with flax on weed.y land.
since flax is a weak competitor, growing of fLax in mixed

cultures with a more competitive crop such as wheat suppressed

annual weed growüh nrarkedly. These researehers indicated,
however, that wheaÈ was ineffective as a competitive crop

where perenni.al weeds were present in large nunbers.

Blaclman and renpreman (z) found that the intensity
of weed competition varied with the species of weed.s present"

wild mustard, in eompetition with barley, reduced the number

of tiLlers and feriile shoots in barley, whereas wird radish,
in competition with the same crop, reduced not only the
extent of tillering and fertile shoot growth, but also the
size of spike"

Aside from the various vegetative attribuões whi.eh

enabLe weeds to compete effec'bivelyr the prolific nature of
many species of weeds is one other feature which favors

their ability to compete with crops. According to stone (¿oA),

an average plant of wird oat,s may bear 2J0 seeds and a large,
vígorous plant of tumbLing mustard is estimated to produce

11 million seeds. Stevens (+Z) studied the seed-producing

capacity of a large number of rn¡eed species and reported thaË

the average number of seeds produced by 61 non-creeping

perennial species was 16 n629;by 19 biennial species o 261000;

and by 101 annual species, 201832 seeds were produced.

Other features, such as the dormant behaviour of weed

seeds and longeviËy of weed seeds under conditions unfavorable
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t'o gerinination and growth, render su¡crnerfallowíng¡ âs a means

to eliminate weed competition in subsequent crops, largely \

ineffective or even totally inadequate (tO, 3g). Because

of their dormant behaviour, weed seeds prod.uced by a plant
in any given year conti-nue to germinate over a period of
succeeding years. Chepil (10) studied. dormancy of 5g specÍes
of weeds i-n cultir¡ated. soil and. demonstrated that maximum

durati-on of dormancy for þ0 of these species exceed.ed. 3 yearso
Longevity studies reported by Darlington (15) indicated that,
seeds of severar conmon weed species remained viable after
having been buried in soir to a depth of rg inches for l*0

yearso seeds of a few of the species studied were viable
even after 70 years of burial"

Pereirnial r^¡eeds are generally recognized as more

serious competitors than are most annual weed species (3, Lz,
L3, l+1, 4,2) " The persistence of perennial weeds, even when

the most effective controL measures hrere practiced, has been

attributed- pri-marily to their extensj-ve, specialized root
systems (rootsÈocks) or¡ in many instances, Ëo an underground

stem network (rhizomes). Líke annuals, perennials câri rê-
produce from seed, but in addition the rootstocks and rhizomes

enable them to propagate vegetatirrel)¡. Furtherrnore, these
rootstocks and rhizomes funcbion as organs for the storage of
large food reserves which are vitall;r important to plant
su-rvival under adverse grovring conditions. since the root-
stocks and rhízoilÌes penetrate the soil for relatirrehr long
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distances both lateralty and vertically, perenniars are

comparativery immune to eradication by the same chemical

and curtural method-s recommended. for the desËruction of
many annuaL weeds.

Ït is comrnonl¡r realized that the extent of damage

cau-sed by weed coinpetition is dependent noÈ only upon the
species of üreeds present and the type of crop gror{ï}, but
also ir.pon the density of these weeds and. the length of time
that competition is perrnitted (3r 8, g,35, bb, t+5)" Burrov¡s

and orson (8, 9) reporËed that competition from !o ;olants of
wild mustard per square yard until the J-leaf stage of wheat,

or 10 plan1,s of wil-d musËard per square yard until fLax was

3 inches tall, resulted in permanent injury to these cropso

suppression of tillering in wheat, ancl of the basal branching

in flax, by the mustard prants led- to signifi"canb losses in
yield. Yierds tended to decrease as the density of wild.

mustard increased, Althou.gh bushel weight and comrnercial

grade of wheat ruere not affected by the degree of weed.inesse

protein content was significantly lowered- in plots where

wild mustard was present"

In a weed competition study conducted. on ZI farm

fields in Manitoba, Friesen (18) measured the effect of weed

removal by hand on the yield and protein content of wheat,

rn field.s with'moderate or heavy weed infestations, yieLd of
wheat from weed-free plots was invariabry higher than yierd
from weedy plots. Increases in protein content from weed.-free
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plot,s were obtained in 12 wheat fierds, and in I of Èhese

fields the i.ncreases 1n protein content T¡rere significant at
the 5/' rever' tr{heaË grown on summerfallow rand. hras generarly
higher in protein content than wheat grown on stubble 1and"

As reported by Anderson (3), weed workers at Regina

observed that¡ oD the basis of a nine-year average, yields
of wheat were reduced L5 per cent when wild mustard eomprised.

20 per cent of the stand. I¡fhen wild mustard_ eonstituted ¿+0

per cent of Ëhe vegetatÍ-on, reducti-ons in yield were 35

per cent and increased to 53 per cent when mustard densíty
constituted 60 per cent of the vegetation.

McBostie and TiLdesley (lf) found that Reward wheat

grovrn in association with seven sov¡-thistle plants per every
two square feet of area suffered yierd reductions of 7r per
cent. Reduction in culm nr-miberr âs a result of weed competj.tion,
was principarry responsibre for the losses in yield of wheato

rn addition, fewer spikelets per head and a decrease in the
average number of seeds per spikelet were other manifestations
of sow-thistle coripetition which contrÍbuted to yield
reduction" These researchers arso demonstrated that
competition from a thÍck stand of sweet clover in t,he year
prior to faIlow reduced Ëhe total amount of roots produced.

by sow-thistle in the fall of that year and delayed the
growth of new roots in the following year.

shadbolt and Holm (/+&) made quantitative studies on

red beets, carrots and onj.ons to d.eËermine the deEree and.
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permaneney of injury resultÍng from several Levels of natural
lreed infestations where red-rooü pigweed, r¡rater hemp and

ladyts thumb comprised the predominanË vreed species, The

desj-red weed densities were obtained by careful thinning 
:,:,,,t,,,.,,,,of weed süands early in the growing season. Quantitative ::

growth data gathered [, 5 and 6 weeks after energence, at
which ti-me weed competiËion was also removed., indicated 

. ., :.that all three crops had been affected considerably by weed. l

competition. ïn some instances, weed stands which i,vere 
.

thinned to IJ per cent of the normal weed infestation were

as injurious to the crop aË this early stage as weed stands

which had not been thinned at all" simiLar measurements

repeated at maturit,y illustrated that the injurious effects
of weed competition earlier in the season did_ not necessarily
persist until maturiËy in all casesn Mature red beets

generally showed no reductions in yield or total planË

weíght when weed competition was removed L weeks after
emergence. Consj-derable yietd reductions occurred, however e :';'.,;'.;,,,,';

when a 50 per cent weed stand competed with the crop during ,';,,,,,',,,.,,

Ëhe first 6 weeks of growth, with carrots, reductions in ,

yield varied from 30 to 60 per cent, depending on the 
j,l

severi.ty of weed competÍtion. At the time of weed removal , 
,,,.,,,,,.,.ì

su.bstantial losses in total prant weight, and decreases in
diameÈer of roots and l-eaf area were noted. since these

reductions were generally of a much higher order at the time

of weed removal than at maturity, it appeared that carrots
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had made substantial- recovery after weed competit,ion was

eliminaÈed" 0f the three crops, oni.ons were most seriously
injured by weed competition and yield losses of 90 per cent,
or more, were coÌnmon under higher Ievels of weed infestation,
As compared with red beets and carrots, onions exhibited an

inferior recuperative capacíty to injury resulting from

weed competition earl_y in the season.

under the relatively dry climate of the canadian

prairies, weed competition is often intensified by low

soil moisture leve1s (5, 380 40, l+2, t+6) " pavlychenko and

Harrington (¿rO), and. Barnes and Hopkins (¡) shared the
opinion that moísture is nearly always quite ljmiting to
crop growth under prairie conditions and that the fulI
capacity of plants to utilize soíI moisture is rarely satisfied"
Burrows and Olson (8, 9) suggested ËhaË the reduetions of
tillering in wheat and of basar branching in flax in
competition with wild mustard courd, Ín some measure, be

attributed to competition between these crops and. the mustard

for the limited soiL moisture.

some very interesting observations compiled at the
Uníversity of Manitoba over a four-year period strongly
indicate a close inverse relationshíp between per cent

reduction in yield of wheat from mustard competition and the

amount of precipítation during the groviing season (April-August)t

* Unpublished d.ata"



rg52 10.l* 20 (g)
t953 15,6 32 (8)
l95t+ 19.6 56 *
1955 10.0 32 #
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Tabl-e l" The effect of mustard competition on the yield of
wheat under various leveLs of |tgrowing-seasonrt
precipitatíon.

{o reduction in yield
of wheat as a result

Growing season of competition r^¡ith 100Year precipitation mustard plants per sq.yd. Reference

The recorded data are presented in Tabl-e 1. since the average

precipÍtation for the growing season in the llinnipeg area is
9"1r. j-nches (1/+), it may be noted that in 1952 and 1955 grovring

season precipitation closellr approxi-mated this aveliager. whereas

the growing seasons of 1953 and r95l+ urere, perhaps, tvro of
the l^rettest on record. Aecordinglr, the per eent reductions

in yield of wheat as a result of competition with L00 mustard.

plarits per square yard in rg52 was 20 per cent and in the wet

years of ].953 and f954 reductions in yield climbed to 32 and

56 per cent, respectively. Although growJ-ng season preci--

pitation reiurned to about average in L955, per cent reducti.ons

in yield from mustard eompetition remained relatively high as

compared to L952, probably because of a substantial carry-

over of soÍI moisture from the wet year of I95h"

As stated by several investigators, most weeds appear

to suffer more seriously from soil moisture deflcits,
particularly in the early spring, than do rnost of our conroon

* Unpublished data.
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grain crops. staniforth (46) observed the effecös of variouslevels of foxtail infesËaËions on the yield of soybeans uncrerfour patterns of controlled seasonal precipitation. Reductions
in yield of soybeans were greatest when soir moisture was
adequate from the tine of planting until the end. of July butlimiting to crop growth thereafter until soybean maturity, and
leasË when soir moi.sture hras growth-limiting from the timeof planting to the end of July but adequate from then to
maÈurity,

pavlychenko and Harrington (¿O) investigated the
competiÈive efficiencies of a nr.mber of cerear-s and species
of weeds under conditions of liniËed soil moisture. The
study was based on the examinaÈion of characteristics such
as height, totar assimilatíng leaf surfaee and, exËent of
root devel0pment. Ar-1 measurements were taken early in the
growth of plants so that compeËiti.on for light was noË an
influencing factor. ResulÈs ind.Ícated that competition
conmenced under the soil surface when the rooË systems of
neighboring plants overlapped in their quesË for moisture and
mineral nutrients' Grasses, in general, did noË appear to
be as adversely affected by crowding as were the broad-reafed
weeds. lfhen grasses such as wheat, barley and wild oats were
grorrn singly in a 10 square foot area under a specified soil
moisture level they atöained a total growth ten ti¡res that
when grown in rows spaced 6 inches apart, similar studies
with weeds such as harers ear musÈard., wir_d mustard. and
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Bussian thistl e showed that when plants of these weed species
v¡ere grown singly they attained a total grohrt,h rangÍng from

100 to 1000 tirnes that of plants grown in cultivated 6-inch
drill- rowso

several experimenters have demonstrated the value of
commerci-al fertiLizer as an effective means of i.ncreasing

the advantage of a crop in competi.tíon with weeds" rt has

been reported that application of mineral fertilizers with
seed on weedy land irnproved the quality of grain (7, 26) ,
promoted crop growth early in the spring when the soj.l was

cool and bacteria ínactive (22) , hastened crop naburity (,zz) ,
increased yields of grain (23t 26l, inereased tilrering in
cereals (.31+l , reduced weed seed populatíons (zz) and checked

losses from diseases such as Browning root rot (51).

Braclsnan and rempleman (,7) reported that decreases

in the nítrogen and potassir.¡m contents of cereals resulting
from weed coropetition couLd be eU-rininated by the applicatÍon
of a ni-trogenous fertilizer.

Godel 122) showed that drilling of a¡anonium-phosphate

fertilizer with wheat on weedy land generally increased

yield, hastened maturity and lowered weed. seed populations"

However, some aggressive weeds such as wil-d mustard and wild
oats apparently derived material benefit from fertilizer
under conditions of late seeding and at 1ow rates. Heavier

rates of seeding than normally recommended generally increased
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the efficiency of ferl;ilizer utilizaLLon by the crop. The

combined effects of increased rates of seedi-ng and application
of fertilizer on weedy land increased yields of wheat from

29"7 to h5.7 bushels per acre, reduced the average days to
maturity from Ç2.8 to 85"7 days, and lowered wiLd oat seed.

po,oulations by 92.9 per cent and that of wild mustard by

57.7 per cent.

Mclrieil and Davis (3l+) stud-iecÌ the effects of three

levels of nitrogen fertility (0, J0 and 100 pounds of
nitrogen per acre) on such characterj-stics as yield, culm

number and protein contenü of nine spring wheat varieties"
1¡fith all wheab varieties the nunrber of cul_ms increased

consistently with increased nitrogen fer'bility. Ceres wheat

showed- the slightest increase i-n cu-hn number with respecti-ve

increases of 7 "5 and 31"8 per cent for the J0- and lOO-pounds

per acre rates of nitrogen application whj-l-e ï,ee wheat

responded. most favorably to fertility treatment with

correspond-ing increases in culm number of 46"ó and LO5.7

per cent for the same respective rates of nitrogen

fertilization" Date of heading was advanced by f ro 4- days

witir earl-j,esb matu.rity generall)r attained with tlre highest

l-evel of fertiliiy. Bushel weight was not affected by the

additional nitrogen" Although nitrogen fertiLization at both

the 50- and. lOO-pounds per acre rates prod-r,rced su.bstantial

increases in yield- and culm ntr¡rber of aLl- wheat variebies,

neither rate of fertiliza.tion was apparently adequ-ate to

increase proteirr content as well" Sarnples from plots rqrhich
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recei.ved nitrogen appricati-on at the rate of J0 pou.nds per
acre vÍere consistently l-ower in proüein content than samples
from coruesponding check plots, v¡hile losses in protein content
of saroples frorn plots treatec viii_,h 100 pou_nds of ni-trogen per
acre were rnuch less frequent. Furrther anal-]rses incl.icated ,

t,hat protein content fr.om kernels arising from l_a.teral
frclrets was higher than protein content from kern.els l_ocaLed

more ceni,rall¡r- on the spikerets. A_l-so, spikelets from an

inter¡nediate Location on ihe spike were higher in protein
content than ïrere the terinina.r spikelets. Fronr i:hese

ob-servations, i,[cNeit a.nd Davis conc]-uded. that, since earl-ier
maturing kernels, nitrogen, even at, the rOo*pounds per acre
rate of application, became deficient in the late growÞh

stages of the cropo

Hunter et_ al,. (26) reported increases in both yield
and- probein content of severar varieties of pastry-type
wheats as a result of nitrogen fertilization, but ol¡served

that per cent yield increases were usually nore significant
Ëhan were increases in protein conterrt. However, protein
content of these wheat varieties was not rai-sed to objectionably
high levels until the rate of nitrogen apprication exceecled

that which was required to produce rfmaximum yiel-dsil. rn
general, increases in protein content were onl¡r slight,
provided that the additiona]- nitrogen increased yields
significantly,
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Hedlin et 4. Q3) found that applicatj-on of L6-20-0

ammonium-phosphate fertiJizer at a rate that contribut,ed lZ
pound-s of actual nitrogen per acre increased yield of wheat

grown as second crop after far10w or as first crop after
breaking sod. Protein eontent was not increased probably

becau-se the added nit,rogen was entirel-y utilized earlier in
the season for vegetative growth. Hoürever, these researchers

demonstrated that crop resj-dues (such as legumes used for
green nanu-re) which nitrified rapicìIy and released large
amounts of availa-ble nitrogen during tlie grow'ing season

gave increases Ín both yield and proteÍ-n contenË"

From experiments with corn, Gleason and Laird (20)

determined that increasing the raËes of fertitizer application
diminished losses in yietd from weed competiËion. yield

losses associat,ed uÉth 55 pounds of applied nitrogen per acre

were 76.5 pex cent, whereas by tripling the rate of nitrogen
fertilization, losses were reduced to 50 per cent. These

researchers stated that, ât the lower rate of nitrogen
fertilization, additional nitrogen was available only when

corn roots comprised a coraparatively small proportion of the
Ëotal absorbing root surfaces under the weedy cond-itions"

However, at the higher level- of nitrogen fertility, nibrogen

was still plentiful wtren corn root development surpassed

that of weeds a¡rd the resulting acquisiËion of a greater
porüion of the totar nitrogen by the corn was reflected j.n

higher yi.elds"
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The importance of light as an essential for plant
growth has undoubtedl¡' been reaJízed for many years. The

physíological significance of light as an activator of pro-
chlorophyll (precursor of chlorophyll) ¡ âs a uital agent in
photosynthesis and as a very probable inactivator of auxin
is general knowLedge (50). Some plants, such as the cereals
and other grasses, Ëhri-ve under continuous light, while
successful growth and reproduction in other species is
governed by a definite photoperiod; some are adapted for
growth in an environment with reduced light such as that
provided by the foresb floor whire other lfsun-louingrr plants
cannot toleraËe prolonged shad.e, BuË, despite the importance

of light in crop managenent, scant research has been devoted

to the study of light as a factor in weed. conrpetition and.,

accordinglT, literature relating to the subject j-s scarceo

Nevertheless, several investigators (zr, 37, 39, t+?) have

hinted thaü the amount of light reeeived by crops may become

growth-limiting, especia.lly in cases where broad-leafed.
weeds are nutnerous"

ïn recent years considerable emphasis has been placed
r¿pon evidence that certain species of plants are known to
liberate Ínto the soil some unidentified substance, or
substances, harmful to subsequent growth of obher plant species
within the same soil (6, 29, jO, 3I, 5z). Varrna (jz)
disclosed that these toxic substanees were presenb in higher
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concentrations in decaying roob tissues than in those which

were living. Koffimedahl et aI. (29) d.etected a substance in
the rhizoües, leaves and gerninating seeds of quackgrass

from which tissues the substance was secured. as a reachaËe

from soÍl in v,ùrich quackgrass bras grown and as aqueous

extractions of macerated quackgrass tissues. lfhen supplied
as a source of moisüure to potted alfalfa, wheat, barley,
oats and flax, these leachates and aqueous extractions
suppressed germination and irnpeded subsequent crop growth to
a marked extent. rn field trials, growËh of crops hras

nnaterially depressed in soil from which quackgrass rhizomes

had been recently removedu

Le Tourneau and Heggeness (31) tested the effects of
aqueous extracts of leafy spurge foliage and of quackgrass

rhizomes on genrnination and growth of wheat and pea seedlings,
I4Iit'h very low concentrations of the extraets from either
source, root growth of both wheat and pea seed't ings was

suppressed, while at increased concentraÈions gerrninaËion

and coleoptile growth of wheat r¡rere also ad.versely affected,
These researchers concluded that the d.egree of growth

inhibition was approximately a direct function of concen-

tration of the toxic material.
without doubt, liberation of such toxic substances

by field crops, or by weeds, might logically be expected. to
materially influence the nature of weed compebiti.onn

especially if these substances were selective in aetion"
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Studies of Varma (52) indicated that Ëhese substances were,

indeed, selective. Benedict (6), however, found that dead

roots of bromegrass inhibited the growth of bromegrass

seedlings. Le Tourneau et a]-. (30) tested the effects of
tissue extracts frorn 23 species of plants (representing a

Ëotal of 16 fa¡rilies) on germination and grovrith of t[icla

wheat and Alaska peas. Exbracts of Mida wheat and of Alaska

pea plant,s were included in the ürials, All extracts,
j-ncluding those of Mi-da r,¡heat and of Alaska peas, inhíbited
germination of both wheat and peas, ând also inhÍbited the
growth of wheat seedlir:gs. As a consequence of such

conflicting evidence, the true importance of these toxic
plant substances as an instrument of weed cornpetition

appears to be imperfecily understood.

Itlumerous host-specific orgqnisnis dependent upon higher
plants for their survÍval- can be mentioned (37)" Sorne of
the more familíar are microorganisfls süch as ühe various

seed-borne pathogens, fungi such as rust and larger organisms

such as the many ph¡r1:opagous insects, Whenever the selected

host is a field crop, the competitive efficiency of the crop

might logical1]r be threatened'. Refereirce has already been

made to rapid, uni.mpeded crop developmenË j.n early growth

sËages as an important factor in lessening weed conpetition (¿*O).

Thus, parasj-tic attacks which commonly result in destruction

of plant tissues¡ or in derangement of Ëhe photosynthetic or
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other physiological plant functions, must inevitably resörict
a crop plantts capacity to compete.

rn 1935t vanterpool (5r) reported that Brovrning root
rot seriously lowered the ability of cereals to compete hrith
weeds, but advocated that application of fertilizer with
Ëhe seed provided an economicar means by which weed

competition courd be red.uced und.er such conditions"
Machacek et g!" ßz) arso stressed the signifÍcance of seed-
borne pathogens as a decided facbor ín weed competition and
suggest'ed ühe use of fungicides and increased rates of
seeding as two additional methods for combatting competition"
Weeds flourished when wheat seed infestecl r^rith Browning root
rot was sown at rates below 1 bushel per acre, but when wheat
seed treated lrith a mercurial fungicide was substituted at the
same rates of seedíng, yields ürere increased and. weeds hrere

correspondingly fewer.

Although considerabl-e meri.t has been placed upon
i-ncreased rates of seeding as aid. to crops growing in
conpetition with weeds, researchers are in generar agreernent
that rates of seeding higher than those nornalry recommend.ed.

should. be avolded under weed-free conditions or under
condit'ions of relativery right weed infestations" As

expressed by 0osting (37), rcornpetition occurs between
individuars of the same species, as werr as between members

of differenü specíes, because these individuals are alike and
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their demands for tire requÍrements of growth are icientical.n
Ïnvestigators, who studied the nature of intraspecific
competition by varying the rate of seed.ing under weed-free
conditions, demonstrated that red.uctj-ons in yield were

cotrunon when crop plants itrere over*crowded (8, Il, ttg).

HuËchison (ZZ) reported. uniformity of crop yield over

strikingly wide ranges of rates of seedíng with wheat

(61 129 pound.s per acre), barley (¡g - 135 pounds per

acre) and oats (t+t+ - 116 pounds per acre). Rates of
seeding higher Ëhan the maximum expressed in each range

generally depressed yields.
Burrows and Olson (8) found that, although the

average number of wheat cul-ms in weed-free plots sown at
1 busheL per acre was rnuch reduced in comparison to similar
weed-free plots soi^rn at rates of 2 and 3 bushels per acre, the
development of larger spikes aË the Lowest rate of seeding appeared

to compensate ful1y for the reduction Ín culm number. yj-eld.s

from ploüs sown at I busher per acre equalled yields from
plots sown at 2 bushel-s per acre, and. exceeded the yields
from plots seeded at, 3 bushels per acreô

Clements et al, (11) sowed lvlarquis wheat under weed-

free conditj-ons at rates of one-half normal, nor¡ral, tw-ice

normal, four times normal and obtained the respective yields
of 19, 2L, 23.6 and 2L"6 bushels per acre. observations

during the growing season i.ndj-cated Ëhat wheat plants from
plots sown at lower rates of seeding were marked.ly more
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vigorous in alL characteristics observed than were wheat

plants from plots sown at higher rates. Progressively

intensified competition for the limited. essentials of growbh

was undoubtedly responsible for the recluced vigor in plants

and the subsequent dí¡ainishing yields at successively higher

rates of seeding,

Rates of seeding higher than those nornra.lly recommended

appear to be quite beneficÍal where cropping on weedy l-and

is concerned (2I, 32, 38). God.el (21) ad.vocated earlier
seeding on weedy land to permit the grain to gernrinate

before weed seeds germÍnate, sharlow seeding for more ra-pid

emergence of grain seedlings and application of fertilizer
with the seed to promote more rapid crop growth. This

Ínvestigator added thaË ?fheavier than normal?t rates of
seeding combined. with bhe above-mentioned pracbices hastened

the formation of a dense root rnat and provid-ed a d.enser crop

cover whicir reduced inter-row competitj-on from weeds throu.gh

a more t,horough shading of weed growth" Pavlychenko (38)

recognized the benefits of increased rates of seed-ing on

weedy land and proposed. cross-seeding a-s a.nother effective
means for more complete sirading of lrreed growth"

B]' increasing the rate of barley seeding fronr 1$ io 3

bushels per acre, lulc0r:rcì"y (,33) reduced- wilci oa-t seed popu_*

lations in the soil bv Lv6 per cent" By combining fertih.z,er
treatment with higher seeding rates , a 62 per cent red.ucti-on

in wild" oat seeci poi:ulations bra.s obËainecI"
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Burrows and Olson (8) re;oorteci that for wheat soh,n at
the rate of 1 bushel per acre the critica] d.ensity of wilc
mu-stard '¡rhich redu_ced yield.s signÍficanitl¡r w¿s 50 plants per

square yarcÌ, bu.t for the 2 and 3 bushel-s per acre rates of
seecling yierds were not reduced significantly until the
musbard density reached 2oo and- [00 pla-nts per square yard,
respectively"

Withirr the past decade, the use of Zrl+*D (Zrb*

CiehlorophenoxJ¡acetic a-cid.) forrnu_lations to conbrol broacl*

leafed weeds in cerears has become v¡idespread., +tp;olications

of 2tL!-D at recon'mlended dosages during early 2r{-D*tolerant
stages of grov,ith in cereal- erops have often resulted in
reduced weed competition and. attendant increases in yie1d. of
grain (2, 8). Several investigators reported that treaürnent

of wheat w'ith 2rh.-D had, either directly or indirectly, also
increased the protein content of the wheat (tT, 24, Zg).

Erj-ckson et al. (17) reported that Zrb-D applied at rates
sufficient to kill sensitj-ve weeds increased bhe protein
content of wheat. These invest,igators specified that increa-ses

in protei.n content were not influenced by factors such as

variety of wheat, dryland or irrigated conditions or the
stage of ufueat growth, prior to heading, at which time the
herbicid.e r^ras applied. Hergeson (zl*) also found j.ncreases

i-n protein content of v¡heat resulbing from treabment with
Zol+-Y, but stated that variations ín protein content of wheat
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varieties differed- with the type of Zrt+-l derivatj-ve enployed

and the stage of wheat growth at which time chemical treaËment

was applied.

Friesen (19) demonstrated that the largest increases
in protein content of wheat were obtained- where zrl+-D caused.

the severest reducti.ons in yield."

Aitken É al. (1) tested the effects of sodiu¡¡r salt,
amine and ester formulations of zrÌ+-D over a two-year period.

on several varieties of wireat, oats and barley treated with
various dosages of the formulations at the blade and heading

stages of crop development. Although the protein content
of threshed sarnples was often increased, these increases
were generally not significant. Tncreases in protein
content were greatest j-n wheat and most pronounced when the
ester formulation of 2rl+-D was applied"
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I\,IATERIALS AND I,{ETHODS

Three different investigations vrere u-ndertaken in
this stud-y:

(a) To detennine the ctensit¡. of r,rild mustard that can

be tolerated before yietd and o.ualit¡r of wheat are

significantly reduced under varlring levels of soil_

fertility.
(¡) To cl.etermine lvhen, in the growth of wheat,

compebì_tj-on from wild mustard becomes apparent

under different levels of soiL feriility.
(c) To er¡al-uate the influ.snsg of a comrnercial fertilizer

on i,rreed competibion rinder farn field" coirditi_ons.

(a) To deternine the d.ensit f vril-d rnu.stard that can

s I g n i f_i c an t L v r e du- c e d rin ci e r v.ar y i n&_]*çrJgf5..-ql_Þql]

_Le, s.tili_tl¿.

Since the objective of this stud5r was to evalu_ate the
competitir¡e effecl;s of ca:"efull]r controll_ed densities of r,,rild

rnu-st,ard grown Ín associa.tion with whea.t, it v,ias consid-ered.

preferab'l e to conC-Lr,ct the experiinenb on lancl ivhich was

rel-atively weed-fnee to faci litate establishment of tÌre
recluired rnustarcl densities, Gonseo.uently, le.nd- a.t the
University of lia.nitoba r,rrhich had been falloi^red intensivel¡r
the previor¡-s suromer uias sel-ected- for this sti-rdy. tr'fheat was

chosen as the crop principalll' bu*uuse of its economic

tolera-ted before d and qualÍir¡ of i'vheat ar
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irnportance, and wil-d nustard as the weed. because of its
prevalence in ltíesËern Cana.da.

The experimental_ d_esign consisted of /¡ replicates
each consisting of 9 main plots whieh v,¡ere ranol.omized. as to
9 different densities t0, 25t 50r 75r 1OO, LZ5t I5O, I7j
and. 200 plants per squa.re yard) of wild. mu_sta.rd. Ir1ain

plots rdere divicled. into 2 sub-plots, one of in¡hj-ch was

treated wil;h 11-&8-0 ammonir:m-phosphate ferti rízer applied at
a rate of þ0 pound-s per acre, and the other received no ferti-
lizer treatrnent. sub-plots were 18.5 feet long and_ consisted

of I rou.¡s of r,vheab spaced 6 inches aparl;. on Ïrlay lo, lg58

selkirk wheat was sovùn at a rate of l"J bushels per acre in
all plots by means of a V-betb seeder. Fertil-izer was

applied. directly with the seed. The follor'',ring d.ay sufficÍent
wil-d. mustard seed to provide the desj-red roustard d.ensities

was broadcast over the plots and raked inüo the soil by means

of a gard.en rake. It was anticipated thraÈ thinning of musbarcl

seedlings by hand would- be essential to esõablj.sh the correct
weed densities.

To all-eviate the dry soil conditions prevalent in the

spring of l-958, approximately an inch of water was applÍed

to the plots by sprinkler irrigation aE 3 and t2 days after
seeding"

As a result of inadequaÈe soí1 moistr.lre at the time

of seeding and abnorma.Ily high w'inds inunediately after
seeding, the distribution of wil-d mustard seedlings within
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the plots was extremely irregular. consequentry, it was

i.mpossibre to establish the correct inustard_ densitj-es of
uniform plant distribution by thinning of mustard. seedlings
as planned originally. a,s an expedient, sub-plots were

divÍded into seetions and, on the basis of these sub-plot
divisions, wild. mustard densities $rere simply recorded. and

thÍnning of mustard seedlings was avoided. rn dividing the
sub-plots for the purpose of recording mustard densities,
one foot of plot length at each end of the sub-plot was

disregarded and the remaining rod-length plot was demarcated

transversely into Ì+ equal parts. I'[ustard densities were

recorded when the wheat was in the 3-leaf stage of growth
(8 - lo inches stretched height,) and mustard seedlings were

from 2 Eo 5 inches tall,
I¡fhen the wheat reached maturity, the sub-prots were

again demarcated in the sarne manner descrÍbed above for
recording of mustard densi-ties. A square yard sample of
wheat was harvested from the centre of each of the & sub-

plot divisions" Plots were harvested on August 16, Lg'-g

and yield and bushel weight of the samples were record.ed,

Protein content of the grain was determined. by the j_nproved

Kjeldahl method for nitrate-free sarnples (25).
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(¡) To determj-ne r,.¡hen. in the growth of wheat. competition
from wild mustard becomes apparent under different
level-s of soil fertilitI"

This second experiment, like Experiment (a) of the
project, was conducted on a block of falrow land at the
university of Manitoba in l-958. Ïfheat was chosen as the
crop in this e>çeriment prímarily because of its Ëolerance,

at certain stages of growbh, to zrt+-D (zr4-oichrorophenoxy-

acetic acid) " wild mustard was selected as the weed mainry

because of its marked suscept,ibility to z rln-D and because

of its prevalence in lrfestern Canada"

The experiment $ras replicated 5 times, Each replicate
consisËented of 5 main plots which were rand.ornized according
to I dates of weed removal by chemical treatment, and. an

untreated check. Main plots contained 2 randomized sub-
plots, one of whÍch was to be infesöed with wird mustard

at a density of 100 plants per square yard, and the other
maintained weed-free Èhroughout the growing season. sub-
pl-ots were divided into 2 sub-sub-p1ots, each 18"5 feet
long and consisting of I rows of wheat spaced ó inches
apart. sub-sub-plots r¡rere rand.omized. as to fertility
treatment (no fertilÍzer appried versus application of
11-48-0 ammonium-phosphate fertiJ'jzer at a rate of &0

pounds per acre).

Plots *"*" sown to Selkirk wheat at a rate of 1.5

bushels per acre by means of a V-belt seeder on May lJ, 1958,
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On Ëhe sa-r-ne day wild musûard seed, sufficient to provide the

desired density of 100 mustard plants per square yædr uras

broadcast over the plots and raked Ínto the soil by means of
a garden rake. l'fater^ I^Ias appl ied to the plots by sprinkler
imigation at 2 separate dates (Z and 10 days after seeding)"

with each Írrigation approxirnately 1 ínch of water was applied.

I'{ustard densities were recorded when the wheaË was

aü the 3-1eaf stage of growth. Because of drought and soil
driftíng, seedling survj.val was extremely poor and, as a
result, mustard densities in the weedy plots Ì^rere invariably
below the desired density of 100 plants per square yard.

Thinning of mustard stands uias not required" Sínce the

distribution of mustard seedtings rúas quite uniforr¡, mustard.

densities in Ëhis experiment vrere recorded on a sub-sub-

plot basis"

Musbard competit,ion was reruoved from the wheat at 4.

successive stages of growth by spraying i,rith butyl ester of
?rb-D at the rate of 4 ounces acíd-equivalent per acre"

Spraying commenced at the late 3-leaf stage of wheat (wheat

I - t0 inches streËched height) and terminated when wheat

had reached the 6-1eaf stage. fntervals of one week were

allowed beËween successive dates of weed rer¿oval, At eaeh

of the four dates of weed removal a different main plot in
each replieate 'hras treated with 2rb-D.

At harvest time one foot of plot lengËh at eaeh end.

of the sub-sub-plots and the four outenaost rolrs of each

sub-sub-plot were dÍscarded to eliminaËe rrborder effecEfr.
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Four rod-rov¡s hlere harvested from eaeh sub-sub-pIot. Yield
and bushel weight of the samples riere recorded.. Protein

content of the grain was determined by the improved

Kjeldahl method for nitrate-free samples (25) 
"

(c) To evaluate the influence gf a comrnercial ferÈilizer
qn weed competijbion under farm {iqkL conditions"

This experiment was conducted on fertilizer trial
strips laid out on farm fields in Manitoba during the spring
of 1958 by the soÍls Departraent, universiby of ivlanitoba.

six fields, four in the Roblin area and Ëwo in the vicinity
of Portage 1a Prairie, were selecbed for this experiment.

All fields had been fallowed the prevÍous surnner and were

sown Ëo Selkirk wheat in the spring of 1958.

Fertilized strips and check strips in these fertil_izer
trials consisted of 12 or 14 six-inch drill rows (one-half

width of farmer t s driLl ) and were one-half mi.le 1ong. A

nu¡nber of fertilizer formulations, which were drill-ed with
the seed at various raËes of application, were tested in
these trials" However, for the requirements of this
experiment, a strip treated hrit,h 11-&8-0 anmonium-phosphate

fertilizer at the rate of l*0 pounds per acre and an adjacent

check stríp were selected in all fields"
shortly after the wheat emerged and the boundaries of

the strips became plainly discernible, a row of ten paired

plots were st'aked in each of the serected strips. Paired

plots in either strip r,ìrere spaced 60 paces apart. one p]-ot
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of each pair was maÍntained weed-free by hand ttweedingfr, the
other was l-eft in its natural weedy condition for the duration
of the growing season. rtvfeedingtl of the plots cornrnenced soon

after the weeds emerged (wheat generally 2 - 3 inches t,arl)
and was repeated thereafter at intervars of 10 days¡ âs

required. rn one of the six fields, the plots were weeded

three times. weed seedl-ings removed fron the plots $rere

placed in pol;rethylene bags and brought to the laboratory
for count,ing and identifÍcation.

square yard sampres rÄrere harvested. from the center of
each plot when Ëhe wheat was mature. Tietd and bushel weÍght

of the samples were deÈermined" Protein content of the grain
was deterrnined by Ëhe improved Kjeldahl methocL for nitrate*
free samples (25),
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RESULTS AI\ID DISCUSSTON

(a) Tq deter*ine the densit.r of wild mustard that qan be

toLerated before viel_d and qualíty of wheat are sjrq-

nificqFllv reduced undel_g-arvine le ver s of _goil fertility.
å,s a resurt of severe wind and drought condlti-ons at

the tinre of planting and for several_ da}'s thereafter,
gennination of mustard seed was d.elayed and. survival and

subsequent growth of mustard seedlings were somern¡haÈ impeded.

At the time when densities of wild mustard were recorded

wheat was I to 10 inches tall (stretehed height) and the
mustard plants varied rrom ? to 5 inches in height. Á, rabher
severe outbreak of flea beetles which attacked the mustard

afþer the first week in Jury may also have reduced. the
abilÍt,y of mustard plants to compete v\r-ith wheat.

For purposes of statistical analysis the 28g samples

(¿r- rrom each of i-]ne 72 suJr-sub-prots) were grouped inbo 12

categories on tire basi-s of wild mu-stard densíty and. fertility
treatment" The categories were 0, L-25, ?6-50, 5I-75, 76-lO0
and L00+ mustard plants per square yard for saraples harvested.

from both the fertilized and the unfertilized plots, The

number of observations in each category and the respective
means for yieId, protein cont,ent and bushel weight are

presented in Table 2,

Beeause of the varying number of observations in the

categorÍes lísted in Table 2, the unpaired t-test hras

selected as the sÈatistic suitable for analysis of the d.ata"



Table 2"

plant per Number of yield protein bu" wt. Number ofse" yd' observations bu"/ac" {o lb"/bu. observatio

0
L-25

26-50
5t-7 5
76-100

100+

Fertilized Pl-oË s

The effects of
protein content
l-evels of soil

Total

l+7
30
30
18

l.,,

L5

varying densities
and bushel weight

fertility,

70,96
73"57
68.L6
65 "16
60 "55*
59 " tú**

]-bl+

L5 "lt9
15 "37
15 "38L5"57
Lh,.93
l-5" 58

* SiEnificant at*+ Si['nificant at

of wild mustard on yield,
of wheat grown under twó

" wt. Number of yielrd protein bu. wt
:/bu. observarions bu.7ãc. ' il - iü"2ü.ü

6t+.63
6b.t+8
6b"53
6t+.1*7
6u"50
6t*,ij

Unfertilized Plots

5%
r%

52
25
2l+
T5
I1
T7

I evel
leveL

; ;;11,

of probability.
of pro'bability"

7l+"7L
7L"r0
71. s8
6l+, À,9**
62 "7 4**
60 "25++

l.4t+

15,l+8
L5"27
L5 

" 
lþl+

15.l+I
L5 ,59
]-5.b5

6t+.63
6t+"76
6t+"69
6lo,3o
6b"30
61t "38

I\,
Cl.
I
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Each category from the fertilized group r,.ras compared. with the
corresponding category in the unfertiLized group to determine

the infl-uence of feri:ilizer on yieldr protein content and

bushel weighü of grain samples, other comparisons were made

to study the effect of the various levels of mustard. density
on yield, protein content and bushel weight of wheat grown

und.er fertÍlized and unfertilized soil eond.itions,

ïíeld of _l'jheat

undoubtedly, because of the high l-evet of fertility
the fallow land on which the ençeriment v¡as conducted,

variabions i.n yield between fertílized and unferbilized plots
wibh corresponding mustard densities were not significant.
However, as illustrated in Figure 1, a general trend. towards

reduced yierd was apparent as the "d.ensity of wild mustard

increased under both fertilized and. unfentilized conditions,
Yields of wheat were noË reduced significantly in unfertilized
plots r¡¡hen densities of w-iId mustard were below 50 to 75

planËs per square yard. when the mustard. density was 5o to 75

plants per square yard, and higher, reductions in yield were

highry significant. These results are quite in agreement with
the results of Burrows and olson (8) who reported bhat 50

mustard plants per squ-are yard caused signÍficant loweri-ng

of yield of wheat under unfertilized soil conditlons"

ïn plots treated w:ith 11-&8-0 amrnonium-phosphate

ferti-lizer, yierd of wheat was reduced significantly when the

density of wild mustard was 75 to 100 plants per square yardo
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Under these cond-itions of ìncreased- soil fertitity losses in
yield of grain urere highly significa.nt only rvher.e it'ild.

mu-stard d-ensity exceeded 100 plants per square yard.

0n the basis of the r.esu-lts of +-hi-s investigation it
is apparent that application of a commercial- fer.i,ilizer u¡i'bh

grain soÌ^¡n on l¡eedy land cÌecidedly increased the abiliby of
the gr"ain to compebe v¡ith v¡eeds. To recapitulate, competi-Lion

from 5Cr io ?5 mtrstarC- pla.nts per ,squa.re yarcL in plots where no

fertilizer vias applied caused highl1' significani, redu-ctions

írr the )¡ielcì of wheat. ';l):ere a coinmercial- f eri;ilizer lr¡as

applied a-t a recommencled ra-te with tlie gra.in, significant
reductions in yield. (5 per cent l-evel) were manifest when

75 to 100 mr-r.stard- pla.n'Ls per squa-re yard vüete present" Fiighly

significa.nt redu-ctions in yield. {1 per cent level) occi.rryed

under fertilized soii conditíons only rvhen the clensity of
i,r¡ild mu-stard exceeded 100 pla.nts per square )¡arcl..

Pro t, ejln Çontent anll__Bushe1, T'íeiehÈ

Statistical analysls of the data showed bhat. both

protein cont,ent and bushel lveight of wheat were not affected

significantly by either fertilitir treatrnent or the degree of
weediness" Figures 2 and 3, respectirrel]¡, illu.strate no

consistenb trend irr prot.ein content and bushel weight of i¡rheat

as a resu-lb of fertility treatnreni or t,he degrees of weediness

studied in this e>çerj-ment" Probably beca-use of the inherent

high ferËiiity of the fallow land- on which the erperiment was

conducted, soil fertilit,y in unfertilízed ploLs was su.fficient

to maintain protein content and- bushel- weight of wheat on a

par with fertilized Plobs"
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Figure 3, The effect of wild mustard orÌ.the bushel weight of
wheat groÌ^¡lt under two levels of soil fertilitv.
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(b) To deterrnine when. in the Erowth of wheat. competition
from wild rnustard becomes apparenü under different
Levels of soil_ fgr-tility.

As in Eryeriment (a) of this project, severe drought
and wind condiËions restrict,ed. estabu.shment of the d.esired
musbard densíty of 100 plants per square yard. å,s a result
of these adverse weather conditions, the density of wild
mustard in the weedy plots generally varied between 33 and

55 pJ,anl's per square yard.,

Anarysis of variance revealed that yield, protein
content and busher weight of wheat were not influenced.
si.gnificantly by either the applicatj_on of 11-49-0 ammonium-

phosphate fertilizer at the rate of &o pounds per acre or
the stage of crop gror¡rth when u¡eed competition was removed.

r¡¡ith Zrl¡-D. The absence of any response of wheat to
fertilizer treatment certaj-nly reflecËed the natr.¡ral high
fertirity of the land on lvhich the experiment Íras cond.ueted"

rn Experj¡nenË (a) of this projeet, yield of wheat was not
reduced significantly by urild mustard. d,ensities below J0 to Z5

plants per square yard under conditÍons where no fertilizer
was applied, or by densities below 75 to 100 plants per square

yard under ferti.rized soil cond.itions" protein content and

bushel weight of wheat were not affected by musiard densiti.es
in excess of 100 plants per square yard under either ferËilized
or unfertilized conditi.ons" Therefore, on the basis of the
results of Experiment (a), significant variations in yie1d,
protein content and bushel weight of wheat in Experiment (b)
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as a result of fertilizer apprication and weed removal wouLd_

not have been anticipated because of the natural high fertility
of the soil and because mustard plants were too few, and per-
haps too weak, to offer severe conpetition to the crop.

(c) To ev the inf ceofa mercia tiliz
weed competition uqder farrn fiel-d. conditions.

The comparative weed coun-r,s uncler the two level_s of
soil ferl,ility and their effect on yÍeld and protein eontent
of wheat at each of six locations are presented in
Appendices 1 to 2b and. summarized. in Tabl-e 3. The slightly
hÍgher average number of weed.s in the fertiLized portions of
most fields as compared to unfertilized. portions of th.e same

Table 3" vfeed counts per square yard under two levers ofsoil fertility. (Sumroary for 6 1ocations on
farm fields),

Fertiliz ed Unfertilized
Locatíon* i{aximum it{ininnum Ave e lvlaximum Mlnimum å,veraEe

I
2
3
l+

5
6

L22
608

6
tr.88
782

TLT?

L5
T2

0
32
96

)5t

56
299

t
1¿þ8
273
6otr

l-3t
627

11
398
338

1081

11
2l+
0

2b
88
5l+

5b
259

h
95

2L\.
573

Average 520 23t l+3L 3h.8l+ 200

I,ocations
locations

1
5

to þ-in Robli-n area;
and 6 in Portage la.Prairie area.
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fíelds might imply that weeds may have benefited from

fertilizer treatment. This evidence would support the results
obtained by Godel (20) who reported. that aggressive v¡eed.s

sueh as wild oats and wild mustard eould derive benefit from 
:,:

fertiIizerapp1ieddirect1ywithseed.However,becauseof
the wide variations in nr¡nber of weeds between replicates
under either level of soil fert,ility at most of the locations,
itisuncertainwhetherferti1izerpromoted'weed.gerrnj.nation
and growth in these tests. 

:.

At all locaËions, weeds found in the fieLds !{ere almost

exclusively annual species. In the Roblin area (locations I
to ¿r) ltrild oats and wild mustard. r^rere the predominant weeds,

while in the Portage la Prairj-e area (locations 5 and 6)

T^rild oats, wild buei<v¡heat and hemp nettle were the mosË

conmon weeds. 0n1y in, a few isolated plots ï\rere perennial

weeds such as Canada thistle, sor¡¡ thistle and field horsetail
encountered,

In some fields response to fertilizer treatment becane :

apparent as early as the 2- Eo 3-1eaf stage of wheat growth, 
:

at rrhich time wheat in fertil-ized plots, under both weed.y

and weed-free conditi-ons, r¡ras generally about tl^¡o inches

taller than wheat in correspondi.ng plots to which fertilÍzer 
:

was not appl-ied" Although this differential in growth '

becaJTre less apparent during advanced stages of vegetative

growth, the response to fertilizer treatment comnonly beca¡'re .)

manifest again at maturity. At locatj.ons ht J and 6,
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fertilized plots matured about 3 d.ays earli.er than plots to
which fertilizer was not applied, whereas, aË location 1

maturity of wheat was advanced. by about 6 days as a resulË of
fertilizer treatment. rn other fields, locations z and, ),
response of wheat to fertilizer was not evid.enË at any stage
of crop development. rnherent high fertility of the soil
at these two latter 1ocatlons r¡ias Iikely responsible for
the absenee of response of wheaË to ferüilizer treaöment.
ïield of Wheer-

Probably because of the rrrollingr topography of the
fields in the Roblin area, variations i-n yield of wheat among

replicaËes r'rere significant at all /+ locations in that area.
rn the Portage l-a Prairie area, where the fields were comparâ-

tive]-y level, variations in yield aüiongsb replicates were not
significant at eÍther of the 2 locationso

Table þ indieates that at ar1 locations average yield.s
from fertilized plots were consistently hígher in compari.son

to yields of unferi;ilízed plots.* Tie1ds were also consisËently
higher in weed-free plots as compared. u¡:ith yields of plots
from which weeds had noË been removed. rncreases in yierd
of wheat resultj.ng from fertilizer treatment were highly
signifieanË at the ll locatÍons (Iocations 1r 4, 5 and 6)

where a favorable response to fertilizer had. been observed

during the growing season but were not significant at the two

I Complete yieLd data- Appendices I Eo L2,
and analysis of variance appear in
inclusive.



Table l¡"

(1)
Location

The effect
removal on

I
2
?

b
5
6

(z')
Fertilized
bu.

36.8
28"5
5l.l+
33 "rl+O"9
l+2.5

of ferüilizer application and weedthe yield of wheát"

Average

(3 )
Unfertilized

bu./ ac,

38 "g

29.5
25.8
50.2
26"5
30.3
31"0

)ß

*+

(2):(3)

Significant
Signi-f icant

bu" /ac"

32,2

Average of fertilized and

7 "3**2"7. -

r"2
A R(*

10" 6++
11.5s*

Weed-
free

bu"/ ae.

at 5/'"
aE Ië/o

33.9
30 "l+
52"3
33 "3
40.1
l}0" I

6,7

l-eveL of
l-evel of

(5)
Weedy
bu"/ac.

32"b
23.9
l+9.3
27 "3
31.1
32.8

probability.
probability.

38"5

(+)-(¡)
bu.

1"5
6.5*x
3"0- -

6.0**
9.0++
8,0+$

32"8

¡È
O.
I

5.7
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locations where no response hras observed. rncreases in
yield resulÈing from weed remova-r were hÍgh1y significant
at ¿l locati.ons. Because of the comparatively Low weed.

counts at locations L and J, increases in yield from weed

renoval were not significant.
The six locations ean be arranged in ord.er of

increasing average weed densities as follows: locations 3,
1, ht 5, 2 and 6. For all practical purposes, location 3

mlght well be considered weed-free, while location r had

comparatÍvely low weed counts of Jl¡ weeds per square yard

in plots to rrLrich fertilizer was not applied, and 56 weeds

per square yard in p10ts which received the benefits of a

comrnereial fert,ilizer. competition from these relatively
low weed densiËies did not cause significant reduc'bions j.n

the yield of v¡heat at either locaËion as shov,.m in Table &.

However¡ ât locations 4, 5, 2 and 6 average weed counts were

progressively higher and reductions in yield of wheat as a
result of weed cornpet,ition were híghly significant, 0f these

4. latter locations, location l+ had the lowest m¡¡aber of weeds,

lçith average weed counts of 95 weeds per square yard in
plots where fer-r,j-1izer was not appried, and l¿r8 weed.s per

square yard Ín fertilized plots" A comparison of locations I
and l¡ discloses that significant reduetions in yield of wheat

may be anticipated when the nunbers of annual weeds. range be-

tween 54. and 95 weeds per square yard under eonditi.ons where

feruilizer has not been appried, or between 56 and Lþ8 weed.s
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per square yard where a coürnercial fert,ilÍzer has been

appried at a recommended rate. such results agree closely
with the results of Experiment (a) of this project, whereby

50 to 75 plants of wiLd mustard per square yard in unfertírized
plots, or 75 Eo 100 plant,s of wild mustard per square yard.

in fertilized plots, were found to cause significant
reductions in yield of wheat.

Table 5 illustrates that average yields of wheat were

invariably highest in plots where the benefits of fertilizer
apprication and weed removal were combined, and consistently
lowest in plots where neither treatmenË was appli-ed" PloÈs

to which either fertilizer treatment or weed removal was

applied were intermediate in yie1d. The comparative

effectiveness of the various treatments on the yield of
wheat is elqpressed on a per cent basis in Tabl-e 6.

Table 5. The effecË of weeds on the yield of wheat grovùn
under two levels of soil feriility"

I¡Iean yields (bushels per acre)
FerËiLized Unfertilized

(2)
Weed-
free

(¡) t:3å- (5)
ifeedy (2)-(3) free trfeedy (+)-(¡)

(r)
Location

]A
7.7
2"2
6"5

10.3
L0"8

36.A L"3 3O"h, 28.625"8 5 "b 29 "6 ¿L"gt+9.5 3 "8 5l-.3 hg "L3r"3 3.6 29"7 23.?
37 "O 7,7 35"4 25"r
39 "g 5.2 36"t+ 25.6

37 "1+
3L"2
53 "3
3l+.9
lþb.7
l+5 'l

1

3
l+

5
6

å.verage ¿¡.1"1 36.6 l+.5 35"5 ?8.9 6"6
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Tabl-e 6. Comparabi.ve increases in ruheat yields
as a result of fertiLizer applÍcation
rernoval- 

"

(per eent )
and weed

Tield increase (per cent
Fertili zer applÍed and

removed
(1)

Ï,ocati.on

(2)
Feri;ili-zer

(3)
Weed

Removed

weeds
(t )

Actual
(2 ) + (¡T-

Theoreti cal

1
2
3
l+

5
6

Applied

26.22
17" 81
0"81

3b,9L
b7 "l+L
55 "86

6 "29
35 "16

ll"1r,8
28 "O2
41"04
l+2,L9

30"77
l+2.1+7

8.55
50"lþ3
78.O9
76.L7

32"5L
52"97

5 "2962.93
88.45
98"05

Average 30,50 26 "20 b7,75 56,70

A'pplication of 11-l+8-0 ammonium-phosphate fertiLízer at, a

recommended rate was, perhaps, srightly more effective in
reducing losses in yield from weed com,oetitÍon than was

complete weed removal at an early stage of crop growth. At

the four locations where fertilizer accelerated the growth of
v,ùreab seedlings and hastened maturityr p€r cent increases in
yield which resul-ted from fertilizer application were greater
than per cent yield increases from weed removar" rt i-s

interesting to note that at these same locaËions average weed

counts in fertilized plots ranged from 56 to as many as 60/¡

annual weeds per square yard. At locatj.ons 2 and 3 where the
response of wheat to fert,ilizer was poor¡ pêr cent inereases

in yietd resulti.ng from weed removal were greater than the

increases in yield from ferËilizer applicaÈion.



-50-

The treatment which cornbined the effecÈs of both

fertilizer and weed removal was decidedly most effective in

increasing the yield of wheat. At location J where weeds

hrere few and response to ferüilizer very slight¡ or perhaps,

absent entirely, increase in yield of wheat as a result of

fertilízer treatment and weed removal- was only about I per

cent; at locations such as J and 6, where roeeds hlere

numerous and response to fertiLizer quite favorable, yÍe1d

j-ncreases of almost 80 per cent hlere obtained.

Protein Content of Tfheat

As shown Ín Tab1e /, protein content of wheat was

consj-stently l-ower in those plots from w?iich weeds had not

been removed as compared Ëo the protein content of wheat from

weed-free plots" However, reductions in protein content

Table 7. The effect of weeds on protein content of wheat
grown und.er two Ievels og soil fertility.*

Protein content (per cent)
Fertiliz ed Unfertiliz ed

(2) ( ¿,)(r) !ileed.- (3i ![eed- (¡)
Location free 1$eedy (2)-(3) free lrleedy (¿*)-(¡)

1
2

13 .1
11" 6
L3 "2
L2 "5
L3 "2IIv" 5

L2"l+
12.8
ll+.2

0.I
0. ¿l

0"3

a2"g
11" I
L3,2
13.3
13.2
15.0

L2"9
lr"2
13.0
L2 "9l-2"7
l1+.6

0"0
0"6
0"0
0.4
o.5
0.1*

13 "3 -O,211.0 0.6]-3.3 -0.r3
b
5
6

Average 13.0 12.8 l3.2 12,g

The complete data and the analysis of variance for each
of the six locations appear Ín appendices 13 Eo 2l+r
inclusive.

rF
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as a result of weed competition were not significanü at
locations 1, 3 and þ, but were highly significant at locatj.ons

2, 5 and 6. Such results are rather striking forr âs shown

by Table J, weeds were most numerous at the three latter
locations where significant reductions in protein content

occurred. At location /¿ yield of wheat was signifÍeantly
reduced by average weed densities of 1¿*8 and 95 weeds per

square yard under fertilized soil condj"Èions and under

conditions where no fertilizer was applied, respectively.
At this same location protein content of wheat was not red.uced

significantly as a result of weed competiti.on. Significant
reductions in protein eontent occurred at location I where

the average weed densities were 273 and ZLI weeds per square

yard under fertilized and unfertiLized soil conditlons,

respectively. At Locations 2 and 6 where weed densities
vìrere highest for the 6 locations, reductions in protei.n

content as a result of weed competition were accordingly

highly significant.
A number of investígators (25t 27 t 35) reported that

significant increases in yield of wheat from fertilizer
application comnionly resulted in reductions in protein

content except, perhaps, in cases where available soil
nitrogen remained adequate for the duration of the entire
growing season. Results of the projeet under discussion

appear to support this hypothesis" As shown by Table 8,

the average per cent protein at most locati-ons from



Table 8.

(1)
LocaÈion

1
2
3
14.

5
6

The effect of fertil-izer application and weed removal
on the protei-n content of wheat.

(2)
Unfertilized

Average

12 "911,5
13 .1
13 ,1
13.0
1À,.8

(3)
Fertilized

Protein content

13 "1

L3.2
1l_.3
l.3.2
LZ "l+13,0
Ll+"3

*
*s Significant

Significant

er ce¡rt

-0"3
o.2

-0.1
0.7*8
0"0- -

0.5**

L2.g

ïüeed-
free

at j%
at Io/o

13,0
11,7
13 "2L2.9
L3 "2l'l+'7

(¡)
ldeed

level
level

13 "111"1
13 "1
12 "612,8
f,lþ"3

of
of

13.1

probability.
probability"

-0.1
0,6*+
0.1- -

o.3
0"þ+*
o"t&*-

12" I

!
\n
N)

t

::t.:

.'.:
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ferüilized portions of t,he fields was generalry lower than
average per cent protein from portions of ühe fields vrhere

fertilizer had noü been applied.. ¡lt locations t¡ and 6,
where significant increases in the yield of wheat resulÈed.

fron fertirizer treatmenË, protein content of the wheat was

reduced signifieantly. At locations 1 and. J where fertilizer
similarly increased yield of wheat significantly, protein
content was not affected probabry because of high nitrogen
fertil-ity of the soil at these two l-ocations. at loeaËions
2 and 3 where no apparent response to ferti-Lízer had been

observed during the growing season, neither yield. nor
protei-n eontent of wheat was affected by fertirizer. Again,

as in the case of locations 1 and l, high naËr:rar f erbility
of the fal-low land was believed. to be the cause for the
apparent lack of response to fertilizer"

Table 6 shows that application of a cornr¡ercial

fertilizer and removal of weeds reduced l-osses in yield of
wheat from weed conpetition. Figure l* shows graphically
the average yield and protein content of wheab frorn the 6

Locations" From this graph it may be noted that, although
fertilizer increased yields of wheat when weed.s were present,

protein content of wheat was lowered as a result of fertil'j-zet
applieation" These reductions in protein content resulting
from the use of fertilizer were highly signifi-cant in z of
the 6 fields sampled. lfeed removal, on the other hand,

increased yields of wheat and inereased proËein content of
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wheat significantly aE 3 locations. Stated briefly, it
appears that application of 11-l+8-0 a.nrnonium-phosphate

fertilizer at the rate of l+0 pounds per acre with wheat on

su¡nmerfalLow generally i-ncreased yield of wheat buü reduced

protein content, while removal of weeds by hand tended to
increase both yield and protein content. Under weed-free

conditions the depressíng effect of fertilizer on the protein

content of wheat was not as seyere as when weeds were present.

Where application of commercial fertilj-zer and removal of weed.s

were combined into one treaùnent, yields of wheat tüere highest

and protein content was maíntained at a level somev¡hat

higher than in untreated check plobs or plots to which only

ferbilizer treatrnent was applied"

Bushel I{eieht of_Wheat

Bushel weight of wheat was not affected by weed

compeËiüion under either level of soil fertiliby at any of
the six Locations. since average weed densities recorded

for the six locations varied from 3 to 60lr v¡eeds per square

yard when commercial fertilizer was applied, and from l¡ to
573 weeds per square yard wlrere fertilizer luas not appliedo

it appears that bushel weight of wheat was not influenced by

the degree of weediness under either level of soil fertility"
these results agree with the results of Burrows and Olson (8)

who reported that bushel weight of wheat was noË affected by

competition from various densities of vd.ld mustard ranging

between 0 and 200 mustard planbs per square yard, Although

:r'j j.:;ì;:l I :l::i;-:_1-;':--4.. iìa:'ì
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average bushel weÍght of wheat from fertil_ized plots was

slightly higher than from pLots to hfuich fertirÍzer was not
applied, these increases in bushe] weight were not significant.
Absence of any effect of fertilÍzer Ëreatr¿ent on the bushel

weight of wheat is in agreement wiËh the results of McNeil

and Davis (31+) who reported that bushel weight of a nr.¡mber

of varietíes of wheaü was not affected. by various rates of
f ertilizer applicatiorl.



-57-

SUMMARY ANp CONCTUSTQ¡]S

The project was desÍgned to study various aspects of
weed-crop competition in the three follow-ing experiments:

(a) To deternine the density of w:i]d mustard that
can be tolerated before yield and. quality of
wheat are reduced significanÈly under varying
levels of soil feriility.

(U) To deterrrine when, Ín the growth of wheato

competition from wild mustard becomes apparent

under d.ifferent levels of soil fertiliËy,
(c) To evaluate t,he inflìrence of a corunercial

ferËílizer on weed conpetition under farm field
conditions.

Six densities (0, I-25, 26-50, 5l-?5t 75-!OO, and l0O+

plants per square yard) of wild mustard. were studied. to
determine the level of weed. population that caused signi-
ficant reductions in yield, protein content and. bushel weíght

of wheat grohln on sulnmerfallow land under two levels of soil
fertÍIiüy. rn plots where fertilizer was not applied, yield
of wheat was reduced significantry by 5l to 25 plants of
wild mustard per square yard, while in plots where 11-þ8-0

ammoniurn-phosphate fertilj-zer was apptried at a recommended

rate of 40 pounds per acre, yield was not reduced signi-
ficantly until densities of itrild mustard reached 75 to 100

plants per square yard, ProËein conüent and bushel weight
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of ürheat were not affected. by the various d.ensities of wild
mustard under either level of soil fertility.

ïn Erçerimenü (¡) densiËies of wild mustard varied.
bet¡¡¡een 33 and 55 plants per square yard and, as may be

conclud.ed from the results described above, these densities
of mustard were generally too low to cause significant
reductions in yield and quality of wheat. As a result of
the inherent high ferËility of the fallow 1and. on which the
experiment ruas conducted, yield and quality of wheaü were

not affected by 11-48-0 a¡nnonir.m-phosphate fertilizer applied
at a reeommended rate of /+0 pounds per acre. Because of the
absence of significant variations in yield and quality of
wheat as a resurt of weed competition and lack of response

of wheat to fertilizer treatment, removal of wild mustard by

spraying wÍth butyl ester of ZrLr-D at the rate of ¿þ ounces

acid-equivalent per acre at four stages of wheat growth
(commencing at the 3-1eaf stage of wheat and. at intervals of
seven days thereafter) did not affect yield, proËein content

or bushel weight of wheat under either leveI of soil fertility"
fn farm fields where response to fertilizer treatment

was favorable, application of 11-¿18-0 ammoniun-phosphate

fertilizer at the rate of ¿rCI pounds per acre to wheat on

su¡omerfallow was more effective than complete removal of
weeds by hand in reducing losses in yield of wheat arising
from weed competition. Per cent increases j.n yierd through

fertílizer application were higher than per cent increases
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from weed removal even where average d.ensities of annual

weeds were as high as 601¡ weeds per square yard. Although

increases in yield from fert,ilizer treatment were highly
significant at, several locations, reductions in proteín
content were often assocÍated with these increases in yie1d.,

Ïn some cases the reductions in protein content resulting
from fertil_izer treatment l¡rere significant.

I'feed removal r oil the other hand, increased. both yield
and protein content of wheat" rncreases in yield as a result
of weed removal were significant when the average densities
of annual weeds were 148 and pJ weeds per square yarctr or
higher, under conditions where fertilizer 1^ras and. was not,

applied, respectively. However, the minimum densities of
annual weeds which caused significant reduetions ín yield of
wheat were probably somewhere between 56 and 1&8 weeds per

square yard where fertilizer was applied, or somewhere

beùween 5/+ and pl rrreeds per square yard where fertilizer
was not applied. Removal- of weeds froro plots where the

average weed densities e¡cceeded 200 annual weeds per square

yard increased protein content of wheat significåntly.
Yield of wheat was almost invarÍably highest in those

plots Ëo which fertil-izer was applied and from which vreed.s

had also been removed, under the salne conditions protein

content vras comparatively higher than protein content from

plots vrhich rì¡ere f ertilized but not trweededrt, or plots to
which neit,her fertitizer treatment nor weed. removal was appl-ied,
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Bushel weight of wheat was

conpetition under either level of
not affected by weed

soil fertility"

The resul-ts of these experiments d.enonstraüed that
commercial fertiLizer applied d.irectly üÉth seed. grain
effectively reduces l-osses caused. by weed. competitionu
Profitable response to ferti-lizer treatment is therefore
more likely to oecur under weed.y conditions than under
weed-free condi-tions. Although reductions in protein content
of v¡heat were often associated with significant increases in
yield as a result of fertilizer treatment, these red.uctions
in protein content could. be offset, to a certain extent,
by weed control, Thus¡ or1 the basÍs of these results, it
can be concl-uded that application of a commercial fertiLizer
and removal of weeds at a proper stage of crop growth are
practices which may be advantageously corabined in weed.

control. ït should be pointed. out that, although removal
of weeds in this study was accomplished through rrhand-

weedingtr, similar results would probably be obtained under
practical farming conditions when weeds are removed. from the
crop through a proper application of an appropriate cher¡ical
treatment,
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AppendÍx 1"

(1)
ItIeed.s

per sg. yd.

Comparison of the effect
of wheat grown under two(Location-l) 

"

Fertilized plots

33
L22

65
36
/+8
20
t5
59

L2?
37

Wee
fre

Bushels
\
T

d
e

4.1" 5
¿t0.8
3l+"1+
52"O
37.7
32.9
37 "7
32.9
29 "9
3l+" ¿+

(3)
Weedy

Av.

of weed competition on the yield
levels of soil- fertílity.

56

b7 "7
bo"2
28.L
hl+"5
30.0
3Iþ"7
37,O
35.2
33.L
3L"2

(z)- (: )

Unfertilized plots

-5 "90.6
6.3
7"5
7.7

-1.8
o.7

-2.3
'3.2
3"2

37 "l+

(¿r)
ltleed s

per sq"

36 "L

53
131
L22

28
39
36
28
32
62
11

yd"

(5
Wee
fre

)
d
e

1"3

30.8
29,g
22"6
¿{,3.8
33.5
29.0
28"3
3l}.0
26 "326.2

(6)
lfeedy

35" 6
26.5
25 "3
37 "O23"7
25 "328" 1
31"1
27 "l+
?6 "3

5l+

(5)-(ó)

-/+.8
3.1+

-2,7
6.8
9.8
3"7
o"2
2.9

-1"1
-0"1

30.l+

I
(}t\t
I

28.6 1,8
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Appendix 2. Analysis of variance, The effect of weed
competition on the yield of wheaL groiÂin under
two Levels of soil feri;ilíty" (Location l_).

Source of vArig¡¡cg__ D.F, ¡{.S.
ReplicaËes
Fertilizer
Error (a)
Main plots

Weeds
It¡eeds x fertilizer
Error (¡)
Total

ii Significant at lfo leveL of probabiliry,

9 Lol.go*x1 52t+" 8t++
9 10"03 - -

L9

1 23,75
1 0"91r8 10"50

39



Appendix J,

(1)
Weeds

per sQ"

Comparison of the effect
of wheat Erown under t?uo
(Location-2) 

"

Fertilized plots

l+72
ó08
4.11

25
357

12
t97
130
388
208

(2)
htreed-
free

Bushels per acre

36 "L
l+5 "633,r
32 "g
30, ¿t,

À.0.1
27.6
23 "gL9 "l+23.3

(3)
Weedy

Av. 299

of weed cornpeüition on the yield
levels of soil- fertility"

3l-"5
27 "2
32 "623.3
28"3
31.0
23.5
25.3
L7 

"Lþ18,3

(2t-ß)

3r.2

I+"6
8"4
o"5
9"6
2,1
9"1
/+' 1
1" lr
2"O
5"O

(¿r)
lfeed.s

per sq, yd.

Unferiilized plots

25 "8

Lb3
296
33t+
285

2r+
2l+2

39
L23
480
628

(5')
ltleed-
free

Bushels per acre

5 "l+

3l+"7
39.2
29.9
30"I
29.O
3l+.5
35"8
21" I
20.6
2L"6

(6)
lileedy

259

2l*"9
27 .L
20 "322"6
3r,5
L5.7
27.L
2L "9
L2 "315. I

(5)-(6)

9"8
12. I
9.6
7"5

-2"5
18" I
t"7

-0.1
8.3
5.t

29.7

¡
o\\o
I

2r.g 7"8
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appendix le. Analysis of vari-aneeo The effect of weed
competi.tj-on on the yield of wheat grown under
bwo levels of soil fertility. (Loõation Z),

Source of variance D. F. Þi. s.

Replicates
FerÈilizer
Error (a)
Main plots

Weeds
lfeeds x fertilj-zer
Error (¡)
Total

9 L18" 56*x1 7l+.Ol+" -

9 tg.5g
19

1 k35.59*+I 1/+ " /+1" -

18 l_7"10

39

*x Significant at lo/o J.evel- of probability.



Àppendix J.

(1)
Weed s

Comparison of the effect
of wheat Erov.m under tv¡o
(Locauion-3 ) "

er sQ"

Fertilized plots

2
3
2
6
6
0
2
5
2
¿

(2)
Weed-
free

Bushels per acre

5h.8
60 "2
56 "r
59,3
51" I
50.2
52.9
68"7
l+2.9
36 "L

(¡)
lleed

Av"

of weed competition on the yield
levels of soil fertilitv,

53 "O
56"2
5L'Iþ
56.1
t+6 "3l+7.6
lt8"1
64.,I
39 "73r.h.

(2)-(3 )

53.3

1.8
b"0
b"7
3"2
5"5
2.6
4.8
3.9
3"2
hr"7

(r)
lfeeds

Unfertilized plots

tÐ.5

SQ"

¿,

2
3
2
0
6
b
0

11
I

(5)
Weed-
free

BusheLs per acre

3.8

6h,6
5l+" 5
5L"h
68,7
h,5 "6
37.6
5L"6
62,1
Lv?.g
33 "6

(6)
Itleed

53 "2
65 "8l+9,3
67.5
5L.3
39 "7
5l+"3
52" 5
40"¿f
26.O

(¡)-(6)

1l_.4
-11"3

2.1
L"2

-5 "7
-2 "I'2.7
9.6
2,5
7,6

5L.3 50,0 r"3
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å.ppendlx 6. Analysis of variance. The effect of weed
competition on the yield of wheat qrown under
two l-eveIs of soil fertility. (Loõation 3).

Sor¡rce of variance D.FN MOS'

Replicates
Fertilizer
Error (a)
Main plots

Itleeds
Weeds x fertilLzer
Error (U)

TotaI

9 3gj.3g+*1 5,63- -

9 39.93
19

1 65.03*
1 87.29Xx

18 8,8¿r- -

39

*T lig"i{lcant at J/o Ieve:' of probabiliry.ãr Significant at L/o J-.ev*- of þrobability.



Appendix /,

(r)
Ilfeeds

Comparison of the effect
of wheat Erown under two
(Location-&).

Fertilized plots

SQ"

5l+
t+88
33r

55
6o
32

299
65
l+7
5?

Bushels per acre
tét

Weed- (3 )
free lfeed

3r.,5
32.1þ
36"O
35 "8
/+1"3
31"O
37 "6
31.7
3l "9l+0.0

Av. 1/+8

32,1+
29,7
32. O

l+1" I
28. I
3L"7
27 "8
23 "9
33 "6
32,O

of weed competition on the yíeld
Levels of soil fertilitv.

(2)-(3)

-0.9
2"7
þ,0

-5,3
L2.5
_o"7
9"8
7,8

-L"7
8.0

3l+"9

(/+)
Ifeed s

er sq.

Unfertilized pLot,s

3r "3

83
398
96
ll8
68
30

110
6L
2b
36

Bushels per acre

3.6

!;: .

i.,.
',.:.,

i;...

,:.,

:i

i.,.

29,7
27 "229,9
29 "l+
30,2
2l+,O
3l+"2
23 "o28"r
4.0.8

(6)
Weed

2L.l+
2l+" Lþ

2b.7
2J-.1+
2l-,2
20" I
17,3
L3.2
25 .5
23.7

95

(5 )- (6)

8.3
2.8
5"2
8.0
9"0
3"2

L6 "g
9,8
2,6

u"1
?9 "7

¡:-{iu),
¡l

21.4 8.3

'ì::.;:,

.'.':

I.l
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.å,ppendix 8. å.nalysis of variance. The effect of weed
competition on the yield of wheat growjt under
two levels of soil fertility. (Loõation 4).

Source of variance D.F. M. S"

Replicates
Fertilizer
Error (a)
i'Iain plot s

Weeds
lt¡eeds x fertilj-zer
Error (b)

Toùal

g 35"85'""*1 578.36$*9 7.79--
1g

1 351+"62**1 987 '51*+18 17.?L. -

39

** Significant at l¡úo l.evel- of probability,



Appendix p.

(1)
Weeds

per sg. 1rd"

Comparison of the effect
of wheat Erown under two
(Location-5 ) .

Fertilized plots

158
t72
418
158
237
181
393

96
]-39
782

l¡fee
fre

I
)
d
e

Bushels

38.1
32.8
l+9 "O
5È "g
37.7
45 "A
l+5 "7
38" I
53 "247.5

(3)
Weedy

Av, 273

of weed competition on the yield
leve1s of soil fertility,

31.5
29,1+
30"4
l+3 "6
36.3
¿+0 

"À,
53 "925,5
¿þ1.1
37,7

(2)-(3 )

6.6
3.b

18" 6
15 "31.lr
l+.6

-s" 2
]-3,3
12 ¿1
9.8

l+l+,7

(¡+ )
Weed s

per sq, yd.

Unfertilized plots

37 "O

338
108

88
306
198
250
225
225
L99
203

Bushel-s per acre
(¡)

Weed-
free

7.6

32.9
3l "7
3g "6
37 "9
39 "O
l+O "2
39 "326"O
36"7
3L"2

(ó)
ltfeedy

2L4

29.1r
?l+,9
19.2
2b.o
35"6
22"O
32.6
2L,7
2l+.2
17,I

(¡ )- (6)

3.5
ó.8

L9 "l+L3.g
3,1+

18.2
6,7
4"3

L2 .5
f3.l+

35"b

I{
\tr
I

25 "l lo "2
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Appendix 10. Analysis of variance, The effect of weed.
competition on the yield of wheat grou¡n under
two levels of soiL fertility. (Loðation 5).

Replicates
Fertilizer
Error (a)
ivlain plots

Weeds
ffeeds x fertilizer
Error (¡)
Total

l_

9
tg

I
].

18

90.14
1119.l+0**

48.0¿{,-.

So1. oo**
t_5. 81- ,
2l+.1+8

39

*+ Significant at Afo Level of probability.



Appendix 11.

Fertil-ized plots . _ unfertilized prots ,_Bushels per acre __ Bushel-s per acre
,(1) (¿*)

Weeds lfeed- (3) i¡Iee¿s weã¿- (6)per sq. yd, free Weedy (2)-(3) per sq" yd" free ',¡Jgedy _ (5)_(6)

Comparison of the effect
of wheat Erown under tu¡o(Location-6).

&8le
396
573

1112
35L
h,g8
5?5
353
637
7L9

l+0 '0
3l+"5
5?"O
l+O.2
5q.U
l+8 "2
/+8.À.
þ0.8
56'l+
50.o

Av. 604

of weed competition on the yield
l-evels of soil fertility.

32"1+
30 "33L.7
37 "l+
l+5 .Iþ
¿11"8
53.6
l+5,o
l+2.5
39.O

h6,g

7.6
l+.2

20 "32n8
f3 "o6.4
-5.2
-l+.2
13.g
11"0

39.9

739
680
36L

1081
5l+

623
37L
5L7
t+17
t+o6

Bushel-s per acre

7.O

3l+"9
33 .5
l+O "9
ho "939.7
l+2 

" 
l+

l+L"5
2V "b
38,6
32 "6

573

30"3
25.6
19.8
32,8
2l+.9
22 "6
33 "822"1+
25,3
18" 5

b.6
7.92I.l
8"1

l¿t.8
19. g

7"7
5.0

]'3,3
14."1

7'7 2

I
-a-{
I

25" 6 1r.6
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Appendix 12. Analysis of vari-ance. The effect of vreed com-petition on the yield of roheat gror,vn under tÍ¡olevel-s of soil fertility. (Locãtion 6)"

Source of vari-ance D. F" IüI. S.

ñ,eplicates
Fertilizer
Error (a)
I'lain plot s

!'feeds
Weeds x fertilízer
Error (¡)
Total

9 67 -9r1 Ll+35.3O*+
9 l+7 "75- -

19

1 866.62**
1 5b"38- -

18 24"65

39

** Significant at L!/, leveL of probabiliËy.



AppendÍx lJ,

(r)
Itfeed's

per sg"

Fertilized plots

Comparison of the effect
protein content of wheat
fertility. (Location I).

33
l,22

65
36
l+8
20
t5
59

t22
37

Per cent protein
t2)

Ifeed- ( 3 )
free l;'úeed.y

11" ¿f

f¿þ, O
11.0
l-3.5
L2.2
13"0
L3.9
Il+"1+
IJoO
l-3"5

Av.

of weed competiüion on the
grourn under two levels of soil

J,2. Lt

Ll+.2
11"8
J'Lt "2Ll,øo
12 'l+
13 "gr4,I
L3 "6]-3"5

56

(2)-(3 )

UnfetriLized plor,g

13.1

-1"0
-o "2-0" I
_o 

"7-0. ¿l
0.6
0.0
0,3
0,0
0"0

(¿r)
Vfeeds

per s

L3.3

53
13r
L22

28
39
36
28
32
62
11

Weed-
free

Per cent protein

11.3
L3 "710" 5
13 "ol,2.2
12 .5
14"r
Lb"3
L3.7
13,g

(6)
Weed

L2 "2
12 "g10.&
L3 "6LT"7
L2.6
14,f
13 "9Ilt"1
13, 8

5b

(5)-(ó)

-0.9
0nB
0.1

-0.6
O,5

-0.1
0"0
0.1+

-0"&
0.1

l,2.g

I-{
\o
t

L2"g



-80-

Appendix 1þ. .å.nalysis of variance. The effect of weed
competition on the protein content of wheat
$rottn under.thro leve1s of soil fer.i;i-Iity"(Location l-),

Source of variance D . F. I'"'I. S "

Replicates
Fertili'zer
Error (a)
ftiain plots
-lr'Jeeds

tr'leeds x fertilj.zer
Error (U)

Total

9 l+.53**
l- o-55"
9 0.20

tg

1 0"13
1 0.L2

18 0.13

39

** Significant at Ifo Level of probability,



Appendix 11.

Fertilized plots

(1)
Vüeeds

per s

Comparison of the effect
protein content of wheat
fertilíüy. (Location 2) "

l+72
608
¿+11

25
357

L2
L97
130
388
208

(2)
Weed-
free

Per cent proüein

11.8
l.L"2
L2.7
11" 6
11.1
11" 5
10.8
¿¿oo
11.3
11" I

(3)
i¡[eed

Àv. 299

of weed competition on the
grovrrn under two level-s of soil

10"9
10"3
12"1
l0"g
10.8
LT"7
10"1
TL"7
10.8
10.7

(2)-(3)

O19
0"9
0,6
o"7
o.3

-o "2o"7
0"9
o"5
0. ¿+

11.6

(a)
Weed.s

per sq.

Unfertilized

lL.0

l,l+3
296
33t+
285

2h
2l+2

39
t23
¿+.80

628

(¡)
lfeed-
free

Per cent protein
plots

13.0
11.6
12.b
12 "310"9
11"/+
10.8
L2 "711" 2
11"À.

(6)
ïrf eed

l.:,1

,,|:.

259

l.2"6
10.8
l-2"g
11"3
10.8
10.9
10" 6
lL.1
10"9
10,¿{.

(¡ )- (6)

0.4
0"8

-0" 5
1.0
0.1
o.5
o,2
lo6
0"3
1"0

IL" I

!
oa-
F
I

LL'.2
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Appeirdix 16. Analysis of variance. The effect of weed
competition on the protein content of wheat
under two levels of soil fertility.
(Location 2). -

Source of variance D.F. M. S.

Replicå.tes
Fertilizer
Error (a)
iviain plots

l^Je eds
ïfeeds x fertillzer
Error (b )

Total

g 1.61*x
1 0"1+5'^
9 0.28'lo

I 3,07**1 0"o2" -

18 0.l_2

39

** Significant at lfo J.evel of probability,



å.ppendix 17,

( 1) (21
ïfeeds lfeed-

per sqo yd, free

Comparison of the effect
protein content of wheat
fertility. (Location 3) "

Fertil-ized plots

2
3
2
6
6
0
¿

5
2
?

Per cent protein

110 2
13"0
11"/+
]-2"g
13.7
l.l+"7
13" I
13,1
f,h,"3
Ll+"2

(3)
ldeedy

Av.

of weed competition on the
grown under two levels of soil

11.8
L2"6
LL"2
13 "7L3.g
1/+" I
].3.3
12.8
13 "7L4"7

(2)-(3 )

Unfertilized plots

-00 6
o.ll
o.2

-0n I
-O "?-O.1
0"5
o"3
0.6

-0.5

L3.2

(¿*)
Túeed s

per se" lfd.

L3 "3

2
2

3
2
0
6
E
0

11
1

(5)
Weed-
free

Per eent protein

fl.3
L3 "61r.6
13 

"l+13 "l+l'5"3
12 "7L2,O
Ll+"7
1¿+.1

(6)
Weedy

Il-.0
13.0
11.3
1l{,.0
13 "l+
f¿r" I
L2.7
11.7
Ll+" l+
L3 "7

r:,!

Ìi ,

(5)-(6)

0.3
0.6
0"3

-0.6
0,0
o"5
0.0
o"3
o.3
0'4

L3.2

I
@\,
I

13 "0

,,....

.j..
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Appendix 18. Analysis of variance. The effect of r^¡eed
competition on the protein content of wheat
g.rown under.two levels of soil fertility.(Location 3) "

Source of variance D. F. I',{. S"

Replicates
Fertiliz er
Error (a)
It[ain plot s

i¡jeeds
Weeds x fertili-zer
Error (¡)
TotaI

g 5.67**1 O,I7--
9 0"35

t9

1 A"O7
1 0"16

18 0"09

39



Appendix lp"

(1)
Weeds

per sQ.

Comparison of the effect
protein content of wheat
ferbllity. (Location ll),

Fertilized plots

5h,
4,88
33L

55
60
32

299
65
h.7
52

(21
lfeed-
free

Per cent protein

L3 "6LL"7
L3 "713"0
L3.g
13.1
11.7
12 "111,7
10.3

(3)
Weedy

Av, 1l+8

of weed competÍtion on the
grown under two levels of soil

12. s
12" 5
13 

"¿Þ13.0
13 "213.r
11" I
l-2.6
11,3
9"8

(2)-(3)

0.8
-oo I
0"3
000
o"7
0.0

-0.1
-o "5

0.,|+
o"5

L4,o)

(4)
Weeds

per se. Id"

Unfertilized plots

L2"l+

83
39t
96
/{,8
68
30

r10
61
2l+
36

(¡)
ï$eed-
free

Per cent protein

12 "712.8
rh"2
1ll.¿r-
14"0
Lh" 5
12.0
Lll"2
13 "210"8

(6)
!f eed.y

L2"l+
r7 "gf3.1
13.8
Lb"2
14.1
L2"9
13 "311.9
10.ó

95

(¡ )- (6)

0,3
-0"1
1.1
0.6

-O rz
0"¿l

-Oo9
0,9
r"3
o.2

13 "3

I

\n
I

l'2.9



Appendix 20" Analysis of
competition
groftrn under
(Locat,ion L)

-86-

variance. The effect of weed
on the protein cont,ent of wheat
two levels of soil fertility.

Source of variance D.F. ivl. s "

Replicates
Fertilizer
Error (a)
l4aÍn plot s

tr{eeds
I;feeds x fertilizer

rr \IrrrOr [ Þ /

Total

9
I

L9

I
I

18

l+.76*4
o.55- -

o.36

0,60 '

0,13
0.18

39

8* Significant at l{o l-evel of probability.



å,ppendix 21"

_. ,___ Fert:tlif ed plot,s_ -_ unfertilized plols ,_Per cent projggln Per cent protein--
l l l f r \\-1, \¿l (l) (5)

Irleed.s weed- (3 ) ifeéds Wèed- ( 6 )per sq, yd-_. fÍeg Vfeqdy _ (2)-(3)__ per sg" yd" free Weedy (5]-(6)

Comparison of the effect
protein content of wheat
fertility" (Location 5) "

158
L72
l{.18
158
237
181
393
96

139
782

13 "513 "5
l.l+"5
r2.5
l-5,5
1r.0
11"ó
12 "913"1
L3 "7

å.v. 273

of weed conpetition on the
grohln under two levels of soil

l'2"9
13,g
1l+" I
L2 "2
L5 "510"1
10"2
L2.6
L2 "3L3.l+

0.6
-0"1+

0"¿l
0.3
0,0
0"9
1"4
0.3
0.8
0,3

L3 "2 L2"7

338
108

88
306
198
250
225
225
L99
?03

L3 "5]-3" 5
LLþ.9
12 "6L5"3
11.5
1l-"6
13"0
L2. h.
13"8

2Lt+

12" 5
l-3.3
Il+'6
L2 "6
15 "211"4
10;5
L2"7
12 13
13 "2

1.0
o"2
0"3
000

-0,1
0,1
1"1
0"3
0.1
0"6

13 "2

I
oq-{
¡

12" I



å.ppendix 22. Analysis of
competiÈion
Erown under
Itgcation 5)

-88-

variance" The
on the protein
two l-evels of

effect of weed
content of wheat

soil fertility.

Source of variance D. FO iu. so

Replicates
Fertilizer
Error (a)
il{aÍn plots

Iqleeds
ïfeeds x fertilizer
Error (¡)

Total

9
1
Y

lq

I
I

18

7.64{"*
o.39"-
0.f5

L,754*
0'01+. -

0.10

39

** Significant at I% LeveL of probabÍlity,



Appendix 21.

(1) (21
lfeeds lfeed

per se" yd" free

Coinparison of the effect
protein content of wheat
iertility. (Location 6).

Fertilized plots

À.84.
396
573

1112
35t
tlg8
525
353
637
7L9

J.l+"2
Ll+'7
l-3.l+
ru"7
15"0
14"1
15"1
15.8
1þ" I
L3 "2

(3 )
Weedy

Av, 60/+

of weed competition on
grown uncier two levels

L3 "9fl+"0
13 "813,8
j-5,3
13 "7Lb"2
15 "3
LÌ+" 5
L3 "2

(2)-(3 )

0,3
o"7

-0"&
0.9

-o.3
0.,|+
o"g
0'5
0.3
0"0

L4"5

(¿r.)

Irfeeds
per sq. yd.

Unfertilized plots

Ll+"2

bhe
of

739
680
36L

1081
5l+

623
37L
5L7
4r7
l+06

soil

Per cenù protein

1l+.0
l,l+.9
Ll+"5
l-5.7
14..8
l,l+.5
15.8
L5"6
L5" 5
l.l+"3

(ó)
Weedy

573

Lb"l+
l,l+.5
14,.8
Lb" 5
15 "5l-3.5
1&"0
15 "8L5 "O
L3 "6

(5)-(6)

15.0

-0.1r
0.L

-0,3
1.2

-o.7
l_.0
1,8

-o.2
o.5
0.6

¡
@-\o
I

1l}.6
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Appendix 2l¡. Analysis of variance. The
competition on the protein
grouJn under two levels of
Ilocation 6).

effeet of weed
content of wheat

soil fertility,

Source of variance D. F" l'{. S "

Replicates
Fertiliz er
Error (a)
Main pLots

Weed.s
Weeds x fertilizer
Eruor (b)

Total-

Y
I
9

19

1
L

18

L"52**
1.81*S
0"13 - -

r"33*
0.00 -

0.21

39

jF Sienificant ateì( Siãnificant at
of
of

\u/n
./ ty
L/,

level
level

probability"
probability.


